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The readers of any book devoted to surgical complica-
tions will inevitably be looking for insights into how to 
avoid these complications in the first place. In this out-
standing new textbook they will not be disappointed. 
Duncan Wilcox, Prasad Godbole and Martin Koyle and 
their impressive international team of contributors have 
extended their remit beyond a simple account of com-
plications to produce a comprehensive and authoritative 
overview of what constitutes good practice in the spe-
cialty of pediatric urology. 

As surgeons we tend to focus on factors such as 
technical error, inexperience and inadequate training. 
Nevertheless,  it is  important to recognise that many 
adverse outcomes are multifactorial in origin, reflecting 
system failures rather than the failings of an individual 
surgeon. Indeed, weak teamwork, poor communica-
tion and substandard overall care can conspire to undo 
the work of the most experienced and talented of surgi-
cal craftsmen. Decision making and clinical judgement 
are also fundamental to good surgical practice and no 
amount of technical mastery will guarantee success 
when an operation has been performed unnecessarily 
or for the wrong indications. For this reason the editors 
and contributors have also examined the broader factors 
contributing to poor surgical outcomes.

Surgeons in all specialties are rapidly having to adapt 
to the demands of greater  accountability and the chap-
ter on personal audit provides welcome guidance on this 
subject. 

Post operative death, the most measurable of adverse 
outcomes, is thankfully a rare event in pediatric urologi-
cal practice. But whilst many non lethal complications 
can be readily documented and compared between sur-
geons (hypospadias revision rates and testicular atrophy 
following orchidopexy being obvious examples) deriving
meaningful and reproducible measures of the success of 
other procedures, such as continence rates after lower 
tract reconstruction, can be more problematic. In the 
face of these difficulties the editors and contributors have 
nevertheless succeeded in providing pediatric urologists 

Foreword

with the most comprehensive and authoritative overview 
of results and complications published to date.

Surgical advances and innovations inevitably bring 
risks as well as benefits. The chapters on minimally inva-
sive treatments of stone disease, endoscopic correction 
of reflux and laparoscopic pediatric urology will be read 
with particular interest by those surgeons who are still 
on their personal learning curves with these new inter-
ventional procedures.

Despite the surgeon’s best endeavors, almost every 
operation carries some risk of unavoidable complications 
and virtually no pediatric urological procedure can guar-
antee an outcome which will always meet the  patient’s 
(more often parents’) expectations. One of the more 
undesirable aspects of modern surgical practice is the 
prevalence of malpractice lawyers ready to exploit these 
situations. In fact, many aggrieved parents may simply be 
seeking an explanation and a possible apology rather than 
punitive financial redress. It is to be hoped that that this 
excellent book may help to forestall some misguided liti-
gation by enabling pediatric urologists to put occasional 
individual adverse outcomes into context – by reference 
to the results reported by other surgeons and within the 
speciality as a whole. 

Surgical training has traditionally relied upon the 
apprenticeship model in which young surgeons ben-
efited from the experience of their seniors, which in 
many instances included hard lessons learned “on the 
job.”  This approach to specialist training is now both 
unacceptable and outdated. Unacceptable because of a 
regulatory climate which dictates that experience should 
no longer be gained at the expense of patients. Outdated 
because the old apprenticeship model is increasingly dif-
ficult to reconcile with the reduction in trainees’ working 
hours and their legitimate expectation of a better work/ 
life balance. 

As we move to a far more structured model of training 
the emphasis will shift to learning about complications, 
not at first or second hand, but through a collective 
experience disseminated via meetings, journals and the 



authoritative multi author format exemplified by this 
textbook. Duncan Wilcox, Prasad Godbole and Martin 
Koyle and their contributors are to be congratulated on 
this outstanding contribution to the training and con-
tinuing education of pediatric urologists at every stage 
in their careers. The role of this textbook in promoting 
higher standards of surgical practice is also destined to 

make an invaluable contribution to the future well being 
of pediatric urological patients and their families.

Professor David F.M. Thomas
Department of Paediatric Urology 

Leeds Teaching Hospitals
Leeds, UK

Foreword xiii



In recent years there has been an increasing emphasis on 
evidenced-based medicine. To improve surgical-based 
specialties, it is essential to understand that complica-
tions occur and that honest reporting of complications 
is vital if we are to continue to develop. In the field of 
pediatric urology, there are a number of textbooks that 
concentrate on the diagnosis and treatment of condi-
tions. The aim of this book, however, is to focus on sur-
gical outcomes and hence complications in pediatric 
urology. In addition, ways to avoid and treat complica-
tions are discussed.

We are very grateful to our authors, who have drawn 
on their experience and the literature to give an honest 
account of the surgical outcomes and complications of 
pediatric urological procedures and are giving advice on 
how to avoid and treat such problems. Where possible 

Preface

xiv

this book has relied on evidenced-based information but 
where this is not available then surgical experience has 
been highlighted. As you will see there is plenty of room 
left in the field of pediatric urology for new evidenced-
based practice.

We would like to thank Elisabeth Dodds of Wiley-
Blackwell for all her advice with this project and trying 
to ensure we remained on schedule, and to the authors 
of the chapters who were understanding and timely with 
their submissions.

Most importantly, we wish to thank our families for 
all their support and patience with this project.

Duncan T. Wilcox
Prasad P. Godbole

Martin A. Koyle
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3

How to Set Up a Prospective 
Surgical Audit
Andrew Sinclair and Ben Bridgewater

Introduction

Clinical audit is one of the “keystones” of clinical govern-
ance. A surgical department that subjects itself to regu-
lar and comprehensive audit should be able to provide 
data to current and prospective patients about the qual-
ity of the services it provides, as well as reassurance to 
those who pay for and regulate health care. Well-organ-
ized audit should also enable the clinicians providing 
services to continually improve the quality of care they 
deliver.

There are many similarities between audit and 
research, but historically audit has often been seen as the 
“poor relation.” For audit to be meaningful and useful, it 
must, like research, be methodologically robust and have 
sufficient “power” to make useful observations; it would 
be easy to gain false reassurance about the quality of care 
by looking at outcomes in a small or “cherry-picked” 
group of straightforward cases. Audit can be conducted 
retrospectively or prospectively and, again like research, 
prospective audit has the potential to provide the most 
useful data, and routine prospective audit provides excel-
lent opportunities for patient benefit [1–4].

Much of the experience we draw on comes from cardiac 
surgery, where there is a long history of structured data 
collection, both in the United States and in the United 
Kingdom. This was initially driven by clinicians [1–3,5], 
but more recently has been influenced by politicians and 
the media [6,7]. Cardiac surgery is regarded as an easy 
specialty to audit in view of the high volume and pro-
portion of a single operation coronary artery bypass 
graft (CABG) in most surgeons practice set against a 
small but significant hard measurement end point of 
mortality (which is typically approximately 2%).

Why conduct prospective audit?

There are a number of reasons why clinicians might 
decide to conduct a clinical audit as given in Table 1.1.

Key points

• Clinical audit can be prospective and/or 
retrospective.

• Audit information can be obtained from 
national, hospital, and surgeon-specific data.

• A clinical department benefits from a clear audit 
plan.

• Clinical audit improves patient outcome.

1

Table 1.1 Possible reasons for conducting clinical audit.

As a result of local clinical interests
As a result of clinical incident reporting
To comply with regional or national initiatives
To inform patients about surgical results
To drive continuous quality improvement
For health care regulationPediatric Urology: Surgical Complications and Management

Edited by Duncan T. Wilcox, Prasad P. Godbole and Martin A. Koyle

© 2008 Blackwell Publishing Ltd.  ISBN: 978-1-405-16268-5



4 Part I Principles of Surgical Audit

As a result of local clinical interests
Historically, many audit projects have been undertaken 
as a result of local clinical interests. This may reflect 
interest in a particular procedure by an individual or a 
group, or may reflect concern about specific outcomes 
for a particular operation.

As a result of clinical incident reporting
The major “disciplines” that ensure high quality care and 
patient safety are clinical risk management and audit. 
Most health care organizations should have sophisticated 
systems in place to report and learn from adverse inci-
dents and near misses [8]. Reporting is usually voluntary 
and investigated according to a “fair and just culture” but 
it is unlikely that all incidents that occur are reported. If 
an adverse incident is recorded, this identifies that it has 
occurred, but gives no indication of how often it has hap-
pened previously, and only limited indication of the like-
lihood of recurrence. A mature organization should have 
clear links between risk reporting and audit, and choose 
topics for the latter based on data from the former.

To comply with regional or national 
initiatives
Increasingly, audits have been driven by organizations 
that exist outside a hospital. These may include audit led 
by professional societies, regulatory bodies, or regional/
national quality improvement initiatives.

To inform patients about surgical 
results
Across the world, health care is becoming more patient-
focussed. The modern health care consumer will some-
times look to choose their health care provider on the basis 
of that hospital or surgeon’s outcomes and, even if patients 
are not choosing between different hospitals, recent data 
from the United Kingdom suggests that patients are inter-
ested in outcomes of surgery by their doctors [9]. Patients’ 
views should inform decisions about what to audit, 
and they may be interested in many areas which will be 
dependent on the planned operation but may include data 
on mortality, success rates, length of stay, and the incidence 
of postoperative infection and other complications.

To drive continuous quality improvement
It has been shown quite clearly from cardiac surgery 
that structured data collection, analysis, and feedback 
to clinicians improve the quality of outcomes. This has 
been detected when data is anonymous [2,3] and where 

named surgeon and hospital outcomes have been pub-
lished [1,4]. The magnitude of this effect is large; in the 
United Kingdom a system of national reporting for sur-
gical outcomes was introduced in 2001 and has led to a 
40% reduction in risk-adjusted mortality [4]. The intro-
duction of any drug showing a similar benefit would be 
heralded as a major breakthrough, but routine national 
audit has not been embraced by most surgical special-
ties. Simply collecting and reviewing data seems to drive 
improvement, but is likely that the magnitude of the 
benefits derived and the speed at which improvements 
are seen can be maximized by developing a clear under-
standing of what data to collect and using optimal man-
agerial structures and techniques to deliver better care. 
There is some debate about whether publicly disclosing 
health care outcomes encourages clinicians to avoid tak-
ing on high-risk cases [1,4,7,10,11].

For health care regulation
Health care regulators have a responsibility to ensure 
that hospitals, and the clinicians working in them, are 
performing to a satisfactory standard. While some assur-
ance can be gained from examining the systems and 
processes in place within an organization, the “proof of 
the pudding is in the eating” and demonstrating satis-
factory clinical results is important and can only come 
from analyzing benchmarked outcomes data. Regulators 
of individual clinicians, such as the American Boards in 
the United States and the General Medical Council in the 
United Kingdom, are changing their emphasis so that it 
is becoming more important for clinicians to prove they 
are doing a good job, rather than this being assumed. 
Routine use of structured outcomes data is included in 
draft proposals for recertification by the American Board 
of Thoracic Surgery and the Society for Cardiothoracic 
Surgery of Great Britain and Ireland and will follow to 
other specialties in time [12].

What data can be used for audit?

Routine hospital data
Most health care systems are rich in data and poor in 
information. Medicare data in the United States and 
Hospital Episodes Statistics in the United Kingdom 
contain data on patient demographics, diagnoses, pro-
cedure, mortality, length of stay, day cases rates, and 
readmissions. These information systems are developed 
for administration or financial purposes rather than 
clinical ones, but may potentially contain much useful 
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clinical data and will often have the capacity to provide 
some degree of adjustment for casemix. In the United 
Kingdom, this data has historically not been trusted by 
clinicians, but recently there has been increasing engage-
ment between doctors and the data which is improving 
clinical data quality and increasing confidence. Many 
UK hospitals now have systems to benchmark their 
outcomes against national or other peer groups, flag up 
areas of good practice, detect outlying performance, and 
engage in quality improvement [13].

Ideally, hospitals should have clearly defined systems in 
place to use the data: for example, they should regularly 
compare their outcomes for chosen procedures against an 
appropriately selected group of other hospitals. Significant 
“good” practice should be celebrated and shared with 
others inside and outside the organization, and bad out-
comes should be investigated. It is not infrequent that 
high mortality or other clinical indictor rates may have a 
clear explanation other than that of “bad” clinical practice. 
The data may be incorrect, or there may be issues about 
classification or attribution that explain away an appar-
ent alert, but structured investigation should improve the 
organization’s and the clinician’s knowledge about their 
data systems and may lead to impressions that necessitate 
improvements in patient care.

Specialty-specific multicenter data
A number of surgical disciplines in the United States and 
the United Kingdom have embarked upon national pro-
grams to collect prospective disease- or operation-specific 
datasets. These are usually clinically driven and have ben-
efits above routine hospital data in that a more useful 
dataset can be designed for specific purposes and in par-
ticular can look in more detail at subtleties of casemix and 
specific clinical outcomes in a way that is more robust and 
sensitive than that derived from routine hospital adminis-
tration systems. Contemporary cardiac surgical datasets 
collect variables on preoperative patient characteristics, 
precise operative data and postoperative mortality, ICU 
stay, hospital stay, reexplorations, infection, renal failure, 
tracheostomy, blood usage, stroke rate, and intraaortic 
balloon pump use. The preoperative and operative data 
allow outcomes to be adjusted for case complexity to pre-
vent comparison of “apples and oranges” by various algo-
rithms such as the EuroSCORE [14].

Setting up specialty-specific multicenter audit raises 
a number of challenges including defining clarity of 
purpose, gaining consensus, agreeing a dataset, secur-
ing resource, overcoming information technology issues, 
and clarifying ownership of data, information policies, 

and governance arrangements. In cardiac surgery, there 
is now increasing international dialogue between pro-
fessional organizations to move toward the collection of 
standardized data to allow widespread comparisons.

Locally derived data
Individual hospital departments will often decide to 
audit a specific theme that may be chosen because of 
clinical risk management issues, subspecialist interest, 
or other concerns. In the UK National Health Service 
(NHS), dedicated resource for audit was historically “top 
sliced” from the purchasers of health care to generate a 
culture of clinical quality improvement, but commenta-
tors are divided about whether significant benefits have 
been realized from this approach [9]. In the early stages, 
large amounts of audit activity were undertaken, but 
there were significant failures in subsequently delivering 
appropriate change. To maximize the chances of improv-
ing care as a result of audit, the following should be con-
sidered. Will the sample size be big enough to be useful? 
What dataset is needed? Will that data be accessible from 
existing hospital casenotes or will prospective data collec-
tion be necessary? Is there an existing robust benchmark 
to which the results of the audit can be compared? How 
will the “significance” of the results be analyzed? Does 
conducting the audit have financial implications? Will the 
potential results of the audit have financial implications? 
Are all stakeholders who may need to change their behav-
ior as a result of the audit involved in the process?

Techniques of data collection

Historically, the majority of audit activity was con-
ducted from retrospective examination of casenotes, 
which was labour intensive and relied on the accuracy 
and completeness of previously recorded data. There has 
subsequently been increasing use of prospective data col-
lection, much of which has been based on paper forms. 
This obviously improves the quality of data, but again 
requires time and effort from clinical or administrative 
staff for completion. The development of care pathways 
whereby multidisciplinary teams manage clinical condi-
tions in predefined ways are thought to improve patient 
outcomes and will generate structured data that is read-
ily amenable to audit. The use of modern information 
technology to support care pathways is the “holy grail” of 
effective audit – all data is generated for clinical use and 
the relevant subset of that data can then be examined for 
any relevant purpose. The care pathway can be adapted 
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to include new or alternative variables as required. All 
data collection can be networked and wireless, assuming 
issues about data access, confidentiality, and security are 
resolved. Variations on this theme are now available in 
many hospitals and it is these principles that underpin 
a major IT investment in the UK NHS [15]. Maximizing 
benefits from this approach raises a number of chal-
lenges including producing major changes in clinical 
practice and medical culture.

Good practice in audit

A clinical department should benefit from a clear for-
ward plan about its audit activity that should be devel-
oped by the multidisciplinary team in conjunction 
with patients and their carers. The audit activity should 
include an appropriate mix of national, local, and risk 
management driven issues, and the specifics should 
depend on the configuration of services and local pref-
erences. The plan should include thoughts about dis-
semination of results to users and potential users of 
the services. The multidisciplinary team should include 
doctors, professionals allied to medicine, and admin-
istration staff. Adherence to the audit plan should be 
monitored through the departmental operational man-
agement structures. For the department to be success-
ful in improving care as a result of audit, there should 
be clear understanding of effective techniques of change 
management.

Arguments against audit

In the United Kingdom, audit has been an essential part 
of all doctors’ job plans for a number of years, but audit 
activity remains sporadic. In some high-profile special-
ties such as cardiac surgery, comprehensive audit has 
been led by clinicians and driven by politicians and the 
media. In other areas there has been little or no coordi-
nated national audit activity. This may be due to a per-
ceived lack of benefits from audit from clinicians along 
with failure to meet challenges in gaining consensus or 
difficulties in securing adequate resource. The experi-
ence from cardiac surgery is that structured national 
audit improves the quality of mortality outcomes [1–4]. 
It is likely that other issues such as complication rates are 
also reduced with associated costs savings, and as such 
effective audit may well pay for itself.

Summary

In modern health care, patients are increasingly  looking 
to be reassured about the quality of care they receive and 
doctors are being driven toward demonstrating their 
competence, rather than this being assumed. Hospital 
departments should have a robust clinical governance 
strategy that should include “joined-up” clinical risk 
management and audit activity. There are strong argu-
ments that structured audit activity improves the qual-
ity of outcomes and for these benefits to be maximized 
there should be involvement of multidisciplinary teams 
supported by high-quality operational management.
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Evaluating Personal Surgical 
Audit and What to Do If Your 
Results Are Outside the “Mean”
Andrew Sinclair and Ben Bridgewater

Introduction

Any well-conducted audit should give information 
about systems and outcomes related to patient care. 
Data collection that generates new information about 
patient outcomes should be classified as research and 
to be regarded as audit, results need to be compared 
against a previously defined and accepted standard. 
Often an audit will demonstrate satisfactory outcomes 
and this in itself may be a useful finding which should 
be of interest to patients, clinicians, managers, commis-
sioners, and regulators of health care. It is hoped that 
structured and regular audit data collection will lead 
to ongoing improvements in quality as described in 
the previous chapter. On occasions audit results will be 
unacceptable and it is essential that this is recognized 
and acted upon.

Presentation and analysis of data

Effective audit requires clarity of purpose. When an audit is 
conceived the clinical question should be clearly stated and 
the data required to generate an answer should be defined. 
It is also important to be sure to what outcomes you will 
compare yourself, and there may be a number of options. 
Data on mortality or complication rates may be available 
from pooled national or regional registries [1–4]. Results 
of specific series of cases may be published through peer 
review journals for individual hospitals or individuals, 
but these outcomes may often be better than the “norm” 
because of submission and publication bias. False reassur-
ance may be gained from comparing outcomes with out-
dated historical results; in cardiac surgery in the United 
Kingdom a widely accepted risk-adjustment algorithm, the 
EuroSCORE [5], has been used to benchmark hospitals and 
surgeons in recent years. This was developed in a multi-
center study in Europe in 1997 and improvements in over-
all quality of care in the United Kingdom are such that it no 
longer reflects current practice [6]. In the United Kingdom, 
any cardiac surgeon who is not currently performing sig-
nificantly better than predicted by the EuroSCORE would 

Key points

• Audit is the comparison of surgical results 
against a previously defined and accepted 
standard.

• Published results may be better than the normal 
surgeon’s.

• Complexity specific audit is important.

• Dealing with outlying performance can be 
“directive” or “collaborative” depending on the 
surgeon.

• Surgeons are responsible for ensuring 
satisfactory quality of care.
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have a mortality rate that was higher than that of their 
peer group. It is unclear whether it still accurately predicts 
mortality elsewhere in Europe. This concept of “calibration 
drift” for cardiac surgery has been seen in both the United 
Kingdom and the United States.

It is possible to compare outcomes between units or 
surgeons simply by using “crude” or nonrisk-adjusted 
data. Cardiac surgeons have focussed on mortality, as 
it is a robust primary end point. In pediatric urology, 
mortality is not frequent enough to provide a meaning-
ful measure and more appropriate end points need to be 
developed.

Using nonrisk-adjusted data has simplicity and trans-
parency on its side but is not embraced with enthusiasm 
by the majority of surgeons. It is clear that there are quite 
marked differences in patients’ characteristics between 
different units in cardiac surgery and this variability is 
probably greater between surgeons who have different 
subspecialist interests [7]. These issues will surely apply to 
other areas of surgery. Many surgeons are concerned that 
any attempt to produce comparative performance using 
nonrisk-adjusted data will stimulate a culture whereby 
higher risk patients are denied surgery to help maintain 
good results – the so-called risk averse behavior. To make 
data comparable between individual surgeons and units, 
there have been a number of attempts to adjust for opera-
tive risk in cardiac surgery [8–10]. Other specialties will 
need to develop appropriate methodology, and ideal tools 
should be accurate numerical predictors of observed risk 
(i.e. be calibrated correctly) and be able to discriminate 
appropriately across the spectrum of risk (i.e. accurately 
differentiate between lower- and higher-risk patients).

In addition to the appropriate use of risk adjust-
ment, some units have found graphical techniques of 
presenting outcomes data useful to monitor perform-
ance. Various techniques have been used to help analyze 
results and detect trends or outlying performance at an 
early stage, such as cumulative summation or variable 
life-adjusted display plots. These curves may be adapted 
to include predicted mortality to enable observed and 
expected mortality to be compared. These techniques are 
well described by Keogh and Kinsman [2]. More recently 
interest is developing for measuring outcomes using sta-
tistical process control charts, which are widely used in 
manufacturing industry. These charts use units of time, 
typically months when institutions are under scrutiny 
and the outcome of interest is mortality, and display 
actual mortality against expected mortality, using con-
trol limits to define acceptable and unacceptable per-
formance [11].

The use of funnel plots is becoming popular as a way of 
displaying hospital or individual mortality [12]. They are 
simply a plot of event rates against volume of surgery, and 
include exact binomial control limits, to allow excessive 
mortality to be easily detected. They give a “strong visual 
display of divergent performance” [2]. They have been 
used to analyze routine data to define clinical casemix and 
compare hospital outcomes in urology [13].

Classical statistical techniques may be used to com-
pare individual outcomes with a benchmark. When ana-
lyzing data from an individual hospital or surgeon, it is 
probably appropriate to select 95% confidence intervals 
such that if significant differences are observed, there is 
a 1 in 20 probability that these are due to chance alone. 
Things become more difficult when many hospitals or 
surgeons are compared to a national benchmark. In the 
United Kingdom there are over 200 cardiac surgeons and 
any comparison of the group against the pooled mortal-
ity using 95% confidence intervals would raise a high 
probability of detecting outlying performance due to 
chance alone because of multiple comparisons, and it is 
appropriate to adjust for this. The choice of confidence 
intervals will always end up as a balance between ensur-
ing that true outlying performance is detected without 
inappropriately creating stigma for surgeons with sat-
isfactory outcomes. It may be useful to select different 
confidence limits for different purposes. Tight limits 
may be appropriate for local supportive clinical govern-
ance monitoring; one hospital in North West England 
launches an internal investigation into practice if a car-
diac surgeon’s results fall outside 80% confidence limits 
but wider limits of 99% have been used to report those 
surgeons’ outcomes to the public [14].

Dealing with outlying performance

Detecting clinical outcomes that fall outside accepted 
limits does not necessarily indicate substandard patient 
care, but any analysis which indicates concern should 
trigger further validation of the data if appropriate and 
then, if indicated, an in-depth evaluation of clinical prac-
tice which may include analysis of subspecialty, casemix, 
and an exploration of the exact mechanisms of death 
or complications. This process may lead to reassurance 
that practice is satisfactory. Ideally this should be initi-
ated by the concerned clinician who should be keen to 
learn from the experience to improve their practice. An 
excellent example comes from pediatric cardiac surgery 
where a surgeon developed concerns about his mortality 
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outcomes following the arterial switch operation (which is 
complex, technically challenging, and congenital surgery) 
[15]. He studied his outcomes in detail using  Cumulative 
Summation (CUSUM) methodology and determined 
that things were worse than he would have expected due 
to chance alone. He then underwent retraining with a col-
league from another hospital with excellent outcomes, 
adapted his practice, and subsequently went on to dem-
onstrate good outcomes in a further series of consecutive 
cases.

On occasion, the process of investigating outlying 
outcomes may be difficult for the individual hospital or 
surgeon involved. The investigation may raise significant 
methodological questions about the techniques of analy-
sis and subsequent examinations. The cause of substand-
ard results may be difficult to detect but may relate to 
failures in the systems of care in the hospital or depart-
ment, or failures in the individual [16,7].

Clinical governance is an individual, departmental, 
and hospital responsibility. While the onus should be on 
the individual with unsatisfactory outcomes to investi-
gate and change their practice, they may need support, 
advice, and direction from their clinical and managerial 
colleagues. Over recent years the roles of different organ-
izations in clinical governance is becoming clearer. Most 
hospitals should now have increasingly effective manage-
ment structures for promoting quality improvement and 
detecting suboptimal performance [17,18].

The investigation of unsatisfactory outcomes can be 
facilitated by an appropriate clinical leadership, and 
different techniques may be necessary for different cir-
cumstances with the concepts of “situational leadership” 
being useful to match the managerial intervention to the 
willingness and the readiness of the individual whose 
practice is being investigated [19]. Two examples make 
this point. A newly appointed cardiac surgeon had three 
adverse outcomes following the same type of opera-
tion that seemed to the colleagues to be due to a similar 
mechanism. Despite discussions the surgeon involved 
had little or no insight into the problem. No confidence 
intervals for performance were crossed because of the 
small volume of cases involved but, due to the clini-
cal concerns, the surgeon was subjected to forced but 
supportive retraining of his intraoperative techniques, 
which led to re-introduction of full independent prac-
tice within a few months and excellent publicly reported 
results for that operation several years later. This would 
be described in a situational leadership model as a “direc-
tive” approach. A second example is that of a senior sur-
geon with a low volume mixed cardiothoracic practice 

who had a “bad run” of cardiac results, which again led 
to outcomes that failed to generate statistically significant 
mortality outcomes. At his own initiation he involved 
his clinical managers and launched an in-depth analy-
sis of his practice and detected that he was conducting 
very high-predicted risk surgery despite lower volumes 
of surgery than some single specialty colleagues. He was 
also suspicious of a potential common mechanism of 
adverse outcomes in several cases of mortality and some 
cases of morbidity. Along with colleagues he changed 
his referred practice to make it more compatible with 
low volume mixed cardiothoracic surgery and adapted 
his technique of surgery to avoid further problems. This 
again resulted in excellent subsequent outcomes. This 
would be described in a situational leadership model as a 
“collaborative” approach. From a managerial perspective 
both examples led to satisfactory ends, but adopting the 
appropriate leadership style was important in reaching 
the desired conclusions.

In addition to the roles of the individual and the hos-
pital in ensuring satisfactory outcomes, other agencies 
should be acting to support the process. In the United 
Kingdom the Chief Medical Officer has recently pro-
duced a report entitled “Good Doctors, Safer Patients” 
about regulation of health care, where it is proposed that 
the General Medical Council will have overall responsi-
bility for professional regulation, but will pass significant 
responsibilities down to employers [17]. It is suggested 
that professional societies should set clear unambiguous 
standards for care, and recertification of doctors should 
be dependent on achieving those standards. Patient con-
sultation as part of this report has suggested that patients 
are keen to see that satisfactory outcomes of treatment 
by their doctors form part of this process. This direction 
of travel in the United Kingdom is similar to that pro-
posed by the American Board of Medical Specialties and 
is a long way from the culture in which most doctors 
were trained. It will be a challenge for professional socie-
ties and the profession to deliver on this agenda.

Summary

Most audit projects will deliver results that demonstrate 
clinical practice is satisfactory. There is some evidence 
that scrutiny of results alone can contribute to improve-
ments in quality. On occasions audit will flag up concern 
about clinical processes or outcome, but it is important 
that the data and the methods are “fit for purpose.” The 
responsibility for ensuring that satisfactory quality of 
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care is given and demonstrated is the responsibility of 
all involved in health care delivery including individual 
practitioners, employers, commissioners, professional soci-
eties, and regulators.
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The Implications of a Poor 
Surgical Outcome
Robert Wheeler

Introduction

One of the few stimuli prompting a unanimous response 
from any group of surgeons is the failure to produce the 
desired result, either from an operation or from a pro-
gram of management. The response will be a mixture 
of empathy, regret, disappointment, frustration … and 
a lingering fear that litigation, or worse, may ensue. In 
the early 21st-century practice, a “poor outcome” can 
encompass anything from the irritation of a minor delay 
due to a misplaced ultrasound report, to the loss of the 
wrong kidney, or possibly a life. This chapter deals with 
how to approach a patient with a poor outcome while 
describing the legal pathways that   can be taken. This 
chapter describes the situation from the viewpoint of the 
United Kingdom’s legal system. Every country has slightly 
different laws but this chapter remains relevant for those 
surgeons practicing outside of the United Kingdom, as 
parallels can be drawn with most legal systems.

Disclosure of poor outcome

An apology
Doctors often debate the advisability of an apology in 
these circumstances, fearing that this could be construed 
as an admission of guilt, analogous to the advice given 
to motorists by their insurance companies if involved in 
a collision. The analogy is flawed. A poor outcome from 

treatment may be the result of mismanagement; but the 
final determination of fault, if present at all, will result 
from a complex investigation and logical assessment. 
While it could be argued that a fulsome apology may be 
seen as an indication of “guilt,” this will have a minimal 
effect on the process that will establish whether a doc-
tor’s behavior has fallen below the reasonable standard 
(and if so, whether this lapse has caused the harm that 
is alleged). This effect has to be balanced against the 
undoubted good that an apology will do, i.e. benefiting 
the patient and reflecting well on the doctor’s propriety 
and openness. An apology is therefore very strongly rec-
ommended; at the very least, failing this, an expression 
of regret is mandatory.

An explanation
An explanation as to how the suboptimal result has 
occurred is also necessary. Our society has chosen to regard 
a patient’s autonomy, their right of self-determination, 
as the paramount consideration when dealing with their 
health. This manifests as a primacy for confidentiality 
and for the need to provide consent, both of which are 
sometimes put ahead of what may be in the (medical) best 
interests of the patient.

It therefore follows that any information that a doc-
tor possesses concerning a patient must be shared with 
that patient, or the parents. There is a theoretical tension 
when considering children, since a child who is judged 
to be competent to provide consent is also entitled to 
decide whether their information should be shared with 
their parents. In practice, this entitlement should be 
honored by simply checking with the competent child 
that they have no objection to their parents being told; 
in the vast majority of cases, there will be none. So a full 
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discussion should follow, to enlighten the family as to 
how the poor outcome has occurred.

An obligation to disclose errors that are 
not immediately obvious to the patient?
One particular difficulty is where an error has been made 
that is not immediately obvious to the patient, but has 
caused some tangible harm. There may be a temptation 
not to disclose. However, truth telling is a cornerstone 
of a trusting relationship, and trust between individu-
als is central to civilized life. Since “morality” pertains to 
character and conduct and has regard to the distinction 
between right and wrong, truth telling seems to be, ines-
capably, a moral activity. In families’ moral education of 
their children, the universal duty adults impose on chil-
dren to “own up” misdemeanors reflects this necessity to 
ensure that ordinary citizens are honest with each other. 
It also implies that “honesty” concerns the disclosure of 
hidden information, not simply the avoidance of the lie.

The relationship between doctors and their patients is 
not ordinary. It is described as a fiduciary relationship, 
emphasizing the necessity for mutual trust, confidence, 
and certainty (L. fiderer: to trust; fides: faith). In con-
clusion, considering the fiduciary relationship between 
doctors and their patients, and the lack of distinction 
between a lie and failing to disclose hidden information, 
there is a moral obligation to disclose.

Within the doctrine of behavioral ethics, the central 
“good” elements of human behavior rest upon honesty, 
probity, and truthfulness. From this perspective, disclo-
sure of error would be considered as an ethical obligation.

How does the general public approach disclosure? In 
reality, generally, by ignoring the ethical and moral obliga-
tions outlined above. The man who owns up to scratching 
his neighbor’s boat while it was unattended would be per-
ceived to have done the “right thing,” but such behavior 
might generate both mild surprise and congratulations 
on being “decent.” Failure to report the damage would 
lead to a disconsolate but unsurprised owner, resigned to 
the fact that “no one ever owns up these days.”

On a larger scale, viewing “acknowledging error” on 
Google reveals a robust avoidance of the obligation, 
“White House strategists conclude that acknowledging 
error is not an effective political tactic” [1]. Such com-
ments recognize the moral obligation, but honor it in its 
avoidance. The general tenet of civil law is that the citi-
zen should look after himself. There is no evidence of a 
civil obligation to report an error.

But the General Medical Council (GMC) [2] advises 
that doctors should report mistaken diagnoses. This 

advice is reiterated by the British Medical Association 
(BMA). Such advice does not specifically cover the area 
of operative error, although does include circumstances 
where patients “suffer harm.”

Although this advice is not binding, it does represent 
the view of a recognizable body of medical opinion. 
Although civil judges do not invariably follow the GMC/
BMA guidance, they may be influenced by it, and if they 
choose to, may reflect the guidance in any future judge-
ments. What damage could flow from failure to know 
that something has gone wrong? The patient’s eventual 
discovery may cause distress, but it could be difficult 
to claim that this distress equates to personal damage 
of a degree that a court would view as worthy of finan-
cial recompense. Chester v. Afshar [2004] made lawyers 
(briefly) believe that there was an appetite among sen-
ior judges for expanding the law [3], creating a new tort 
of “failure to report a medical error,” a novel category of 
clinical negligence. Within a matter of weeks, a further 
House of Lords case (Gregg v. Scott [2005]) indicated 
that radical expansion was most unlikely.

Many NHS hospitals regard failure to report a serious 
untoward incident to the hospital as a disciplinary offence. 
However, there is no defined obligation to disclose the 
information to the patient, and one can see a potential 
conflict of interest on behalf of the hospital when decid-
ing to disclose or not. However, should your hospital 
take a similar line, reporting a clinical error that could 
be construed as serious would seem prudent. But from 
a moral and ethical point of view, patients should also 
be told, before the hospital, because of the GMC’s guid-
ance and the fiduciary relationship a doctor has with the 
patient. Failing to disclose to the patient does not appear 
to create a liability in negligence, and even if the failure 
were admitted as falling below the reasonable standard of 
care, the claimant would have an uphill struggle in prov-
ing causation (vide infra). The National Patient Safety 
Authority’s (NPSA) safer practice notice [4] advises 
health care staff to “apologize to patients, their families or 
carers if a mistake or error is made that leads to moderate 
or severe harm or death, explain clearly what went wrong 
and what will be done to stop the problem happening 
again.” This consolidates the advice from the GMC/BMA, 
so the chances of being liable to civil actions will increase; 
but will only succeed if judges choose to follow the line 
of expanding the scope of clinical negligence.

From the professional point of view, given the GMC 
guidance, full disclosure is appropriate. In the rare case 
where disclosure would cause clinical harm, perhaps psy-
chiatric injury, the doctrine of therapeutic privilege will 
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protect the doctor who correctly applies it and withholds 
disclosure. As a clinical decision, disclosure of medical 
error puts the doctor in an unassailable position. The 
hospital may wish disclosure had not occurred, but will 
hardly make their displeasure visible. Paradoxically, there 
is evidence that disclosure of error reinforces, rather than 
diminishes, the relationship between doctor and patient. 
Even if the admission leads to litigation, the court is 
likely to view the voluntary disclosure much more favo-
rably than apparent concealment.

From the perspective of the patient

Local resolution
If the patient complains of the outcome, the complaint 
will initially be dealt with locally, in the hope that resolu-
tion can be achieved. At the time of writing, this means 
that the claim is investigated by the hospital, which may 
involve experts from within or outwith the organization 
to take an initial view on whether the hospital should 
accept liability for the poor outcome. If this initial inves-
tigation and suggested remedy satisfies the patient, the 
matter is brought to a close. If not, then the complain-
ant may request a convenor to appoint a panel to hear 
the case. The panel consists of a lay chairman and two 
members independent of the hospital. Clinical assessors 
are appointed to advise the panel when the complaint 
involves the exercise of clinical judgement. There is no 
provision for an appeal of the panel’s decision.

The Ombudsman
If the complainant is refused panel review, he may refer 
that decision to the Health Service Commissioner [5] 
(Ombudsman), who may recommend that the decision to 
refuse a panel review be reconsidered. The Ombudsman 
is able to investigate complaints about clinical judge-
ment, including those arising from independent pro-
viders of health services [6] and retired practitioners 
[7]. The Commissioner provides comments and recom-
mendations, but has no power to award compensation, 
other than ex gratia payments for out of pocket expenses. 
Referral to the panel or the Ombudsman is not allowed 
if either civil or criminal proceedings have started.

NHS redress
Following a report [8] by the Chief Medical Officer 
(CMO) in 2003, there are now arrangements in England 
and Wales to create a scheme for redress [9] without 
civil proceedings. This scheme will cover injuries caused 

to patients by an act or omission concerned with diag-
nosis of illness, care, or treatment. Despite what some 
Parliamentarians may have believed during debates, this 
is not a no-fault compensation scheme. It is anticipated 
that it will cover treatment by the NHS, even if provided 
in private hospitals. However, the scheme cannot be 
engaged if civil proceedings have begun, and will termi-
nate immediately if they commence.

The scheme must comprise: an explanation, an apol-
ogy, a report on the action proposed to avoid future simi-
lar cases, and an offer of compensation. The latter may be 
monetary, or could take the form of a contract to provide 
restorative care and treatment. If monetary compensation 
is awarded for pain, suffering, and loss of amenity, there 
must be an upper limit on the amount to be offered. The 
implementation of such a scheme will be dependent on 
political will and the funding that is diverted to pay for it. 
If it is implemented in the described form, there may be 
a perverse incentive for the hospitals to settle low value 
claims irrespective of liability. If the complainant agrees 
to the offer, civil action will no longer be available to 
them. But even a relatively low guaranteed offer will seem 
attractive to both the hospital and the complainant, since 
it provides financial closure to both parties, a far cry from 
the uncertainty and expense of civil actions. What it fails 
to provide is the guarantee that the doctor who is not at 
fault will have their blamelessness and hence good repu-
tation publicly acknowledged.

Litigation
If the local or extended resolution process fail, or the 
patient wish for redress in the civil courts, litigation will 
commence. The action will usually be directed against 
the NHS hospital; only naming the defending surgeon 
if the complaint arose from private practice. The pur-
pose will be ostensibly to provide the claimant with the 
full facts relating to the case, and financial compensa-
tion. The claimant is likely to be suing on the grounds 
of the tort (civil wrong) of negligence. To establish this, 
several separate elements will need to be established. 
Firstly, the surgeon was responsible for the claimant’s 
care at the time of the incident. In hospital practice this 
is usually straightforward. A doctor has a single and 
comprehensive duty to exercise reasonable care and skill 
in diagnosing, advising, and treating the patient [10]. 
The test is whether the surgeon’s conduct was reason-
able, and this will be determined in comparison to 
the objective standard, which is the standard of his or 
her peers; “it is sufficient if he exercises the ordinary 
skill of an ordinary competent man exercising that 
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particular art” [11]. Therefore the claimant has to show 
that the surgeon’s practice fell below the standard that 
would be set by his or her professional peer group [12]. 
It is this “standard of care” that is established by the 
expert witnesses who will be consulted concerning the 
case. However, the expert witnesses will also have to sat-
isfy the judge that the standard they have identified can 
stand up to scrutiny, and be found to be coherent and 
logical [13]. Finally, the claimant has to show that the 
injury sustained was caused by the lapse in the standard 
of care, and that the damage must be such that the law 
regards it proper to hold the defendant responsible for it. 
The first of these two elements of causation is established 
on the basis of expert evidence, the latter by the court.

In private practice, the patient has the additional 
option of bringing an action in the law of contract, on 
the basis that they have purchased a service that has been 
imperfectly delivered. If a consent form has identified a 
particular surgeon, and the operation is performed by 
another; or if a surgeon fails to perform a promised pro-
cedure, then breach of contract will occur. An explicit 
and unequivocal guarantee, “I assure you that your 
vasectomy will be successful and you will never father 
children again” creates a contractual warranty on the 
basis of which action may be taken.

From the perspective of the surgeon

Local
The consequences for the surgeon are largely depend-
ent on the magnitude of the damage caused. There is 
no doubt that close attention to and compliance with 
local procedures of incident reporting are vital to limit 
the negative consequences for the surgeon. The medi-
cal defense organizations emphasize the importance 
of alerting them to any potential claims as soon as a 
complaint has been made. If frequently repeated irri-
tating inconveniences are being caused to patients, it is 
likely that the surgeon will be asked to play his or her 
part in eliminating any procedural errors responsible. 
Where serious injury has been caused, many hospitals 
will investigate the matter either through a system of 
Root Cause Analysis [14], or using some form of review 
group, usually composed of senior clinicians, risk man-
agers, and executives. Should a serious breach of profes-
sional conduct be suspected, the Medical Director of the 
hospital will become involved and may refer the matter 
for local adjudication (the “three wise men” approach) 
or may refer on to the GMC. In the rare circumstance 

when a patient’s death may have been caused by gross 
incompetence, the possibility of a criminal charge may 
be considered. The police would interview all concerned, 
and the Crown Prosecution Service (in England) would 
then consider whether a conviction was likely on the 
basis of the written evidence, and whether it was in the 
interests of justice that the doctor should be charged 
with gross negligence manslaughter. It is noteworthy that 
the indemnity insurance that covers hospitals in England 
[15] is not available for criminal matters, reinforcing the 
importance of maintaining close contact with the medi-
cal defense organization.

General Medical Council (GMC)
Having been established as a result of lobbying by the 
BMA in 1858 [16], the GMC [17] sets standards for 
doctors and examines their performance and behavior 
against those standards. This important role acts as a 
safety net, allowing cases to be considered that are not 
actionable at law, but fall below the standard that should 
be expected of an ethical practitioner.

Having changed radically in recent times [18], fur-
ther changes are suggested by the CMO [19], including 
the devolution of some powers to a local level. From the 
surgeon’s point of view, it is the Fitness to Practise Panel 
that will determine whether his or her fitness to practice 
is impaired. If it is, a reprimand may be issued; condi-
tions may be imposed on the doctor’s registration, or 
suspension, or erasure ordered. An appeal mechanism to 
the courts is available to doctors throughout the United 
Kingdom. But an appeal is also available to complain-
ants, if dissatisfied with CMC decision-making.

Council for Healthcare Regulatory 
Excellence
This organization exists to review the decisions of reg-
ulators, including those of the GMC. It has a duty to 
challenge the results of decisions that it considers to be 
excessively severe or lenient, although most of its chal-
lenges are on the latter grounds. The Council will review 
complaints about the GMC decisions and also scrutinizes 
decisions on its own behalf. The Council has the power 
to refer decisions to the High Court for reconsideration, 
if it is considered that their leniency was incompatible 
with adequate protection of the public. The effect of this 
process is that a complaint to the GMC may result in 
either an acquittal or reprimand falling short of suspen-
sion from the GMC, but the case being reopened by the 
Council for Healthcare Regulatory Excellence (CHRE) 
and a retrial being ordered in the High Court. This 



16 Part I Principles of Surgical Audit

makes the process of professional regulation uncertain, 
and it is hard to imagine how a doctor who is acquitted 
by the GMC, only to have the judgement reversed by the 
High Court, would feel.

The media response
The feeding frenzy created when a poor surgical outcome 
is reported in the media needs no further description, but 
has to be acknowledged as a key element that needs to 
be considered and “managed” in the broadest sense. For 
reasons possibly derived from self-interest, hospitals are 
becoming more accustomed to dealing with the media, 
and it would make sense to shelter under any cover that 
may so be provided. It seems unlikely that many surgeons 
will “win” in a direct encounter with journalists, and 
there is ample evidence that neither adequate recompense 
nor retractions will follow unjust or misleading report-
ing. Bold public assertions are therefore inadvisable.

From the perspective of the hospital

Adverse event reporting and clinical 
governance
The response to failures at either end of this spectrum 
should be proportionate, but follow a surprisingly simi-
lar pattern. In each case, an apology and explanation is 
appropriate. In many institutions, all “adverse events” are 
collected into a central database, better to understand the 
systemic weaknesses that may have caused or contributed 
to the failure. These institutions in their turn share the 
database with those governing health care. In the context 
of the NHS, the data are collated with the NPSA, who in 
turn reports to the Healthcare Commission, providing 
the overarching control of “quality” within the national 
service.

NHS Act 1977 Practice Direction 2006
This legislation gives a Strategic Health Authority (SHA) 
the power to issue an “alert notice,” naming an individ-
ual whom it considers poses “a significant risk of harm 
to patients, staff, or public, and who may seek work in 
the NHS” [20]. A draconian measure, the issue of such 
an alert may be requested by the chief executive or exec-
utive board member of an NHS body. The notice is sent 
to the National Clinical Assessment Service, the chief 
executive of each SHA in England, and the CMO for the 
other areas in Great Britain. It may then be sent to any 
NHS body that may be approached by the subject of the 
notice in search of work in the NHS. Such a notice must 

be reviewed at intervals of no more than six months. 
Alert letters have been available since 2002 [21], but the 
new guidance is a timely reminder of the efforts being 
made to protect the public from harm.

What is alarming is that the qualifying criteria for the 
issue of an alert could be interpreted by an executive in 
an ill-considered way, at a time when they were feeling 
vulnerable, perhaps having attracted unwelcome media 
interest. Although there is provision for revocation of 
a notice, the damage to a clinician’s reputation caused 
by a false allegation will be impossible fully to retract. 
Furthermore, the SHA is required to maintain a record 
of revoked notices for five years following revocation. 
It seems at least possible that this may disadvantage an 
“innocent” revokee who applies for work in the SHA 
area during the time period.

There is a requirement for the SHA to satisfy itself of 
the evidence supplied by the hospital, supporting the 
contention that there is a significant risk of harm. But 
it should be noted that it is the risk of harm that has to 
be significant, not the degree of harm itself. Should the 
climate develop in which unscrupulous health service 
managers behave aggressively toward clinical staff, it 
could be seen how a poor surgical result, from the prac-
tice of a “troublesome” clinician, could lead to a dispro-
portionate and unjust outcome. It would be incorrect to 
leave the impression that such devastating consequences 
are likely to flow from a poor surgical outcome. Such an 
outcome would be disproportionate, and in the present 
climate, exceedingly unlikely. However, the NHS is going 
through an unprecedented transformation of such mag-
nitude that the “old rules” can no longer be relied upon. 
Government thinking appears to be challenging all “core 
values,” relating to where patients are treated, and what 
level of training needs to be achieved as a prerequisite 
for treating them. In this climate, it will be prudent to 
acknowledge the potential, as well as the probable, con-
sequences of a poor surgical outcome.

Conclusion

A poor surgical outcome is a miserable business, for 
both patient and surgeon. Mercifully, few poor outcomes 
lead to litigation, and fewer still to the GMC or criminal 
courts. A prompt apology and full explanation will do a 
great deal more good than harm in the long term, and 
will make it more likely that the relationship between the 
surgeon and the family will recover and prosper. In many 
parts of the world, including England, there is a search 
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for alternative modes of recompensing patients who 
claim to have suffered harm. This could lead to schemes 
that pay out small sums of money on the basis of scant 
evidence. Such schemes will flourish if they result in 
reducing the national financial burden of clinical negli-
gence litigation, which is the reason for their existence. 
Hospitals may settle such claims irrespective of the effect 
on the surgeon’s reputation, and we all need to consider 
how we will handle that. As governments become more 
aware of the voters’ focus on the provision of health care, 
they are identifying measurable “quality” as a surrogate 
for success. In the United Kingdom, this scramble for the 
high ground of quality assurance has led government to 
provide itself with additional statutory tools of scrutiny 
and control. In this environment, careful compliance 
with local procedure in the event of an unwanted out-
come becomes increasingly important.
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The Metabolic and Endocrine 
Response to Surgery I
Laura Coates and Joe I. Curry

Introduction

The body’s metabolic and endocrine responses to tissue 
damage follow similar pathways regardless of whether 
that tissue damage is accidental, for example as a result 
of trauma, or deliberate, as a result of surgery. There is, 
however, an inflammatory component which appears to 
vary with the type and size of the insult, and it seems that 
both the inflammatory factors and the changes in the 
metabolic state are simultaneously necessary to provide 
optimal healing and tissue repair. Trauma produces rapid 
changes in both hormone release and in the way that 
substrates are mobilized for energy, although the exact 
mechanisms are still being understood. Among the main 
changes that have been measured are increases in the con-
centrations of adrenocorticotrophic hormone (ACTH), 
cortisol, catecholamines, glucagon, insulin, growth hor-
mone (GH), and in various substrates and their metabo-
lites, for example glucose, lactate, and glycerol [1].

The metabolic response

The end objectives of the metabolic response are to pro-
vide optimal cellular respiration and nutrition via:
• Increased oxygen availability
• Mobilization of protein and other body fuels
• Maintenance of fluid and electrolyte balance
• Disposal of the substrates produced by tissue 
damage [2].
The end product is the result of a complex interplay 
between physiological and biochemical functions, which 
appear to show great variation between patients and 
bring about rapid changes that do not seem to be totally 
predictable [1].

F.D. Moore in 1959 described four phases of the 
metabolic response which are still recognized today 
[2,3]:
1 The initial phase is related directly to the trauma and 
there are immediate physiological, hormonal, and bio-
chemical changes within the body.
2 This describes the “turning point” when recovery 
begins and wound healing begins to mature. The initial 
changes noted in the metabolic and endocrine functions 
return to normal.

Key points

• After surgery, there is an initial catabolic stage 
followed by an anabolic stage.

• The catabolic response consists of secretion of 
cortisol, catecholamines, and glucagon.

• The anabolic response includes secretion of 
insulin and growth hormone.

• Fluid and electrolyte balance is mainly under the 
control of aldosterone and antidiuretic hormone.

• There is an immune component to the metabolic 
response that is not fully understood.

• Nonshivering thermogenesis plays a major role 
in neonatal thermoregulation.

• Studies comparing laparoscopic and open 
surgery have shown variable results with 
respect to the endocrine and metabolic 
response.
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3 This phase usually takes place some time after the 
original insult and is characterized by the regaining of 
muscle strength. There is protein anabolism and a posi-
tive nitrogen balance.
4 The restoration of fat mass.
This is a more detailed description of what was previ-
ously described as the ebb and flow stages of trauma; 
more simply, it describes a catabolic (“hypometabolic”) 
stage followed by an anabolic (“hypermetabolic”) stage.

The catabolic response

Catabolic responses within the body are concerned with 
the breakdown of organic polymers and molecules into 
simpler molecules for the purpose of releasing energy. 
The catabolic hormones principally released as part of 
the response to trauma are cortisol, the catecholamines, 
and glucagon; their net result is to raise the basal meta-
bolic rate, increase glucose concentrations, increase cir-
culating insulin, and increase nitrogen excretion. The 
effect of these catabolic hormones is not only to increase 
the glucose concentration, but also to utilize less glucose 
for a given level of insulin.

Cortisol
Cortisol is a steroid hormone that accounts for approxi-
mately 95% of the glucocorticoid activity within the 
body. It is produced via the hypothalamo-pituitary axis 
(Figure 4.1).

Corticotrophin-releasing factor (CRF) is released from 
the hypothalamus under the influence of the body’s cir-
cadian rhythm, stress, and the plasma levels of corticos-
teroids under a negative feedback system. CRF travels via 
the portal system to the anterior pituitary where it stim-
ulates corticotrophs to produce ACTH, which in turn 
stimulates the adrenal cortex to produce cortisol.

The functions of cortisol are:
• Protein catabolism, primarily in muscle with the result 
 of increasing plasma amino acids
• Promotion of gluconeogenesis
• Stimulating lipolysis
• Increasing sensitivity to vasoconstrictors, thereby rais-
ing blood pressure
• Anti-inflammatory and anti-immune effects. Gluco-
corticoids in general:
  – Have antihistamine effects by reducing mast cell 

concentration
  – Stabilize lysosomal membranes and thus slow the 

release of destructive enzymes

 – Decrease capillary permeability
 – Depress phagocytosis [4].
Immediately after trauma, ACTH levels increase rapidly 
and have been found to be far higher than those required 
for maximal stimulation of the adrenal cortex [2], 
although these excessive levels appear to be only tran-
sient [5]. Plasma cortisol levels, however, remain high 
for 2–3 days and cortisol breakdown products continue 
to be excreted in the urine for many days post-trauma.

Catecholamines
The major catecholamines, adrenaline and noradrenaline, 
are part of a group of neurotransmitters known as bio-
genic amines, which are modified decarboxylated amino 
acids. The axis through which they are produced and reg-
ulated is known as the sympatho-adrenal axis (Figure 4.2). 
They are the two principal hormones synthesized by the 
adrenal medulla, and are responsible for the sympathomi-
metic component of the “fight-or-flight” response.

The hypothalamus sends impulses to the sympathetic 
preganglionic neurons, which in turn stimulate the pro-
duction of adrenaline and noradrenaline from the chro-
maffin cells of the adrenal medulla. The catecholamines 
then target their α- and β-adrenergic receptors on effectors 
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Figure 4.1 Regulation of cortisol secretion.
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innervated by sympathetic postganglionic axons. On the 
whole, α-receptors are excitatory, while β-receptors are 
variable in terms of their responses. Adrenaline stimu-
lates both α- and β-adrenergic receptors and at low 
administered doses results in tachycardia with a simul-
taneous fall in systemic vascular resistance, mainly 
from its β effects. At higher doses, α effects predomi-
nate and vasoconstriction occurs. This has the effect 
of increasing perfusion pressure and thus maintaining 
renal blood flow and urine output, but only to a point – 
at much higher doses, cardiac output falls, and further 
vasoconstriction causes a decrease in renal perfusion.

Adrenaline is a highly effective promoter of gluconeo-
genesis by its action on hepatic and muscle phosphory-
lases [6]. The catecholamines inhibit insulin release and 

reduce peripheral glucose uptake, thus further increasing 
the plasma glucose and leading to the characteristic post-
surgery hyperglycemia. Both adrenaline and noradrena-
line increase free fatty acid mobilization and elevate 
oxygen consumption [2]. Plasma levels of the catecho-
lamines are found to be raised immediately post stress 
and the levels are directly proportional to the extent of 
trauma. Again, as with cortisol, plasma levels are raised 
for a relatively short length of time but urinary excretion 
has been noted for a much longer period [7].

Glucagon
Glucagon is a peptide hormone produced by the α cells 
of the pancreatic islets. β-adrenergic activity stimulates 
these α cells to produce glucagon immediately post-
trauma. The effects of glucagon are in direct contrast to 
the effects of insulin (Figure 4.3).

It raises plasma glucose levels by speeding up hepatic 
glycogenolysis and gluconeogenesis.

Glucagon release is also stimulated by:
• Increased sympathetic autonomic nervous system 
(ANS) activity, e.g. during exercise or trauma
• An increase in plasma amino acid concentration if the 
plasma glucose is low, e.g. following a protein-only meal
and its release is inhibited by both insulin and somato-
statin [4].

The anabolic response

The reactions within the body that combine simple 
molecules to form complex polymers are known as the 
anabolic reactions. Anabolism uses the energy created 
from catabolism to build the structural and functional 
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Figure 4.3 Regulation of glucagon and insulin secretion.
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components of the body, for example the synthesis of 
proteins from amino acids or glycogen from glucose 
monomers. Insulin and GH are the two main hormones 
responsible for these synthesis reactions within the 
human body.

Insulin
Insulin is another peptide hormone produced by the 
pancreas – this time, from the β cells, which make up 
70% of the total number of pancreatic islet cells. Insulin 
can be seen in Figure 4.3 to have contrasting actions to 
glucagon by ultimately decreasing blood glucose. Its 
other actions are to:
• Encourage diffusion of glucose into cells
• Accelerate glycogenesis
• Increase amino acid uptake and in turn increase pro-
tein synthesis
• Encourage lipogenesis
• Slow glycogenolysis and gluconeogenesis [4].

Insulin release is mainly stimulated by a rising blood 
glucose level, although many other substances also influ-
ence and regulate the plasma levels of insulin:
• Acetylcholine, via the vagal innervation of the 
pancreas
• Arginine and leucine – two amino acids
• Glucagon
• Gastric inhibitory peptide (GIP), a peptide released by 
the enteroendocrine cells of the small bowel in response 
to a postprandial glucose load
• GH and ACTH (indirectly) due to their effect of rais-
ing plasma glucose levels [4].
It can be seen that although glucagon stimulates insulin 
release, there is no reciprocal increase; insulin actually 
suppresses the release of glucagon. As blood glucose lev-
els drop, and levels of insulin simultaneously decrease, 
more glucagon is released from the pancreas, which then 
increases blood glucose and stimulates once more the 
release of insulin, which then causes the glucose level to 
fall and the cycle begins once more.

Initially after trauma insulin levels are decreased 
[8], but these rise again after the first 24 h as the initial 
response to trauma stabilizes [9].

Growth hormone
GH is released from the anterior pituitary under the 
influence of growth hormone releasing hormone 
(GHRH) which is secreted into the portal system from 
the hypothalamus. Its release is inhibited by somato-
statin, also known as growth hormone releasing inhibi-
tory peptide (GHRIP). GH stimulates the production of 

insulin-like growth factor-1 (IGF-1) within the liver – and 
it is this which stimulates body and tissue growth in 
humans. The effects of this process are as follows:
• To increase protein and collagen synthesis
• To increase the basal metabolic rate
• To encourage the preservation of anabolic substrates, 
namely calcium, phosphorus, and nitrogen
• To increase fat oxidation
• To counter the effects of insulin.
The release of GH in the healthy individual is mainly 
nocturnal and pulsatile although injury and stress serve 
to stimulate its release, while hyperglycemia counteracts 
this and leads to suppression of the hormone.

GH levels have been shown to rise following trauma and 
gradually revert to normal within a few days. IGF-1 levels, 
similarly, decrease in 4–5 days following trauma [10].

Fluid balance

Sodium
Just as the glucocorticoids produced in the adrenal cortex 
influence glucose homeostasis in the body, so the min-
eralocorticoids influence mineral homeostasis; or more 
specifically, fluid and electrolyte balance. Approximately 
95% of the mineralocorticoid activity is due to aldos-
terone, a steroid hormone manufactured in the zona 
glomerulosa of the adrenal cortex. This hormone tar-
gets the renal tubules to stimulate the reabsorption of 
sodium ions (Na�). This in turn increases reabsorption 
of chloride and bicarbonate ions and leads to the reten-
tion of water. Aldosterone also promotes the excretion 
of potassium ions (K�) and hydrogen ions (H�) in the 
urine, thus helping to correct acidosis and restore pH.

Aldosterone control is under the influence of the 
renin–angiotensin system (Figure 4.4).

Hypotension, dehydration, or Na� loss stimulates the 
release of renin from the juxtaglomerular cells of the 
kidney. Angiotensinogen, meanwhile, is being produced 
in the liver and is converted by renin into angiotensin I, 
which then is further converted in the lung capillary beds 
into angiotensin II under the influence of angiotensin 
converting enzyme (ACE). This has two main effects:
1 To stimulate the adrenal cortex to secrete aldosterone. 
This increases tubular reabsorption of Na� and thus 
increases water reabsorption, leading to a restoration of 
blood volume.
2 To act on the smooth muscle in arteriolar walls, lead-
ing to the vasoconstriction of arterioles, which in turn 
leads to an increase in blood pressure.
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Aldosterone levels are known to increase rapidly post-
surgery and an impairment in Na� excretion has been 
shown to last for up to a week [11].

Atrial natriuretic peptide (ANP) has also been impli-
cated in the regulation of sodium. It is a hormone that is 
secreted in both cardiac atria in response to atrial stretch-
ing (i.e. on “overfilling” or overcompensation of a low 
blood volume) and it promotes excretion of both water 
and sodium. It also suppresses the secretion of antidiu-
retic hormone (ADH; see below), renin, and aldosterone.

Water balance
ADH is a neuropeptide which is synthesized in the 
hypothalamus and stored in the posterior pituitary. Its 
main function is to retain body water and prevent water 

losses both in the urine and as sweat. Its production is 
regulated by osmoreceptors in the hypothalamus, which 
detect dehydration or hypotension. An increase in the 
plasma level of ADH has three main actions, all of which 
serve to increase body water:
• Renal tubules retain more water
• Sweat glands decrease output and sweating is 
diminished
• Arterioles constrict.
Levels of ADH increase following surgery, and adminis-
tration of morphine, acetylcholine, and nicotine have all 
been shown to increase ADH production, leading to fluid 
retention and increased tissue perfusion. This brings 
with it the potential risk of fluid overload and edema, 
necessitating careful postoperative fluid monitoring.
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Protein metabolism

After trauma of any kind in adults, there is an increase in 
the basal metabolic rate, breakdown of body protein, and 
increased nitrogen excretion. The result is a net loss of 
protein. In the latter stage of the metabolic response to 
trauma, however, protein anabolism takes over and new 
protein is synthesized for repair and tissue growth. There 
is, however, some debate over whether children show the 
same response as adults; some studies have shown that 
children and infants show a lack of catabolism following 
surgery and no increase in protein turnover [12]. Others 
have shown an increase in protein turnover specifically 
in neonates on life support [13]. Surgery and its compli-
cations, along with sepsis, are the most common causes 
of protein loss in hospital, otherwise known as protein-
energy malnutrition. This term is used to describe the 
weight loss that occurs as a consequence of either:
• Poor enteral intake secondary to anorexia secondary to 
the underlying condition
• Increased catabolism, e.g. due to sepsis
• Tumor necrosis factor (TNF) in patients with cancer
• Malabsorption [14].
Nitrogen balance is used as a measure of net protein 
metabolism. Simplified, this is nitrogen input minus total 
urinary nitrogen excretion, although the actual results 
can be rather more difficult to calculate. An increase in 
urinary urea and ammonia excretion occurs following 
surgery and negative nitrogen balances are usually seen 
as a result [2]. This increase in urinary excretion is the 
effect of protein breakdown in:
• Muscle
• Breakdown of dead and damaged cells
• Hematoma and blood cells.
Of these, muscle breakdown accounts for the majority of 
the protein loss.

In the starvation state, the small amount of glycogen 
that is stored in the liver is utilized usually in the first 
24 h. Gluconeogenesis is therefore necessary to maintain 
a supply of glucose for energy. Pyruvate, lactate, glycerol, 
and amino acids (mainly alanine and glutamine) are 
the main sources of gluconeogenesis. The majority of 
protein breakdown occurs in muscle which leads to the 
inevitable loss of muscle bulk in chronic starvation [14]. 
Stored triglycerides are also hydrolyzed to glycerol (used 
for gluconeogenesis as above) and to fatty acids that may 
be oxidized further to form ketone bodies.

In starvation, adaptation occurs and the basal meta-
bolic rate decreases in an attempt to conserve fuel stores. 
The brain’s choice of substrate changes from glucose to 

ketone bodies and hepatic gluconeogenesis decreases. 
Following surgery or trauma, however, that adaptation 
does not take place; and, coupled with the increase in 
catecholamines and glucocorticoids, gluconeogenesis 
and protein breakdown continue in an attempt to pro-
vide enough energy to overcome the stress. An enzy-
matic pathway called the ubiquitin–proteasome pathway 
(which is a selective degrader of intracellular proteins) is 
stimulated by these glucocorticoids and cytokines and is 
responsible for accelerating protein breakdown in mus-
cle in many disease processes [14].

The immune response

There is an immune component to the postsurgery 
response that is still being understood. It has long been 
known that cytokines are mediators of the acute phase 
stress response and it is now known that interleukins 
and TNF play an additional role in the regulation of the 
metabolic response.

Interleukins, especially IL-1 and IL-6, stimulate hepatic 
lipogenesis and IL-1 has an additional role in hepatic 
gluconeogenesis and in promoting muscle proteolysis 
[15]. IL-6 is a marker of the stress response in neonates 
and increases in proportion to the magnitude of the 
operative insult [16].

TNF increases glucose transport and also promotes 
hepatic lipogenesis and muscle proteolysis along with IL-1.
It also inhibits lipoprotein lipase and has been shown to 
be the main cause of cachexia in patients with cancer. It 
has also been postulated that the interleukins and TNF 
may show a synergistic effect in regulating the metabolic 
response to trauma [17].

Thermoregulation

Neonates and infants have much more difficulty in reg-
ulating and maintaining their own body temperature 
than older children and adults. This is partly due to an 
increased surface area/body mass ratio, and partly to do 
with the make up of their fuel stores. Adults adapt to cold 
by shivering and vasoconstriction, and conversely to heat 
by sweating and vasodilation. Newborn babies are unable 
to mount a shivering response to cold, although they do 
demonstrate an intact vasoconstriction response [18]. 
Infants have a particular way of generating heat in the 
absence of shivering, by way of a specific type of adipose 
tissue called brown fat which dissipates energy in the form 
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of heat and generates so-called nonshivering thermogen-
esis. This doubles the normal metabolic rate of the infant, 
and is accompanied by a threefold rise in the plasma con-
centration of noradrenaline [19]. During environmental 
cooling, blood supply to the brown fat increases and heat 
is generated by the mitochondria within the fat cells [15]. 
Several studies have shown that under anesthesia (partic-
ularly fentanyl), infants are unable to mount a nonshiv-
ering thermogenic response which can lead to a sudden 
increase in their metabolic rate when anesthetic adminis-
tration is terminated [19]. This reinforces the importance 
of maintaining a warm environmental temperature both 
in theater and postoperatively, and of making sure that 
the stresses on the child are as low as possible in terms of 
maintaining body temperature.

Laparoscopy versus open surgery

Laparoscopic surgery is increasingly used for a wide vari-
ety of operations, associated as it is with reportedly shorter 
hospital stays, less analgesic requirements postoperatively, 
and a more rapid postoperative recovery [20–22].

Several studies have investigated whether the body’s 
normal metabolic response to surgery alters in cases 
where laparoscopy is used as opposed to open surgery. 
Adult studies have demonstrated that laparoscopy is asso-
ciated with a small decrease in the inflammatory response 
with little or no difference in the metabolic response [22, 
23]. Conversely, McHoney et al. in 2006 found that lapar-
oscopy in children is associated with an intraoperative 
hypermetabolic response, where open surgery has no cor-
responding rise in metabolic rate [24]. The oxygen con-
sumption (VO2) in children during surgery was used as 
a marker of metabolic rate and it was found to rise stead-
ily throughout the duration of the laparoscopic surgery. 
There was also a corresponding rise in core temperature, 
despite using unwarmed CO2 for insufflation.

On reviewing the literature for laparoscopic surgery in 
adults, Vittimberga et al. stated that the body’s response 
to laparoscopy is one of “lesser immune activation” 
rather than immunosuppression [25]. They also dis-
cussed how laparoscopic surgery has been shown to:
• Decrease C-reactive protein (CRP) in cases of 
cholecystectomy
• Decrease IL-6 concentrations after laparoscopic 
procedures.
This has also been demonstrated in a study looking 
specifically at cases of laparoscopy in newborn infants. 
The operations studied included nephrectomies and 

salpingo-oophorectomies, and corroborated the evidence 
for a significant decrease in the acute phase response in 
laparoscopic surgery in infants
• Increase histamine response
• Decrease T-cell function
• Decrease postoperative immunosuppression.
There appears to be, however, ongoing debate regard-
ing the changes listed above. Bozkurt et al. [26] studied 
IL-6 concentrations during emergency laparoscopy and 
laparotomy in children and found no difference between 
the two groups. They also undertook measurements of 
blood prolactin, cortisol, glucose, insulin, lactate, and 
adrenaline and found that the rise in these substances 
was equal in both groups [26].

A further study looking at open versus laparoscopic 
Nissen’s fundoplication in children also did not show any 
difference in concentrations of TNF or IL-1 between the 
two groups. There was, however, a slight increase in post-
operative immune suppression in the open group [27].

This does suggest that the metabolic response is highly 
variable. The fact that so many studies have been under-
taken and yet show differing results does seem to imply 
that the metabolic response to surgery, while following a 
similar pathway each time, is not necessarily predictable 
or quantifiable in different children undergoing different 
operations.
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The Metabolic and Endocrine 
Response to Surgery II: 
Management
Benjamin P. Wisner, Douglas Ford and Martin A. Koyle

Introduction

The previous chapter has described the various meta-
bolic and endocrine responses to surgical trauma. This 
chapter will focus on diagnosis and management of 
metabolic and endocrine derangements in the pediatric 
urologic patient. 

Developmental changes in renal function

Compared with the mature kidney, the neonatal kidney 
has impaired concentrating ability as well as lessened 
abilities for tubular reabsorption of sodium and secre-
tion of potassium and hydrogen. The neonatal kidney also 
receives a lesser proportion of the cardiac output, which 
contributes to lower glomerular filtration rate (GFR) [1]. 
GFR increases markedly over the first 3 months of life, 
with the transition to adult levels by 2 years of age [2]. 
Due to impaired countercurrent exchange, maximal neo-
natal urine concentration is 500–700 mOsm/kg. 

Routine fluid and electrolyte therapy

The daily water requirements of infants and children 
are based on estimated caloric expenditures [3]. In a 
24-h period, approximately 100 ml water is needed per 
100 kcal/kg of energy expended. Sodium and chloride 
replacement is required at 2–3 mEq/100 ml water per 
day, and potassium replacement is required at 1–2 mEq/
100 ml water per day. Urine is the main source of electro-
lyte loss; however, in the postsurgical patient, losses from 
GI sources (e.g. NG suction) may be substantial [4]. 
Traditional fluid replacement in infants and children with 
hypotonic fluid has been based on the above-calculated 
requirements [5].

Disorders of sodium and water balance

Total body water (TBW) consists of both intracellular 
and extracellular fluid (ECF). ECF makes up approxi-
mately 45% of TBW in neonates, this percentage 
decreases rapidly in the first year of life and then gradu-
ally throughout childhood [7]. Renal sodium reabsorp-
tion occurs primarily in the proximal tubule via the 
Na�–H� antiporter on a gradient generated by Na�–
K�–ATPase. In the collecting duct, sodium resorbtion is 

Key points

• The neonatal kidney has lower glomerular 
filtration rate and impaired concentrating ability 
and electrolyte handling.

• Hypotonic fluid administration as well as 
increased circulating antidiuretic hormone is 
common cause of postoperative hyponatremia.

• Most postobstructive diuresis is physiologic.

• Bowel segments in continuity with the urinary 
tract predispose to a number of short- and 
long-term metabolic consequences.
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regulated mainly by aldosterone and sodium intake, and 
water handling by ADH [8]. 

Hyponatremia

Postoperative hyponatremia is a relatively common 
phenomenon, occurring in approximately 4–20% of 
patients [5,6,9]. Overall, hyponatremia is the most com-
mon electrolyte abnormality observed in hospitalized 
children [10]. There are many etiologies of postoperative 
hyponatremia; however, the most common is adminis-
tration of hypotonic fluid [9]. The hyponatremic effect 
of free water excess is compounded by an excess of ADH 
in the first 72 h postoperatively [11–13]. Drugs given in 
the postoperative period may also contribute to sodium 
disturbance. Common medications given in children 
include opioids, NSAIDs, and acetaminophen. Opioids 
enhance ADH action via mu-receptors [14]. NSAIDs and 
acetaminophen are known to potentiate water retention 
by inhibiting prostaglandin synthesis [8]. Vomiting or 
nasogastric suction can also contribute to hyponatremia.

In a retrospective study of hyponatremia in hospi-
talized children age 1 month to 18 years, Wattad et al. 
found that 97.5% of cases fell into the categories of mild 
or moderate hyponatremia (Serum Na� 121–129), and 
only 2.5% of patients had severe hyponatremia (Serum 
Na� �120). Nine percent of patients with mild and 48% 
of patients with moderate hyponatremia were symp-
tomatic, most commonly with lethargy and irritability. 
Two percent of children with mild hyponatremia, 3% 
with moderate hyponatremia, and 100% with severe 
hyponatremia had demonstrable neurologic deficits, 
and, although these children had severe comorbid ill-
ness, most had persistence of deficits on discharge from 
the hospital [15]. In a retrospective series and review of 
the literature, Medani determined that the average serum 
sodium in children presenting with seizures was 118 � 
4.3 mEq/l [16]. Hyponatremia has been variably linked 
to poor outcomes in children, with mortality rates rang-
ing from 8.4% [17] to 12% [15]. It appears that sympto-
matic hyponatremia is more likely to result in symptoms 
attributable directly to hyponatremia (e.g. seizures), 
whereas sequelae such as demyelination are related 
to rapid correction (�2 mEq/l/h or �20 mEq/l/24 h) 
and are more likely to occur in patients with chronic 
hyponatremia [18–20].

The most feared complication of correction of 
hyponatremia is central pontine myelinolysis (CPM) 
[21], also termed osmotic demyelination syndrome [22]. 

In children, CPM has been described in hyponatremic 
patients; however, these children typically have addi-
tional comorbid factors such as liver disease. In a single 
institution series, only 9/17 cases of CPM occurred in 
hyponatremic patients, whereas 5/17 had normal sodium 
and 3/17 had hypernatremia [10]. Most hyponatremia in 
infants and children is acute in nature, and the benefits 
of rapid correction to alleviate seizures typically out-
weighs the risks of demyelination [16, 23, 24].

The first step in the evaluation of hyponatremia is a 
clinical assessment of volume status. This can be done 
by evaluation of mucous membranes, urine output, 
body weight, orthostatic blood pressure, and skin turgor. 
Next, the urinary sodium concentration allows for 
determination of whether or not the renal response to 
hyponatremia is appropriate. This is especially useful in 
the setting of hypovolemic hyponatremia, in which the 
normal kidney avidly retains sodium, therefore leading to 
a low urinary sodium concentration (U[Na] �20 mEq/l). 
Based on clinical assessment and urinary sodium con-
centration, the patient can be classified according to the 
diagram in Figure 5.1. When treating hyponatremia, 
the importance of serial sodium monitoring cannot be 
overemphasized. 

Hypovolemic hyponatremia

In the pediatric urologic patient, most postoperative 
hypovolemic hyponatremia is secondary to extrarenal 
losses. Replacement of sodium and water is required, and 
isotonic saline is generally appropriate for initial replace-
ment. Once the ECF has been repleted, the stimulus for 
AVP decreases and rapid correction of hyponatremia 
occurs via excretion of dilute urine. For this reason, use 
of hypotonic fluid may be appropriate after repletion 
of the extracellular fluid volume [24–26]. The sodium 
deficit calculation may be a useful adjunct to therapy; 
however, this formula will underestimate the anticipated 
correction in patients with extrarenal sodium losses such 
as NG suction or high fever. It should therefore be used 
only as a guide and is not a substitute for monitoring 
plasma sodium during deficit replacement. 

Sodium deficit � TBW (kg) � (desired [Na] mEq/l  – 
actual [Na] mEq/l) where TBW is estimated as lean body 
weight (kg) times 0.5 kg�1 for women, 0.6 kg�1 for men, 
and 0.6 kg�1 for children [24]. The result of this formula 
is the number of mEq of sodium needed to replace the 
deficit. This can be given over an appropriate time course 
to prevent overly rapid correction.
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Euvolemic hyponatremia

Euvolemic hyponatremia in the pediatric patient can 
be due to stress, vasopressin administration (for von 
Willebrand’s disease), drugs, glucocorticoid deficiency, 
hypothyroidism, or SIADH. Should a child have acute 
(�48 h duration) severely symptomatic euvolemic 
hyponatremia, correction with hypertonic saline (3%) at 
1–2 ml/kg/h plus lasix administration can be undertaken 
[23]. The goal of therapy in adolescents and adults is to 
raise serum sodium at 1–2 mEq/l/h until seizures subside 
[24]. Additional correction should take place at a rate 
not to exceed 0.33–0.5 mEq/l/h or 8–12 mEq/l in a 24-h 
period [22,24,27]. In infants and children with seizures, 
however, more rapid correction may be appropriate if 
the clinician is confident of an acute symptomatic dis-
turbance in sodium [23].

Asymptomatic euvolemic hyponatremia is treated with 
fluid restriction to produce a negative free water balance. 
Restriction to 50% of normal daily goals may be required 
in some instances [24]. Once again, gradual correction is 
the goal unless the patient is acutely symptomatic. 

Hypervolemic hyponatremia

Hypervolemic hyponatremia is common in infants in 
children due to water intoxication. It may also be caused 
by chronic renal or cardiac disease, but these are much 

less common. Treatment consists of fluid restriction in 
the asymptomatic patient. In the child with CNS symp-
toms such as lethargy or seizures, acute correction with 
3% saline 5 ml/kg over 10–30 min is an effective strategy, 
and would tend to raise serum sodium by approximately 
5 mEq/l [10,23] (Figure 5.2).

Hypernatremia

Hypernatremia in the pediatric patient arises from excess 
sodium intake, free water deficit (diabetes insipidus, 
fever, radiant warmers, phototherapy), or combined 
sodium and water deficit (postobstructive diuresis, eme-
sis, NG suction, diarrhea) [28]. Hypernatremia can lead 
to cerebral hemorrhage, and the sodium level should be 
corrected gradually at a rate not �12 mEq/l/24 h. Water 
deficit can be calculated by the following formula:

Water deficit � 0.6 (body weight (kg)) 
 � (1 � (145/current [Na]))

Replacement can be undertaken with normal saline, 
½, or ¼ normal saline, depending upon the degree of 
water deficit. Correction should be monitored with serial 
plasma sodium measurements. 

Disorders of potassium balance

The vast majority of the body’s potassium stores are 
intracellular. The kidney is responsible for secretion of 

Figure 5.1 Classification of hyponatremia and causes.
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90% of the daily potassium intake [29]. Potassium is 
absorbed in the proximal tubule and secreted in the dis-
tal nephron under the influence of mineralocorticoid. 
The immature kidney appears to be less efficient in the 
secretion of potassium load, making the infant more 
susceptible to hyperkalemia in the setting of handling a 
potassium load [30].

Hypokalemia

Hypokalemia in the postoperative patient is commonly 
iatrogenic and is frequently related to nasogastric suction 
or loop diuretic use. Additional causes are vomit-
ing, diarrhea, insulin administration, and inadequate 
potassium replacement or intake. Hyperaldosteronism 
and renal tubular acidosis are also potential causes 
of hypokalemia. In hyperaldosteronism, hypokale-
mia is also accompanied by hypertension and alka-
losis, and in renal tubular acidosis, a hyperchloremic 
metabolic acidosis is also present. Symptoms of 
hypokalemia typically consist of muscle cramps and 
weakness, but can also include gastrointestinal symp-
toms with ileus and paresthesias. Treatment of hypoka-
lemia can be accomplished with either intravenous 
or oral potassium chloride. Should an underlying 
metabolic abnormality such as renal tubular acidosis 
be suspected, appropriate evaluation should follow.

Hyperkalemia

Hyperkalemia is a potentially life-threatening condition. 
Mild hyperkalemia may be asymptomatic; however, symp-
toms of severe hyperkalemia include characteristic ECG 
changes, muscle cramps, arrhythmia, and cardiac arrest. 
Hyperkalemia in infants and children is frequently due to 
hemolysis, and secondary to the high prevalence of cap-
illary phlebotomy. Another source of fictitious hyperka-
lemia is usage of IV sites running potassium-containing 
fluids. Causes of true hyperkalemia include renal failure, 
bilateral high-grade obstruction, and release of intracel-
lular potassium from destroyed cells, such as crush injury, 
tumor lysis, or extensive hemolysis. Extracellular shift of 
potassium due to extreme acidosis, insulin deficiency, or 
impaired renal secretion such as adrenal insufficiency can 
also lead to hyperkalemia.

If hemolysis is suspected as the cause of hyperkalemia, 
repeating the potassium level from a separate venipunc-
ture site is helpful. Potassium should be removed from 
IV fluids. ECG is helpful in evaluating for cardiac tox-
icity. Calcium administration may help to stabilize the 
myocardium from the arrhythmogenic effects of potas-
sium. Excess potassium can be temporarily shifted to an 
intracellular location by administration of insulin with 
glucose or by β2-agonist inhalers. These agents increase 
the Na–K–ATPase activity. Loop diuretics enhance 
potassium secretion and may be useful in therapy. Oral 
binding solutions such as sodium polystyrene sulfonate 

Figure 5.2 Treatment of hyponatremia.
NS, normal saline; ECF, extracellular fluid.

Hyponatremia

Hypovolemic Euvolemic Hypervolemic

If seizures:
3% NS 5 ml/kg IV over 10–15 min

Consider lasix

Fluid restriction
Monitor serum medium

Target correction 0.33–0.5 mEq/l/h
Consider loop diueric

Calculate Na� deficit
Fluid restriction

Monitor serum medium
Target correction 0.33–0.5 mEq/l/h

If seizures:
3% NS 5 ml/kg IV over 10–30 min

Consider lasix

Replace deficit with NS
Monitor serum medium

Target correction 0.33–0.5 mEq/l/h
Change to ¼ or ½ NS once

ECF repleted 
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(Kayexalate) require a functional GI tract but can be a 
useful adjunct in therapy. Sodium polystyrene sulfonate 
should not be given orally in neonates due to the risk of 
gastrointestinal hemorrhage or colonic necrosis. 

Postobstructive diuresis

Postobstructive diuresis can be encountered by the pedi-
atric urologist in a variety of settings. These range from 
posterior urethral valves to stones to postoperative mis-
haps such as catheter occlusion, urinary retention after 
reimplantation, obstruction of a catheterizable stoma, 
or, rarely, obstructing malignancy such as rhabdomy-
osarcoma. Postobstructive diuresis can even be encoun-
tered in the setting of unilateral obstruction, such as an 
obstructing ureteral calculus [31,32]. Postobstructive 
diuresis is caused by many factors. Acutely, there is an 
early increase in GFR followed by subsequent decrease 
due to afferent arteriolar constriction [33]. Urinary 
obstruction also leads to an impairment of sodium and 
free water reabsorption [34–36]. Altered tubuloglomeru-
lar feedback, impaired ADH response, and ANP accu-
mulation have also been implicated [37–39]. 

The diuresis observed after relief of obstruction is 
mainly due to the excretion of retained water and sol-
utes [40]. For this reason, aggressive fluid resuscitation 
is not typically necessary. Due to the impaired concen-
trating ability and obligatory natriuresis seen as a result 
of obstruction, some replacement of salt wand water is 
warranted. In unilateral obstruction, the presence of a 
normal contralateral kidney typically mitigates natriu-
resis [41]. Most postobstructive diuresis is benign and 
corrects within 24–48 h. Approximately 10–20% of these 
patients, however, will have continued natiuresis that 
can lead to profound dehydration [42–44]. Patients with 
signs of volume overload and severe renal impairment 
may be at higher risk of developing prolonged natiuresis 

[45–46]. Gradual decompression does not appear to alter 
the course of postobstructive diuresis [47].

Interposed bowel segments

The interposition of bowel segments into the urinary 
tract, such as with bladder augmentation, can cre-
ate a unique milleu of metabolic derangements. These 
problems include diarrhea, vitamin malabsorption, 
and electrolyte abnormalities. Ileal or colonic interpo-
sition can result in hyperchloremic metabolic acido-
sis due to ammonium and chloride absorption [48]. 
Gastrocystoplasty, which is used much less commonly 
than other methods of augmentation, can result in 
development of hypochloremic, hypokalemic metabolic 
alkalosis (Table 5.1).

Hyperchloremic metabolic acidosis is the most com-
mon abnormality encountered with interposed bowel 
segments in children. Nurse and Mundy [49] found that 
the incidence of hyperchloremic metabolic acidosis in 
ileocecal substitution, ileal augmentation, and ileal con-
duit was 50%, 26%, and 12.5%, respectively. Whitmore 
and Gittes [50] found a similar overall incidence in 
intestinocystoplasty, with a hyperchloremic metabolic 
acidosis occurring in 19% of patients. The risk of devel-
oping electrolyte abnormality has been reported to be 
higher in children with preoperative renal insufficiency, 
but may also occur in the setting of normal renal func-
tion [48–50]. Acidosis can result in bone demineraliza-
tion as calcium is mobilized to buffer the systemic acid 
load. Some authors have found a decrease in linear 
growth after intestinocystoplasty [51–53]; however, 
this finding is not universal. Mingin et al. [54] com-
pared augmented spina bifida and exstrophy patients 
to matched nonaugmented controls. They found that 
children with intestinocystoplasty had a subclinical 
hyperchloremic metabolic acidosis, but there were no 

Table 5.1 Bowel segments and associated metabolic derangements.

Bowel segment Metabolic derangement Mechanism

Stomach Hypokalemic, hypochloremic metabolic alkalosis H� and Cl� loss
Jejunum Hyperkalemic, hyponatremic metabolic acidosis Na� and Cl� loss
  K� reabsorption
Ileum Hyperchloremic metabolic acidosis Ammonium reabsorption
Colon Hyperchloremic metabolic acidosis Ammonium reabsorption
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differences in forearm bone densiometry, height percen-
tile, calcium metabolism, or calcium loss on 24 h urine 
collection.

Children with interposed bowel segments should be 
periodically monitored for metabolic and electrolyte 
abnormalities. Correction of metabolic acidosis can be 
undertaken with bicarbonate therapy. Severe hyper-
chloremia can be treated with chlorpromazine or nico-
tinic acid [4]. Treatment of metabolic acidosis typically 
requires 0.5–1.0 mEq/kg/d. The amount of bicarbonate 
needed can be calculated using the following formula:

Biocarbonate deficit � Weight (kg) � base deficit 
 � 0.3 mEq/kg/d

Conclusion

Immature renal function in infancy and early child-
hood, in conjunction with postoperative medications 
and physiologic changes in ADH and other circulating 
hormones, makes pediatric patients especially susceptible 
to water and electrolyte abnormalities. Hyponatremia 
is by far the most common postoperative electrolyte 
abnormality, and, when present, appropriate diagnosis 
is necessary for effective treatment. Care must be taken 
to provide appropriate postoperative fluids, as well as to 
monitor patients at risk for electrolyte anomalies.
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Perioperative Anesthetic 
and Analgesic Risks and 
Complications
Philippa Evans and Mark Thomas

Introduction

Modern anesthesia is extremely safe. In fact the risk of seri-
ous injury or death is so small that it makes it difficult to 
measure accurately. National Confidential Enquiry into 
Peri-operative Deaths (NCEPOD) data in the UK [1], the 
Australian Incident Monitoring System (AIMS) project in 
Australia [2], and the closed claims process in the United 
States [3] are the best sources of recent data. However, while 
these sources provide details of death or serious injury they 
do rely on accurate reporting. Furthermore, they give no 
indication of the numbers of total anesthetics administered 
and without this denominator it is not possible to quote 
accurate rates of risk.

What is clear from the literature is that the mortality 
associated with anesthesia has decreased dramatically 
from 6 per 10,000 in the 1950s to 0.36 per 10,000 by the 
start of this millennium [4–6].

There are several reasons for this. Firstly, we have become 
much more aware of the need for accurate audit over this 
time and have used audit as a powerful tool to develop safer 
practice. Secondly, we have become more subspecialized. 
There is good evidence that a trained pediatric anesthetist can 
decrease the incidence of perioperative events [7,8]. Thirdly, 
we have seen great advances in equipment and monitoring 
over recent years and have developed minimum monitoring 
standards to ensure the highest quality of patient care.

Of course, figures quoted for risk are very much dependent 
on individual patient factors. It is abundantly clear from 
the studies quoted above that children in the younger age 
group, specifically below one year of age, have a greater 
incidence of anesthetic mortality. American Society of 
Anesthesiologists (ASA) status and comorbidities such as 
prematurity, obstructive sleep apnea, and congenital abnor-
malities will all adversely impact upon the risk. However 
human error and equipment failure account for the major-
ity of negative outcomes and, if they could be eliminated, 
would make approximately 90% of critical incidents pre-
ventable. So, while medical optimization preoperatively 
remains important the ability to reduce risk further lies 
squarely with the anesthetist and his or her team and with 
systems designed to minimize the scope for human error.

Key points

• The mortality associated with anesthesia is low, 
but is higher at the extremes of age.

• The risks associated with anesthesia have been 
greatly reduced by improvements in equipment 
and monitoring techniques.

• Respiratory adverse events are the most 
common perioperative problems.

• There are side effects or risks associated with 
all modalities of analgesia. Recent data show 
epidural analgesia to be associated with fewer 
complications in children compared with adults.

• Intravenous fluids and blood products should 
be prescribed with the same caution and 
consideration as any other medication.
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Specific complications of general 
anesthesia, their prevention and 
management

Respiratory complications
Respiratory adverse events are the most common peri-
operative problems faced by the anesthetist [9,10]. The 
 incidence of adverse events is higher in younger children 
due to the relatively narrow infant airway coupled with 
the high incidence of respiratory tract infections in this 
population. The most common events are periods of arte-
rial desaturation, laryngospasm, and bronchospasm [11].

Laryngospasm is the reflex closure of the glottis by 
adduction of the true or false vocal cords. It can persist 
after cessation of the stimulus. Common causes include 
local stimulation of the larynx, e.g. by saliva, blood, or 
foreign body including a laryngoscope or endotra-
cheal tube. It can also occur in response to other stim-
ulation, e.g. surgery, movement, or stimulation of the 
anus or cervix. The reflex is abolished in deeper planes 
of anesthesia. Laryngospasm leads to partial or com-
plete airway obstruction, which presents with stridor 
and causes hypoxemia and hypoventilation and in the 
most severe cases negative pressure pulmonary edema. 
Treatment consists of removing the stimulus, giving 
100% oxygen and providing positive end expiratory 
pressure (PEEP) via the breathing circuit. If the spasm 
does not resolve with these maneuvres then a small dose 
of intravenous induction agent or muscle relaxant can be 
used to break the spasm.

Children with upper respiratory tract infections 
(URIs) have a sevenfold increase in respiratory com-
plications compared to asymptomatic children [12]. 
Additional risk factors for developing adverse respira-
tory events in children with URIs include: the use of an 
endotracheal tube, age less than five years or a history 
of prematurity (less than 37 weeks gestation), a history 
of reactive airway disease or nasal congestion, parental 
smoking, and surgery on the airway [13].

Airway complications
Control of a patient’s airway is the most important 
aspect of any general anesthetic. Difficulties can arise 
due to inability to control a patient’s airway and provide 
adequate ventilation by bag-mask ventilation – a “can’t 
ventilate” situation – or when the airway can be man-
aged but intubation is difficult – a “can’t intubate” situ-
ation. The incidence of difficult laryngoscopy/intubation 
varies between 1.5% and 13% and failed intubation has 
been identified as one of the anesthesia-related causes of 

death or permanent brain damage [14]. This happens 
when a “can’t intubate can’t ventilate” situation arises. 
There are certain childhood syndromes that are associ-
ated with difficult airways and these should be high-
lighted during preoperative assessment in order that the 
anesthetic can be planned accordingly. These syndromes 
include the Pierre Robin Sequence, Crouzon syndrome, 
Apert syndrome, Pfeiffer syndrome, Treacher-Collins 
syndrome, craniofacial microsomia, and Goldenhar 
syndrome [15].

More minor adverse events associated with the airway 
include dental damage and postoperative sore throat. 
Oral tissue and dental damage are common complica-
tions of general anesthesia and account for a significant 
proportion of medicolegal claims against anesthetists in 
adult practice [16]. These injuries tend to occur during 
laryngoscopy and intubation. A dental history should be 
obtained during the preoperative visit and children with 
wobbly teeth (peak ages 6–8 years) should be warned of 
potential loss! Postoperative sore throat has a reported 
incidence of 12.1% 24 h after surgery in daycase adult 
patients. The incidence is higher after intubation than 
following insertion of a laryngeal mask airway, and 
interestingly still occurs in some patients who have had 
no instrumentation of their airway but merely received 
airway support via a facemask [17].

Cardiovascular complications
Adverse cardiac events are only a quarter as common as 
respiratory complications during anesthesia. Common 
events include arrhythmias and bradycardias, and hyper-
tension or hypotension [11]. The results of the Paediatric 
Perioperative Cardiac Arrest Registry (POCA) found an 
estimated incidence of anesthesia-related cardiac arrest 
of 1.4 per 10,000 with a mortality rate of 26% in those 
affected [6]. Pharmacological (overdose) and underlying 
cardiac disease were the most common causes; 55% of 
events occurred in children under the age of one year.

Gastrointestinal complications
Vomiting is the most common postoperative adverse 
effect associated with anesthesia. Incidence ranges from 
9% to 43% [18]. Incidence increases with age, and peaks at 
11–14 years corresponding with puberty. The incidence of 
vomiting is also related to the site of surgery and is highest 
following strabismus surgery, appendicectomy, ENT 
surgery, and orchidopexy. High-risk patients include those 
with a previous history of postoperative nausea and vom-
iting and/or a history of motion sickness [19]. Anesthetic 
technique can influence the risk of postoperative 
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vomiting. Techniques should be adjusted and preemptive 
antiemetics given to those considered to be high risk.

The incidence of perioperative aspiration is low and 
generally has a good outcome. It is reported as between 
1 and 10 per 10,000 with a very low incidence of pnemo-
nitis or need for admission to intensive care [20].

Neurological complications
Peripheral nerve injury has a reported incidence of 1 per 
1000 anesthetics in adults. The most commonly affected 
are ulnar nerve 30%, brachial plexus 23%, and the 
lumbosacral nerves 16% [21]. Poor positioning intra-
operatively is a common underlying factor. The usual 
mechanism of injury to superficial nerves is secondary 
to ischemia due to compression of the vasa vasorum by 
surgical retractors, leg stirrups, or contact with other 
equipment. Injury is more likely to occur during peri-
ods of poor peripheral perfusion due to hypotension 
and hypothermia. Injury may be less likely in children 
because of the protection afforded by their increased 
subcutaneous tissue compared with adults and their 
lighter weight. The mechanism of injury to the brachial 
plexus is usually traction caused by excess shoulder 
abduction. Damage can be avoided by taking meticulous 
care with patient positioning, using padding to protect 
pressure points, and avoiding extreme joint positions. 
Most nerve injuries recover over a period of months; all 
need to be reviewed by a neurologist.

The commonest type of ocular complication is corneal 
abrasion. This presents with blurring of vision and usu-
ally resolves over 1–2 months [16]. Protective reflexes are 
lost during anesthesia and eyes need to be taped shut to 
protect the cornea. Care must be taken to avoid pressure 
to the eyes and extra padding and protection is needed if 
the patient is in the prone position for surgery.

Awareness during anesthesia is a state of consciousness 
that is revealed by explicit or implicit memory of intraop-
erative events. From adult data, the incidence of conscious 
awareness with explicit recall and severe pain is estimated 
to be �1 per 3000 general anesthetics. Conscious aware-
ness with explicit recall but without pain is more com-
mon with an incidence between 0.1% and 0.7% [22]. 
The incidence of awareness is higher in cases where neu-
romuscular blocking agents are used. Patients who expe-
rience awareness are at risk of developing post-traumatic 
stress disorder. The commonest cause of awareness is drug 
error: either inadvertent paralysis of an awake patient or 
failure of delivery of volatile anesthetic agents.

Maladaptive postoperative behaviors have been 
reported to occur in up to 65% of children undergoing 

anesthesia and surgery. Changes include anxiety, sleep 
disturbance, night terrors, and a return to bed wetting. 
Variables such as young age, degree of patient and parent 
preoperative anxiety, child’s anxiety at induction, type 
of surgery, and level of postoperative pain have been 
reported to predict the occurrence of behavioral changes 
[23]. Prolonged upset occurs even after daycase surgery 
and anesthesia. Up to 32% of children exhibit negative 
behavioral changes one month after their operation 
[24]. Sevoflurane is the volatile anesthetic agent that is 
most widely used for inhalational induction. Patients 
who have received sevoflurane are often agitated on their 
emergence from anesthesia. A short-lived post-anesthetic 
delirium is well described. However, this emergence 
delirium associated with sevoflurane is still the subject 
of some debate and does not seem to develop into pro-
longed neurocognitive changes. The incidence of mala-
daptive behaviors seems to be similar with sevoflurane, 
halothane, and isoflurane [25,26].

Rare but serious complications
Anaphylactic and anaphylactoid reactions during 
anesthesia are rare but potentially life-threatening aller-
gic events. The two types of reaction are clinically indis-
tinguishable and in their most severe manifestations 
present with cardiovascular collapse, bronchospasm, and 
laryngeal edema. Serum histamine and mast cell tryptase 
levels help confirm the diagnosis [27]. Patients require 
follow-up with skin-prick test and Radio Allergy Sorbent 
Test (RASTs) for specific IgE antibodies to identify the 
triggering agent. The incidence of anaphylaxis is approx-
imately 1 per 6000 anesthetics [28]. The most commonly 
incriminated agents are the neuromuscular blocking 
agents (58% of reactions), latex (16.7%), and antibiotics 
(15%). A history of atopy, asthma, and food allergy are 
more frequent in cases of latex allergy [29].

Malignant hyperthermia (MH) is a rare autosomal 
dominant condition that is triggered by volatile anesthetic 
agent and suxamethonium. It has an incidence of 1 in 
15,000 in children and 1 in 50–100,000 in adults [30]. It 
still has a mortality of 10% and requires prompt and 
efficient recognition and management [31]. Diagnosis 
is made by muscle biopsy and relatives of the index case 
must also be investigated. Anesthesia in susceptible indi-
viduals requires careful planning and avoidance of poten-
tial trigger agents.

Suxamethonium is a short acting depolarizing mus-
cle relaxant. It is metabolized by plasma cholinesterase. 
Suxamethonium apnea occurs in patients with reduced 
cholinesterase activity. This reduced activity arises either 
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as a result of genetic variability in cholinesterase type or 
secondary to acquired conditions, such as liver disease 
and cancer. It presents as prolonged nonreversible paral-
ysis at the end of the anesthetic. Management involves 
continued sedation and ventilation until the drug has 
been metabolized. This may involve several hours of 
mechanical ventilation.

Specific complications of pain
management

There are very few, if any, urological procedures that are 
not potentially painful to a greater or lesser extent. Many 
are easily ameliorated with simple analgesic regime while 
other require more sophisticated regional techniques in 
addition.

Systemic analgesia
Of course, when any drug is administered to any patient 
the potential for error exists. It is always possible to give 
the wrong drug (in the case of an allergic history for 
instance), the wrong dose, or to give a drug by the wrong 
route. Assuming that we are talking about giving appro-
priate drugs to appropriate patients, it is worth consider-
ing the range of agents at our disposal.

Paracetamol
This drug’s pharmacokinetics are better known than 
those of any other drug in the pediatric pharmacopoeia. The
main risks in its use relate to the potential for overdose. 
Suggested maxima are 25 mg\kg per 24 hours at under 30 
weeks postconceptional age, 45 mg\kg at less than 34 weeks, 
60 mg/kg in term neonates and infants and 90 mg/kg 
thereafter [32]. Paracetamol is metabolized in the liver 
mainly by glucuronidation and sulfation but if these path-
ways become saturated the hepatotoxic oxidative metabo-
lite N-acetyl-p-benzoquinoneimine may accumulate. Risk 
factors for this include dehydration and sepsis.

Nonsteroidal anti-inflammatory drugs (NSAIDs)
In a large study, the risk of administering a short-term 
course of ibuprofen was low and similar to paracetamol 
[33]. Childhood asthma does not seem to be affected by 
NSAIDs in the way as adult asthma [34]. Impaired renal 
function and bleeding tendency remain contraindica-
tions, however. The use of NSAIDs below six months of 
age is ill advised because of the risk of pulmonary hyper-
tension and alterations in cerebral and renal regional 
blood flow that is so dependent on prostaglandins in this 
age range. A growing body of literature describing the 

use of NSAIDs for the closure of patent ductus arterio-
sus in neonates has led to the reappraisal of the lower age 
limit, and the current United Kingdom national formu-
lary now contains dose-guidance for analgesic use down 
to one month of age if �5 kg [35].

Opioids
The main side effects of this group are respiratory 
depression, nausea and vomiting, constipation, urinary 
retention, itching, and sedation. From a safety perspec-
tive clearly the most important of these is respiratory 
depression.

Since we have moved away from intermittent intra-
venous bolus and intramuscular injections, the risk has 
diminished because with infusions and bedside-controlled 
analgesia pumps the potential for high-peak plasma con-
centrations is less.

The addition of high background infusion rates to 
patient–controlled regimes increases the risk of sedation, 
hypoxia, nausea, and vomiting [36]. However a low rate 
of 4 mcg/kg/h has advantages in analgesia without this 
untoward side effect profile [37].

Respiratory depression is readily treatable with 
naloxone but due to its relatively short duration of 
action this may need to be repeated or infused. Urinary 
retention and itching have been successfully treated with 
lower doses of naloxone while itching often responds to 
chlorpheniramine.

Nausea and vomiting occurs in 30–45% of children on 
patient–controlled analgesia pumps and can be reduced 
by prophylactic anti-emetic administration [38,39]. 
Adding an anti-emetic to the morphine pump is not 
effective [40].

Nurse controlled analgesia pumps for children �5 
years of age or so is effective [41] but is recommended 
for use by trained nurses rather than parents [42].

Regional analgesia and local anesthesia
Epidural
A recent national audit of pediatric epidural complica-
tions has just been completed in the United Kingdom. 
Birmingham Children’s Hospital painstakingly gath-
ered information from 21 pediatric centers over a 5-year 
period resulting in data from more than 10,000 epidurals. 
Ninety-six serious clinical incidents were reported giving 
an overall incidence of 0.9% [43].

Out of these 96 clinical incidents, 40 were judged by 
an expert panel to be coincidental to the epidural. These 
included complications such as pressure sores and com-
partment syndrome. Of the remaining 56 incidents the 
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commonest was local infection. The relative incidences 
in this group are given in Table 6.1.

It is clear from the above that epidurals are extremely 
safe. However, there is still considerable debate within 
anesthesia as to the merits of epidural analgesia over and 
above systemic modalities of pain relief. This is not the 
least because the consequences of a serious complication 
following an epidural are so great.

Having said that only one patient from the United 
Kingdom audit had persistent neurological problems more 
than 12 months postepidural insertion. This compares very 
favorably with adult epidural data in which the quoted 
risk of permanent neurological injury is 2–7:10,000 [44]. 
Furthermore, systemic analgesic techniques are not with-
out complications themselves.

If we were to analyze why there has been a decline in 
the administration of epidurals, we would most likely 
attribute it at least in part to the rise of a risk-averse 
culture. Complications arising from opioids are more 
likely to be attributed to patient and drug characteris-
tics. Complications arising from the epidural can more 
readily be apportioned, fairly or not, to poor technique 
or operator error.

Caudal analgesia
Caudals are the commonest regional technique used in 
pediatric anesthetic practice. They are relatively easy to 
perform, especially in children �8 years or so, and are 
effective. They provide analgesia for 3–10 h depending on 
the drug combinations used [45]. There are reports on 
large series of caudals with very few side effects [46,47]. 
Transient leg weakness and urinary retention should 
always be anticipated.

The most common additives in the United Kingdom 
are clonidine and ketamine. The former approximately 
doubles the duration of a plain local caudal to 5–6 h and 

with ketamine a further 4 h or so may be expected [45]. 
Clearly such prolonged block needs to be anticipated and 
warned for if inadvertent injury is to be avoided.

Peripheral blocks
As with all blocks, the potential for local anesthetic 
toxicity exists. The risk is greatest when the solution is 
injected into vascular tissue or injected inadvertently 
intravascularly. Most texts recommend an upper limit 
of 2 mg/kg for bupivacaine (0.8 ml/kg of 0.25%). The 
recent introduction of levorotatory bupivacaine has been 
widely embraced into clinical practice since this form has 
been shown to be equally effective yet less cardio toxic in 
the event of inadvertent intravascular injection. If car-
diotoxicity does occur it may manifest it as ventricular 
extrasystoles, which can progress to a particularly shock-
resistant ventricular fibrillation.

Adrenaline-containing solutions should be avoided 
near end arteries such as dorsal nerve block or ring block 
to help avoid the risk of penile necrosis. Ilioinguinal 
blocks are commonly performed for groin surgery and 
are extremely safe and effective. The main local risk 
for these is tracking of the local anesthetic next to the 
femoral nerve with resultant leg weakness and possible 
delayed discharge as a result. The increasing use of ultra-
sound guidance in the accurate placement of blocks may 
reduce this complication.

Complications associated with
intravenous fluids

Recent publications have highlighted the risks of admin-
istering infusions of hypotonic solutions to both medi-
cal and surgical pediatric patients [48]. The infusion of 
hypotonic solutions (such as 0.18% sodium chloride 
with 4% glucose or 5% glucose) is associated with the 
development of acute hyponatremia. The most serious 
complication of hyponatremia is hyponatremic enceph-
alopathy, which can lead to permanent neurological 
damage and death. Over 50% of children with a serum 
sodium of �125 mmol/l will develop hyponatremic 
encephalopathy [49]. Hyponatremia is associated with 
the movement of water into brain tissue, which can lead 
to cerebral edema. The resultant increase in brain vol-
ume can lead to brain herniation and death. Children 
are at particular risk as they have a higher number of 
brain cells and a larger brain to intracranial volume 
ratio compared with adults [50]. In a recent review of 50 
cases of hospital-acquired hyponatremic encephalopathy 

Table 6.1 The incidences of serious complications following 
pediatric epidurals (United Kingdom National Audit). 

Complication Incidence (out of 10,633 
 epidurals)

Infection 28
Drug error 14
Nerve injury 6
Postdural puncture headache 6
Local anesthetic toxicity 1
Inadvertent spinal anesthetic 1
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mortality was as high as 50%. More than half the cases 
occurred in the postoperative setting in previously 
healthy children undergoing minor surgery [51].

For half a century, fluid therapy in children has been 
based on Holliday and Segar’s formula, which proposed 
to match children’s water and electrolyte requirements 
on a weight-based calculation using hypotonic solu-
tions [52]. The formula was derived following studies 
of metabolism in active children. It has been argued that 
the requirements of hospitalized relatively inactive chil-
dren are less.

Surgical patients are at particular risk of developing 
hyponatremia. The postoperative period is associated 
with a nonosmotic secretion of antidiuretic hormone 
(ADH). ADH reduces the ability of the kidneys to 
excrete free water leading to hyponatremia and oligu-
ria. Infusion of hypotonic solutions further exacerbates 
the situation. Excess ADH secretion can be encountered 
even after minor surgery [49]. Pain, stress, anxiety, nau-
sea, and vomiting, and morphine can all act stimuli for 
its release.

Studies have shown that while infusions of hypotonic 
solutions in the perioperative period are associated with 
falls in plasma sodium, infusion of isotonic solutions 
are associated with stable plasma sodium levels [53]. 
Holliday and Segar have recently changed their recom-
mendations. They suggest halving the average mainte-
nance volume, i.e. 50 ml/kg/day for the first day of the 
infusion and monitoring serum sodium if the need for 
intravenous fluids continues [54].

Fluid therapy in surgical patients should be designed 
to provide for different requirements: fluid deficits, 
maintenance fluid requirements, and volume of fluid 
needed to maintain an adequate tissues perfusion (and 
counteract the effects of anesthetics). Fluid deficits con-
sist of preoperative deficits (fasting, gastrointestinal, 
renal, or cutaneous losses), hemorrhage and third space 
losses. The National Patient Safety Agency in the United 
Kingdom has recently produced a Patient Safety Alert 
with regard to intravenous fluid therapy in children [55]. 
They recommend the immediate removal of sodium 
chloride 0.18% with glucose 4% from use. In units where 
this has occurred, there have been no further cases of 
iatrogenic hyponatremia [56]. They emphasize that the 
prescribing of fluids should be afforded the same con-
siderations as the prescription of other drugs with refer-
ence to indications, contraindications, and dose [57] and 
that prescriptions should be individualized [58]. They 
recommend that intravascular volume depletion should 
be managed using bolus doses of sodium chloride 0.9% 

(isotonic), and that ongoing losses should be replaced 
with a similar biochemical solution. In most cases this 
would be an isotonic solution such as sodium chloride 
0.9%, sodium chloride with glucose 5% or Hartman’s 
solution (or Ringer’s lactate). They state that sodium 
chloride 0.45% with glucose 5% or 2.5% can safely be 
prescribed for the majority of children as maintenance 
fluid. They urge closer patient monitoring with regu-
lar weights and measurement of plasma sodium. They 
also call for a review of drug prescription charts so that 
maintenance fluids can be prescribed separately to other 
intravenous fluids [55].

Complications associated with blood
transfusion

Children are more susceptible than adults to the harmful 
effects of hypovolemia. Volume correction is therefore of 
paramount importance and can be achieved with crys-
talloids and artificial colloids. In general children tolerate 
hemodilution well and perioperative levels of 6 g/dl are 
acceptable in a hemodynamically stable child. There are 
of course many potential complications of transfusion 
namely hypocalcemia, hyperkalemia, hypomagnesemia, 
metabolic acidosis, and hypothermia. However, all of 
these are generally correctable [59]. What is of greater 
concern to parents and children is the infective risk of 
blood transfusion.

Infectious disease transmission risk
Infectious risks of transfusion have decreased dramati-
cally secondary to improved screening, detection of 
infected agents, and advances in pathogen inactivation. 
Nonetheless the risk of infection, especially of human 
immunodeficiency virus and hepatitis C, is often of great 
concern to the parents of children who may need blood 
transfusion. The incidence varies between countries and 
is dependent upon the prevalence of these infections 
within the donor community and the resources used to 
screen the blood products. Tables 6.2 and 6.3 illustrate 
the current situation in the United States.

Besides viral pathogens, bacterial contamination can 
occur. This is most commonly seen with platelets [60]. 
Standards for testing platelets for bacterial growth are 
being developed. Other infectious diseases that can 
potentially be transmitted by transfusion include Chagas 
disease, Lyme disease, malaria, and Creutzfeldt-Jakob 
disease (CJD). Although no specific nucleic acid or anti-
gen testing for these diseases exist, donor screening and 
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the deferral of those with potential symptoms helps 
prevent transfusion-related transmission. In the United 
Kingdom all blood products are leukocyte-depleted and 
clotting products are sourced from the United States to 
reduce the risk of transmission of new variant CJD.

Incompatibility and other immunologic 
considerations
Clerical error is the most common cause of mis-
matched transfusion. Severe acute hemolytic reactions 
most often result from immunologic destruction of red 
cells because of ABO incompatibility. Less frequently, 

serologic incompatibilities not detected by standard 
antibody screens can cause an acute hemolytic reaction. 
Anaphylactoid reactions with bronchospasm, laryngeal 
edema, and urticaria are dangerous but rare and typically 
occur in IgA-deficient individuals. The mandatory use 
of leukocyte-depleted products in the United Kingdom 
has significantly reduced transfusion reactions and 
immune modulation caused by cytokines and leukocyte-
degradation products. Formation of antihuman leukocyte 
antigen (HLA)-antibodies and febrile transfusion reac-
tions have also been virtually eliminated [61].
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Nephrectomy
Paul Crow and Mark Woodward

Introduction

The advent of laparoscopic surgery has made open 
nephrectomy an infrequent undertaking in pediatric urol-
ogy. The most common indications for open nephrec-
tomy are now malignant disease (see Chapter 33) and 
trauma (see Chapter 38).

Contraindications to elective, simple laparoscopic 
nephrectomy are increasingly rare, with some centers now 
reporting successful laparoscopic surgery for xanthogran-
ulomatous pyelonephritis [1]. These facts, together with 
the absence of contemporary publications on elective 
open simple nephrectomy, would seem to confirm that 
laparoscopic surgery has now taken over as the gold 
standard approach.

Although infrequently applied, a good working knowl-
edge of open approaches to the kidney remains impor-
tant to the pediatric urological surgeon. In particular, 
the ability to convert rapidly from laparoscopic to open 
nephrectomy, whether it is to control hemorrhage or for 
nonprogression, remains an essential surgical skill. In 
addition, familiarity with the choice of open approaches 

to both normally positioned and ectopic kidneys is vital 
on the rare occasion that laparoscopy is contraindicated.

This chapter will cover open approaches to the kidney, 
concentrating on the anatomical basis, advantages, and 
potential complications of each approach.

Surgical approaches to the kidney

The first intentional nephrectomy was performed by 
Gustav Simon in 1869 in the treatment of an ureterov-
aginal fistula. The first pediatric nephrectomy for a Wilms 
tumor was performed in Leeds, by Richard Jessop in 1877. 
Retroperitoneal flank approaches had a lower incidence 
of postoperative peritonitis and were the approach of 
choice in the first half of the 20th century. Advancements 
in the surgical technique led to a revival of transabdomi-
nal approaches in the 1950s. The modern surgeon has 
numerous choices of approach, which can be tailored to 
the needs of each individual case.

Retroperitoneal approaches
The majority of surgeons prefer a retroperitoneal 
approach to simple nephrectomy, the principal advantage 
being avoidance of the peritoneal cavity and the associated 
risk of forming intraperitoneal adhesions. Open access to 
the retroperitoneum can be achieved through loin, lum-
botomy, and anterior approaches. Readers are referred 

Key points

• With the advent of laparoscopic surgery, open 
simple nephrectomy is rarely performed.

• The retroperitoneal approach is preferable to the 
transabdominal approach as it does not lead to 
the formation of intraperitoneal adhesions.

• Conversion of laparoscopic to open 
nephrectomy is usually achieved by joining or 
extending port site incisions.

• Preoperative imaging provides valuable 
anatomical information useful in planning 
nephrectomy, particularly when the kidney is 
ectopic.

• Careful preoperative planning and surgical 
technique can minimize the morbidity associated 
with hemorrhage or damage to perirenal 
structures.
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to excellent operative texts of the various approaches 
while the advantages and disadvantages of the various 
approaches are described here.

Loin (flank) approach

Advantages Good access to renal parenchyma and
 collecting system [2].
 Good access in obese patients.

Disadvantages  Exposure of renal pedicle inferior to 
 anterior approaches.
 Relatively large incision with 
 higher incidence of wound pain
 and muscle bulge.

Dorsal lumbotomy

Advantages Rapid access without cutting muscle [3].
 Useful for bilateral procedures without
 patient repositioning.
 Less postoperative pain and bulge.
 Fresh approach in those with previous  
 loin or abdominal surgery.

Disadvantages Exposure may be limited and
 access to the kidney and pedicle 
 inferior, so more suitable
 for low, small, or cystic kidneys.

Anterior subcostal/transverse

Advantages Good access to the renal pedicle.
Disadvantages Retraction of peritoneal cavity can limit
 access.

Transabdominal approaches
The increased postoperative recovery time and risk of 
intraperitoneal adhesion formation means that these 
approaches are generally reserved for malignant or trau-
matic cases (see Chapters 33 and 38). The advantage of 
these approaches is that they allow excellent access to 
the renal pedicle and great vessels. Transverse/subcos-
tal or midline incisions are most frequently employed, 
although occasionally a thoracoabdominal incision may 
be used.

The advantages/disadvantages of the transverse/sub-
costal approach have been discussed; converting it to a 
transabdominal procedure simply involves opening rather 
than retracting the peritoneum. This approach allows 
excellent access to the lateral and superior portion of the 
kidney. If required the incision can be extended across the 
midline, although this involves further muscle division.

A midline incision is generally preferred in traumatic 
cases or when the patient has a narrow subcostal angle. 

It allows for rapid access without muscle cutting via 
incision of the linea alba and provides good access to 
the entire peritoneal cavity. The incision is made from 
the xiphoid to the caudal aspect of the umbilicus but is 
easily extended inferiorly. Mass closure is performed.

A thoracoabdominal approach tends to be reserved for 
large upper pole tumors [4] and has the obvious disad-
vantage of entering the thoracic cavity and cutting costal 
cartilage.

Independent of incision choice, once the peritoneal 
cavity has been entered, the colon can be reflected medi-
ally by incising its lateral peritoneal attachment. On the 
left side this is facilitated by dividing the splenocolic liga-
ments, which also prevents undue traction on the spleen. 
On the right side the duodenum is reflected along with 
the colon. Exposure may be maintained with the use of 
a ring retractor. Vascular anatomy is variable, but on the 
right side the renal vein normally receives no tributaries, 
but is short and care must be taken not to damage the 
vena cava. If retraction of the right renal vein is difficult, 
the renal artery can be taken between the vena cava and 
aorta as opposed to lateral to the cava. On the left, the 
renal vein is long and typically receives gonadal, adrenal, 
and lumbar tributaries. These are ligated and divided to 
facilitate retraction of the renal vein and ligation of the 
renal artery. The kidney is mobilized by sharp dissection 
starting laterally to provide better access to posterior 
hilar area where friable veins may be present.

Surgical approaches in specific situations

Conversion from laparoscopic to open 
nephrectomy
The choice of conversion technique depends on the 
reason for conversion and the laparoscopic approach 
employed. Emergency conversion for severe hemorrhage 
should be via whichever route the surgeon feels will 
allow fastest vascular control. If possible, pressure should 
be applied to the bleeding point with a pledget or open 
swab pushed through a port site. If the reason for con-
version is less precipitous, then the surgeon can be more 
circumspect about the incision. In retroperitonoscopy, 
conversion is usually achieved by joining the port sites in 
the form of a subcostal loin incision. In transabdominal 
laparoscopy, the port site best placed to give access to the 
area of difficulty is extended.

Approaches to ectopic kidneys [5]
Ectopic kidney position can be a result of abnormal 
migration (e.g. pelvic kidney) or abnormal fusion 



Chapter 7 Nephrectomy 49

(e.g. horseshoe kidney and crossed fused renal ecto-
pia). The choice of incision will depend on the posi-
tion, size, and vascular supply of the renal unit to be 
removed, as determined by the preoperative imaging. 
An extraperitoneal iliac fossa approach is often the best 
for a pelvic kidney. An oblique skin incision is deep-
ened by dividing the external oblique aponeurosis inline 
with its fibers. The internal oblique and transversus 
abdominis muscles are divided by muscle splitting. The 
peritoneum is bluntly mobilized and retracted medi-
ally to give access to the retroperitoneal space and the 
kidney. The ectopic renal vessels can derive from the lower 
aorta or iliac vessels and the anatomy must be carefully 
defined before the vessels are taken and kidney removed.

An anterior subcostal extraperitoneal incision is usu-
ally the favored approach for a horseshoe kidney hem-
inephrectomy, although a transverse supraumbilical 
transabdominal approach is better if access to both sides 
of the kidney is required. A midline incision is often pre-
ferred in older children and adolescents. The vascular 
supply varies considerably between individuals and preop-
erative CT reconstruction can provide valuable informa-
tion. The lower poles and isthmus frequently receive blood 
from the common iliac vessels, which can be intimately 
related to the gonadal vessels and ureters. Again, careful 
dissection is required to define the vascular anatomy. The 
isthmus can be thin and fibrous, and if so can be divided 
between clamps and the edges oversewn. In a thicker isth-
mus the renal capsule is incised and the arcuate vessels are 
ligated individually, with any calyceal breaches repaired.

Complications

Complications are uncommon in simple open nephrec-
tomy in children. While there are numerous contempo-
rary publications outlining complication rates following 
laparoscopic nephrectomy, there are no recent series with 
outcome data from open nephrectomy. In this section, 
the more frequently encountered and the potentially 
more serious complications are discussed together with 
the methods by which they can be avoided and treated.

Intraoperative complications
Hemorrhage
Intraoperative hemorrhage is very unusual in open 
nephrectomy in children, and blood is usually only cross-
matched if the surgeon anticipates difficulties, e.g. XGP 
nephrectomy. Preoperative contrast CT is rarely required.

If hemorrhage is encountered, it is vital that the anes-
thetist is immediately made aware of the problem. As a 

general rule, brisk hemorrhage is best initially dealt with 
by applying pressure while ensuring that suction and vas-
cular equipment is available. Proper exposure of the area 
allows for precise vascular control and is more reliable 
than blind diathermy or clip application. Venous hem-
orrhage tends to be more troublesome and difficult to 
locate than arterial bleeding. The sites of venous bleeding 
are to some extent predictable, with four areas most com-
monly encountered:
1 Lumbar veins entering the posterolateral aspect of the 
vena cava at each vertebral level. They may be damaged by 
traction on the cava and should be identified and ligated if 
the cava needs to be mobilized. If a lumbar vein is avulsed, 
compression should be applied to the cava above and 
below. The cava is then rolled medially and the ostium 
clamped with Allis clamps. The defect is then closed with a 
vascular suture. The proximal end of the lumbar vein can 
retract back into the psoas muscle leading to troublesome 
hemorrhage. If the vein cannot be grasped with a clip, the 
area of hemorrhage is oversewn.
2 Right gonadal vein entering anterolateral surface of 
the vena cava. Similarly, this thin-walled vein is at risk 
during mobilization or traction of the cava and avulsion 
can be repaired as described above.
3 Lumbar veins drain into the left renal vein just lateral 
to the aorta and into the vena cava close to the entry of 
the right renal vein.
4 Right adrenal vein draining into the vena cava.

Venous injury is less commonly encountered if dis-
section is undertaken in the relatively bloodless plane 
immediately adjacent to the cava’s wall. If the cava itself 
is damaged, repair is best effected with pressure above 
and below the tear, using Allis or Satinsky clamps to 
facilitate the placement of a vascular suture.

Hemorrhage can also rarely be encountered as a result 
of splenic or hepatic injury. Traction is the most com-
mon mechanism of injury to the spleen and this can be 
prevented by taking down the lienorenal and spleno-
colic ligaments early in the procedure. Small, superficial 
tears in either organ can be controlled with pressure and 
application of hemostatic gauze (Surgicel). Deeper lac-
erations may require repair with mattress sutures, over 
Surgicel bolsters, if necessary. More extensive damage to 
the spleen can be managed by placing it in a bag or mesh 
to apply external pressure. Splenectomy is rarely neces-
sary and only used as a last resort.

Bowel injury
The duodenum is particularly at risk in right nephrec-
tomy and colon can be damaged on either side. Careful 
mobilization (Kocherization) of the duodenum reduces 
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the risk of unwitting injury from retraction or dia-
thermy. If the duodenum is breached, it should be 
sutured directly, after debriding the area in the case of 
diathermy injury. The same holds for colonic injury, 
with a defunctioning stoma reserved for large or severely 
contaminated injury.

Pancreatic injury
If recognized intraoperatively, injury to the tail of pan-
creas is best managed with partial amputation to avoid 
pancreatic fistula.

Pneumothorax
The pleura is not infrequently breached, both deliberately 
and inadvertently, during nephrectomy. Small defects 
can be closed with running sutures taking care to avoid 
the lung. Once the sutures are loosely in place, the lung is 
inflated to push out the fluid and air that has accumulated 
in the pleural space, before tightening the suture line. This 
process can be facilitated by placing a tube in the pleural 
space, which is removed when the lung is fully inflated. 
Larger defects are closed as fully as possible, leaving chest 
drain in situ. A postoperative chest radiograph should be 
taken to confirm resolution of the pneumothorax.

Early postoperative complications 
(�30 days)
Pancreatic fistula
This presents in a similar fashion to acute pancreati-
tis and with fluid discharge from the wound. US or CT 
scan reveals a retroperitoneal collection and fluid anal-
ysis shows high pH and amylase. Treatment is done by 
percutaneous drainage to prevent pseudocyst formation. 
The majority of fistulae close but extended periods of 
drainage and dietary support may be required.

Ileus
More commonly encountered following transabdomi-
nal incisions, most cases will resolve with nasogastric 
drainage and careful fluid and electrolyte replacement. 
Although the majority are due to bowel handling, care 
must be taken not to miss a more serious etiology such 
as bowel injury, hemorrhage, or pancreatic fistula. Ileus 
lasting more than a few days or accompanied by systemic 
sepsis should be treated with suspicion.

Wound infection and dehiscence
Superficial wound infections are managed by open-
ing superficial layers and appropriate dressings. Unless 
accompanied by systemic infection or spreading cellulitis, 

many do not require use of antibiotics. Wound dehis-
cence is rarely encountered with modern suture materi-
als and wound closure techniques and generally reflects 
poor surgical technique. Deep wound dehiscence, partic-
ularly in transabdominal incisions, requires early surgi-
cal intervention but most can simply be resutured.

Chest infection
Atelectasis is common after nephrectomy, particularly 
with flank incisions. Both the operative and nonopera-
tive sides can be affected by the surgery itself and the 
flexed intraoperative position. The risk of chest infec-
tion is increased by inadequate postoperative analge-
sia, leading to poor chest expansion, expectoration, and 
mobilization.

Secondary hemorrhage and hematoma
The presentation depends on the briskness of the bleed. 
Severe hemorrhage is usually obvious, presenting with 
signs of shock and abdominal distension. Dry wound 
drains do not rule out the diagnosis and the hemo-
globin does not necessarily fall in the acute phase of 
bleeding. Immediate surgical intervention is required in 
conjunction with resuscitation with intravenous fluid 
and blood. Slower hemorrhage may be less obvious and 
lead to hematoma formation, particularly in retroperi-
toneal incisions. Abdominal distension, abdominal wall 
bruising, and fall in hemoglobin are common findings. 
Treatment can be conservative or by radiological or sur-
gical drainage depending on the extent of the collection.

Renal insufficiency
Preoperative renograms are always obtained to give dif-
ferential function, so unpredicted postoperative renal 
impairment is exceptionally rare following nephrectomy 
for unilateral renal disease. If nephrectomy is contem-
plated in bilateral renal disease, a pediatric nephrologist 
is usually involved, and it may be necessary to assess GFR 
formally prior to surgery. Where unexpected renal insuf-
ficiency is encountered postoperatively, acute reversible 
causes need to be actively ruled out and again, a neph-
rology opinion sought.

Late postoperative complications 
(�30 days)
Pain
Chronic wound pain can be encountered after any inci-
sion but is more common after loin approaches. In the 
majority of cases the wound appears well healed and 
there is no readily appreciable cause for the pain. In 
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many individuals the pain is due to local nerve injury. 
If simple analgesia is not effective, input from the pain 
team should be sought.

Wound bulge
Loin incisions are frequently accompanied by postop-
erative wound bulge, especially in infants. This does not 
usually represent a hernia but rather a localized muscle 
weakness secondary to muscle stretching or subcostal 
nerve neurapraxia which tends to resolve spontaneously. 
Incisional hernia can complicate any of the approaches 
and when encountered, surgical repair should be consid-
ered. Mesh can be used depending on the site and size of 
the defect.

Conclusion

Most pediatric urologists will increasingly rarely perform 
open simple nephrectomy. A good understanding of the 

surgical technique and the issues that surround the pro-
cedure remains important, particularly to laparoscopic 
surgeons who may have to convert to an open approach 
as a matter of urgency.
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Partial Nephrectomy
Marc-David Leclair and Yves Héloury

Introduction

Partial nephrectomy may be performed in children 
with either duplex kidney or single system. Indications 
of partial nephrectomy in a normal nonduplicated uri-
nary tract are merely represented by renal tumors in 
very selected cases, like Wilms tumor arising in a solitary 
kidney, in bilateral kidneys, or in a context of predispos-
ing syndrome. Oncological results and complications 
of nephron sparing surgery in these cases will not be 
detailed in this chapter.

Duplication of the ureter and the renal pelvis is one 
of the most common malformations of the upper uri-
nary tract. Ureteral duplication occurs with an incidence 
of 0.8%, predominantly in females, and may be bilateral 
in 20–40% of the cases [1]. Although most duplicated 
systems remain asymptomatic, there is an increased inci-
dence of childhood urinary tract infections, as might 
be expected with the associated increased incidence of 
reflux and obstruction. Duplex kidney may also be asso-
ciated with renal hypoplasia or dysplasia, in correlation 
with the abnormal location of the ureteral orifice [2]. 
Partial nephrectomy is a well-established treatment of 
nonfunctioning moieties in duplicated renal collecting 
systems. The most frequent indications for upper pole 

heminephrectomy include nonfunctional upper moiety 
with ectopic ureter or ureterocele. Indications for lower 
pole heminephrectomy are mainly represented by dam-
aged lower-moieties with massive vesicoureteric reflux 
(VUR), or rarely pyeloureteric junction (PUJ) obstruc-
tion of the lower collecting system.

Outcomes from operation

Upper pole partial nephrectomy for 
ectopic ureterocele
The primary treatment of ectopic ureterocele may 
involve initial endoscopic decompression by intravesi-
cal puncture, and subsequent total reconstruction with 
ureterocele excision, reconstruction of the detrusor, and 
reimplantation of the ureter (usually the ipsilateral lower 
pole ureter) combined with partial nephrectomy of the 
dysplastic upper moiety. Such trigonal reconstructions 
can be challenging, especially when performed early 
in infancy; therefore, a simplified approach based on a 
primary upper pole heminephrectomy was developed, 
considering that in most of duplex kidneys with ectopic 
ureterocele, the dysplastic upper pole unit usually does 
not have sufficient function to warrant salvage.

The “simplified approach” with primary upper pole 
heminephrectomy was deemed to allow ureterocele 
decompression, and to facilitate later staged approach to 
bladder-level surgery. In some cases, it could be expected 
that ureterocele decompression would obviate the need 

Key points

• Partial nephrectomy in children has a low 
complication rate.

• Most important complications are urinary leak 
and functional impairment of the remaining 
moiety.

• Very few patients will require further surgery for 
treatment of a symptomatic ureteric stump.
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for subsequent bladder procedure. Experience with the 
simplified approach suggests that the overall need for 
eventual bladder surgery is very much related to the pres-
ence of VUR at diagnosis. Partial nephrectomy alone can 
be the definitive treatment in 85% of children with ectopic 
ureterocele with no associated VUR [3,4]. However, it is 
rare that extravesical ureterocele on duplex kidneys show 
no reflux. In addition, new onset VUR may be observed in 
25–40% of cases after upper tract surgery [4–6]. Conversely, 
preoperative contralateral or ipsilateral lower pole VUR, 
particularly when high-grade, appears to increase the like-
lihood of subsequent bladder-level surgery. Husmann et al. 
reported a reoperation rate of 96% with high-grade VUR 
or involving more than one renal moiety [3,4]. Overall, 
after upper pole partial nephrectomy, a significant propor-
tion of children will require subsequent ureterocelectomy 
and ureteral reimplantation for definitive treatment of 
persistent or new onset reflux and recurrent urinary tract 
infections. The overall reoperation rate may vary between 
series with ureterocele type, age at surgery, or degree 
and number of renal moieties with VUR. Shekarriz and 
co workers showed that almost half of patients treated with 
upper pole heminephrectomy eventually require further 
surgery after long-term follow-up [5].

Partial nephroureterectomy alone may result in urinary 
incontinence in a small subset of patients [3]. In these rare 
occasions, a large distended ureterocele may have created 
an intrinsic muscular defect in the bladder neck to cause 
incontinence after decompression. Exceptionally, a urete-
rocele may prolapse to the perineum after upper pole par-
tial nephrectomy [7].

Upper pole partial nephrectomy for 
ectopic ureter
Most ectopic ureters are associated with duplex kidneys 
and poorly functioning upper moieties. Their surgical 
management usually involves upper pole partial nephrec-
tomy. Rarely, the upper moiety shows enough function to 
warrant conservation of the parenchyma, and a uretero-
pyelostomy or ureteroureterostomy to drain the ectopic 
upper collecting system into the lower system may be 
appropriate [8,9].

Most duplex ectopic ureters occur in females, and those 
ending distal to the external sphincter may cause inconti-
nence. The outcome of upper pole partial nephrectomy 
performed in this context is usually straightforward, with 
immediate relief of the symptom. Rarely, reflux of voided 
urine into the residual ureteral stump may lead to a small 
amount of dribbling incontinence after micturition or 
recurrent infection [10].

Lower pole partial nephrectomy
Most of lower pole heminephrectomies are carried out 
for nonfunctioning lower moieties due to renal scarring 
by reflux nephropathy or associated dysplasia. Outcome 
and risk of subsequent surgery usually depends on the 
outcome of contralateral reflux.

Management of the retained ureteral 
stump
It is generally accepted that in the absence of reflux, the 
stump of the excised upper pole ureter can be left opened, 
occasionally with a small feeding tube in the lumen to 
ensure that the ureterocele effectively decompresses [10]. 
When there is associated reflux in the excised ureter (as 
it is often the case after primary ureterocele endoscopic 
incision), the stump should be ligated [11].

There has been much debate about the natural history 
of the remaining ureteral stump after heminephrectomy 
and the necessity of removing the lower part. Removal 
of the defunctionalized ureter requires additional lower 
abdominal incision and possible dissection into the 
bladder neck and the urethra, particularly in ectopic 
ureters. Moreover, despite separation of the two orifices 
in the bladder, distal ureters in complete duplication are 
in a common sheath and share common vasculature, 
and close dissection of one of the ureters may lead to 
ischemic injury of the other. On the other hand, stasis 
of infected urine in the remaining stump is suspected 
to increase the risk of recurrent urinary infections, 
although documentation of isolated stump infection is 
difficult to prove. Persad et al. showed that the ureteral 
stump may behave like a bladder diverticulum and cause 
symptoms mimicking pyelonephritis, and therefore 
recommended that the whole ureter be excised [12]. In 
the Great Ormond Street series of upper pole partial 
nephrectomies performed on children detected prena-
tally, the reoperation rate to deal with ureteric stump was 
8%, and the authors concluded that the risk of injury to 
the good ureter might outweigh the benefits of a com-
plete ureterectomy [13].

After partial nephrectomy for ureterocele, it is likely 
that the risk for recurrent urinary tract infections related 
to the stump is higher in incompletely drained urete-
roceles and refluxing ureteral stumps [6]. However, the 
risk for a secondary surgery in ectopic ureteroceles does 
not only depend on the fate of the ureteral stump, but 
also relies on the outcome of bladder function and reflux 
in the remaining lower renal unit.

After partial nephrectomy for duplex ectopic ureter, 
Plaire et al. [14] reported a 12% rate of ectopic ureteric 
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stump excision, although most indications of second-
ary procedure were related to VUR in either upper or 
lower moiety. In this series, none of the ectopic ureters 
presenting with incontinence required repeat surgery 
[14]. Contradictory results from a study of 15 renal units 
with ectopic ureter treated with partial nephrectomy 
suggested that ectopic retained ureter, with or with-
out reflux, rarely necessitated stump removal [6]. The 
removal of the lower segment of an ectopic ureter can 
be technically difficult and may cause injury to bladder 
continence mechanisms. Modern techniques of laparo-
scopic or retroperitoneoscopic heminephrectomy offers 
a unique exposition of the whole urinary tract, and allow 
to carry out the dissection lower down to the bladder 
level with excellent visualization. These minimally inva-
sive techniques should provide an excellent way to mini-
mize further stump-related complications without the 
need for additional flank incision in ectopic ureters.

The natural history of the refluxing ureteral stump 
remains to be investigated. Despite recommendations 
that refluxing distal ureteric stumps should be removed 
at nephrectomy [12], there is little evidence that it is 
responsible for significant morbidity. In large published 
series, secondary procedures to remove refluxing ureteral 
stump are necessary in �5% of the cases [11,15–17]. It is 
possible that the distal ureteral stump retain some peri-
staltic activity that prevents urinary stasis [17].

Complications

There is very little data in pediatric urology literature 
on complications of partial nephrectomies in duplex 
kidneys. The postoperative course of this procedure is 
usually uneventful, and its morbidity is probably much 
lower than in adult surgery. Complications are rare, rep-
resented mainly by urinary leaks and ischemic complica-
tions of the remaining moiety.

Main published experience in the field comes from the 
adult urological practice, where partial nephrectomies 
are performed for renal tumor excision. The complica-
tions observed in this context in adults are mainly uri-
nary fistula, infections, bleeding, and acute renal failure 
when performed in solitary kidney. Up to 30% of neph-
ron sparing procedures can be associated with technical- 
or renal-related complications, but most of them can be 
satisfactorily managed nonoperatively or endourologi-
cally and only few will require further open surgery [18].

Heminephrectomy in duplicated collected system 
is obviously facilitated by the fact that there is usually 

distinct segmental vascular supply with separate 
branches to the lower and upper halves of the kidney. In 
addition, the transected renal surface between the two 
moieties is ideally a plane where no entry into the col-
lecting system should be necessary, hence minimizing 
the risk of urinary leakage.

Urinoma
Urinoma or urinary leak is reported on very few occa-
sions in most published series. In our personal series of 
75 heminephrectomies (30 open and 45 retroperitoneo-
scopic partial nephrectomies), a calyceal breach was rec-
ognized and sutured intraoperatively in four cases (three 
open partial nephrectomies, and one laparoscopic partial 
nephrectomy converted to open for suturing).

Urinoma represents an accumulation of urine around 
the remaining moiety, and may be explained either by 
some residual functioning parenchyma or a contained 
urine leak from a small calyceal breach in the collect-
ing system of the remaining moiety [19] not recognized 
intraoperatively. Urinary leak diagnosed postoperatively 
usually remains asymptomatic and requires no treat-
ment as it usually resolves spontaneously [20].

There is little evidence that minimally invasive sur-
gery actually modifies the incidence of postoperative 
urinoma. Classic principles of open partial nephrec-
tomy recommended preserving a strip of renal capsule, 
sutured for covering of the remaining moiety. This 
maneuvre, which is not routinely performed in endo-
surgical procedures, was deemed to decrease the risk of 
urine leak. One series reported a 20% rate of postop-
erative urinoma with laparoscopy [21], but subsequent 
comparative studies failed to demonstrate a clear differ-
ence with open surgery [22]. Even if the risk of postop-
erative urine leakage is slightly higher with endosurgical 
procedures, this difference may not be clinically relevant 
as this complication usually resolves by itself.

Cysts
Ultrasound postoperative follow-up often shows asymp-
tomatic residual cysts in contact with the transected 
parenchyma [13,16,20,21,23,24]. This very well known 
event is usually asymptomatic. In a series of 60 open 
heminephrectomies, Gundeti et al. reported that such 
cysts could be observed in up to 18% of the cases [25], 
and half of them were still present more than 2 years 
after surgery. Percutaneous aspiration, although unnec-
essary in most of the cases have been reported. Results of 
fluid analysis are consistent with the diagnosis of seroma, 
likely secondary to disruption of lymphatics during 
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dissection [20]. Other explanations could be a collec-
tion of fluid under the renal capsule, or some retained 
glomeruli with no drainage system [25]. It seems that 
this complication is being observed more frequently 
with laparoscopic or retroperitoneoscopic approach [23] 
although the reason for that remains unclear.

Ischemia/atrophy/functional loss of the 
remaining pole
Basic surgical principles of heminephrectomy focus on 
careful identification of both moieties vessels to prevent 
unintended injury. This involves initial dissection of the 
renal hilum to clearly identify the blood supply to the 
moiety that needs to be kept. This dissection carries an 
inherent risk of injury to the remaining pole vasculature, 
leading to subsequent atrophy of the remaining renal 
unit [26,27].

Even in the absence of erroneous division of vascular 
branches and when no ischemic changes are noted intra-
operatively, progressive atrophy of the remaining moiety 
may be observed on postoperative follow-up in up to 5% 
of the cases [26,28]. Excessive traction on the kidney and 
its pedicle may also be responsible for intimal injury and 
subsequent thrombosis [29]. Precautions during open 
surgery, with minimal traction on a kidney left in situ 
could help to prevent this outcome [29]. However, this 
complication is still being observed with laparoscopic or 
retroperitoneoscopic approach, where mobilization of the 
kidney is usually limited. In their series of 23 retroperi-
toneal laparoscopic partial nephrectomies, Wallis et al. 
observed a functional loss of the remaining moiety in 
two patients, aged 7 and 9 months [20]. This finding 
underlined that laparoscopic heminephrectomy remains 
technically challenging, especially in young infants. We 
had a similar experience, with one case of functional 
loss of a nonrefluxing lower moiety in the postoperative 
follow-up of an upper pole partial nephrectomy in a series 
of 45 retroperitoneoscopic heminephrectomies [30]. 
This complication occurred among the first cases of our 
experience, and led us to a strict policy of conversion to 
open surgery when clear identification of renal vascula-
ture cannot be ascertained.

Renal function outcome of the remaining moiety after 
partial nephrectomy has been previously reported [25]. 
This important study assessed changes in differential 
renal function on MAG 3 or DMSA nuclear renograms 
pre- and postoperatively, and showed an overall signifi-
cant decrease of 7% in renal function of the remaining 
moiety, including 5/60 cases in whom decrease of renal 
function was more than 10%. Possible explanations 

included removal of healthy renal parenchyma, small 
function attributed to the removed moiety, and intraop-
erative ischemic injury to the remnant kidney.

Injury of the remaining collecting system
Clear identification of the collecting system anatomy 
should be ascertained before proceeding to section of the 
ureter. This is usually facilitated by an important differ-
ence in size between the two ureters. Indeed, indications 
for partial nephrectomy are mainly represented by gross 
uretero-hydronephrosis of obstructive origin (upper 
pole partial nephrectomy) or high-grade reflux (lower 
pole partial nephrectomy). However, erroneous section 
of the wrong ureter may happen and needs to be recog-
nized and repaired intraoperatively.

Torsion of the remaining moiety
Torsion of the remaining renal unit may occur, after 
complete dissection of peritoneal attaches contributes to 
abnormal mobility of the kidney in the renal bed. This 
exceptional complication is similar to the torsion some-
times occurring on renal transplants [31]. Some authors 
have advocated routine nephropexy of the renal remnant, 
with a suture fixing the capsule to the adjacent muscula-
ture [16]. To our knowledge, this complication has never 
been reported after laparoscopic heminephrectomy, where 
freeing of the remaining pole is probably more limited.

Hemorrhage
Intraoperative bleeding is obviously an important issue in 
adult renal surgery without duplication of the collecting 
system. Conversely, blood loss is usually minimal in pedi-
atric partial nephrectomy, with most series showing intra-
operative bleeding �50 ml [23]. Usually, most blood losses 
come from the transected parenchymal surface. Bleeding 
originating from a nonligated ureteral stump (ureterocele) 
has also been reported [32]. No difference in blood loss 
has been shown between open or minimally invasive par-
tial nephrectomy. With the widespread use of modern sec-
tion and coagulation devices such as Harmonic Scalpel®, it 
is likely that the amount of blood loss will become insig-
nificant in the outcome of these children.

Preventing and managing 
complications

Urinary leak, cysts
Postoperative urinoma is common and usually requires 
no treatment. The majority of urinary leak documented 
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by increased drain output will resolve spontaneously 
if there is no obstruction of urinary drainage from the 
involved renal unit [33]. Persistent urinary leak can ben-
efit from bladder drainage with a transurethral Foley 
catheter [20]. In the rare event of a symptomatic urinary 
fistula not resolving spontaneously, the collecting system 
of the remaining moiety should be drained, ideally with 
an internal ureteral JJ stent. When an internal drainage 
fails to address the problem, it may be necessary to place 
a percutaneous drain [32], or even to close surgically the 
calyceal breach.

Some authors advocate systematic placement of a 
drain in contact with the transected parenchyma at the 
end of the procedure although there is no clear evidence 
that it would really decrease the incidence of urinoma 
formation [32] or postoperative cysts.

Injury to the collecting system
Although clear identification of ureters is usually easy 
in the context of partial nephrectomy, there are few 
situations where understanding of collecting systems 
anatomy will be more challenging, like small ectopic 
nonobstructed ureter draining a tiny upper moiety, or 
lower pole low-grade reflux. In these situations, it may 
be necessary to start the procedure with a cystoscopy to 
insert endoscopically a ureteral stent. This stent can be 
inserted either in the ureter that will need to be kept, or 
in the one to be removed, with the plan to inject methyl-
ene blue intraoperatively to facilitate identification of an 
open calyx.

Inadvertent opening of the pelvis or ureter of the 
remaining moiety will need to be carefully closed, and 
can be drained with bladder drainage, internal JJ stent, 
and/or direct suction drain.

Ischemia and atrophy of the remaining 
moiety
Direct observation of ischemic changes on the remain-
ing moiety during heminephrectomy is a rare event, and 
intraoperative decision will be difficult to make. If fur-
ther dissection shows evidence of definitive section of 
the remaining pole vessels, it is likely there is no other 
option than total nephrectomy. In every other situation, 
the remaining moiety should be left in place and moni-
tored carefully.

Localized ischemia is probably relatively frequent 
at the level of the transection in the parenchyma, as 
the section may not be exactly performed between the 
two moieties and is preferably done on the side that is 
removed. Indeed, mild fever is very frequently observed 

in our experience after partial nephrectomy one or two 
days postoperatively and may be related to the phenom-
enon of local ischemia.

Renal atrophy and functional loss of the remaining 
moiety diagnosed on long-term ultrasound or functional 
follow-up should not need reoperation in most of the 
cases, unless a complication like arterial hypertension 
occurs. Therefore, follow-up of an atrophied renal rem-
nant should be limited to annual monitoring of arterial 
blood pressure.

Partial nephrectomy is an important procedure in the 
surgical armamentarium of pediatric surgeons dealing 
with complete ureteral duplication. This technique may 
be technically demanding, especially with the onset of 
modern minimally invasive approaches. However, there 
are remarkably few complications following this pro-
cedure, apart from the risk of injury to the remaining 
moiety. The outcome of this procedure in the pediatric 
population is mainly determined by the underlying con-
dition and the relevance of the indication.
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Ureteropelvic Junction
Obstruction
Jenny Yiee and Duncan T. Wilcox

Introduction

Ureteropelvic junction obstruction is a common diagnosis 
within pediatric urology, which has been increasing with the 
introduction of prenatal ultrasound. Treatment options for 
ureteropelvic junction obstruction encompass the urologic 
spectrum. Watchful waiting, balloon dilation, endopyelot-
omy, laparoscopic pyeloplasty, robotic pyeloplasty, and 
open pyeloplasty are all current approaches. Controversies 
in the management of ureteropelvic junction obstruction 
include indication for surgical intervention versus watchful 
waiting, timing of operations, surgical approach, the use of 
drains, and management of complications. This chapter will 
attempt to elucidate factors affecting patient outcomes and 
provide an approach in the management of complications.

Surgical techniques

Kuster first described a “uretero-pyeloneostomy” as a 
direct anastomosis of the ureter to the renal pelvis in 
1891. In 1892 Fenger adapted for urology the Heineke–
Mikulicz, a general surgical technique for pyloric stenosis. 

The Fenger technique splits a stenosed Ureteropelvic 
junction (UPJ) longitudinally to close transversely. In an 
attempt to achieve a smooth pelvic-ureteral transition 
with minimal excess tissue, the Foley Y-plasty evolved. 
This procedure advances a Y-shaped incision to close as 
a V [1]. A variety of flaps then ensued such as the spiral 
flap by Culp–DeWeerd [2,3], the vertical flap by Prince–
Scardino [4], the advancing V-flap by Devine [5], and 
the dismembered V-flap by Diamond–Nguyen [6].

The now common Anderson–Hynes dismembered 
pyeloplasty was first described in 1949 by British plastic 
and urologic surgeons J.C. Anderson and Wilfred Hynes 
[7]. As evidenced by the myriad of other techniques 
described above, its elevation to gold-standard status was 
not immediate. In its original description, an L-shaped 
wedge of redundant renal pelvis was excised. The vertical 
arm of the L was closed primarily while the lower arm 
was anastomosed to a spatulated ureter. The original 
description did not include a stent, an issue under much 
current debate. In older studies, the Davis intubated 
ureterotomy, Anderson–Hynes, and Prince–Scardino 
reported success rates �80% [4,8] (Figure 9.1).

Outcomes

As the indication to perform a pyeloplasty is varied, so is 
the definition of outcome. These can include improved 

Key points

• Gold-standard Anderson–Hynes success rate 
�95%.

• Age, presentation, and preoperative criteria do 
not affect outcome.

• Most common complications are urinary leak 
and urinary infection.

• Use of stents and/or nephrostomy tubes may 
decrease complications and improve outcomes.

• Urine leaks and obstruction should be managed 
with immediate diversion with stent preferred.

• Failures can be treated with endopyelotomy, but 
repeat pyeloplasty remains the gold standard.
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symptoms (e.g. flank pain or urinary tract infection), 
improved hydronephrosis on ultrasound, stabilization of 
renal function on radionuclide scan, and improved T1/2 
by radionuclide scan. Large historic series consisting 
mostly, but not exclusively, of dismembered repairs have 
reported successful repairs in as high as 210/214 (98%) 
[9] and 152/153 (99%) [10].

In a more recent and large series of dismembered 
repairs, Sheu et al. [11] retrospectively reviewed 102 
patients with 109 kidneys. Their average age at operation 
was 21.7 months with a mean follow-up of 44 months 
(Table 9.1). All patients received a perinephric Penrose 
drain, but no collecting system drains were used. Four 
patients (3%) required reoperation. These consisted of 
repeat pyeloplasties and one nephrectomy. Renal func-
tion improved or remained stable in 99 (97%) patients. 
Preoperatively 92.5% of patients had T1/2 � 20 min. This 
decreased to 7.5% postoperatively.

Another large series, by Tal et al. [12], retrospectively 
reviewed 103 patients. The mean age at operation was 12 
months with mean follow-up of 32 months. The use of 
collecting system drains were left to the discretion of the 
surgeon. This series reported no incidences of reoperation, 
sepsis, or mortality. Decreased hydronephrosis was seen 
in 83 (80.6%) patients, improved drainage by renal scan 
seen in 90 (87.4%) patients, and improved or preserved 
renal function by renal scan seen in 92 (89.3%) patients 
(Table 9.1).

Outcomes by preoperative criteria

Whether one can predict functional improvement, i.e. 
who are the best operative candidates, remains a subject 
of active investigation. Zaccara et al. [13] retrospectively 
reviewed 69 patients who underwent stented Anderson–
Hynes repairs. In attempting to correlate age, anterior–
posterior diameter, parenchymal thickness, glomerular 
filtration rate, and differential renal function with post-
operative improvement in differential renal function, no 
association could be found. The authors concluded that 
improvement based on renal scan criteria was a random 
event.

Outcomes by presentation

It has been shown that the manner of presentation, 
whether prenatal hydronephrosis, urinary infection, or 
pain, has no affect on initial differential renal function 
[14]. In assessing whether the mode of presentation 
affects outcome, most series agree that initial presenta-
tion has little effect.

In the series by Sutherland et al. [15], 108 patients 
�1 year old presented with a prenatal ultrasound in 
86 (80%) patients and urinary infection in 9 (8.3%). 
Conversely the presentation of children �1 year old was 
dominated by pain in 47 (48%), urinary infection in 

Figure 9.1 Historic success rates from 1961 and 1982. (Adapted from Prince and Scardino [4] and Tynes et al. [8].)
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29 (24%), incidental in 13 (11%), and hematuria in 12 
(10%). Outcomes did not differ between the two groups.

Tal et al. [12] noted that patients presenting with a uri-
nary tract infection versus prenatal detection were more 
likely to be females and older. This was associated with 
an increased complication rate, but did not affect overall 
outcomes as measured by ultrasound or renal scan.

Salem et al. [16] in their series of 95 patients observed 
that symptomatic patients (e.g. urinary infection, 
abdominal pain, or palpable mass) showed a signifi-
cantly greater improvement than asymptomatic patients 
presenting with ultrasound findings alone. This sig-
nificance, however, did not persist on logistic regression 
analysis. The lack of association between outcomes and 
age or presentation supports that of a prior study by 
Macneily et al. [14].

A significant difference that did persist on logistic 
regression analysis was renal function improvement as 
predicted by preoperative differential renal scan. Salem 
et al. found that patients with preoperative differential 
functions of �40% were significantly more likely to 
improve at least 5% than those with �40% function. 
This finding is likely influenced by the fact that well-
functioning kidneys have little room to improve.

Outcomes by age

A consequence of increasing diagnoses by prenatal ultra-
sound is the evolution of patient age. Most series prior 
to the 1980s consisted exclusively of symptomatic older 
toddlers and children whereas most series from the turn 
of the century are now populated by asymptomatic 
infants. While early studies reported higher infection 
and complication rates in those �1 year old [17], more 
recent studies support successful outcomes in infants.

Sutherland et al. [15] reviewed their series of pyelo-
plasties from 1974 to 1994. This yielded 234 renal units 
who underwent Anderson–Hynes repairs via a flank inci-
sion. The use of stents or nephrostomy tubes depended 
on surgeon preference and did not correlate to age. One 
hundred and eight of these patients were �1 year old 
and 119 were �1 year old. Decreased dilation on postop-
erative intravenous pyelogram or ultrasound was seen in 
95% in those �1 year old and 96% in those �1 year old. 
They concluded that pyeloplasties were effective regard-
less of age.

Woo and Farnsworth [18] reported a series of 51 patients 
all �1 year old with a mean operative age of 3.7 months. 
All underwent dismembered pyeloplasties with variable 

Table 9.1 Modern presentations and outcomes of Anderson–Hynes dismembered pyeloplasty.

  Sheu et al. [11] Tal et al. [12]

 No. patients 109 103
 Mean age (months) 21.7  12
 Mean follow-up (months) 44 32.4

Presentation (Tal) or Prenatal ultrasound 31% 77.5%
Surgical indication (Sheu) Differential function �40% 60% N/A
 T1/2 � 20 min 22% N/A
 Urinary infection 3% 7.8%
 Flank pain 14% 4.9%

Postoperative imaging Decreased/stable hydronephrosis 98% 80.6%
 Improved/stable renal function 97% 89.3%
 T1/2 improved 76% 87.4%

Complications Fever N/A 31.1%
 Urinary infection 3.7% 12.6%
 Leakage 3.7% 7.8%

Outcome Repeat pyeloplasty 3% 0
 Nephrectomy 1% 0

Source: Adapted from Sheu et al. [11] and Tal et al. [12].
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drainage tubes employed. Their success rate was 94% as 
defined by improved renal scan.

Salem et al. [16] reported a series of 95 patients who 
received renal scans pre- and postoperatively. They found 
no difference in functional improvement in age groups 
ranging from �3 months to �5 years old. As a group 
about one-third of patients showed improved function 
and two-thirds showed stability.

If age does not affect outcome, two conclusions can 
be made. One is that surgical anatomy and technique is 
unhindered in the young infant and the other is whether 
prompt surgery on young infants is indicated given 
equivalent outcomes at a later age.

Outcomes by delayed repair

Surgical versus nonsurgical management of ureteropelvic 
junction obstruction remains controversial. Immediate 
surgical repair was favored in the past; however, a study by 
Ransley et al. [19] revealed the possibility of conservative 
management. In this nonrandomized study, only 23% of 
children with an initial differential renal function, �40% 
function, managed nonsurgically eventually deteriorated 
to require surgical correction. Not all patients regained 
or improved their renal function after pyeloplasty. This 
prompts the question whether waiting until the develop-
ment of deterioration affects overall outcomes.

In a study by Apocalypse et al. [20], 77 children were 
managed surgically or with watchful waiting. Of 38 chil-
dren initially conservatively managed, 12 (32%) eventu-
ally required surgical intervention due to deterioration 
on imaging or urinary tract infections. Though this 
group experienced a transient decrease in renal function, 
after repair there was no difference in renal function by 
DMSA scan between the conservative, early surgery, and 
delayed surgery groups.

Another study by Chertin et al. [21] retrospectively 
reviewed 44 patients who underwent delayed pyeloplasty 
for a �5% worsening of renal function by renal scan. All 
patients (100%) showed improvement in hydronephrosis 
by ultrasound. Forty-two patients (95%) showed improve-
ment of their renal function with 36 (82%) regaining ini-
tial levels of renal function. They found no correlation 
between age, degree of hydronephrosis, or initial renal 
function and subsequent improvement of renal function.

Outcomes by surgical technique

Laparoscopic, robotic, and endoscopic techniques are 
discussed in other chapters of this book. In open repairs, 

the Anderson–Hynes is now used almost universally. One 
variable to the dismembered pyeloplasty is the choice of 
flank versus dorsal lumbar incision. Though the flank 
incision is more common in modern days, the dorsal 
lumbar incision has historic roots, being described as 
early as 1870 [22]. The dorsal lumber approach offers 
exposure of the renal pelvis and hilum at the expense of 
the upper pole and distal ureter.

Wiener and Roth [23] described 33 consecutive chil-
dren undergoing an Anderson–Hynes pyeloplasty. 
The first 17 patients received a flank incision with the 
next 16 patients all receiving a dorsal lumber incision. 
Overall success rates were similar. One patient in the 
flank incision required reoperation while none required 
reoperation in the dorsal lumbotomy group. Overall 
complication rate in the flank incision group was 22% 
with 2 stent placements and 2 urinary tract infections. 
The complication rate for the dorsal lumbar incision 
group was 12% with stents required for an urinoma and 
worsening hydronephrosis. One statistically significant 
finding was the decrease in operative time in those older 
than 12 months by dorsal lumbotomy.

A similar study by Kumar and Smith [22] retrospec-
tively examined 91 infants. The choice of incision was 
surgeon dependent. The authors concluded that the 
dorsal lumbotomy was superior given the significantly 
decreased hospital stay (3 versus 7 days), faster time to 
oral intake (48 versus 83 h), perceived superiority of 
exposure, and minimal learning curve.

Both groups support the dorsal lumbar incision 
based on its excellent operative time, time to recov-
ery and decreased hospital stay. Both groups also note 
that operative and recovery time are similar to those of 
endopyelotomy while providing an improved success 
rate. More recent studies show even shorter hospital 
stays between 2 and 3 days [24].

Complications

Prevention of complications during surgery starts with 
gentle tissue handling, preserving blood supply, and pro-
viding an adequate, tension-free anastomosis. Other fac-
tors such as identification of a crossing vessel, drainage 
tubes, and surgical approach can also affect postopera-
tive recovery.

Most complications are present in the immediate post-
operative period. Failures usually present within 2 years, 
however failures have been described as distantly as 
8 years postoperatively in the pediatric population 
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[25–27]. A review of literature by Smith et al. [24] com-
piled 833 patients from prior studies with an overall 
complication rate of 13%. Urinary leakage, urinary tract 
infection, and wound infection make up almost 90% of 
these complications (Figure 9.2).

Complications by use of drains

The use of indwelling stents, externalized stents, or neph-
rostomy tubes is heterogenous. This practice is largely 
dependent on surgeon preference. In most studies, a 
perinephric Penrose drain is ubiquitous. The theoretical 
advantages to collecting system drains include decreased 
urinary extravasation, decreased urinoma formation, 
decreased obstruction secondary to postoperative edema, 
ability to assess radiographically via a nephrostomy, and 
optimization of alignment of the anastamosis. Those who 
do not use drains cite possible higher infection rates, dis-
lodgement of tubes, continued possibility of obstruction or 
extravasation, need for further anesthesia in tube removal, 
and the questionable quality of a dry anastamosis.

Woo and Farnsworth [18] presented 54 patients, 13 of 
whom received no tubed drainage, 6 of whom received 
nephrostomy only drainage, and 34 of whom received 
stent only drainage. Results regarding need for repeat 

pyeloplasty and incidence of urinary infection and leakage 
favored the stent only group.

Repeat pyeloplasties were required in 2 (15%) of the 
tubeless drainage group, 1 (17%) of the nephrostomy 
group, and 0 of the stented group. Similarly there were 
no incidents of urinary leakage among the stented group, 
but occurred in 31–50% of the other two groups. The 
authors noted that while there was one stented patient 
(3%) with a urinary infection, this patient did not need 
further surgical intervention. Conversely, of the 4 (31%) 
patients in the tubeless group who developed a urinary 
infection, 50% later went on to require a repeat pyelo-
plasty. This observation led to the conclusion that an 
infection in the face of leakage could have devastating 
consequences on anastomotic scarring. Therefore these 
authors advocated a stent in all patients.

In assessing the utility of both a stent and a nephros-
tomy, Smith et al. [24] presented a retrospective, non-
randomized series of patients. Fifty-two patients had 
an externalized stent and nephrostomy tube while 65 
patients were tubeless.

This series found a similar overall complication rate 
between stent � nephrostomy versus tubeless (13% and 
17%, respectively). There was a trend toward a higher 
urinary tract infection rate with tubes (6%) than with-
out (1.5%). While no patients with tubed drainage 
required repeat pyeloplasty compared to three patients 
in the tubeless group, this finding did not reach statis-
tical significance. A review of literature presented in 
this chapter demonstrated significantly more follow-up 
procedures needed in the tubeless group (9%) versus the 
tubed repairs (4%).

In support of the routine use of nephrostomy tubes, 
Austin et al. [28] presented findings on 132 patients. 
All patients underwent postoperative nephrostograms 
prior to nephrostomy removal. Notably, nephrostomy 
tubes were capped early in the postoperative course on 
postoperative day 0 or 1. Average length of follow-up 
was 2.1 years. Though 9% of nephrostograms initially 
showed extravasation, all nephrostograms later showed 
patent anastomoses with no subsequent obstruction. 
Their rate of urinary infection was 1.5%, comparable to 
other series. These authors concluded that their low rate 
of complications warranted the use of a nephrostomy 
tube as a means to achieve temporary diversion, perform 
radiographic assessment, and reduce extravasation.

In a randomized prospective trial, Arda et al. [29] divided
patients into externalized stent versus no stent groups. 
Stents were removed on postoperative day 3 and Penrose 
drains on postoperative day 4, unless urine leakage 

Figure 9.2 Distribution of complications by type. Total 
infection rate 108/833 (13%) patients. (Adapted from Smith 
et al. [24], with permission from Elsevier.)
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was observed. In patients with Penrose drains only, drains 
were removed on postoperative day 3, unless urine leak-
age was observed.

Arda et al. found no difference in hospital stay, urine 
leakage, or favorable results between those with an exter-
nalized stent and those without. A persistent urinary tract 
infection was present in one patient in the nonstented 
arm of the study. Based on this investigation, the authors 
recommend the use of a stent only in selected patients 
such as those with poor renal function, severe hydrone-
phrosis, a solitary kidney, or a revision pyeloplasty.

Table 9.2 shows combined data from the above stud-
ies. There exists a trend toward decreased complications 
of all types and a decreased need for repeat pyeloplasties 
in those with any type of tubed drainage. Though these 
data are not definitive, it does suggest that tubes do not 
increase complications and may even improve outcomes.

Managing complications

As described above, the most common complications 
of pyeloplasties include urinary leakage, infection, and 
obstruction. The ultimate goals in managing complica-
tions are to preserve renal function and to prevent repeat 
surgery. Management of certain complications is a part 
of general medical knowledge. For example, most phy-
sicians would manage urinary tract infections with cul-
tures and tailored antibiotic care. Management of other 
complications is not as straightforward. Specifically, how 
should leakage, obstruction, or malfunctioning drain-
age tubes be treated in order to minimize distress to the 
patient while maximizing function?

Initial management

Initial management of urinary leakage, obstruction, uri-
noma, or infection focusses on relieving symptoms and 
trying to prevent scar formation. Urinary extravasation, 
especially in the setting of infection, is thought to pro-
mote scar and subsequent long-term failure. Therefore 
all infections should be treated promptly, especially in 
the setting of extravasation.

It is also agreed upon that urine should be diverted to 
limit anastomotic scarring. Nephrostomies and stents 
are thought by some to be equally adequate modes 
of drainage, however several authors [15,18] believe 
a stent is superior in maintaining a patent anastomo-
sis. Sutherland et al. noted that of their patients who 
developed urinary leakage or obstruction, 3 of 4 (75%) 
patients treated with a nephrostomy eventually needed a 
repeat pyeloplasty whereas 0 of 5 patients treated with a 
stent eventually needed a repeat pyeloplasty.

After diversion and sterile urine are achieved, the 
patient may be reassessed in 6–8 weeks after an adequate 
period of recovery (Figure 9.3).

Definitive management

If obstruction persists after a trial of urinary diversion, 
definitive management should be attempted. Options 
include balloon dilation, endopyelotomy, repeat pyelo-
plasty, or ultimately nephrectomy.

Anatomic factors contributing to failure include scar 
tissue, a redundant pelvis, and crossing vessels that had 
been missed or are new since the prior surgery. Methods 
used to maximize success in reoperation vary. Some 
advocate antegrade or retrograde pyelograms prior to 
any reoperation [30] to define the anatomy. Others 
believe CT scans before the primary or salvage surgery 
are warranted to evaluate for crossing vessels. Rohrmann 
et al. utilize a transperitoneal approach to gain access 
to virgin tissue planes. In the cases of an ureterocali-
costomy, employment of an omental wrap can decrease 
leakage and enhance blood supply. Ironically, though 
the use of stents and nephrostomy tubes is variable dur-
ing primary repairs, their role in salvage repairs is more 
widely accepted.

The collective results of five case series show all 37 
(100%) attempted repeat pyeloplasties were successful 
(Table 9.3). An additional six patients underwent suc-
cessful ureterocalicostomy. Three patients underwent 
nephrectomy as the primary salvage technique due to 

Table 9.2 Combined rates of complications in tubed 
drainage versus no tubed drainage. 

 Tubed  No tubed
 drainage drainage

No. patients 244 94
Repeat pyeloplasties (%) 1 (0.4) 5 (5)
Overall complications (%) 17 (7) 19 (20)
Urinary tract infections (%) 6 (2) 6 (6)
Urine leak/Obstruction/ 21 (9) 13 (14)
  Urinoma (%) 

Source: Adapted from Smith et al. [24], Austin et al. [28], 
Ransley et al. [19], and Woo and Farnsworth [18].
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Table 9.3 Presenting symptoms and outcomes of recurrent ureteropelvic junction obstruction.

  Thomas  Lim Rohrmann Persky Sutherland
  et al. [35] et al. [27] et al. [30] et al. [26] et al. [15]

 No. patients 103 127 336 N/A 227
 No. failed (%) 7 (93) 3 (98) � 9  10 (97) � 6 8 (N/A) 9 (96)
   referrals referrals

Presenting Pain/obstruction 6 (86) 2 (17) 4 (25) 1 (13) 5 (56)
symptom Abnormal imaging 1 (14) 6 (50) 2 (13) 7 (88) N/A
 Prolonged leak 0 3 (25) 5 (31) 1 (13) 4 (44)

Initial Stent 4 4 0 0 4
treatment Nephrostomy 1 2 10 0 5
 Balloon dilation (No. successful) 5 (1) 0 3 0 0
 Endopyelotomy (No. successful) 1 (0) 0 0 0 0
 Success with initial treatment (%) 1 (14) 0 0 0 6 (67)

Definitive Repeat pyeloplasty 3 10 13 8 3
treatment Ureterocalicostomy 3 0 3 0 0
 Nephrectomy 0 3 0 0 0
 Crossing vessel found (%) 2 (33) 2 (17) 0 0 0
 Percentage of successful kidney salvage 100 75 100 100 100

renal function, intraoperative findings, and family pref-
erence. Therefore, in 42 attempted salvage repairs of 
recurrent ureteropelvic junction obstruction, all were 
successful.

Though open surgery is the most definitive approach, 
the use of endopyelotomy or balloon dilation is attractive 

given decreased morbidity. Jabbour et al. [31] reported a 
series of patients undergoing endopyelotomy after failed 
pyeloplasty. Though children were a part of this group, 
the mean age was 35 years old. The interval between 
pyeloplasty and endopyelotomy averaged 57 months. 
Mean follow-up at 88.5 months revealed that 63 of 72 

Figure 9.3 Initial treatment algorithm for urinary leak, obstruction, or urinoma.
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patients (87.5%) had success as defined by resolution 
of symptoms and improved intravenous pyelogram 
findings. All patients who failed presented within 1 
year. Failures were subsequently treated with nephrec-
tomy (44%), repeat pyeloplasty (33%), endopyelotomy 
(11%), and ileal interposition (11%). The authors did 
not advocate preoperative CT scan to assess for exist-
ing vessels, but Clayman reports that doing so has 
decreased his postoperative bleed rate from 6.9% to 0% 
[32]. This technique provides an acceptable success rate 
while obviating the need to re-explore a scarred system. 
Unfortunately, this technique has yet to be well studied 
in the pediatric population.

Balloon dilation in the treatment of primary pediat-
ric ureteropelvic junction obstruction has reported suc-
cess rates from 47–70% [33,34]. No studies dedicated 
to balloon dilation for recurrent ureteropelvic junction 
obstruction exist. Combined data from Thomas et al. 
and Rohrmann et al. (Figure 9.3) suggest that balloon 
dilation as a treatment for recurrent ureteropelvic junc-
tion obstruction has only a 1/8 (12.5%) success rate. 
Though morbidity is minimal with this intervention, its 
low success rate does not make it a definitive treatment.

Conclusion

The Anderson–Hynes dismembered pyeloplasty offers a 
�95% success rate for a common diagnosis in pediatric 
urology. The criteria for and timing of operation are often 
surgeon dependent; however, age preoperative factors, 
delayed surgery, and mode of presentation do not affect 
outcomes. Outcomes are affected by choice of incision 
with a lumbar dorsal incision providing a shorter hospital 
stay and time to gastrointestinal recovery over the more 
common flank incision. The use of stents and nephros-
tomy tubes is also largely surgeon dependent, though 
data may suggest that complication rates decrease with 
tubed urinary drainage. When complications do occur, 
any urinary extravasation or obstruction should be man-
aged with diversion. A stent is preferred when possible 
over a nephrostomy tube. Pyeloplasty failures are defini-
tively treated with a repeat pyeloplasty, though adult lit-
erature suggests endopyelotomy may be an option.
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Ureteral Reimplant Surgery
Laurence S. Baskin and Gerald Mingin

Introduction

Vesicoureteral reflux (VUR) is among the most common 
problems encountered in pediatric urologic practice. 
Controversies in the management of reflux include obser-
vation versus medical therapy, versus the need for surgical 
intervention. Among the latter, there is disagreement as to 
the timing and type of intervention, i.e. either endoscopic 
or open. This chapter will focus on the surgical treatment 
of reflux including open, laparoscopic, and robotic ure-
teral reimplantation. Those factors affecting the success 
of the surgery as well as the potential complications and 
their management will be discussed.

Who needs surgical intervention and in 
what form

Observation of VUR with and without antibiotic prophy-
laxis is still the most common option in the initial treat-
ment scheme of children with VUR. With the advent of 
safe endoscopic therapy it could be argued that reflux 
should be corrected, or at least that option be offered 
at the time of diagnosis. This would eliminate the need 

for antibacterial prophylaxis with its concomitant poor 
patient compliance and potential resistance issues. We 
still advocate the more traditional approach of medical 
management since endoscopic intervention still requires 
a general anesthetic. In addition, Benoit et al. [1] have 
recently supported medical management as being more 
cost effective than endoscopic treatment. A complete dis-
cussion of the merits of open versus endoscopic correc-
tion is beyond the scope of this chapter. It appears that 
both techniques have a role in the surgical armamen-
tarium; however, surgeon preference and bias is also an 
important factor.

Surgical techniques

Surgical treatment of reflux has evolved rapidly over 
the last decade and ranges from transvesical to extravesi-
cal, laparoscopic, robotic, and endoscopic treatments. 
Regardless of the treatment options, all procedures aim 
to create a flap valve mechanism where the ureter lies in 
a submucosal bladder tunnel where the ratio of the tun-
nel length to ureteral diameter is 5:1 or greater. The most 
widely used open technique is the Cohen cross-trigonal 
reimplant [2]. The ureters are mobilized transvesically 
and submucosal tunnels are created so that the new hiatus 
is on the opposite side. Other often-used open techniques 
include the Glenn–Anderson ureteral advancement [3] 
and the Politano–Leadbetter ureteroneocystostomy [4]. 

Key points

• Open ureteral reimplantation has a success rate 
of 98%.

• Outcome is affected by a failure to recognize 
underlying voiding dysfunction or neurogenic 
bladder.

• Most complications are transient; ureteral 
obstruction is the most serious complication and 
should be managed with renal drainage.

• Persistent reflux can be treated endoscopically 
or with repeat open surgery.
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In the former the ureter is mobilized and a submucosal 
tunnel is developed toward the bladder neck. The latter 
technique utilizes the creation of a new hiatus cranial to 
the original one.

The technique utilized for extravesicle reimplantation 
is the Lich–Gregoir or one of its modifications [5,6]. Here 
an incision is made in the serosal and muscular layers of 
the bladder sufficient for the ureter to be placed into the 
trough and the muscle reapproximated over the ureter. 
When ureteral reimplantation is performed laparoscop-
ically or with robotic assistance, the technique is often a 
variation on the Lich–Gregoir, however, the laparoscopic 
cross-trigonal transvesical technique has been per-
formed successfully in some centers [7]. The techniques 
used for laparoscopic or robotic laparoscopic-assisted 
ureteral reimplantation are similar. Transurethral cys-
toscopy is performed and the bladder is distended with 
saline. The camera port is placed in the dome of the 
bladder using an open technique or under direct vision 
after percutaneous placement of a traction suture. The 
saline is removed and the bladder is insufflated with CO2 
to 10–12 mmHg. Ureteral stents are placed and a cross-
trigonal reimplant is performed as described in the open 
procedure.

Outcomes of surgical technique

In open transvesicle repairs the Cohen cross-trigonal 
procedure is the most widely utilized with a success rate 
of 98% in primary reflux [8]. For secondary reflux, the 
success rates range from 89% to 95% [9,10]. The results 
are similar for the Politano–Leadbetter repair [11]. With 
regard to the extravesicle Lich–Gregoir the overall suc-
cess rates are 96% for both unilateral and duplicated 
systems [12]. Success with laparoscopic transvesicle repair 
approaches 96% [7]. Robotic ureteral reimplantation is 
still in its infancy with no large series reported to date. 
However, anecdotally there appears to be approximately 
80% successful correction rate for unilateral reflux.

Factors affecting the outcome of surgical 
correction

Persistence of VUR is the most common complication 
after reimplant surgery. Although this occurrence may 
be due to technical error, more often than not it is due to 
overt bladder pathology or failure to recognize underly-
ing bladder pathology. Pathology can be in the form of 

neurogenic bladder, anatomic pathology, or voiding dys-
function. It also may be due to a large ureteral diameter 
where an adequate tunnel length is not achieved.

In most cases the cause of a neurogenic bladder will 
be obvious such as a myelomeningocele or spinal cord 
injury. A more subtle presentation would be an older 
child with an occult presentation of tethered cord. In 
most cases reflux will resolve or improve by directly 
decreasing bladder pressure via intermittent catheteri-
zation, anticholinergic therapy, or bladder augmenta-
tion. In the rare infant experiencing recurrent infection 
especially with ongoing renal scarring or progressive 
hydronephrosis despite adequate medical management, 
vesicostomy is a temporary option that assures bladder 
drainage. Anatomical causes of bladder dysfunction that 
may worsen the results of reimplantation include the 
presence of a ureterocele, or posterior urethral valves.

Voiding dysfunction or dysfunctional elimination by 
far accounts for the majority of treatment failures. These 
patients can be identified based on a history that elicits 
symptoms such as infection, incontinence, urgency, fre-
quency, and constipation. Aggressive treatment, includ-
ing strict adherence to voiding and bowel regiments will 
lead to resolution of reflux as well as associated lower 
urinary tract infection. If these children have failed reim-
plantation surgery, correction of the underlying voiding 
dysfunction will often eliminate the need for further 
intervention.

Megaureter
The management of megaureter is dependent on whether 
the dilation is associated with primary obstruction or 
reflux. Management also takes into account whether the 
patient is asymptomatic or not.

In the absence of infection, increasing hydroureter-
onephrosis or failure to demonstrate obstruction on 
a nuclear scan conservative management is the rule. 
Conservative management also applies to the refluxing 
megaureter. If the patient is symptomatic the type of 
intervention is age dependent. In children 6 months 
of age or older, ureteral tailoring either excisional [13] or 
tapered with intravesicle or extravesicle reimplant may 
be considered [14]. The decision to tapper is based on 
whether a 5:1 ratio of tunnel length to ureteral diameter 
can be obtained. In younger children ureteral reimplan-
tation with excessive tailoring can potentially jeopardize 
the vascularity of the distal ureter. The success rates vary 
depending on associated obstruction versus reflux and 
the approach utilized for reimplantation. Correction of 
obstructed megaureters had a higher success rate than 
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refluxing ureters: 90% versus 74%. Ureters reimplanted 
using an intravesicle technique had a higher success 
rate when compared to the extravesicle technique: 86% 
versus 76% [15]. This difference may be attributed to 
differences in collagen to smooth muscle ratios at the 
ureterovesicle junction.

If the child is not a candidate for definitive correction 
due to age/size, nephrostomy tube placement or cutanous 
ureterostomy are possible options. Nephrostomy tubes 
are not well tolerated in children and placement has lead 
to a significant complication rate (4–8%) [16] including 
hemorrahage, septicemia, and puncture of the pleura 
or peritoneum and for this reason cutanous ureteros-
tomy often is a better option. In this procedure the distal 
ureter can be dissected off of the bladder and brought 
out to the skin through a small Pfannenstiel incision. 
This allows for decompression of the ureter. Infection 
and stomal stenosis are associated complications [17]. 
Recently, the use of a refluxing ureteral reimplant in 
children with megaureter has been described. In this 
procedure, the ureter is implanted as to allow free reflux 
of urine. The advantage is that obstruction is traded for 
reflux [18].

Preventative measures to avoid 
complications

There are a number of technical precepts, which if 
followed will help to ensure a successful result. Chief 
among these is adequate detrusor muscle backing. 
Whether an open, laparoscopic, or robotic approach is 
used in the submucosal tunnel or trough length should 
be at least 4–5 times the ureteral diameter. It is impor-
tant that the chosen technique be done in such a fashion 
that avoids excessive trauma to the tissue in order to pre-
vent secondary obstruction.

Thus, gentle tissue handling cannot be overempha-
sized. This includes careful dissection of the ureter from 
the bladder so as to avoid devascularization of the distal 
ureter. The mucosa of the orifice should not be touched 
thereby preventing edema. The judicious use of retrac-
tion sutures facilitates minimal touch techniques. These 
sutures will also allow the surgeon to maintain proper 
orientation and avoid torsion of the ureter.

Importance is placed on a tension-free anastomosis, 
while avoiding placement of the new hiatus laterally in 
order to prevent kinking of the ureter. The anastomo-
sis should be fixed securely. We advocate placement of 
a suture through bladder mucosa and muscle taking 

ureteral serosa and mucosa to ensure that the ureter does 
not retract into the submucosal tunnel. Finally, the origi-
nal hiatus is closed to avoid a bladder diverticulum, tak-
ing care not to occlude the ureter.

Two additional technical points are controversial, the 
need for routine ureteral stenting, and the placement of 
a penrose drain in the space of Retzius. Stenting should 
at least be considered when the distal ureter has been 
transected or excessive handling has occurred and in 
infants and those with a thickened and scarred bladder. 
Stenting the ureter may be advantageous in a laparoscopic/
robotic approach were the stiffness could help with easy 
identification of the ureter. The placement of a penrose 
drain has been advocated for the prevention of urinary 
extravasation [19] but equally good results have been 
reported calling into question the necessity of drain 
placement [20]. We do not advocate routine perivesicle 
drains. In the rare event of leakage from the suture line 
a urethral catheter can be placed and re-exploration 
therefore is rarely necessary.

Complications

Operative complications are divided into two groups, 
those that occur in the immediate postoperative period 
and those that can occur up to several years out.

Early complications
Early complications occur in the first few days postsurgery 
and are usually transient. They include low urine output, 
hematuria, bladder spasm, retention, voiding dysfunction, 
and infection. Preoperative dehydration, obstruction at 
the level of the ureter (edema) or bladder outlet (clot or 
catheter balloon) cause decreased urine output. Initially, 
the position of the catheter and absence of clots should be 
assured with gentle bladder irrigation. Inadequate hydra-
tion usually is then uncovered as the culprit. Prevention 
of this problem is paramount by assuring vigorous hydra-
tion during the intraoperative period followed by 12 h 
of fluid replacement at 1.5 times maintenance. Often 
despite such aggressive fluid replacement, a fluid bolus of 
10 ml/kg of isotonic saline may need to be administered. 
If anuria or oliguria persists beyond 24–48 h despite the 
above interventions, a renal bladder ultrasound should 
be performed to look for urinary extravasation or 
obstruction. Extravasation may be treated initially with 
prolonged Foley catheter drainage, whereas complete 
obstruction requires placement of ureteral stents or neph-
rostomy tube drainage. Placement of ureteral stents such 
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as feeding tubes in the newly positioned ureteral orifices 
often will require reopening the incision and bladder 
with open ureteral catheterization especially if the cross-
trigonal technique has been used. Since this is typically 
within 48–72 h of the original surgery, little wound heal-
ing has taken place and the skin, fascia, and bladder inci-
sion can be retraced with little effort. The new orifices 
are typically edematous but will always accept a stent 
initiating a brisk postobstructive diuresis. Nevertheless, 
placement of nephrostomy tubes avoids a fresh incision 
but has its own disadvantages. Nephrostomy tubes may 
require more intensive postoperative care to prevent dis-
lodging and can be more uncomfortable for the child. 
They do offer an option for antegrade stent placement in 
the rare occasions where this may be necessary.

Hematuria and bladder spasms are seen with open 
surgery and usually resolve within a week of surgery. 
These symptoms can be distressing; however, reassur-
ance and selective use of anticholinergics are all that is 
necessary.

Transient voiding dysfunction has been reported in 
open surgery, whether this will hold true for robotic and 
endoscopic treatment remains to be seen. Symptoms 
include urge incontinence and nocturnal enuresis due 
to inflammation, which resolves over several weeks. 
Patients who have a bilateral extravesicle repair are at 
an increased risk for postoperative voiding dysfunction. 
Inefficient bladder emptying, requiring intermittent 
catheterization was seen in 26% of patients after bilat-
eral reimplantation [21]. However, spontaneous voiding 
resumed in all of these patients within 1 month. Patients 
with a previous history of voiding dysfunction must be 
encouraged to continue their voiding regiment.

It is not uncommon for patients to develop a febrile 
urinary tract infection after surgery. This can be avoided 
by obtaining a preoperative urine culture. Since a pre-
operative urine culture is not always practical a urinalysis 
or urine dip the morning of surgery will alert the physi-
cian to the possibility of infection. Regardless, periopera-
tive antibiotic prophylaxis should be administered and at 
discharge prior suppressive antibiotic regimens resumed.

Late complications
Ureteral obstruction is the most common late com-
plication. As mentioned previously, anuria or oliguria 
persisting beyond 48 h mandates imaging to rule out 
obstruction. Obstruction in open surgery is caused by 
kinking due to excessive angulation or devascularization 
of the distal ureter and occurs in 2–8% of cases, 8% of 
European cases in IRS [22].

Avoidance of placing the new hiatus to laterally on the 
bladder wall and care in closing the old hiatus should 
avoid this problem. There are two additional circum-
stances were obstruction is prone to occur. During an 
extravesicle reimplant if a ureteral advancement suture is 
placed, care must be taken to avoid excessive angulation 
(Personal communication of Gerald Mingin). In the case 
where the Politano–Leadbetter procedure is utilized the 
ureter must be freely mobilized off the peritoneal reflec-
tion to a distance of 6–8 cm. Failure to adequately mobi-
lize the ureter can also lead to excessive angulation. It is 
recommended that this part of the procedure be done 
under direct vision to avoid perforating the peritoneum, 
ileum, or colon [23].

Complete obstruction necessitates nephrostomy tube 
and/or ureteral stent drainage. Although there is the occa-
sional anecdotal report of resolution up to a year, most 
patients will require reoperation. It is not unusual to see 
temporary resolution with continuous Foley catheter 
drainage. Angulation may not occur in the decompressed 
bladder and is seen only with filling. However, this treat-
ment should not be a replacement for surgical revision.

Table 10.1 Treatment of anuria/oliguria.

Anuria/Oliguria Flush urethral catheter
 Fluid bolus of 0.45 normal saline
Persistence beyond  Renal bladder ultrasound
 48 h
Urine extravasation Continued urethral catheterization
Hydroureteral  Obstruction mandates placement 
 nephrosis    of ureteral stents or a 

percutanous nephrostomy tube
Long-term obstruction Redo-reimplantation

Postoperative reflux

Postoperative reflux may be due to persistent reflux in the 
reimplanted ureter(s) or new onset contralateral reflux. 
For open bladder surgery the reported incidence is up to 
1.5% [24]. For unilateral extravesicle reimplantation this 
number is reported to be as high as 5.5% [12]. In almost 
all cases observation is the preferred treatment as spon-
taneous resolution occurs over time. Rarely in the case of 
ureterovesical fistula continued reflux warrants reopera-
tion with excision of the ureter distal to the fistula.

New onset contralateral reflux is observed in 19% 
of open unilateral reimplants [25] and with Deflux 
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injections as well. Resolved contralateral reflux is a risk 
factor for new onset occurrence and is seen in 45% of 
patients where only a single side is surgically corrected 
[26]. The majority of these patients will resolve over time 
and observation is recommended. Most recommend that 
at the time of the procedure bilateral treatment can be 
performed even if one side has resolved spontaneously. 
In a recent study of patients undergoing unilateral extra-
vesicle reimplantation contralateral reflux developed in 
5.6% of patients with complete resolution in all patients 
by 31 months [27]. Redo surgery after observation has a 
high success rate.

However, great care must be exercised to avoid 
ischemic ureteral injury. The surgeon must be prepared 
to deal with a paucity of ureteral length. In these cases a 
psoas hitch may prove useful if further length is needed, 
a Boari flap can provide up to 14 cm in patients with 
adequate bladder capacity [28]. In almost all situations 
where length is compromised a transureterostomy can 
be performed avoiding the need for bowel interposi-
tion with the exception of history of stone disease. 
Transureteroureterostomy has proved highly successful 
in patients with failed ureteral reimplant surgery [29]. In 
the case of a persistently dilated ureter, ureteral tapering 
should be performed.

Finally, subureteral injection of dextranomer/hyaluronic 
acid has been proposed as an alternative to open surgery 
for failed ureteroneocystotomy. The success rate is 70% 
with a single injection, but has been reported to ultimately 
reach 100% after the second injection [30]. Endoscopic 
treatment of VUR is discussed in Chapter 15.

Suggested follow-up postreimplantation

Patients should be kept on prophylactic antibiotics until 
postoperative studies have been verified. A standard proto-
col would include obtaining a renal ultrasound 4–6 weeks 
postsurgery to ensure the absence of obstruction. Mild 
dilation is expected due to transient edema. Moderate 
hydronephrosis may be a sign of significant obstruction 
and would require further testing. It is important that 
preoperative cystogram be checked as we have often seen 
de novo severe hydronephrosis in those with massive 
dilatation of the collecting system with a preoperative 
normal ultrasound. In case where obstruction must be 
excluded, we prefer a nuclear lasix renogram to confirm 
these findings. If standard open or extravesicle reimplan-
tation is performed especially for nondilating reflux, we 
do not obtain a postoperative cystogram in light of the 

success rate of these techniques. If the surgery is per-
formed robotically or endoscopically, the success rate is 
not as yet predictable in most surgeons’ hands and hence 
a voiding urethral cystogram 3–4 months postsurgery is 
recommended until results approaching those of open 
surgery are achieved.

Decades long prospective studies on the outcome of 
patients treated for VUR in childhood are lacking. A recent 
retrospective study with an average follow-up time of 35 
years looked at the outcomes in kidneys with no scaring, 
unilateral scarring, and bilateral scarring. Information 
on renal function was available on 55% of patients. Mild 
renal damage (GFR 60–89 ml/min/1.73 m2) was found in 
64% of patients. This was true of patients with either uni-
lateral scarring or no scarring. There was also an increased 
tendency for hypertension in those patients with scarring. 
Finally, a total of 83% of patients with bilateral scarring 
had lowered kidney function, a quarter presented with 
proteinuria and half with hypertension [31].

Screening for late occurring complications of VUR is 
performed yearly and includes measurement of blood 
pressure and a urinalysis to look for hypertension and 
infection. Normal values for spot urine protein are 
inconsistent. Based on the above measurement of urine, 
protein is more likely to be of benefit in those individu-
als with bilateral scarring.
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Ureteroureterostomy
Job K. Chacko and Martin A. Koyle

Introduction

Ureteral duplication anomalies with complete  ureteral 
duplications can present in many different ways. 
Vesicoureteral reflux (VUR) often associated with the 
lower pole can be seen in conjunction with an upper 
pole ureterocele and/or ectopic upper pole ureter. There 
are a number of ways to surgically approach this includ-
ing incision/excision of the ureterocele, upper/lower pole 
heminephrectomy, pyelopyelostomy, or common sheath 
reimplant. One potentially underutilized technique is the 
ipsilateral ureteroureterostomy (U-U). Evidence in the lit-
erature suggests that U-U can be used with high success 
with minimal morbidity and complication.

Another use of U-U is transureteroureterostomy (TUU) 
for salvage procedures as well as diversion/undiversion.

This chapter will address these surgical techniques and 
attempt to troubleshoot complications and provide steps 
for management.

Surgical techniques

Ipsilateral ureteroureterostomy
The initial use of U-U was first described by Buchtel in 
1965 [1]. The patient is placed supine on the operating 
table. Most cases can be performed through a modified 
Gibson incision or Pfannenstiel incision. If cystoscopy is 
necessary for stent placement into recipient ureter, this 
can be done with dorsal lithotomy and fluoroscopy. The 
ureteral complex is located as it passes below the oblit-
erated umbilical artery and the ureters are separated 
above the common distal blood supply. The donor ure-
ter is then transected and ligated distally if necessary. The 
recipient ureter is then opened lengthwise to match the 
diameter of the donor ureter. The ureteral anastomosis is 
performed end-to-side with 7:0 polydioxane (PDS) 
absorbable suture. An indwelling stent can be placed 
prior to the anastomosis. Ureterocele excision and recipi-
ent ureter reimplant can be performed through this same 
incision. After the surgery is finished, the incision is closed 
and a Penrose drain can be brought through the incision.

Transureteroureterostomy
The technique for TUU involves greater exposure 
because of the need to mobilize the donor ureter to the 
recipient ureter for the anastomosis. This usually involves 

Key points

• Ureteroureterostomy is a safe, effective 
procedure for managing ureteral duplication 
anomalies.

• Urinary drainage with stents and/or drains 
is crucial for preventing postoperative 
complications.

• VUR can develop or persist after surgical 
intervention and usually can be managed 
conservatively.

• Problems with anastomosis patency are 
uncommon.

• Transureteroureterostomy can be a 
viable option for salvage procedures and 
diversion/undiversion.
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a larger, midline transperitoneal incision. The posterior 
peritoneum is incised to expose the retroperitoneum and 
access to the ureters. The bowel is mobilized cephalad to 
provide maximum exposure. The donor ureter is then 
mobilized and ligated as distal as possible, taking care to 
preserve the adventitia. The gonadal vessels often have 
to be ligated for mobilization. The donor ureter is then 
brought across to the recipient ureter above or below 
the inferior mesenteric artery – this decision is based 
intraoperatively on which will bring the donor ureter to 
the recipient ureter off tension for a good anastomosis. 
An end-to-side anastomosis is performed similar to the 
ipsilateral U-U. An indwelling stent is placed prior to 
completion of the anastomosis. External drainage with 
Penrose or Jackson-Pratt drains can be placed to monitor 
urinary leak from the anastomosis.

Outcomes from operations

Outcomes from ipsilateral U-U have historically been 
very good. The largest series by Lashley et al. [2] of 100 
ureteroureterostomies had an average patient age of 28 
months with a hospital stay of 4.6 days. The anastomo-
ses patency was 94% and they found that the most com-
mon complication was prolonged Penrose drain output. 
Of 13 patients with prolonged drain output, one required 
percutaneous drainage of the kidney, and one required 
percutaneous drainage of urinoma. Other complications 
included fever of unknown origin (2) and blood transfu-
sions (2). In addition, one patient each had ileus, retained 
drain, gastroenteritis, febrile urinary tract infection (UTI), 
and pneumonia. Six patients were considered failures. 
Three patients had U-Us requiring revision secondary to 
obstruction. Two patients had VUR that subsequently 
underwent ureteral reimplants, and one patient had a 
nondraining ureteral stump that required excision. None 
of the complications were seen in these six patients with a 
failed procedure.

Another series from Chacko et al. [3] of 41 U-Us had 
an average age of 31 months and hospital stay average 
of 1 day. The patency rate was 100%. Complications 
seen were de novo VUR in two patients that had U-U 
alone. One patient underwent ureteral reimplant, and 
the other underwent subureteric injection. Two patients 
with U-U and concomitant common sheath reimplant 
had persistent VUR that was treated with observation 
in one patient and subureteric injection in the other. In 
children having concomitant U-U and reimplant, two 
patients without indwelling stents developed transient 

postoperative urinomas that required subsequent drain-
age. Another patient presented with transient ipsilateral 
urinary obstruction that required percutaneous drainage 
that resolved spontaneously.

Bieri et al. [4] reported on 24 U-Us with an average 
age of 4 years and a hospital stay of 3 days. Complications 
noted were UTI in one patient and U-U revision for pro-
longed drain output. Long-term patency rates were 100%.

Jelloul and Valayer [5] performed 19 U-Us on patients 
with a mean age of 3.5 years that averaged 6 hospital day 
stays. They did not note any complications at an average 
follow up of 38 months.

U-U can be used as a primary and a salvage procedure. 
Choi and Oh [6] reviewed their management of ureteral 
duplication pathology. Eighteen U-Us were performed of 
which 13 were primary U-Us. Five U-Us were performed 
as salvage procedures for prior failed approaches in 
which all succeeded. They noted that U-U had the lowest 
failure rate of the different techniques they used. Overall 
they observed an 89% success rate for U-U. Two patients 
with primary U-Us required intervention. One patient 
underwent remnant ureterocele excision, while another 
had a ureterocele excision with ureteral reimplant for 
VUR with infection.

Bochrath et al. [7] reported on 13 U-Us on patients 
ranging from 2 to 14 years. The hospital stay ranged from 
2 to 10 days with a median of 3 days. Complications 
noted were VUR into three ureteral stumps, and persist-
ent VUR in one patient. The three patients with ureteral 
stumps needed no further intervention as well as the 
patient with persistent VUR.

Outcomes for ipsilateral U-Us are displayed in 
Table 11.1.

Outcomes for TUUs in pediatrics have been reported 
by a number of groups. An early study reviewing 
TUU in children was performed by Halpern et al. 
[8]. They performed TUU in 38 children – 14 TUUs 
alone and 24 TUUs with cutaneous ureterostomy. The 
majority of patients had underlying bladder pathology. 
Complications included avulsion of the TUU resulting 
in eventual death, two patients with ureteral necrosis 
resulting in ileal conduit diversions.

Hodges et al. [9] reviewed their 25 year experience 
with 100 patients. The age ranges were 1–83 years. Two 
cases resulted in postoperative death from other sources 
of pathology. Complications included prolonged urinary 
drainage (2), inferior mesenteric syndrome (2), anasto-
motic disruption (1), VUR (1), acute pyelonephritis (5).

Hendren and Hensle [10] described experience with 
75 cases of TUUs. The main indications were for failed 



Chapter 11 Ureteroureterostomy 75

ureteral reimplants or urinary undiversion. They noted 
no deaths, anastomotic leaks, or nephrectomies. Three 
patients developed reoperative complications. One 
patient required a revision for an anastomosis that was 
too anterior on the recipient ureter, causing excessive 
angulation. Another patient had a kink in the recipi-
ent ureter distal to the anastomosis that required resec-
tion. The last patient needed revision of a bowel segment 
used to drain a donor renal pelvis into a recipient ureter, 
which was subsequently moved to drain into the opposite 
recipient renal pelvis.

Rushton et al. [11] used TUU for 31 patients for uri-
nary diversions/undiversions and failed ureteral reim-
plants. They noted neurogenic bladders in 26 patients and 
4 others with bladder pathology. Complications included 
two stent placements for transient obstruction and ure-
terocutaneous drainage. Another patient developed 
obstruction after tapered reimplant requiring cutaneous 

ureterostomy. Lastly, one patient developed a large uri-
noma due to ischemic necrosis of the upper ureter that 
resulted in nephrectomy. Two complications including 
partial small bowel obstruction and vesicocutaneous fis-
tula both resolved without intervention. There were no 
complications with any of the TUU anastomoses.

A review of 69 TUUs by Mure et al. [12] for multiple 
indications, for salvage and reconstruction, for diver-
sion/undiversion noted a low complication rate. Three 
patients required reoperation – one for postoperative uri-
noma and the other for common ureteral trunk ischemia 
that required separate ureteral reimplantation into the 
existing sigmoid conduit. The last patient required donor 
nephrectomy for deterioration and infection. No compli-
cations with the TUU anastomoses were noted.

 Lastly, Pesce et al. [13] had 70 patients requiring 
TUUs with the majority (97%) for salvage procedures 
for failed ureteral reimplants. Complications included 

Table 11.1 Outcomes of ipsilateral ureteroureterostomies.

Study Number Age Hospital stay Follow-up  Success Complications
     rate (U-U
     patency) (%) 

Chacko et al. [3]  41 31 months 1 day 3–34  100 VUR (4); urinoma (2); 
     months  transient obstruction (1)
    (average  
    12 months)

Lashley et al. [2] 100 28 months 4.6 days 2.5–24  94 Prolonged Penrose output
    months  (13) – one required 
      percutaneous nephrostomy 
      tube, one required
      percutaneous drain;
      U-U obstruction (3); non-
      draining stump with UTI (1); 
      fever (2); ileus (2); VUR (2); 
      retained drain (1); gastro-
      enteritis (1); pneumonia (1); 
      no yo-yo reflux

Choi et al. [6]  18 0–12 years – Median  89 VUR (1) required reimplant; 
    7.6 years   excision ureterocele for UTI (1) 

Bieri et al. [4]  24 4 years 3 days 41.4 months 100 UTI (1); U-U revision (1); no 
      yo-yo reflux

Jelloul et al. [5]  19 3.5 years 6 days 38 months 100 UTI (1); VUR (2); no yo-yo reflux

Bochrath et al. [7]  13 2–14 years 3 days 55 months 100 VUR stump (3); VUR (1); no 
      yo-yo reflux

VUR, vesicoureteral reflux.
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one temporary obstruction requiring stent placement 
and one distal obstruction of the recipient ureteral reim-
plant treated with balloon dilation. Four patients with 
neurogenic bladders developed complications unrelated 
to the TUUs. There were no complications related to the 
TUU anastomoses. Results are shown in Table 11.2.

Complications

Reported complications with ipsilateral U-U are depicted 
in Figure 11.1. The most common problems were 

prolonged drain output and VUR, whether de novo or 
persistent versus VUR into the stump. Few of the patients 
that had prolonged drain output required intervention 
and were managed conservatively until it resolved.

VUR after surgery invariably is lower grade and often 
can be managed with conservative measures includ-
ing subureteric injection and observation. Kaplan et al. 
[14] reported on conservative management of patients 
with complete duplication and VUR and of the observed 
group, 48% had resolution of VUR. In addition, the high 
success rates of subureteric injection with lower grade 
VUR can and has been applied to VUR seen after U-U. 

Table 11.2 Outcomes of transureteroureterosotomies.

Study Number Age Salvage/ Follow-up Success rate  Complications
   diversion-  (U-U patency)
   undiversion   (%)

Pesce et al. [13]  70 2–13 years 68/2 4–21 years 100 Temporary obstruction 
    (average   requiring PNT (1); distal
    10.8 years)  obstruction requiring dilation
      (1); 4 patients with neurogenic 
      bladder: progression of pre-exisitng 
       renal disease (2); Renal stones 
      donor pelvis (1); distal ureteral
      stenosis requiring reimplant (1)

Mure et al. [12]  69 1 month  22/47 Median 6 100 Urinoma (1); ureteral trunk
  to 21 years  years  ischemia (1); nephrectomy
  (mean 8.6    donor kidney (1)
  years)

 Rushton et al. [11]  31 5 weeks  8/23 �1 year 100 Transient obstruction requiring
  to 17 years    stent (1); obstruction tapered
      reimplant (1); ureterocutaneous
      fistula requiring stent (1);
      nephrectomy (1); partial small 
      bowel obstruction (1);
      vesicocutaneous fistula (1); 
      30 patients with neurogenic 
      bladder or bladder pathology

Hendren and   75 Newborn to  35/40 –  98.6 Angulation at U-U (1);  common
Hensle [10]  36 years     stem obstruction (1); dilated
      bowel to ureter problem (1)

Hodges et al. [9] 100 1–83 years 22/78 �1 year  99 Prolonged urinary drainage (2); 
      inferior mesenteric syndrome
      (2); U-U disruption (1); VUR
      (1); pyelonephritis (5) 

Halpern et al. [8]  38 4 months to  7/31 –  97 U-U avulsion resulting in death
  10 years –    (1); ureteral necrosis
      requiring ileal conduit (2)
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Lastly, VUR into the remaining stump after U-U can be 
minimized by dissecting the stump to the level of the 
bladder, which can be easily accomplished with the low 
incision used for U-U.

Obstruction of the U-U anastomosis was uncommon 
and in cases where revision was necessary, it was eas-
ily accomplished with 100% success after the revision. 
Urinoma formation was relatively uncommon and the 
chance for leakage from the anastomosis can be mini-
mized with drainage. All studies advocated using some 
form of urinary drainage, whether it was urinary stent, 
drain, or both.

One concern many have with U-U is potentially leav-
ing behind a dysplastic upper pole. Smith et al. [15] 
compared U-U versus upper pole nephrectomy. They 
found that 9.5% of patients on pathology of the upper 
pole had evidence of marked dysplasia and half of the 
patients had no dysplasia or insignificant evidence of 
pyelonephritis. The decision for U-U was based on the 
appearance of the upper pole intraoperatively, and if it 
appeared healthy and U-U was technically feasible, it 
was performed. Husmann [16] reviewed consequences 
of leaving tissue behind in multicystic dysplastic kidneys 
and duplicated dysplastic segments and found them very 
rarely associated with urinary infection, hypertension, 
and renal tumors.

Another concern is ureteral disparity during U-U 
anastomosis and the potential for yo-yo reflux between 

the two ureters. This appears to be an academic concern 
and no investigators have reported any problems with 
ureteral disparity from donor to recipient ureter and no 
instances of yo-yo reflux have occurred.

Ureteral anastomosis complications with TUU are 
uncommon and all studies have shown excellent success. 
Since the TUU is mainly used for salvage and more com-
plex reconstructive and creative surgeries, the chance 
for complications invariably increases. Many cases are 
reoperative procedures from the beginning and often 
the patients have other comorbidities that can increase 
the risk for complications. The most important point is 
to anticipate problems and have a higher suspicion for 
complications postoperatively.

Preventing complications

Preoperative
Preoperative evaluation is crucial because of the 
variety of anomalies seen in complete ureteral dupli-
cation. Information that is necessary consists of pres-
ence or absence of ureterocele, location of the insertion 
of the upper pole moiety and is it ectopic, obstructed, 
or refluxing. In addition, lower pole VUR and contral-
ateral VUR need to be evaluated. Also, the character of 
the upper pole parenchyma is important as well. Most of 
these answers can be elucidated by a renal/bladder ultra-
sound (RBUS) and voiding cystourethrogram (VCUG). 
Anatomical definition not seen on VCUG can be evalu-
ated by intravenous pyelogram (IVP). Further evaluation 
of upper pole function can be performed using nuclear 
medicine imaging. An upper pole function of �10% 
should be considered for U-U. Often times, the less 
invasive RBUS can give an idea of the quality and 
amount of upper pole parenchyma.

Intraoperative
Prior to making the incision in the lower abdomen, 
cystoscopy with retrograde ureteropyelography can be 
performed if preoperative imaging does not provide an 
accurate map of the duplicated anatomy. It may be helpful 
to identify ectopic ureteral orifices. If cystoscopy is not 
warranted, ureteral stenting can be performed at the 
time of the U-U anastomosis.

At the time of identifying the ureteral complex, care 
must be taken when exposing the ureters to preserve 
the blood supply. Minimal tissue handling is impor-
tant to prevent postoperative urine leak and stricture, 
in addition to stenting/drain. Ureteral luminal disparity 
from donor to recipient ureter has not been a problem, 

Complications

VUR 
24%

VUR stump 
10%

Urinoma 
9%

U-U revision 
9%

Gastroenteritis 
2%

UTI 
7%

Fever 
2%

Pneumonia
2%

Prolonged drain
output 31%

Ileus 
2%

Transient 
obstruction 

2%

Figure 11.1 Complications of ipsilateral ureteroureterostomies.



78 Part III Open Surgery of the Upper Urinary Tract

but it is crucial to make an appropriate length inci-
sion on the recipient ureter to match the dilated donor 
ureter. The anastomosis should be performed with a 
6-0 or 7-0 monofilament absorbable suture in a running 
stitch. Using a lower abdominal incision allows for con-
current procedures to be performed including ureterocele 
excision, low resection of donor ureter stump in addition 
to U-U with reimplant if VUR exists in the lower pole 
ureter. If VUR exists on the contralateral side, reimplants 
are best done intravesically to avoid potential bladder 
neuropraxia from bilateral extravesical manipulation.

In patients with TUUs, the same principles of tissue 
handling and urinary drainage apply. Other key points 
are to create a tension-free anastomosis, as well as mak-
ing sure the donor ureter crosses the abdomen without 
interference from the inferior mesenteric artery.

Postoperative
Patients postoperatively generally do well. It is important 
to monitor drain output and remove it when it is dry to 
prevent urinoma formation. Patients generally do well, 
but if they present with UTI, pain, or fever, they warrant 
urinalysis and culture and possible imaging with CT scan 
or RBUS.

Normal routine follow-up should include RBUS at 6 
weeks postoperatively. In addition, patients with other 
renal and bladder comorbidities should have routine 
creatinine and blood pressure monitoring.

Managing complications

Initial
Management of initial complications consists of evalua-
tion of symptoms. Early signs of problems can manifest 
as fever, malaise, or urinary symptoms. All patients with 
a documented, febrile UTI need evaluation for VUR 
with a VCUG. Evaluation for urinoma or obstruction is 
best evaluated by CT scan with contrast to assess size and 
location of urine leak as well as hydronephrosis.

Definitive
Problems at the U-U can manifest in two forms: obstruc-
tion or leak. Obstruction at the U-U site will manifest 
as dilation in the donor renal segment. Management 
consists of percutaneous nephrostomy drainage and 
empiric antibiotics until infection is proven. After the 
acute period resolves, antegrade nephrostogram should 
be performed to assess patency of the anastomosis. If the 

U-U is not open and draining, surgical intervention may 
be necessary.

Urinary leak at the U-U site can occur and the risk 
increases if stent and/or drains are not left in place post-
operatively. If urinoma does occur, percutaneous drain-
age or open drainage is necessary. After resolution of the 
urine leak, most studies show no problems with patency 
with the U-U anastomosis. Of patients that did need 
redo of the anastomosis, all of them resulted in patency 
postoperatively.

VUR after surgery was a common complication. The 
most definitive treatment historically performed was 
ureteral reimplant. However, other management strate-
gies that have been successful, specifically observation or 
subureteric injection, offer less morbidity. Yo-yo reflux in 
all studies has not been an observed phenomenon and is 
more of an academic concern.

Conclusion

Ipsilateral U-U is a safe and effective technique for man-
aging ureteral duplication anomalies. Postoperative 
complications can be minimized based on patient selec-
tion and recognizing pitfalls early and treating them 
appropriately as they arise. For the right patient, it offers 
good cosmesis, short recovery, and excellent success 
rates.

TUU is also a safe and effective procedure for both 
salvage procedures after failed ureteral reimplants and 
urinary diversion/undiversion procedures in more com-
plex patients. Although postoperative problems are 
uncommon, when they occur, they can be challenging 
to manage. However, this should not deter the pediatric 
urologist from using TUU as one of many methods for 
managing these difficult cases.
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Epispadias–Exstrophy 
Complex
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Introduction

With Epispadias–Exstrophy Complex (EEC), the anterior 
portion of the bladder and/or urethra and abdominal 
wall structures are deficient and the pubis symphysis is 
widely separated. Interestingly, classic bladder exstrophy 
and epispadias often occur in isolation, while cloacal 
exstrophy or exstrophy variants are usually associated 
with anomalies of intestines, neurological system, upper 
urinary tract, and skeletal system [1]. The complica-
tions associated with this condition include those of the 
untreated state as well as those that occur as a conse-
quence of surgical intervention. In this chapter, we will 
discuss bladder exstrophy and epispadias.

Overview

Options to approach bladder exstrophy are discussed in 
Table 12.1.

No treatment
Although bladder exstrophy is not a lethal anomaly in 
infancy, these patients are often social pariahs because 

of associated odor and hygiene problems. In addition, 
66–75% of affected patients die by age 20 due to pyelone-
phritis and renal failure [2]. The untreated exstrophic 
patient has a 17.5% risk of bladder neoplasia after age 
of 20 years, with high mortality rate. Early cystectomy is 
not protective (Figure 12.1) [3].

Surgical intervention
Surgeon preference, patient anatomy, and availability of 
tertiary care facilities all play a role in which operative 
procedures are chosen.

Anatomical reconstruction of EEC
Bladder exstrophy repair
Early attempts (up to the 1970s) at bladder exstrophy clo-
sure were dogged by high morbidity and poor long-term 

Key points

• Epispadias–Exstrophy Complex (EEC) is a rare, 
challenging birth defect.

• Preservation of kidney function and external 
genitalia is a major concern.

• Complications associated with this condition are 
common and can be severe.

• Familiarity and experience in the care of these 
patients are essential for proper management.

12

Table 12.1 Options to approach bladder exstrophy.

1 No treatment
2 Anatomical reconstruction: 
 • Complete primary repair
 • Staged repair
 • Repair using radical mobilization of soft tissues
 • Radical single-stage reconstruction
3  Urinary diversion (incontinent, anal sphincter-

based continence or continent reservoir) and genital 
reconstruction with or without excision of bladder plate
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outcomes for continence and renal function [4,5], and 
many surgeons favored the use of primary urinary 
diversion. However, the advent of the staged repair 
approach demonstrated that anatomic reconstruction 
of the exstrophic bladder was feasible and safe [6]. This 
approach led to significant improvements in continence, 
renal preservation as well as excellent cosmetic results 
[7,8]. In literature, the rate of continence has varied. 
Some patients require clean intermittent catheterization 
(CIC) and bladder augmentation or diversion to achieve 
dryness [9,10].

More recently, newer techniques of single-stage 
exstrophy repair (including complete primary repair of 
bladder exstrophy, CPRE) have been developed [11–14] 
in addition to modifications of the staged repair (mod-
ern staged repair of bladder exstrophy, MSRE) [15]. 
Neonatal exstrophy closure is recommended but sal-
vage single-stage reconstruction in delayed cases (�6 
months of age) is associated with lower continence rate 
[16,17]. These new techniques of single-stage recon-
struction appear to be safer than that used in the past, 
and enhance bladder capacity, stability, and compliance 
more than staged approach [18].

Epispadias repair
Early efforts were associated with high rate of compli-
cations [19]. Current methods (Cantwell-Ransley, and 
Mitchell penile disassembly techniques) use dissection of 
the corporal bodies and transposition of the tubularized 

urethral plate to the ventral aspect of the penis with satis-
factory cosmesis and lower overall complications [19,20].

Urinary diversion
This approach may achieve some of the primary goals 
of surgical intervention for EEC with fewer operations. 
It is useful for patients who may not have reliable access 
to health care facilities, and the patients who have not 
achieved urinary dryness despite attempts at functional 
reconstruction.

Ureterosigmoidostomy (USO) is associated with high 
daytime urinary dryness rates of 92–97% without reli-
ance on catheters or external appliances. Despite the 
reduction of complications for USO after improve-
ments in ureteral reimplantation, chronic metabolic 
acidosis (up to 100%), chronic pyelonephritis (22%), 
ureteral obstruction or reflux (up to 29%), significant 
upper tract scarring and calculi (18%), and nighttime 
incontinence (42%) necessitate secondary interventions 
[21,22]. Furthermore, on longer-term follow-up, daily 
fecal-urinary incontinence (26% and 48%, respectively) 
with pelvic organ prolapse (48%), and delayed develop-
ment of neoplasms in the colon or the bladder remnant 
(overall risk is 38%) have dampened enthusiasm for this 
procedure [3,23]. Recently, low-pressure rectal reservoirs 
have been proposed again as a treatment for bladder 
exstrophy with acceptable day and night urinary dryness 
(100% and 91%, respectively), and less complications. 
Alkali supplementation and a regular follow-up surveil-
lance colonoscopy are still needed for these patients [24].

Incontinent urinary diversions were popular in the 
past but had the significant disadvantage of an inconti-
nent abdominal stoma. Urinary conduits, especially ileal 
loops, are not free of complications (renal deterioration 
up to 41%). So, if necessary, colonic conduits with non-
refluxing ureterocolic anastmosis are preferred [25,26].

The popularization of CIC has led to the development 
over the past 15–20 years of continent urinary diversions 
such as the Indiana pouch, which was developed for the 
exstrophy population. Preservation of the native blad-
der and bladder augmentation [27] allows the native 
bladder to act as a convenient substrate for ureteral and 
Mitrofanoff reimplantation.

Complications of anatomical 
reconstruction of EEC

It is sometimes difficult to differentiate the failure to 
reconstruct the primary pathophysiological defects of 

Figure 12.1 Untreated bladder exstrophy (8 years old). Note 
chronic changes of the bladder plate.
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EEC from complications associated with treatment. The 
different approaches (CPER, MSRE, staged repair, etc.) 
are designed to improve the long-term outcome, and 
all rely on the same surgical principles, successful initial 
closure, surgeon experience, and proper postoperative 
management.

In most discussions of EEC, the subject of urinary 
incontinence dominates the whole topic, to an extent 
that the other disabilities resulting from the disorder 
receive little attention [28]. Bladder exstrophy requires 
a median of five operations per patient [29]. Successful 
closure of isolated epispadias is achieved by single opera-
tion in 80–91% [19,20] (Table 12.2).

Urinary complications
Bladder dehiscence has decreased from up to 13% to up 
to 3% with recent techniques. It may be precipitated 
by many factors including postoperative abdominal 
distention, bladder prolapse, and the loss of ureteral 
stents before postoperative day 7. Dehiscence necessi-
tates about a 6-month recovery period before a second 
attempt at closure can be made. Tension-free reclosure 
with osteotomy, preoperative testosterone, and com-
bine epispadias and bladder repair are important fac-
tors in subsequent closures but up to a 40% failure rate 
at reclosure is reported. Failure of the primary closure 

markedly decreases the chance and onset for eventual 
continence with volitional voiding from 30% if a patient 
underwent two closures to less than 20% for who had 
undergone more than two closure attempts. Primary use 
of osteotomy may be protective against bladder dehis-
cence [14,15,30,31].

Catheter malfunction is uncommon; catheter patency 
should be confirmed at initial closure. Early loss of the 
suprapubic catheter is a particular cause for concern. We 
recommend replacing this with another tube or urethral 
catheter as soon as possible if this happens within the 
first 2 weeks following closure. Ureteric catheters mal-
function may necessitate early repositioning with open 
surgery [12] or with fluoroscopy [32].

Urethrocutaneous fistula formation at the penopubic 
junction is the most common surgical complication 
of CPRE. In the setting of newborn exstrophy closure, 
fistulas may occur in 14–35% of cases [14,29]. This fis-
tula rate is increased to 26–52% in delayed or redo cases 
[16,17]. Two-layer closure covered with a single layer 
small intestinal submucosa onlay help to prevent fistulae 
[33]. With the staged exstrophy repair, postoperative fis-
tula develops in 21% of patients with intact plate versus 
25% if para-exstrophy flaps are used [34].

Spontaneous fistula closure rate is expected in 25–100% 
within 7.5 months. If not, surgical closure is indicated 

Table 12.2 Complications following surgery for EEC.

Problem Early Late

Urinary Bladder dehiscence, urinary fistulae,  BOO, UTI, urinary calculi, renal scarring, incontinence, stress
 catheters malfunction, HUN incontinence, NE, CIC, bladder augmentation/diversion, renal 
  failure, bladder malignancy
Genital (male) Loss of glans or corpora, loss of  Inadequate phallus, psychosexual delay, retrograde or difficult
 penile skin ejaculation, subfertility, erectile dysfunction, sexual 
  reassignment*

Genital (female) Loss of urethra-vaginal septum, loss  Genital cosmesis defects, vaginal stenosis, uterine prolapse, 
 of clitoris, vaginal deficiency miscarriage, elective cesarean section
Fascial Hematoma, wound infection, fascial  Hernias, cosmesis defects in suprapubic area/umbilicus
 dehiscence
Orthopedic Transient femoral nerve palsy Gait problems, abnormal hip dynamics, back pain
Others Latex allergy, abdominal distension,  Rectal prolapse, fecal incontinence, short bowel syndrome,* 
 abdominal compartment  fecal stoma/ACE,* multiple anesthesia, anxiety disorders,
 syndrome,* death recurrence of exstrophy, death

HUN, hydroureteronephrosis; BOO, bladder outlet obstruction; UTI, urinary tract infection; NE, nocturnal enuresis; CIC, clean 
intermittent catheterization.
*Specific complications with cloacal exstrophy.
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with urethrocystoscopy to evaluate the repair. Implications 
of bladder neck (BN) fistula in reference to urinary conti-
nence remain to be seen [17,33].

Urinary outlet obstruction is one of the potentially 
dangerous failed outcomes of bladder closure because 
it can cause renal deterioration, increase the risk for 
chronic urinary tract infection (UTI), and may decrease 
the chance to achieve urinary continence. This may be 
somewhat subtle; however, routine ultrasonography of 
the bladder and upper urinary tracts also should be per-
formed frequently after closure to detect hydronephrosis 
(especially in combination with high postvoid residual) 
that may indicate outlet obstruction and cystoscopy may 
also be needed [35].

Neourethral stricture or tortousity is often associated 
with para-exstrophy skin flap use, one stage urethroplasty 
by flap/graft interposition, meatal stenosis, or pubic suture 
erosion. A stricture develops at the proximal anastomotic 
site in 10–67% of patients with exstrophy who have 
para-exstrophy skin flaps used at the initial closure [36]. 
We prefer to convert exstrophy cases with the inherently 
short urethral plate (50–77%) into hypospadias to avoid 
complications of flap/graft interposition [14]. Combined 
bladder and epispadias repair for delayed or redo cases is 
associated with up to 10.5% stricture rate [16,17].

Interim management of bladder outlet obstruc-
tion (BOO) usually includes urethral dilation, internal 
urethrotomy, CIC, surgical revision, or diversion. Long-
term urinary diversion (e.g. suprapubic catheter) increases 
the likehood of bladder augmentation [36]. The popu-
larization of the Mitrofanoff principle has significantly 
improved the management of those patients with tortuous 
neourethra following urethral reconstruction.

Bladder and kidney infections. Patients are routinely 
maintained on suppressive antibiotic therapy as vesi-
coureteral reflux (VUR) occurs almost universally after 
exstrophy closure. This is continued until VUR is cor-
rected or resolves spontaneously (up to 16%) [14,29]. 
Febrile UTIs occur in up to 22% of patients while 70% 
experience one or more episodes of asymptomatic bacte-
riuria. These patients should be appropriately evaluated 
(to ensure that they have no evidence of outlet obstruc-
tion) and aggressively treated [29]. Early ureteral reim-
plantation or deflux injection is indicated if recurrent 
febrile infections occur in the setting of adequate prophy-
laxis. Cephalotrigonal technique is preferred for ureteral 
reimplantation as a cross-trigone technique may compli-
cate future bladder neck reconstruction (BNR) [37].

Renal damage is related to outlet obstruction and 
febrile UTIs. With improvement of techniques and 

follow-up, it is decreased from 25% to up to 7.5% 
[10,13,14,38].

Transient hydroureteronephrosis (HUN) occurs in up 
to 23% of children following their initial surgery, which 
may be related to gradual accommodation of the blad-
der as it cycles urine in the presence of VUR. About half 
of children with HUN may require CIC even though 
there is no evidence of BOO. Spontaneous improve-
ment is expected in most, but this is unpredictable 
[14,38]. If HUN persists, ureteral reimplantation, blad-
der augmentation, or diversion may be indicated to pro-
vide a low-pressure urine storage reservoir. Long-term 
study of EEC patients following staged reconstruction 
has found that about 24% had significant upper tract 
damage in the form of renal scarring and/or moderate 
or severe hydronephrosis. Serum creatinine remained 
normal in 97%, mild renal insufficiency developed in 
1.5%, and renal transplantation was performed in 1.5% 
[10]. The storage of urine in intestinal reservoirs did not 
change renal function for at least 10 years in 80% of the 
patients. The remaining (20%) had some deterioration 
in renal function, usually from identifiable and remedi-
able causes [39].

Incontinence. Universally accepted definitions for con-
tinence remain a topic for discussion. For the purpose of 
this chapter, we define urinary continence as 2- to 3-h 
dry intervals with volitional voiding without bladder 
augment or diversion.

Successful CPRE may be associated with primary day-
time continence (bladder emptying volitionally of with 
the use of clean CIC) at age of toilet training [14,17]. 
However, many exstrophy patients are partially conti-
nent after initial closure and show on urodynamics a low 
leak point, wide BN and reasonable bladder compliance 
and capacity (�60–85 ml). For these patients, formal 
BNR or endoscopic injection of the BN is indicated and 
continence is achieved in up to 60–87%. Most surgeons 
use for BNR either Young-Dees-Leadbetter or Mitchell 
BNR (which also moves fibrotic tissue at the level of the 
original BN away from the new BN) [14,15]. At the time 
of BNR, we typically perform ureteral reimplantation (if 
not done before) and construct a Mitrofanoff channel 
[14]. The mean time to daytime continence after BNR 
is 14 months (range 4–21) and the mean time to night-
time continence is 22 months (range 11–33) [40]. These 
children void volitionally and may catheterize one to two 
times a day to ensure bladder emptying.

In some patients (5–52%), the bladder does not 
grow to an adequate capacity (�50–60 ml) and/or has 
impaired compliance with upper tract deterioration. This 
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may be due to postoperative complications (e.g. bladder 
prolapse or dehiscence, BOO, recurrent UTIs, bladder 
calculi, and long-term diversion), or can occur despite 
technically successful reconstruction efforts (especially 
if delayed or redo closure, delayed epispadias repair, 
very small bladder plate at initial closure, or neuropathic 
bladder). In this situation, concomitant BNR, bladder 
augmentation with or without Mitrofanoff channel is 
recommended [8,27,30].

Many adjuvant measures may be helpful to achieve 
continence, control stress incontinence, and enure-
sis. Again, urodynamics help to decide the needed 
maneuver.
• Endourethral injection (1–3 sessions) of dextranomer 
based implants (Deflux®) remained beneficial in 40% of 
patients with 7-years follow-up [41]. A history of pre-
vious surgery and gender had no significant effect on 
the outcome. A maximum of three injections is predic-
tive with reasonable certainty of any benefit from the 
procedure [42].
• Anticholinergic agents, low-dose desmopressin [43], or 
imipramine [44] may also be helpful.

Despite near or total subjective continence and “good” 
voiding in children who had undergone staged recon-
struction for exstrophy, of these patients 72% have 
clinical problems related to emptying, which include 
recurrent UTIs, epididymitis, and bladder calculi. 
Objective urodynamic parameters confirm poor voiding 
in most patients. One must question the normalcy of the 
voiding pattern and price to achieve continence among 
patients with exstrophy [45].

If urinary continence is not achieved within 2 years 
following formal BNR and the above measures, future 
success is elusive [40]. Treatment choice depends on 
the results of urodynamic studies and other clinical and 
social factors.
• Rarely, the urodynamic evaluation reveals a blad-
der with adequate capacity and compliance with wide 
BN and low detrusor leak point pressure. In these cases 
BNR, artificial urinary sphincter, or other BN procedures 
(wrap/sling/closure) can be performed. BNR revision 
rarely achieves continence with volitional voiding [46]. 
The creation of a Mitrofanoff channel in this situation 
is invaluable.
• Most of the patients demonstrate an inadequate blad-
der capacity and a low detrusor leak point pressure 
and usually require bladder augmentation or diver-
sion. Often, bladder augmentation is combined with a 
BN procedure and Mitrofanoff channel to optimize the 
chance for urinary dryness.

In long-term follow-up, about 60% of patients with 
initially successful bladder closures and BNR have 
required further surgery (augment/diversion) in their 
second decade of life because of the gradual develop-
ment of poorly compliant, low-capacity bladders that 
cause urinary incontinence [47]. This may be due to 
fixed outlet resistance with multiple BN procedures. It 
remains to be seen if CPRE will experience late conti-
nence failures as these children age.

Bladder malignancy. Early reconstruction decreases 
the risk of malignancy in the exstrophic bladder from 
17.5% to 3.3% at a median age of 42 years [3]. Moreover, 
patients who have undergone augmentation cystoplasty 
using intestinal segments are at increased risk for malig-
nant degeneration [48]. Life-long surveillance with cysto-
scopy and urine cytology is recommended. In the event of 
malignancy, treatment options include radical cystectomy 
with urinary diversion [49]. Four cases have been reported 
with severe perineal pain after bladder augmentation that 
was probably secondary to the abnormal retained bladder 
remnants. Cystectomy cured the pain and may also have 
removed a potential site of future malignant tumor [50].

The male genital complications
Atrophy of the corporal bodies, glans, and/or urethra. In 
experienced hands, these complications are unusual. 
It has been described after the initial stage of a staged 
reconstruction [51,52] as well as CPRE (up to 5%) 
[53,54]. These catastrophic complications can arise from 
violation of tissue planes. Overly aggressive attempts at 
mobilizing the corporal bodies from the pubis symphy-
sis and penile lengthening may result in corporal dener-
vation and/or devascularization [13] without additional 
lengthening of the congenitally deficient exstrophic 
penis [55]. Efforts to avoid this complication include 
assessment of the glans penis for ischemia after pubic 
rami reapproximation; if there is any color change, apply 
papaverine, and replace the sutures higher in the pubis, 
and/or consider osteotomy if not done.

With loss of the urethral plate and significant amounts 
of penile skin, other sources of replacement tissues 
(grafts/flaps) can be used for later reconstruction [56]. 
Ischemia of the glans and penile skin within 24–48 h 
after closure is reversible in more than half of the cases 
by observation. The use of vasodilators may be helpful. 
Reoperation with higher replacement of pubic sutures 
appears to be of no value in the setting of prolonged 
ischemia [54]. Acute postoperative penile ischemia should 
prompt immediate reoperation to release tight sutures, 
restore circulation, and salvage the penis [13].
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A short phallus and/or persistent chordee. Complete 
penile disassembly provides satisfactory cosmetic and 
functional penile outcome [14]. In the Cantwell-Ransley 
repair, up to 7% of patients require early penile straight-
ening surgery [34]. Revision rate for genitoplasty is 29% 
after puberty [57]. In another study, erections were 
curved in 34% with no curvature so severe as to prevent 
sexual intercourse [58].

Penile degloving and division of suspensory ligament 
can maximize the available penile length. A dorsal der-
mal corporal graft, ventral corporal plication, or rota-
tion may additionally help lengthen as well as correct 
any chordee/asymmetry. Scar excision can be closed in a 
plastic fashion (Z-plasty) if enough penile skin is availa-
ble. Otherwise, rotational flaps, tissue expanders, or full-
thickness skin grafts can be used [52,59].

Sexual dysfunction. Adolescent males with exstrophy 
are psychosexually delayed 2–4 years compared with 
their peers [60]. Libido, erection, and orgasm are usually 
intact. About 50–70% of men described intimate rela-
tionships as serious and long-term [58,61,62].

Subfertility. Ejaculation is often present in up to 
63–90% of men despite the extensive reconstructive 
procedures done for these patients. Sperm quality and 
quantity is impaired (at least in 40%) despite testes that 
are believed to be intrinsically normal. This may be due 
to partial obstruction, retrograde ejaculation, slow semi-
nal emission, or recurrent infections. Despite this, about 
half of men do not require assisted reproductive tech-
niques to father children [58,61,62].

The female genital complications
Loss of urethrovaginal septum occurs in rare situations. 
This usually occurs during dissection of urethral plate 
from the underlying vagina or transaction and lengthen-
ing of urethral plate with para-exstrophy flaps [56,63]. 
Mobilization of the BN, urethra, and vagina as a unit 
helps prevention of this complication [14].

Further reconstruction of the female genitalia, if needed, 
can be done during adolescent years. Mons-plasty with 
hair-bearing skin and fat should be used to cover the 
midline defect. Most patients required vaginal dilata-
tion or a cut-back/Y-V vaginoplasty to allow satisfactory 
intercourse in the mature female. Initiation of sexual 
activity tends to be delayed until early adulthood. All of 
the female patients described intimate relationships as 
serious and long term [63,64].

Uterine and vaginal prolapse occur in up to 50% of 
patients. Early primary bladder reconstruction may 
decrease this risk. Fixation of the uterus to the anterior 

abdominal wall in childhood may be helpful to prevent 
prolapse while allowing normal pregnancy [65]. Uterine 
suspension procedures such as sacrocolpopexy can cor-
rect uterine prolapse in the exstrophy patient and may 
preserve fertility in young patients [66].

Obstetric implications. Fecundity is unimpaired in 
female patients with exstrophy, but maintenance of a 
pregnancy is significantly more difficult and requires 
interdisciplinary cooperation. Successful pregnancy is 
reported in 10–25% of patients [67]. Complications in 
the past have included maternal deaths [2]. Nowadays, 
these pregnancies are more often complicated by:
• Obstetric complications that include uterine or vaginal 
prolapse (�50%), preterm labor (40%), miscarriages 
(28%), and malpresentation (25%). Bed rest is necessary 
in the later stages of pregnancy for most of these patients 
[68–70].
• Urinary complications that include transient second-
ary urinary incontinence, recurrent UTIs (17–52%), 
hydronephrosis requiring drainage (10%), Mitrofanoff 
difficulties, and ileal prolapse (in those with ileal con-
duit). Antibiotic prophylaxis is recommended and 
patients may require indwelling catheters. The usual 
voiding pattern can be resumed after delivery. Pregnancy 
has no long-term effect on renal function and does not 
compromise reconstruction [68–70].

Spontaneous vaginal deliveries (if not precluded 
by malpresentation) are done in those women who 
had undergone prior permanent urinary diversions. 
Vaginal delivery may carry the risk of obstructed labor 
(due to vaginal stenosis) and later prolapse. Most 
recommend elective cesarean sections before term for 
women with functional bladder closures to eliminate 
stress on the pelvic floor and the urinary sphincter 
mechanism [2,71].

Fascial abnormalities
• Fascial dehiscence may occur within 1 week after repair 
in up to 3% of patients and require immediate repair. 
This complication does not affect the integrity of the 
bladder or urethral reconstruction [14] (Figure 12.2).
• Inguinal hernias have been reported in 56–82% of boys 
and 11–15% of girls with bladder exstrophy, and 33% in 
boys with complete epispadias. Incarcerated hernias affect 
up to 50% of boys during the first year following their 
initial procedure. The incidence of synchronous or asyn-
chronous bilaterality is about 80%. At the time of blad-
der exstrophy closure, these hernias should be bilaterally 
repaired using a preperitoneal approach to the internal 
ring. The overall recurrence rate is 8–17% [72–74].
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Orthopedic complications
These are associated with the orthopedic management 
of exstrophy in about 4% of patients [75]. These include 
transient femoral nerve palsy, delayed union of osteotomy, 
and osteomyelitis.
• Complications of traction. Pressure sores and compart-
ment syndrome with permanent muscle weakness can 
occur with tight wrapping of legs [75]. Significant transient 
hypertension was reported with inappropriately applied 
traction [76]. We use a spica cast for 3 weeks for postop-
erative immobilization of neonates, which facilitates early 
discharge and nursing care with excellent results [14].
• Gait abnormalities in these children arise as a conse-
quence of underlying bone abnormalities. Many of these 
children initially learn to ambulate with a wide wad-
dling gait that resolves as the children grow. Few develop 
gait problems, hip dysplasia, or back pain [77]. A recent 
study showed that early pelvic osteotomy has long-term 
effects on patients’ instinctive walking patterns and neu-
tralizes some of the effects of bladder exstrophy [78].

Other complications
• Latex allergy. One-third of patients with bladder 
exstrophy developed latex symptoms and another third 
have latex sensitization. Multiple surgical procedures 
and atopy play a major role in the development of latex 
hypersensitivity [79].

• Psychosocial concerns and long-term adjustment. 
Children with exstrophy undergo multiple surgeries 
and have potential problems with respect to urinary 
continence, sexual function, and self-esteem problems. 
Children who achieved continence after the age of 5 
years are more likely to have problems with acting-out 
behavior. They do not have clinical psychopathology 
and improving outcomes may be achieved through a 
focus on normal adaptation [80]. Current recommenda-
tions include early psychiatric intervention and advised 
to continue with long-term psychiatric support into 
adult life [61]. There are a number of websites that can 
prove very helpful to parents and patients (http://www.
bladderexstrophy.com/support.htm).
• Mortality. Currently, exstrophy repair carries a low 
risk of mortality (up to 1.5% in the United States, all of 
whom had been born prematurely) [81]. Late mortality 
may be related to development of malignancy [3].

Conclusion

Although results of therapy are far from perfect, they 
reflect remarkable accomplishments from many physi-
cians. There is great potential for further improvement 
such that 1 day children born with exstrophy will be 
treated early and completely and never know that they 
had a major problem.
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Umbilical and Urachal 
Anomalies
Paul F. Austin

The urachus, or median umbilical ligament, is a cord-
like structure that is continuous with the anterior dome 
of the bladder inferiorly and extends in an extraperito-
neal fashion to the umbilicus superiorly. The urachus is 
a normal embryonic remnant of the primitive bladder 
dome and may be affected by disorders related to the 
arrest of its normal involution. There are four clini-
cal entities relating to the incomplete involution of the 
urachus during embryogenesis. These urachal anomalies 
include a patent urachus, urachal cyst, urachal sinus, and 
vesicourachal diverticulum (Figure 13.1).

Prevalence

Urachal anomalies are rare. In a large pediatric autopsy 
series, the historical incidence of a patent urachus is 1 
in 7610 cases and the incidence of a urachal cyst is 1 in 
5000 [1]. Another example of the infrequency of urachal 
anomalies includes a report of 315 cases accumulated 

Key points

• The urachus is an embryonic remnant of the 
allantois.

• The urachal anomaly subtypes are reflective of 
the location of the incomplete involution of the 
urachus.

• The medial umbilical ligaments are vestigial 
urachal structures and useful landmarks for 
identifying the ureters.

• Ultrasound and/or sinography are useful diagnos-
tic modalities for the majority of urachal anomalies.

13

(a) (b)

(c) (d)

Figure 13.1 Urachal anomalies: (a) patent urachus, (b) urachal 
cyst, (c) urachal sinus, and (d) vesicourachal diverticulum.
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over a 40-year period [2]. The most frequent urachal 
abnormalities that typically present are either an urachal 
sinus or an urachal cyst [3–5]. There is generally a 2:1 
incidence of urachal anomalies in males compared to 
females and urachal anomalies, usually present in early 
childhood, may be clinically silent and remain unrecog-
nized until adulthood.

Embryology

The urachus is an embryonic remnant of the allan-
tois [6]. The allantois in embryos of reptiles, birds, and 
some mammals has a respiratory function and may 
act as a reservoir for urine during embryonic life. The 
allantois remains very small in human embryos but is 
involved with early blood formation and associated with 
development of the urinary bladder [6]. As the bladder 
enlarges, the allantois becomes the urachus and is rep-
resented in adults as the median umbilical ligament. 
The blood vessels of the allantois become the umbilical 
arteries and veins. The obliterated umbilical arteries or 
medial umbilical ligaments are important landmarks 
to help locate the underlying ureters when perform-
ing surgery on the bladder and ureter (e.g. extravesical 
ureteroneocystomy).

The allantois arises from the yolk sac and extends 
to the cloaca – the precursor to the bladder (urogenital 
sinus) and the rectum (hindgut). With further develop-
ment and division of the urogenital sinus and hindgut 
by the urorectal septum, the allantois is initially con-
tinuous with the bladder but soon constricts and 
becomes a thick, fibrous cord called the urachus. During 
the 4th and 5th months of development, the urachus 
narrows to a small caliber tube lined by transitional epi-
thelium [7].

Anatomy

The urachus lies within the space between the perito-
neum posteriorly and the transversalis fascia anteriorly 
that is known as the space of Retzius [8]. The urachus 
is bounded by the umbilicovesical fascia, which extends 
laterally to each umbilical artery. Inferiorly, the fascial 
layers spread out over the dome of the bladder to the 
hypogastric artery posteriorly and to the pelvic dia-
phragm anteriorly. Thus, a potential pyramidal shaped 
space is created that is completely self-contained and 
separate from the peritoneal cavity. These fascial planes 

act to limit the spread of an urachal infection or neo-
plasm. Knowledge of this anatomy becomes important 
in the diagnosis and treatment of urachal diseases [9].

Clinical urachal anomalies

Urachal anomalies result from a failure of fibrosis and 
involution of the urachus during embryonic develop-
ment. A variety of clinical urachal anomalies exist and 
are dependent on where the failure of involution occurs 
in the urachal tract between the bladder and the umbili-
cus (Figure 13.1).

Diagnosis

The diagnosis of an urachal anomaly is made from 
a combination of presenting history, physical exam, 
and imaging. Periumbilical discharge suggests either 
a patent urachus or an urachal sinus while a palpable 
umbilical mass suggests an umbilical cyst. Patients may 
present with abdominal, suprapubic, or periumbilical 
pain. Periumbilical erythema and tenderness suggest an 
underlying infection and patients with urachal anoma-
lies may present with dysuria, fever, and a urinary tract 
infection.

A variety of imaging may be used to make the diag-
nosis of an urachal anomaly. The appearance of a fixed, 
midline, cystic, extraperitoneal swelling between the 
umbilicus and the bladder on ultrasonography (US) is 
suggestive of an urachal anomaly [10]. During a work-
up of abdominal or pelvic pain, computed tomography 
(CT) may allow the diagnosis of an urachal anomaly [11] 
Figure 13.3b. Several studies have advocated that US is 
the test of choice if an urachal cyst is suspected with a 
periumbilical mass and sinography is the best modality 
to identify a patent urachus or urachal sinus [3,4,12]. 
Other imaging modalities may diagnose urachal anoma-
lies including a voiding cystourethrogram (VCUG) may 
demonstrate an urachal diverticulum commonly seen in 
patients with prune belly syndrome.

Analysis of the umbilical fluids may provide another 
means of diagnosing an urachal anomaly. Fluid analysis 
would include measuring the umbilical fluid for con-
tent of urea and creatinine. Injecting methylene blue 
transurethrally or indigo carmine intravenously and 
observing a color change in the draining fluid; or con-
versely, injecting indigo carmine into the fistulous tract 
and looking for a color change in the urine may also 
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provide the diagnosis [9]. Finally, cystoscopy has also 
been reported to assist in the characterization of urachal 
anomalies [7].

Outcomes and complications of urachal 
anomalies

Congenital anomalies of the urachus represent an arrest 
of the normal process of involution of the urachus and 
may not present until adulthood. Common presenting 
symptoms are periumbilical discharge, umbilical mass, 
periumbilical pain, and dysuria [13]. Bladder prolapse or 
eversion has been reported in a patent urachus [14,15] 
mimicking an omphalocoele on antenatal scans. Sepsis 
secondary to a patent urachus has also been reported 
[16,17]. Urachal cysts may become infected. Usually the 
infection is restricted to the space of Retzius but occa-
sionally the cyst may rupture intraperitoneally with 
resultant bowel fistula formation [18]. A urachal sinus 
usually presents with symptoms and signs of localized 
sepsis. Occasionally, intra-abdominal contents may be 
densely adherent to the inflammatory mass and may 
be injured during resection. A vesicourachal diver-
ticulum rarely requires treatment unless it is large with 
poor emptying due to a narrow neck or paradoxical 
contraction.

In a report by Ueno and associates, the authors advo-
cate that patients with asymptomatic urachal remnants do 
not require follow-up, and urachal remnants, especially 
those under 1 year of age, do not require surgical resec-
tion unless the patient has multiple symptomatic episodes 
[19]. Their conclusions were based upon the finding of 
only 1 patient out of 44 patients that developed recurrent 
symptoms during follow-up (maximum follow-up was 
32 months). The authors also cite the spontaneous 
involution rate of the normal urachus during infancy 
[20] and found that nearly one-third of their asymp-
tomatic patients had disappearance of their urachal 
remnant.

One of the concerns of leaving an urachal remnant 
is if untreated, urachal carcinoma may develop within 
these anomalies. Urachal carcinoma is rare in children 
(0.01%) [21] and accounts for 0.34% of all bladder 
cancers [22,23]. The most common type is adenocar-
cinoma although other histological types have been 
reported [21,23–26]. The patients usually have a poor 
prognosis due to late presentation with local invasion. 
In a histologic review of 23 urachal remnants removed 
over a 10-year period, Upadhyay and Kukkady found 

normal urothelial lining in 17 urachal remnants, whereas 
6 (25%) showed abnormal epithelium. This abnormal 
epithelium included colonic epithelium, small intesti-
nal epithelium, and squamous epithelium which suggest 
concern for malignant degeneration. Given this poten-
tial risk of malignancy along with the minimal invasive-
ness of laparoscopy, a case may be made for laparoscopy 
as a treatment modality for asymptomatic urachal 
remnants [27].

Diagnosis and management of urachal 
anomalies

Patent urachus
A patent urachus usually presents itself at or soon after 
birth when the umbilical cord is ligated and urine drains 
from the umbilicus. Historically, lower urinary tract 
obstruction has been considered a contributing factor in 
its pathogenesis [28], but this is not seen in the majority 
of cases. In fact, urethral tubularization occurs after the 
urachal lumen obliterates during fetal development [29]. 
Subsequently, it suggests that infravesical obstruction has 
little influence on urachal development.

As previously mentioned, the diagnosis is frequently 
confirmed after injecting the patent urachal open-
ing with contrast during a sinogram or by analyzing 
the umbilical fluid. Other conditions that may present 
with a wet umbilicus include anomalies of the ompha-
lomesenteric duct (completely patent omphalomesenteric 
duct, omphalomesenteric duct sinus, vitelline cyst, 
Meckel’s diverticulum) or an umbilical granuloma [30].

In the management of a patent urachus, observation 
may be indicated in young infants without symptoms 
because the involution of the urachus is not complete 
at birth and spontaneous closure can occur in the first 
few months of life [31]. If there is an associated bladder 
outlet obstruction, management of the bladder outlet 
obstruction is often adequate to cause involution of the 
patent urachus.

When drainage is persistent, complete excision of the 
urachus with a small cuff of bladder by an extraperito-
neal approach is recommended [32] (Figure 13.2).

Urachal cyst
The majority of urachal cysts develop in the lower 
third of the urachus. Most urachal cysts go undetected 
unless they become infected or enlarge to a size caus-
ing mechanical symptoms [33]. Following enlargement 
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(c)

(a) (b)

Figure 13.2 Patent urachus: (a) patent opening inferior to umbilical cord, (b) patent urachus visualized on cystogram and sinogram, 
and (c) operative dissection of patent urachus.

of the cyst, symptoms include lower abdominal pain, 
a feeling of heaviness, and urinary frequency. Urachal 
cysts may become infected and develop into an urachal 
abscess. The majority of these are infected with 
Staphylococcus aureus [3,4] and these generally manifest 
in adulthood. US is the most common diagnostic modal-
ity to identify urachal cysts [4] (Figure 13.3a). CT scan is 
beneficial when there is a large cystic abscess or there is 
severe periumbilical cellulitis which may cause misinter-
pretation on ultrasound [12] (Figure 13.3b).

Treatment of urachal cysts involves complete excision. 
However, when infection is present, management by 
perioperative drainage and antibiotics followed by sub-
sequent elective excision may represent the most effec-
tive surgical option [34–36]. Excision of the urachal cyst 

may be done openly or may be performed laparoscopi-
cally [37,38].

Urachal sinus
An urachal sinus most likely represents an urachal cyst 
that becomes infected and dissects to the umbilicus 
(Figure 13.4). Additionally, an urachal sinus may drain 
into the bladder or it may drain into either the umbilicus 
or the bladder and is termed an alternating sinus. These 
patients typically present in childhood with periumbilical 
pain and tenderness and may have umbilical erythema, 
excoriation, or reactive granulation tissue. A fistulogram is 
usually diagnostic and will help delineate the extent of the 
sinus tract [4,12]. After treatment of the acute infection, 
surgical excision of the sinus tract is recommended.
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Vesicourachal diverticulum
A vesicourachal diverticulum is frequently seen in a child 
with prune belly syndrome. A vesicourachal diverticulum 
may be seen in the setting of lower urinary tract obstruc-
tion (e.g. posterior urethral valves) but may also be dis-
covered incidentally during an imaging work-up (e.g. 
VCUG for evaluation of vesicoureteral reflux). Patients 
who have this urachal anomaly are usually asymptomatic. 
A vesicourachal diverticulum is thought to occur when 
there is incomplete obliteration and closure of the lower 
portion of the urachus and the bladder apex. No treat-
ment is usually necessary since this anomaly is primarily 
morphological and bears no functional consequences.
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Cystoscopy and Cystoscopic 
Interventions
Divyesh Y. Desai

Introduction

Pediatric endoscopy has come a long way in the past two 
decades, and advances and refinements in fiber optic tech-
nology, along with miniaturization of equipment, allow 
endoscopic visualization of almost the entire urinary tract. 
Miniaturization has allowed the endoscopic appraisal of 
most neonatal urethras including those of preterm babies 
weighing 2000 g or more. There are a wide array of instru-
ments available today which allow for safe assessment and 
intervention with minimal complications provided one 
remains within the limitations of the available equipment.

Posterior urethral valves

Introduction
Posterior urethral valves remain the most common 
cause of lower urinary tract outflow obstruction in 

male infants with an estimated incidence of 1:5000 
live births. The majority are suspected on antenatal 
ultrasound screening and referred to specialist centers at 
birth. Modern endoscopic equipment along with long-
term outcome data has dramatically changed the surgical 
approach to valve treatment. In the past, many newborns 
were treated with a vesicostomy primarily because of 
the relatively large instrumentation available. Supra-
vesical diversions were in vogue due to their undisputed 
short-term benefits on renal function; however, the long-
term outcome of these diversions show no benefit for 
renal function and raise concern regarding the effect on 
outcome on bladder function. This chapter will cover the 
various approaches to the endoscopic ablation of poste-
rior urethral valves, their complications, and an approach 
to avoiding these complications in the 21st century.

Surgical techniques and outcomes
In 1972, Whitaker et al. [1] reported the results of 112 
patients in whom valves were ablated endoscopically 
with an infant McCarthy panendoscope, using either a 
bugbee (30) or a loop electrode (82) to destroy the valve 

Key points

• Primary endoscopic resection of both anterior 
and posterior urethral valves is the preferred 
treatment option in majority of cases.

• Routine second look procedures ensure 
completeness of resection and de-obstruction.

• With modern instrumentation and good surgical 
technique, complications directly related to 
endoscopic manipulation are rare, e.g. iatrogenic 
urethral strictures.

• Endoscopic treatment of pediatric urethral 
strictures is associated with a cure rate of 50%, 

 with best results achieved for the short segment 
idiopathic bulbar strictures.

• Endoscopic ureterocele puncture is an effective 
method of producing upper tract decompression 
and can be curative for the single system 
intravesical ureteroceles.

• JJ stenting as the initial treatment for primary 
obstructive megaureter is curative in up to 50% 
of cases but is associated with a high morbidity 
(up to 70%).
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membrane. In situations where the urethra (meatus and 
submeatal region) would not accommodate the instru-
ment, a small perineal urethrostomy was made by cutting 
down upon the tip of a small sound placed in the urethra, 
and the panendoscope was introduced via the perineum 
just distal to the external sphincter. The valve mem-
brane was ablated using coagulating diathermy current. 
Many authors have expressed concern about iatrogenic 
stricture disease with this technique. Whitaker does not 
report on the incidence in his series; however, Myers and 
Walker [2] reported a 50% incidence of strictures in his 
series of valves ablated in infancy with a 25% incidence 
in the group as a whole.

Whitaker and colleagues [1] reported a 33% inci-
dence of continuous incontinence with a further 55% 
stress incontinence in their series of 112 patients. It is 
difficult to attribute a cause to incontinence as some of 
their patients had additional bladder neck surgery, and 
the noncompliant valve bladder had not been ruled out. 
An addendum to that publication reported a dramatic 
improvement in daytime incontinence in five boys fol-
lowing treatment with imipramine.

In 1973, Williams and associates [3] advocated ablat-
ing the valves with a diathermy hook electrode under 
radiological control. This technique avoided a perineal 
urethrostomy and was successful in several cases, but 
complications arose when the hook engaged adjacent 
tissue like the bladder neck or verumontanum. Whitaker 
and Sherwood [4] subsequently modified the hook, 
which minimized the risk of adjacent tissue injury but 
did not completely eliminate it.

Hendren [5] was a proponent of valve ablation under 
direct vision and in the narrower urethra passed the 
insulated wire electrode (3F) alongside an 8F endoscope, 
a technique he described as “a little awkward.” He ablated 
the valves using cutting diathermy current and reported 
no strictures with this technique. Several boys in his 
series required further resection of the valves, and once 
again the continence outcome was muddied by synchro-
nous or metachronous bladder neck surgery.

In 1986, Diamond and Ransley [6] described the 
Fogarty balloon catheter ablation technique and noted that 
while not universally successful, they achieved satisfac-
tory results in nine of ten carefully selected patients. The 
bladder is filled with contrast material via a small feeding 
tube, which is then removed. A no. 4 Fogarty balloon cath-
eter is passed and the balloon inflated within the bladder. 
The catheter is then slowly withdrawn under fluoroscopic 
control until the balloon engages the valve. A sharp tug 
causes rupture of the anterior membrane. The balloon is 

then deflated and the catheter is removed. Cromie and 
associates [7] describe a similar procedure using a modi-
fied venous valvulotome in which under fluoroscopic 
control the valvulotome is used to engage and cut the 
obstructing membrane. They reported completeness of 
ablation in 13 of 15 patients treated. Both reports describe 
a 0% stricture incidence with their respective techniques.

Other described techniques include Mohan’s [8] ure-
thral valvotome in which the valves are engaged and 
destroyed without any fluoroscopy control and under 
local analgesia, relying on the instrument design to 
“catch” the valves. Mohan reports good results in eight 
boys treated using his instrument based on symptoms 
and improved radiologically findings on repeat voiding 
cystourethrogram (VCUG).

Percutaneous, endoscopic, antegrade diathermy valve 
ablation has been popularized by Zaontz and Firlit [9] 
with a subsequent description by Gibbons and associates 
[10] of endoscopic antegrade diathermy valve ablation 
through a vesicostomy.

A bugbee or insulated wire electrode passed through 
an infant (5–7.5F) cystourethroscope is a useful tech-
nique in very small infants. Similarly, laser ablation using 
the pottasium titanyl phosphate (KTP) (or Nd-YAG) 
laser via a small fiber passed through the working chan-
nel of the infant cystoscope has been reported as a safe 
technique in newborn infants with no stricture forma-
tion up to 3 years follow-up. This technique relies on 
coagulative necrosis of the membranous tissue and the 
tip of the electrode or fiber is placed in direct contact 
with the valve tissue and the current is applied. The 
process is repeated at multiple sites.

Videoendoscopy using a 8.5F (5° lens) to 10F (0° lens) 
resectoscope and a cold knife hook working element 
allow safe and effective ablation of urethral lesions with-
out risk of thermal injury or significant bleeding and can 
be employed in infants as small as 2000 g. At the present 
time, this is the safest and most effective technique for 
ablation of membranous lesions of the infant urethra and 
is the gold standard against which other techniques will 
be compared. The membrane is cut at the 5 and 7 o’clock 
positions until its connection with the verumontanum is 
lost. Some surgeons advocate additional routine incision 
at the 12 o’clock position. The bladder is drained via a 
6–8F feeding tube for 24–48 h and subsequently removed.

A review of the last 100 valve resections at the author’s 
institution using a bugbee/insulated wire or the cold 
knife resection technique shows a 21% incidence of 
re-resection at planned follow-up check cystoscopy and 
a 0% incidence of urethral stricture disease.
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The instrumentation available for valve ablation at the 
author’s institution includes:
1 6–7.5F graduated Wolff cystourethroscope with a 3F 
working channel
2 10, 11, or 13.5F resectoscopes with cold knife hook 
working element
3 Bugbee electrodes, Colling’s Knife, and resectoscope 
loops.
In situations where the available instrumentation was too 
large to be safely accommodated in the infant urethra, 
valve ablation was deferred to a later date. In the interim, 
the urethra was serially and passively dilated using increas-
ing calibre urethral catheters changed on a weekly basis.

Complications
Urethral stricture

Obstructive oliguria or anuria
True uretero–vesical junction obstruction is rare in boys 
with posterior urethral valves (PUV). Temporary UVJ 
obstruction, presumed to be due to entrapment of the 
UVJ by the thickened detrusor following decompression 
of the bladder, is seen not uncommonly in clinical prac-
tice. The oliguria or in severe cases anuria typically lasts 
for 24–48 h and resolves spontaneously. There may be 
associated perirenal urinary extravasation and nephros-
tomy drainage of one or both kidneys may occasionally 
become necessary, however most cases can be managed 
with a policy of watchful waiting.

Sarkis et al. [15], Noe and Jenkins, and Jordan and 
Hoover have all reported individual cases and Sarkis rec-
ommends use of non-self-retaining tubes to drain the 
bladder to minimize the risk.

Urinary tract infection
It is not uncommon for these children to have impaired 
renal function, making these neonates particularly vul-
nerable to developing urine infection following urethral 
instrumentation, VCUG, and valve ablation. In addition 
they may acquire drug resistant organisms and with pro-
longed antibiotic treatment, secondary fungal infections 
which are extremely difficult to treat.

Renal impairment
The condition is associated with considerable morbidity 
and accounts for 16% of children with end-stage renal 
failure and for 25% of all children with end-stage renal 
disease (ESRD) who undergo renal transplantation, 
according to the UK Transplant Registry 2005. Early 
renal failure is attributed to inherent renal dysplasia. The 
etiology of late onset renal impairment is more complex, 
and dysplasia, bladder dysfunction, and urinary tract 
infections are all implicated.

The fragile renal function in the neonatal period is 
exquisitely sensitive and vulnerable to fluid imbalance and 
urinary infection. Adequate precautions along with input 
from nephrological colleagues help to maintain optimum 
function and nadir creatinine levels along with a formal 
glomerular filteration rate (GFR) value at 1 year of age 
helps predict long-term outcome in these children.

Urinary incontinence
At the present time, urinary incontinence as a conse-
quence of valve ablation and associated sphincter damage 
is rare. In the past, a high incidence was reported: 33% 
continuous and an additional 55% stress incontinence in 
a series of 34 patients who had both valve ablation and 

Table 14.1 Incidence of urethral stricture following 
ablation of posterior urethral valves.

Author Age at  Number Follow-up Stricture 
valve  (n) (year) (%)
 ablation  
 (year)

Myers [2] �1  14 1–10 50
Myers [2] �1  14 1–10 0
Nijman [11] � and �1  85 5–19 0
Mitra [12] 0–15  82 1–21 3.6
Crooks [13] 1.5–?  36 4–? 08
Churchill [14] �1 to �1 173 ? 12

Dense strictures following diathermy ablation are on the 
decline and most recent series report a �5% incidence 
of strictures. Diagnosed early they may be amenable to 
dilatation or visual internal urethrotomy. Recurrent 
strictures or long segment strictures will require defini-
tive anastomotic or augmented urethroplasty.

Incomplete valve ablation
Completeness of valve ablation must be confirmed on 
 follow-up VCUG and or cystourethroscopy. Incidence of 
incomplete ablation varies and in our review was seen in 
21% of cases. It is more likely following bugbee or insu-
lated wire ablation through a small cystoscope, as the vision 
is limited due to relatively poor flow of irrigation fluid.

It is prudent to rescope the urethra within 6–12 weeks 
of the initial ablation to check completeness of resection, 
as the consequences of persistent obstruction are poten-
tially disastrous.
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bladder neck surgery [1]. The subsequent description of 
the valve bladder and the abnormal urodynamic patterns 
observed in these children clarified the etiopathogenesis 
of incontinence in majority of these patients.

Parkhouse and associates [16] reported daytime uri-
nary incontinence at 5 years of age to associate with 
poor long-term renal outcome. A further compounding 
factor, which may be responsible, is polyuria, secondary 
to impaired renal function.

Recent studies, which have prospectively looked at the 
development of bladder function in these children, have 
shown a high incidence of bladder dysfunction (up to 
70% [17]). Serial invasive urodynamic studies have doc-
umented a changing pattern over time with a different 
etiology for incontinence at varying time points [18].

Preventing complications
Urethral stricture
The neonatal urethra is extremely delicate and forced or 
over sized instrumentation will inevitably result in nar-
rowing. It is good practice to prophylactically dilate the 
meatus and submeatal region prior to introduction of 
the endoscopes. Generous lubrication and gentle manip-
ulation will minimize trauma. It is essential to have an 
array of instruments available, which will allow safe and 
satisfactory valve ablation.

The new pediatric resectoscopes have a blunt metal 
rounded tip compared to the Bakelite sharp beaks found 
on older instruments. This design feature helps to mini-
mize injury during introduction.

Cold knife incision is neat, specific, and not associated 
with surrounding tissue damage. Diathermy ablation has 
the potential to injure adjacent structures, and the cur-
rent can penetrate to the deeper tissues, which has the 
potential to promote scarring. A pure cut setting on the 
diathermy is less damaging than coagulating current and 
the smaller surface area of the Colling’s knife is more 
precise compared to the resectoscope loop.

Limiting operative time to a minimum, ensuring ade-
quate visualization of the important landmarks during 
resection, and minimizing postoperative bladder drain-
age all contribute toward lowering the risk of stricture 
formation.

It was felt that a “dry urethra” following valve ablation 
promotes stricturing; however, Mitra found no evidence 
to support this hypothesis in his study.

In the uncommon situation where the available 
instrumentation is found to be too large, deferring valve 
ablation or a temporary vesicostomy further reduce the 
risk of complications and improve outcomes.

Obstructive oliguria or anuria
Decompressing the bladder via suprapubic or urethral 
catheter usually results in a period of postobstructive 
diuresis. Paradoxically, draining the bladder can some-
times result in a temporary obstruction at one or both 
vesicoureteric (VU) junctions producing obstructive 
oliguria, anuria with or without calyceal rupture and 
urinomas. Sarkis et al. [15] have attributed this to the 
balloon of the urethral catheter obstructing the ureteric 
orifices in a small thick-walled bladder.

An alternative explanation is that the hypertro-
phied detrusor clamps down on the intramural part of 
the lower ureter, temporarily kinking of the lumen to 
occlude the flow of urine. We have observed this phe-
nomenon both pre and post valve ablation and we do 
not use balloon catheters to drain the bladder.

Avoiding balloon catheters, minimizing the length 
of tubing within the bladder when using feeding tubes, 
and avoiding repeated insertions by draining the bladder 
suprapubically (5F Cystofix® Minipaed) are measures 
that may minimize the risk. Slow decompression of the 
chronically distended bladder is recommended in adults, 
however this is difficult to achieve in the neonate.

Incomplete valve ablation and sphincteric 
incontinence
Adequate visualization during valve ablation is the key to 
successful and complete resection. A selection of instru-
mentation should be available to allow safe and satisfac-
tory ablation in majority of cases. Routine second look 
appraisal of the urethra within 6–12 weeks will minimize 
complications as a consequence of incomplete resection. 
Avoid concomitant bladder neck surgery as proposed 
recently [19] because in the past this approach has been 
shown to be associated with high morbidity.

Urinary tract infections and renal impairment
Routine prophylactic antibiotic and antifungal cover 
around the VCUG, and valve ablation minimizes the 
incidence of infections in the neonatal period. Antibiotic 
prophylaxis in infancy and ensuring a good fluid intake 
along with elective circumcision offered at the time of 
second look check cystoscopy are measures that will 
reduce the risk of urinary infections in infancy.

Conclusions
Video endoscopic valve ablation using the hook cold 
knife offers a safe and effective way to ablate the valves in 
the neonatal period. A lesser number will require abla-
tion using bugbee or insulated wire electrodes.
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Prophylactic dilatation of the urethra, generous lubri-
cation, avoiding forcible use of over sized instruments, 
and gentle manipulation minimize complications.

Routine second look procedures ensure completeness 
of resection.

Careful monitoring and recruiting nephrological col-
leagues in the care of these children optimizes outcome. 
Routine periodic follow-up with appropriately timed 
investigations to address aberrations in urinary conti-
nence and renal function ensure optimal long-term out-
come in these children.

Anterior urethral valves or syringocele

Introduction
Anterior urethral valves (AUV) were first described by 
Watts in 1906 as a cause of urethral obstruction in boys. 
The origin is attributed to a cystic dilatation (syrin-
gocele) of the main bulbourethral glands described by 
Cowper in 1705. The paired Cowper’s glands lie dorsal to 
and on either side of the membranous urethra. The ducts 
from these glands are 2–3 cm long and enter the urethra 
individually or fuse proximally to enter as a single ori-
fice. These mucus secreting glands begin to function by 
4 months, gestation and their secretion acts as a lubricant 
and transport medium for sperm during ejaculation.

The common location of the lesion, approximately 
1 cm proximal to the fossa navicularis, suggests a faulty 
union between the glanular and penile urethra as the 
cause. Other plausible explanations suggested include, 
congenital urethral stricture, abortive urethral duplica-
tion, and transient urethral obstruction in utero.

Rupture of the syringocele causes the distal lip to lift 
up and abut against the anterior wall of the urethra dur-
ing voiding, acting as a flap valve resulting in urinary out-
flow impairment. The diagnosis is made on an VCUG.

Clinical presentation is variable and includes prenatal 
hydronephrosis, penile swelling, urinary tract infections, 
and voiding symptoms like poor urinary stream and 
dribbling.

Surgical techniques and outcomes
Transurethral incision or fulgration of the valve is the proe-
dure of choice in the majority. Provided a significant defect 
in the corpus spongiosum has been eliminated on clinical 
exam and VCUG, no further intervention is necessary.

Bauer and associates [20], in a series of 9 cases over 
40 years, found incision to be successful in three-quar-
ters of cases, with one child requiring a subsequent 
urethroplasty.

Bagli et al. [21] in their series of 17 cases found this 
technique successful in all 6 cases treated with a transure-
thral incision of the valve leaflet.

A urethroplasty or diverticulectomy is recommended 
in cases where the spongiosal defect is large resulting in 
poor urethral support. The urethroplasty may be per-
formed as either a one- or two-stage procedure and the 
published results of two of the series mentioned earlier 
show a success rate approaching 100%.

A vesicostomy as the primary treatment has been recom-
mended in neonates and infants with associated high-grade 
bilateral vesicoureteral reflux (VUR). Subsequent manage-
ment will depend on the degree of the spongiosal defect 
and may include correction of  VUR.

In general, the effects of intravesical obstruction due to 
AUV are less severe than those due to posterior urethral 
valves (PUV). AUV cause few long lasting upper tract radio-
graphic changes and are associated with a chronic renal fail-
ure incidence of 0–5% compared to up to 60% in children 
with posterior urethral valves (PUV). Similarly, bilateral 
VUR is not associated with a poor prognosis in children 
with AUV suggesting majority of reflux is secondary and 
resolves after treatment of the AUV.

In Bagli et al.’s [21] series, patients with anterior ure-
thral valves were found to be continent of urine and free 
of urinary tract infections and obstructive symptoms at 
long-term follow-up.

Complications and management
Urinary extravasation
Urinary extravasation has been described in isolated cases 
following transurethral incision. In these patients, the sub-
cutaneous tissue and corpus spongiosum is attenuated 
and allows for urinary extravasation. On removal of the 
catheter and subsequent voiding, urine leaks to track along 
the penile shaft and scrotum producing a boggy swelling. 
Reintroduction of a urethral catheter and a further period 
of drainage usually resolve the problem. Aspiration or 
drainage may be indicated if the urinoma is infected and 
in rare cases a subsequent urethroplasty may be necessary.

Urethral fistula
Urethral fistulae may occur following one- or two-stage 
urethroplasty and are managed in the same way as those 
occurring following a hypospadias repair.

VUR
Persistent VUR following successful relief of obstruction 
due to AUV may require intervention if symptomatic. 
Treatment options include endoscopic correction and 
surgery. Bladder dysfunction is rare in children with AUV.
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Conclusions
AUV is a rare cause of male urethral obstruction; the 
majority can be treated endoscopically and the condi-
tion is associated with good long-term outcome for both 
renal and bladder functions.

Urethral strictures

Introduction
Pediatric urethral strictures are uncommon and their 
etiology can be divided into “inflammatory,” traumatic, 
and idiopathic. The inflammatory category includes 
nonspecific urethritis, lichen sclerosis balanitis xerotica 
obliterans (BXO), and urethralgia posterior. Trauma is 
commonly iatrogenic and attributed to instrumenta-
tion or surgery but also includes the more dramatic fall 
astride and road traffic accident (RTA) injuries. The 
majority of the idiopathic strictures occur at the junc-
tion of the proximal and middle sections of the bulbar 
urethra in adolescents or young adults with no previous 
history, suggesting a “congenital” etiology.

In the pediatric population, the most common cause 
of strictures is previous hypospadias repair and in one 
series [22] was responsible for 40% of cases. Other eti-
ologies include idiopathic in 18%, postinstrumentation 
in 12%, traumatic in 10%, and the remaining following 
surgery for ano rectal malformation (ARM), pelvic radi-
ation, balanitis xerotica obliterans (BXO), and posterior 
urethral valves (PUV) ablation.

Surgical techniques and outcomes
The time-honored method of treatment is urethral dila-
tation, which stretches the stricture and more commonly 
disrupts it. An alternative treatment with an equally long 
history is a urethrotomy. Initially this was performed 
blindly but with the development of endoscopic instru-
mentation is now carried out under vision. It is now 
widely accepted that both dilatation and urethrotomy 
are equally effective and can cure up to 50% of short 
bulbar strictures when first used. Alternatives such as 
laser urethrotomy, indwelling urethral stents, or inter-
mittent self-catheterization are not curative and of these 
only self-catheterization is occasionally helpful.

If instrumentation is required more frequently or is com-
plicated then a urethroplasty is the only curative option.

Excision and end-to-end anastomosis or anastomotic 
urethroplasty is the best option for short strictures, 1–2 cm 
long of traumatic or idiopathic origin in the bulbar or 
membranous urethra. For all other locations or recurrent 
strictures �2 cm in length, a substitution urethroplasty 
is the procedure of choice. A stricturotomy and patch 

graft (foreskin, posterior auricular Wolfe graft, or buccal 
mucosa) is more successful than excision and circum-
ferential repair, and in situations where excision of the 
stricture becomes necessary, a two-stage repair is a more 
successful and reliable option [23].

Outcome of visual internal urethrotomy

Table 14.2 Outcomes of visual internal urethrotomy for 
urethral stricture.

Author Number  Success Follow-up
 (n) (%) (month)

Kirsch et al. [22]  40 50 24
Stormont et al. [24] 199 68 42
Pansadoro and 
Emiliozzi [25] 224 32 60
Heyns et al. [26] 163 39 24
Gonzalez et al. [27]  37 21 ?

Complications of visual internal 
urethrotomy
Well-recognized complications of internal urethrotomy 
include:
1 Bleeding
2 Fever
3 Epididymitis
4 Incontinence

Table 14.3 Incidence of complications of visual internal 
urethrotomy.

Author Number (n) Complication rate (%)

Kirsch et al. [22]  40 04
Stormont et al. [24] 199 18
Smith et al. [28] ? 27
Muller et al. [29] 937  6.7

In the adult literature, serious complications like erectile 
dysfunction, rectal perforation, and chordee have been 
described [30,31].

Conclusion
Visual internal urethrotomy is a minimally invasive pro-
cedure associated with a cure rate of approximately 50% 
in carefully selected cases.

The best results are achieved in short-segment idi-
opathic bulbar strictures with a low-associated compli-
cation rate.
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If a patient develops a recurrent stricture following a 
urethrotomy, however long the interval, further instru-
mentation is rarely curative. Similarly, penile or long-seg-
ment strictures are rarely cured by urethrotomy. In these 
situations it is best to proceed to a urethroplasty early.

Endoscopic management of ureteroceles

Introduction
The aim in ureterocele management is prevention of 
renal damage secondary to obstruction (with or without 
the associated comorbidity of VUR and urinary infec-
tions). The treatment should at the same time maintain 
continence and minimize surgical morbidity. Endoscopic 
puncture is minimally invasive, can achieve definitive 
decompression or act as a temporizing procedure that 
reduces the risk of infection and has the potential to 
allow recovery of renal function.

It is generally accepted that endoscopic puncture 
of the ureterocele is a definitive procedure in children 
with a single nonrefluxing system with an intravesical 
ureterocele.

The management of children with ectopic ureteroceles 
and ureteroceles associated with duplex systems is contro-
versial, with management strategies ranging from periodic 
follow-up to open ablative and reconstructive surgery.

Surgical techniques and outcomes
Montfort and associates [32] described endoscopic ure-
terocele incision in 1985 and found that a small incision 
was less likely to cause reflux compared to the previous 
practice of deroofing the ureteroceles.

In 1994, ureterocele puncture was described which has 
supplanted incision to become the mainstay in the endo-
scopic management of ureteroceles.

The success rate of endoscopic management when 
assessed by the rate of decompression and subsequent 
urinary tract infections has been shown to be high 
although outcomes from some groups suggest that it is 
ineffective in preventing urinary infections. Endoscopic 
management is most successful in patients with intra-
vesical single system ureteroceles. In children with 
ectopic ureteroceles associated with duplex systems, 
endoscopic puncture does not appear to be definitive, 
but it is successful in achieving decompression and mini-
mizing the risk of urinary tract infections.

A recent meta-analysis of surgical practice in the 
endoscopic management of ureteroceles by Byun and 
Merguerian [33], where the outcome measure was sec-
ondary operation concluded:

1 Reoperation rate was significantly greater in patients 
with ectopic compared to intravesical ureteroceles.
2 A greater rate of reoperation in patients with duplex 
versus single system ureteroceles.
3 Presence of reflux preoperatively was associated with a 
significantly greater risk of reoperation.
The drawback of this meta-analysis is that the outcome 
measure of reoperation includes surgery for persist-
ent reflux and a residual nonfunctioning decompressed 
upper moiety of a duplex system. The management of 
these clinical situations is varied and does not necessar-
ily mandate further surgery.

Complications and their management
Inadequate decompression
Ureterocele management has moved from the extensive 
deroofing to the current precise puncture of the lesion 
in a dependent position. This approach can result in an 
inadequate opening, particularly in thick-walled urete-
roceles, causing persistent obstruction. Antibiotic proph-
ylaxis and a repeat ultrasound assessment 4–6 weeks 
following the procedure will minimize the risk and will 
help determine the need for further puncture.

VUR
Ipsilateral or contralateral VUR into the lower moiety may 
persist following ureterocele decompression and occasion-
ally VUR into the decompressed moiety may develop fol-
lowing endoscopic intervention.

Asymptomatic VUR is not in itself an indication for 
further intervention and may be a reflection of the devel-
opmentally distorted anatomy at the trigone. Persistent 
VUR in association with recurrent breakthrough urinary 
tract infections or voiding dysfunction will determine 
the need for further surgery.

Voiding dysfunction
Voiding dysfunction occasionally develops following 
ureterocele puncture, particularly in association with 
large thin-walled ureteroceles. The distal lip can act as a 
flap valve to obstruct the bladder outlet during voiding. 
Treatment usually involves excision of the ureterocele, 
repair of any defect in the bladder wall with or without 
ureteric reimplantation.

With the more complex caecoureteroceles there may 
be associated bladder neck deficiency which results in 
urinary incontinence. They tend to occur in females and 
the trigone is grossly abnormal. Surgical intervention in 
such cases is indicated for continence and in addition 
to ureterocele excision and repair some form of bladder 
neck surgery is necessary in order to improve continence.
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Conclusions
Endoscopic ureterocele puncture is an effective treat-
ment modality for producing upper tract decompression 
and minimizing the risk of urinary tract infections. It is 
curative in the majority of single system intravesical ure-
teroceles and effectively decompresses a significant pro-
portion of obstructed upper moieties of duplex systems 
so that no further interventions are necessary in carefully 
selected cases.

JJ stenting for primary obstructive 
megaureter

Introduction
The majority (up to 80%) of perinatally detected pri-
mary obstructive megaureters resolve spontaneously, 
hence conservative management with watchful waiting is 
considered a safe initial approach for this condition. An 
increasing number of these cases are detected on routine 
antenatal screening and can result in a clinical dilemma 
when associated with ipsilateral reduced renal function. 
The need to temporize bladder/trigone surgery before 
1 year of age because of the fear of jeopardizing evolv-
ing bladder function further compounds the problem. 
External urinary diversion is a well-established tempo-
rizing measure but is not without problems. Stenosis, 
inadequate drainage, and the need for further surgery 
suggest the need to look for alternative treatment modal-
ities. JJ stenting of the vesicoureteric junction (VUJ) is 
one such minimally invasive alternative to achieve tem-
porary internal drainage.

Surgical techniques and outcomes
JJ stenting for symptomatic VUJ obstruction in infancy 
was reported in 1999. The limitation to endoscopic inser-
tion in infancy is the calibre of the urethra and available 
instrumentation. 3F/12 cm length ureteric JJ stents are 
available (Rusch International, Germany) which are suit-
able for endoscopic insertion.

Indications for stenting include distal ureteric dila-
tation �10 mm, reduced differential renal function 
(�40%), a drop in differential function, and an obstruc-
tive curve on diuretic renography.

The ureteric orifice and distal end of the ureter can be 
difficult to negotiate and conversion rates to open cystot-
omy, dilatation, and open insertion (of a larger 5F or 6F) 
of the stent are high.

In cases of bilateral megaureter, a single longer length 
(20–24 cm) stent can be used, with the looped ends up 

the ureter and a short length of the straight segment 
forming a bridge between the ureteral orifices. Open 
insertion was necessary in 50% of cases in Grazia et al.’s 
[34] series and can be higher.

The stents are left in position for 6 (recommended) to 
9 months and the urinary tract is periodically assessed 
with ultrasonography and isotope renography during 
this period. Antibiotic prophylaxis is recommended. 
Fifty percent of cases treated in this manner require no 
further intervention [34]. Morbidity associated with this 
approach has been reported as high as 70% due to stent-
related complications.

Complications
• Breakthrough urinary infections
• Stent blockage/encrustations
• Bladder spasms
• Hematuria
• Fungal urinary tract infection

Management of complications
Careful monitoring with monthly ultrasonography for 
the first 3 months following stent insertion is prudent. 
Consideration must be given to synchronous circumci-
sion with stent insertion in male patients. Ensuring a 
minimum amount of free tubing within the bladder 
will minimize bladder spasms. A high index of suspi-
cion must be maintained when interpreting fi ndings on 
ultrasound of debris within the collecting system, and 
urine must be examined for hyphae to rule out fun-
gal infections. In the event of stent-related complica-
tions, early removal followed by either a diversion or 
reimplantation is warranted in the presence of ongoing 
obstruction.

Conclusions
JJ stent insertion across the VUJ can allow effective 
drainage in primary obstructive megaureters and in a 
proportion (up to 50% [34]) is curative.

There is some evidence to suggest that in those requir-
ing subsequent reimplantation of the ureter, the need for 
ureteral tapering is obviated but the numbers are small.

The technique is associated with a high morbidity rate 
(up to 70% [34]) and a high rate of conversion to an 
open insertion method.

Given the high spontaneous resolution rate in primary 
obstructive megaureter and the high complication rate 
associated with stenting, its use should be restricted to 
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carefully selected cases that are very critically monitored 
following placement of the stent.

The technique’s potential to decrease the need for ure-
teral tapering needs further evaluation.

Botox® injections for neurogenic 
bladder dysfunction

Introduction
Neurogenic bladder and bowel dysfunction is present in 
a large proportion of children with neural tube defects 
and caudal regression syndrome. Detrusor overactiv-
ity, impaired bladder compliance, and detrusor sphinc-
ter dysynergia are responsible for deterioration in 
renal function and early management in these patients 
remains controversial. It is generally agreed that aim of 
urological management in these children is preservation 
of the upper tracts in infancy and early childhood and 
the subsequent attainment of urinary continence in later 
life. The management of the hostile bladder is varied, 
ranging from anticholinergic medication with or with-
out clean intermittent catheterisation (CIC), urinary 
diversion (vesicostomy), to bladder augmentation with 
a catheterisable channel to aid bladder emptying. Of 
these, anticholinergic medication is the least invasive and 
reversible of the options and is the preferred first choice 
by both patients and physicians.

However, problems arise when nonsurgical treat-
ment fails. Approximately 10% of patients are nonre-
sponders to anticholinergic medications and a further 
proportion develop side effects to these drugs even 
when administered intravesically. Restoring safe bladder 
dynamics in these patients has thus far been achieved 
by bladder enlargement surgery until the publication of 
encouraging reports describing the beneficial effects of 
Botulinum-A toxin into the hyper-reflexive detrusor in 
adults with spinal cord injuries.

Surgical techniques and outcomes
Botox® in the dose of 10 IU/kg (maximum 300 IU) or 
Dysport® in the dose of 40 IU/kg (maximum 1200 IU) is 
injected submucosally into the detrusor muscle, at mul-
tiple sites sparing the trigone. The effect usually lasts for 
9–12 months and can be repeated if necessary.

Evaluation of outcomes in the limited studies pub-
lished in children so far suggests significant subjective 
and objective benefits as evidenced by:
• Decrease in detrusor overactivity
• Increase in bladder compliance

• Increase bladder capacity
• Reduction in detrusor voiding pressures
In addition one study has noted a significant improvement 
in bowel symptoms in 66% of the patients treated [35].

Complications
Early reports suggest that this is a safe treatment with a 
small risk of hematuria and urinary infection. Urinary 
retention is a theoretical possibility and patients 
are counselled regarding the need for intermittent 
catheterization.

Conclusions
Preliminary results suggest Botulinum-A toxin to be a 
safe alternative in the management of neurogenic blad-
der dysfunction and the improvements demonstrated 
in urodynamic parameters and continence are encour-
aging [36]. There is some suggestion that this may have 
beneficial effects on bowel function and needs further 
validation.

The unanswered question is whether or not repeat 
injections provide long-term relief without the develop-
ment of an antibody response to repeated exposure, and 
if so this treatment holds promise in carefully selected 
cases. If shown to be safe in the long-term, an extended 
application will be in the treatment of resistant nonneu-
rogenic bladder dysfunction.
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Vesicoureteric Refl ux
Christian Radmayr

Introduction

For more than two decades, subureteric injection for treat-
ing vesicoureteric reflux (VUR) has been used as an alter-
native to conventional open surgical therapy [1]. A variety 
of agents have been used to correct VUR; these include: 
polytetrafluoroethylene, cross-linked bovine collagen, syn-
thetic calcium hydroxyapatite ceramic, autologous chondro-
cytes, and polydimethylsiloxane. But following the approval 
of dextranomer/hyaluronic acid copolymer (Dx/HA) as 
a bulking agent by the Food and Drug Administration 
(FDA) in 2001, the interest in the endoscopic management 
of VUR has become increasingly popular. The minimally 
invasive nature of the procedure and the encouraging 
results make it a very attractive alternative to either pro-
longed antibiotic prophylaxis or open surgery [2].

Surgical techniques

Transurethral subureteric injection
The standard method for endoscopic treatment of VUR 
was originally developed and described in by Matouschek 

more than 25 years ago [3]. Following this initial expe-
rience tetrafluoroethylene paste was introduced by 
O’Donnell and Puri and clinically popularized [4]. 
However, concerns regarding particle migration [4] arose 
and this substance never gained FDA approval. In this 
procedure the implant is placed underneath the ureteric 
orifice in the bladder creating a bolus, which lengthens 
the submucosal tunnel of the ureter and may additionally 
serve as a fixation point as well [5]. This procedure is car-
ried out with the child in lithotomy position under gen-
eral anesthesia. A routine 9.5 french pediatric cystoscope 
with a working channel is mandatory. Under direct vision 
the needle enters the submucosal space approximately 
2–3 mm distal to the refluxing orifice at the 6 o’clock 
position and the needle is moved forward approximately 
4–5 mm while injecting the bolus.

After successful injection a bulge appears in the floor 
of the ureter and the orifice looks volcano shaped with 
the ureteral entering in a sickle-shaped contour. No post-
operative urine drainage is necessary and the child can 
be discharged the same day after voiding spontaneously.

Hydrodistension implantation technique
Using the hydrodistension technique the bulking agent 
is placed differently using the flow of water from the 
cystoscope to distend the very distal part of the ureter. 
The substance is placed submucosally but within the 

Key points

• Endoscopic treatment is an option when dealing 
with vesicoureteric reflux.

• Endoscopic treatment has an excellent safety 
profile and is a simple outpatient procedure.

• Success rates of 79% after single use are 
achievable depending on different substances 
and injection techniques.

• Success rates decrease with increasing 
reflux grade.

• For higher reflux grades multiple treatments 
may be necessary.

• Long-term follow-up data up to 7.5 years after 
successful injection prove the durability of 
therapy.

• Endoscopic treatment is an option for duplex 
systems, neuropathic bladders, after initial 
treatment failure, or even after failed open 
reimplantation.

15

Pediatric Urology: Surgical Complications and Management
Edited by Duncan T. Wilcox, Prasad P. Godbole and Martin A. Koyle

© 2008 Blackwell Publishing Ltd.  ISBN: 978-1-405-16268-5



112 Part V Endoscopic Surgery of the Urinary Tract

ureteric tunnel. With this modification the whole floor 
of the intravesical ureter is lifted up and subsequently 
the injected bolus leads to a complete cooptation of the 
intravesical ureter [6, 9 ]. With this sort of intraureteral 
injection combined with hydrodistension, a success rate 
of 90% or even higher for each reflux grade is reported 
in the short term, which is only slightly lower than the 
results for ureteral reimplantation. But this series repre-
sents a single center’s experience only and it still has to be
proven by other institutions as well as in the long term.

A study comparing the hydrodistension technique 
with the original subureteric injection method revealed 
a success rate of 89% versus 71% 3 months postopera-
tively as proven by standard voiding cystourethrogram. 
This difference in outcome is statistically significant with 
a p-value of less than 0.05 [10].

Outcome after subureteral injection
in single systems

A meta-analysis [3] on reflux resolution after endo-
scopic therapy revealed a resolution rate following a sin-
gle injection in children without ureteral duplication or 
neuropathic bladder of 67.1%, irrespective of grade or 
bulking agent. In these studies with a total population of 
882 patients, polytetrafluoroethylene, collagen, dextrano-
mer, polydimethylsiloxane, and chondrocytes were used 
as bulking agents. When calculating success rates by ure-
ters (total number of ureters was 2450), the resolution 
rate was higher at 75.7%. When analyzed by reflux grade 
success of endoscopic therapy was highest at 78.5% for 
grades I and II, intermediate for grade III reflux (72%), 
and progressively lower for grades IV (63%) and V reflux 
(51%), respectively (Figure 15.1).

The long-term results are available for polytetrafluor-
oethylene with a published follow-up period of 10–16 
years [7] with a total of 258 children (205 girls, 53 boys) 
with a total of 393 ureters treated and an age range 
from 3 months to 14 years (mean age 5.1 years). All chil-
dren had high-grade reflux (grades III–V). One hundred 
and twenty-nine were bilateral, 92 unilateral, and 37 
refluxing duplex systems with 6 of these bilateral, respec-
tively. Complete reflux resolution after the first injec-
tion comprised a total of 76.8% with a further cessation 
of VUR after the second injection in additional 13.5% 
(Figure 15.2).

Multicenter studies of subureteral teflon injections in 
a large series of 8332 children (12,251 refluxing ureters) 
with 41 centers worldwide involved a reflux cessation rate 
of 75.3% (according to affected ureters) after single injec-
tion and an additional 12% after second injection and a 
supplementary 2% after three or four injections [8].

A series using synthetic calcium hydroxyapatite 
reported a resolution rate of 24 out of 74 patients at 1 and 
2 years (32%). Ureteral resolutions were 46% and 40% at 
1 and 2 years, respectively. But with 35 patients treated 
and 85% compliance with the required 2-year voiding 
cystourethrogram, the primary center achieved 2-year 
cure rates of 66% of patients and 72% of ureters [6].

Concerning outcome after single injection using the 
modified technique with intraureteral injection com-
bined with hydrodistension, a success rate of 90% or 
even higher for each grade (I–V) is reported, which is 
indeed only slightly lower than the results for open reim-
plantation procedures [10]. The question is whether 
these outstanding results can be proven at other centers 
as well in a prospective multicenter setting and whether 
these results are durable.

Figure 15.1 Reflux resolution after single 
injection for different reflux grades based on a 
meta-analysis. (Adapted from Elder [2].)
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Altogether the published series are lacking important 
information in case of failure after first injection. Neither 
grades during the second injection are reported, nor 
intraoperative findings such as shifting or vanishing of 
the bulking agent. A possible assumption might be that 
there would be a tendency toward downstaging reflux 
grade during the second treatment course. The success 
with the second procedure was only 54.4%, compared 
to 67.1% for the first injection when patient resolution 
was assessed. In case the first two injections were unsuc-
cessful, the published studies account a fairly low suc-
cess rate for a third attempt at only 33.9% [3]. Of course 
according to that meta-analysis the aggregate success rate 
following 1, 2, or even 3 procedures was 85–87% when 
ureters and patients were analyzed. This outcome is cer-
tainly comparable to the favorable success rates of open 
reimplantation techniques with the disparity that it may 
take two or even three events under general anesthesia to 
achieve this outcome.

Outcome in duplicated systems

The entity of complete ureteral duplication and associated 
high-grade VUR (IV and V) is related to a definitively 
lower spontaneous resolution rate than compared to those 
with a single collecting system [9], whereas in children 
with low-grade reflux and a duplicated collecting system 
the available published data are contradictory [10]. A 
meta-analysis clearly pointed out a significantly lower suc-
cess rate for a duplicated system following a single injec-
tion compared to a single system [3]. Perhaps the altered 
ureteral anatomy in patients with a duplicated system can 
cause technical difficulties that may lead to shifting or 
malpositioning of the bulking agent [11].

A published series, using Teflon, investigated 43 
patients with duplex systems. All patients had lower pole 
reflux and 29 also had upper pole reflux. After 2–8 years’ 
follow-up they reported a success rate of 87% with a sin-
gle injection [12]. Other series with the use of that bulk-
ing agent showed similar results with over two-thirds
of complete resolution rate and almost 90% downstag-
ing of reflux grade after one injection with a follow-up 
of 2 years [13].

Outcome in neuropathic bladders

Reflux in children with neuropathic bladder is unlikely 
to resolve spontaneously, with significantly lower resolu-
tion rates than in normal bladders [3]. Such bladders are 
often noncompliant with a thickened bladder wall and a 
high detrusor pressure. Of course reflux can be partially 
controlled by various bladder decompression proce-
dures, but despite that it rarely resolves spontaneously. 
Endoscopic treatment has also become popular in these 
cases although significant detrusor fibrosis may some-
times cause difficulties in achieving proper placement 
of the bulking material. Some authors report that subu-
reteral placement of the material has not been possible 
because the orifices could not be identified due to severe 
trabeculation [14]. Moreover, continuing high detru-
sor pressure might add to displacement of the injected 
material. Therefore, it is recommended to maintain a low 
intravesical pressure generally by using anticholinergics 
and clean intermittent catheterization. Another impor-
tant aspect is that neuropathic bladders are potentially 
infected. Consequently antibiotic prophylaxis is another 
tool to achieve a proper outcome. Unfortunately in a 
meta-analysis, the attempt to analyze the results of endo-
scopic treatment in this particular patient population 
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polytetrafluoroethylene. (Adapted from Puri [8].)
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was ineffective due to insufficient data [3]. Only single 
center experiences with the use of Teflon are available 
reporting success rates of 55% and above after a single 
injection. However, recurrence has been as high as 30% 
in some series [15,16].

Outcome after initial treatment failure

Failures of endoscopic treatment are still seen in many 
patients; a repeat injection is considered before opting 
for an alternative treatment modality. A recently pub-
lished single center series of 42 children with 37 girls 
and 5 boys and an age range from 18 months to 14 years 
reported a successful outcome in 35 of these children 
(83%) and in 47 of the total of 53 ureters (89%) treated, 
respectively using the hydrodistension implantation 
technique and dextranomer/hyaluronic acid as bulking 
agent. Ureteral success as categorized by preoperative 
VUR grade was 88% for grade I, 92% for grade II, and 
85% for grade III [17] (Figure 15.3). Interestingly in this 
series the most common finding noted on repeat cystos-
copy was caudal migration of the implant. The authors 
concluded that material migration might be secondary to 
bladder contractions or, more likely, ureteral peristalsis

although the real causes might be multifactoral and are 
still not clearly understood.

Outcome of endoscopic treatment
for persisting reflux after ureteral
reimplantation

Patients with previously failed open ureteral reimplan-
tation usually have the same treatment options as for 
newly diagnosed children with VUR including observa-
tion with antibiotic prophylaxis, open redo procedures, 
and subureteral injection of bulking agents. The recur-
rence rate of VUR after open ureteroneocystostomy is 
approximately 2–4% [18]. Reoperation in failed reim-
planted ureters is a major undertaking associated with 
a significant morbidity [19]. A meta-analysis exposed a 
success rate of 65% in these cases of persisting postop-
erative reflux with only one injection [3]. Unfortunately, 
the reviewed articles lacked the information on the dif-
ferent reimplantation techniques used.

A recently published single center experience using dex-
tranomer/hyaluronic acid in 12 patients with 14 refluxing 
ureters stratified their heterogeneous patient population 
[20]. Before open ureteroneocystostomy three ureters had 
a grade V reflux, three had an associated ureterocele, one 
had prior open ureteroneocystostomy, and one had an 
associated neurogenic bladder secondary to caudal regres-
sion syndrome. Nine of these ureters were implanted using 
the Politano-Leadbetter technique, two using the Glenn-
Anderson technique, and one using the Cohen cross-
trigonal technique. Additionally, ureteral tapering was 
necessary for two ureters and common sheath reimplan-
tation for a total of four ureters. Only nine patients with 
a total of 10 ureters were available for adequate follow-up. 
Ureteral success was reported in 7 out of 10 ureters after 
the initial injection. Of the three failed ureters reflux grade 
was unchanged in one, downgraded in another one, and 
resolved ipsilateral but new contralateral reflux in the 
remaining one. The authors conclude that considering the 
difficulties inherent in repeat surgery and the high success 
rate of dextranomer/hyaluronic acid injection, this alter-
native treatment is an appealing and reasonable option for 
patients failing open surgery.

Complications

So far there have been no product-related serious adverse 
events encountered independent of the injected material. 
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Polytetrafluoroethylene as well as polydimethylsiloxane 
have possible migration potentials as described in several 
animal studies [4,5]. But so far no clinical data are avail-
able on children treated with these substances.

Urinary tract infections
In a long-term survey of 228 treated children, the fre-
quency of a urinary tract infection was as low as 8% 
(19/228) after the injection of dextranomer/hyaluronic 
acid. But only one case of urinary tract infection was 
directly related to the treatment itself, whereas the remain-
ing happened more than 3 months after the procedure till 
the end of the follow-up period of a total of 6 years [21].

Ureteral obstruction
Postoperative obstruction is a concern since occlusion 
of the orifice is a major goal in the treatment procedure. 
This may lead to postoperative flank pain in the affected 
children. With the use of dextranomer/hyaluronic acid an 
incidence of 4% was reported, but all of them were self-
limiting without any need for intervention [9,10,25]. So 
far only a single case of a ureteral stenosis after injection of 
dextranomer/hyaluronic acid has been reported in the lit-
erature. In this particular case, it remained unclear whether 
this was due to the injected material itself since the treated 
refluxing ureter was a dysmorphic ureter anyway [22].

In the long-term follow-up in a series of 258 chil-
dren with high-grade (grades III–V) reflux treated with 
subureteral polytetrafluoroethylene injections, only one 
obstruction occurred [11]. This patient was readmitted 
to hospital because of severe unilateral ureteral obstruc-
tion the day after bilateral subureteric injection of poly-
tetrafluoroethylene for grade IV reflux. A ureteral stent 
had to be placed for 5 consecutive days till the edema at 
the ureterovesical junction subsided. A long-term follow-
up voiding cystourethrogram of this patient 9 years later 
revealed no reflux and no obstruction.

De novo contralateral reflux
Contralateral de novo reflux after endoscopic treatment 
occurs in about 10–32% [23]. It has been suggested that 
surgical distortion of the contralateral trigone during the 
procedure or the elimination of a low-pressure pop-off 
mechanism from the bladder may result in contralateral 
neoreflux. In a series of 495 children treated with poly-
tetrafluoroethylene with unilateral grades III–V reflux, 
37 (7%) developed neocontralateral VUR after previous 
successful correction of VUR, with 40% of these occur-
ring within the first 3 months [11]. Another study of 134 
children treated unilaterally with dextranomer/hyaluronic 

acid revealed a de novo contralateral reflux incidence of 
4.5% (6/134), 3 months after the injection [9,10]. These 
two studies suggest that if this phenomenon of new onset 
contralateral reflux is due to a pop-off mechanism, then 
the incidence would be similar in both open surgical and 
endoscopic techniques; however, the lower incidence with 
injection procedures suggests that trigonal distortion dur-
ing open surgery is the more likely mechanism [24].

Concerning technical skills the learning curve with 
either injection technique (conventional subureteral injec-
tion or modified intraureteral injection combined with 
hydrodistension) has to be taken into account. Available 
date clearly demonstrate that improvement in success to 
70% with a single-treatment course is achievable after the 
first 20 cases. But to reach an improved outcome of 80% 
or even more a total of 100 cases is necessary [9]. This 
study clearly points out that any endoscopic intervention 
for treating VUR should be concentrated in centers with 
appropriate settings and numbers of cases. Especially in 
rather complicated cases like duplicated system, this is 
even more mandatory, since a published meta-analysis [3] 
ruled out a significantly lower success rate for endoscopic 
treatment of a refluxing duplicated system following a sin-
gle injection compared to a single system.

Conclusions

Available data demonstrate that reflux resolution rate 
following endoscopic therapy is favorable, although it is 
lower compared to current reports of open surgical pro-
cedures. The AUA guidelines report and other contempo-
rary reports supported the statistics of an overall success 
rate of almost 96% in children with VUR grades I–IV, a 
persistent reflux in 2%, and ureteral obstruction in 2% 
when treated with conventional open surgery [2,22]. In 
contrast a recently published meta-analysis of endoscopic 
therapy revealed resolution of reflux in 79% of ureters 
with grades I and II, 72% with grade III, and 65% with 
grade IV reflux following a single injection of a bulking 
agent [3]. Following one or more injections the ureteral 
success rate was 85% and 87% for patients, respectively.

With the introduction of a modified implantation 
technique using intraureteral injection of dextrano-
mer/hyaluronic acid combined with hydrodistension, a 
success rate of up to 90% or even higher for each grade 
(I–IV) might be achievable, which is only slightly lower 
than the results for ureteral reimplantation [9,10].

It can be concluded that endoscopic subureteral injec-
tion of tissue augmenting substances has indeed become 
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an established alternative to long-term antibiotic proph-
ylaxis and surgical intervention in the management of 
children suffering from VUR. It is a simple outpatient 
procedure with an excellent safety profile, although tech-
nical skills as well as a distinct number of cases (learning 
curve) [9] are necessary to achieve the best possible out-
come in terms of effectiveness and long-term successful 
results for the affected.
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Interventional Procedures
Korgun Koral

A pediatric interventional radiologist can play a role in the 
management of a child before, during, or after a surgical 
intervention. A good working relationship between the sur-
geon and radiologist is essential to maximize patient care. 

Patient preparation

Prior to the procedures, coagulation parameters and 
platelet count are assessed to determine the risk of bleed-
ing. Procedures are not performed if the platelet count is 
�50,000 per milliliter or International Normalized Ratio 
is greater than 1.5. For procedures that require percutane-
ous access, if the patient has urosepsis, intravenous (IV) 
broad spectrum antibiotics may be given. Alternatively, 
if there is no urosepsis 1 h prior to the procedure, 
40–50 mg/kg of IV cefazolin may be administered [1].

Sedation and general anesthesia

Many relatively short pediatric urinary interventional 
procedures can be performed with IV sedation [2]. 

When available, general anesthesia is certainly prefer-
able over sedation, as the radiologist can concentrate 
solely on the procedure. For longer procedures and for 
procedures that require absolute immobilization general 
anesthesia is mandatory. 

Procedures

There are many common steps in percutaneous inter-
ventional procedures. The percutaneous access will be 
described in detail in the percutaneous nephrostomy 
(PN) section. 

Percutaneous nephrostomy
PN is an established technique for urinary diversion that 
is occasionally used in children [3]. The most common 
indications for PN in children are listed in Table 16.1. 
Performance of PN procedure presents unique difficul-
ties in the newborns and young children. 

The patient is placed prone with the side in interest 
raised approximately 20–30° from the horizontal plane. 
The posterior aspect of the kidney has an area of relative 
avascularity (Broedel’s line), which is preferred for place-
ment of needles and catheters [4]. A subcostal approach 
aimed at puncture of an inferior calyx is preferred. If 
subsequent placement of a stent is contemplated, a more 
cranial calyx approach may be performed so that the 

Key points

• Communication between the interventional 
radiologist and urologist is key to successful 
procedures.

• General anesthesia is necessary for many of the 
procedures.

• Percutaneous nephrostomy technique is 
different in newborns and young infants than 
it is in older children and adults.

• If an interventional radiologist is involved 
in gaining access for percutaneous 
nephrolithotripsy, it usually saves time and 
decreases the radiation dose to gain access in 
the angiography suite and move the patient to 
the operating room. 
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angle from the renal pelvis to the ureter is more favora-
ble. Inadvertent puncture of an anterior calyx may also 
impede subsequent wire and catheter manipulation [5]. 
For access prior to the percutaneous nephrolithotomy, 
the calyx or part of the pelvis harboring the stone is 
punctured. A direct renal pelvis puncture should be 
avoided because of increased risk of hemorrhage during 
manipulation. Ultrasound (US) guidance is preferred for 
access. The anesthesiologist may suspend respiration to 
help with immobilization of the kidney during puncture, 
but this is rarely necessary. Lidocaine or bupivacaine 
may be used for local anesthesia. Initial access is with a 
22-gauge needle Chiba (Cook, Bloomington, Indiana) or 
Inrad (Inrad, Kentwood, Michigan) needle. It is relatively 
easy to visualize the echogenic needle in the hypoechoic 
collecting system. If a small vessel is inadvertently punc-
tured, hyperechoic blood may accumulate in the collect-
ing system. Return of urine ensures that the needle tip 
is in the collecting system. The remainder of the pro-
cedure is performed using fluoroscopy guidance. The 
entire procedure may be performed with US guidance, 
but this is not recommended as there is relatively poor 
control of the wires. Also, performing the procedure 
using only US guidance requires two very experienced 
operators. Fluoroscopy must be used as conservatively 
as possible with minimal exposure rates. A small amount 
of nonionic contrast material is administered to opacify 
the renal pelvis. Air should not be introduced during this 
step, because if access is lost inadvertently, presence of 
air in the collecting system will make ultrasonographic 
visualization very difficult. A 0.018-inch stainless steel 
wire is advanced through the needle into the renal pelvis. 

It is desirable to advance the wire into the ureter to 
facilitate subsequent dilator and catheter manipulations. 
If ureter cannot be negotiated, the wire is coiled in the 
renal pelvis. A small skin incision is made at the puncture 
site. The needle is removed. Generally one must place a 
working wire (with a diameter equal or greater than 0.035 
inch) in order to place a nephrostomy tube. Over the 
0.018-inch wire either a micropuncture set (Cook) or a 
Neffset (Cook) is loaded. Neffset is preferred because it 
has a metallic stiffener, which has a superior robustness 
over micropuncture set as it traverses the tissues. Care 
must be taken not to bend the wire and not to advance 
the Neffset too much as it is loaded over the wire. The 
inner metallic dilator of the Neffset and the wire are 
removed. The outer dilator of Neffset is a 6 French tube, 
which accepts a 0.035-inch or 0.038-inch working wire. 
The outer dilator of the Neffset is removed. If an 8 French 
or larger catheter is going to be placed, the tract is dilated 
with fascial dilators. One must always be parallel to the 
path of the initial puncture as the dilators and nephros-
tomy tube are advanced over the wire to avoid bending 
the wire. The nephrostomy tube is loaded over the wire 
and advanced while the wire is held firmly. It is impor-
tant to release the stiffener from the catheter when the tip 
of the catheter is in the renal pelvis. When the catheter 
is in the renal pelvis, the stiffener and the wire are 
removed. Contrast material is administered to document 
the position of the catheter and study the ureter. The 
string of the catheter is pulled and the tip of the catheter 
is locked. Usage of sutures to secure the catheter to skin 
is optional. There are special adhesive catheter holders 
(e.g. Statlock, Venetec, San Diego, California) to secure 
the catheter. Sterile dressings are applied over the cath-
eter. The catheter is connected to drainage bag.

The described conventional technique works suc-
cessfully in the great majority of the pediatric patients. 
However in the newborns and young infants who have 
very little urine in their dilated collecting systems, it may 
be difficult to perform a successful PN, because the small 
amount of urine may drain into the perirenal tissues 
during manipulation of wires and catheters. This is par-
ticularly true for newborns with ureteropelvic junction 
(UPJ) obstruction in whom placement of a wire into 
the ureter is problematic (Figure 16.1). The modified 
2-step technique addresses this problem [6]. For newborns
and young infants, the collecting system is punctured 
with an 18-gauge vascular needle (Merit, South Jordan, 
Utah). A 0.035-inch wire is advanced through the needle. 
Following a small skin incision the needle is removed and 
a 6 French Navarre (Bard, Covington, California) cath-
eter is loaded over the wire and placed in the collecting 

Table 16.1 Common indications for percutaneous 
nephrostomy in children.

Bilateral UPJ obstruction
Unilateral UPJ obstruction of a single functioning kidney
Obstruction after pyeloplasty
Urolithiasis
Ureterovesical junction obstruction
Posterior urethral valves
Primary obstructing megaureter
Pyonephrosis/fungus ball
Pelvic/retroperitoneal tumors
Trauma
Assessment of function in a cystic mass
Decompression of a cystic renal mass to facilitate surgical 
 manipulation
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system. The tapered and relatively sharp tip of the 
Navarre catheter allows for penetration of the tissues 
without necessitating prior dilation. 

Percutaneous nephrostomy in transplant kidney
Hydronephrosis can develop early or late following renal 
transplantation. The technique is the same as described for 
native kidneys, except for patient position (Figure 16.2). 

An ultrasound transducer with greater resolution (i.e. 
higher MHz) may be used because of the decreased dis-
tance from the skin to the collecting system. The renal pel-
vis should be avoided during puncture. 

The PN is not meant to be a definitive means of urinary 
diversion in children. The PN catheter should be kept in 
place as briefly as possible. It is generally not advisable to 
discharge pediatric patients with existing PN catheters. 

Figure 16.1 Proposed mechanism for failed micropuncture 
technique in a kidney with UPJ obstruction. (a) The collecting 
system is punctured with a 22-gauge micropuncture needle. 
(b) As the 0.018-inch wire is advanced through the 
micropuncture, needle decompression of the collecting system 
begins. (c) An attempt is made to place a micropuncture set. 
The thin renal parenchyma, which is very pliable, offers little 
resistance. The small collecting system and inability to negotiate 
the 0.018-inch wire into the ureter, which is usually the case 
in severe UPJ obstruction, result in incomplete placement of 
the micropuncture set. (d) As the 0.035-inch wire is advanced 
through the outer portion of the micropuncture set, the wire 
may or may not enter the collecting system. The figure shows 

the soft tip of the wire in the collecting system. (e) There is 
continuous decompression of the collecting system with each 
step. An attempt is made to place the nephrostomy tube over 
the 0.035-inch wire. (f) The catheter cannot be advanced into 
the collecting system because the wire cannot be negotiated 
into the ureter. The collecting system has nearly completely 
decompressed. On fluoroscopy, it is difficult to know whether 
the catheter is in the collecting system. (g) The wire is removed, 
leaving the nephrostomy tube outside the decompressed 
collecting system. There is usually a urinoma outside the kidney 
at this stage. (Reproduced from Koral et al. [6], with permission 
from the Society of Interventional Radiology.)

(a) (b) (c)

(d)
(e)

(f)

(g)
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The PN placement is a relatively safe procedure. In the 
general population the complication rate is reported to 
be around 4% [5]. Minimal discoloration of the urine 
due to a small amount of hemorrhage is expected and 
parents/patients should be informed about this prior to 
the procedure. The potential complications are listed in 
Table 16.2.

Ureteric stent placement/balloon 
ureteroplasty/stent retrieval
The indications for antegrade ureteric stent placement 
are usually limited to when placement of a retrograde 
ureteric stent is not possible or contraindicated. The 
stents are usually required in children following pyelo-
plasty or ureter resection and/or reimplantation. Ureteric 
stent placement is one of the most difficult procedures in 
pediatric interventional radiology. The difficulties stem 
from relatively small size of the renal pelvis and difficulty 
to work with small caliber stents. Also, the procedure 
includes a final step (the advancement of the pelvic loop 

of the double-J stent) during which there is relatively lit-
tle control (Figure 16.3). 

The steps to obtain access are identical to those 
described under the section of PN. It is recommended 
that a safety wire (usually a 0.018 inch, 40 cm stain-
less steel wire) be placed, either from the same access 
site (a sheath has to be used for this) or from another 
puncture, in case access is lost during the procedure. 
The safety wire ensures access to the drained collecting 
system. Having a sheath in place also allows adminis-
tration of contrast material into the system to study 

Figure 16.2 PN placement to a left lower quadrant transplant 
kidney. A calcified ureteric stent (arrows) is present.

Table 16.2 Complications of percutaneous nephrostomy.

Hemorrhage (into the pelvis or perirenal tissues)
Sepsis
Catheter dislodgement
Arteriovenous fistula (very rare)
Pseudoaneurysm (very rare)

Figure 16.3 Six-year-old patient with solitary left kidney 
with duplicated collecting system. The patient had cloacal 
exstrophy and a neobladder. Double-J stents could not be placed 
cystoscopically. Two stents were placed. The upper stent’s cranial 
coil (arrow) was not perfectly deployed, but it still served the 
purpose of identifying the ureterovesical junction at a later 
exploration.
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the anatomy. The access must be through a calyx from 
which the pelvis and ureter can be easily negotiated. A 
relatively more cranial calyx is preferred, but this is not 
mandatory if a favorable angle can be used through a 
lower calyx approach. To negotiate the ureter – if there 
is difficulty with a regular 0.018 wire – instead of using 
a glidewire which is relatively difficult to control, a V-18 
control wire (Boston Scientific, Natick, Massachusetts) is 
preferred. V-18 control wire has a hydrophilic soft tip in 
addition to a relatively stiff body. If there is difficulty in 
negotiating the ureterovesical junction an angled glide 
catheter can be placed over the wire and a wire–catheter 
combination may be used. Through the catheter or 
through the sheath, the anatomy of the ureter is stud-
ied with administration of contrast material. If there is a 
significant narrowing of the ureterovesical junction, bal-
loon ureteroplasty may be performed. Once the catheter 
is in the bladder (it is important to communicate with 
the surgeon and be familiar with the surgery, because a 
very long ureter tunnel in the bladder wall may gener-
ate the false appearance of intravesical position of the 
catheter tip, Figure 16.4) a 0.035 super stiff working 
wire (Amplatz, Cook) is exchanged with the V-18 con-
trol wire. The wire is coiled in the bladder. If balloon 
ureteroplasty is performed, a balloon that is at least 4 cm 
in length is preferred to ensure coverage of the stenotic 
segment (Figure 16.5). Appearance and resolution of the 
waist during inflation of the balloon indicate satisfactory 
coverage of the stenotic area and application of adequate 
pressure. The balloon is kept inflated for 30–60 s. The 
inflation may be repeated if necessary. Subsequently, the 
distance from the ureterovesical junction to the renal pel-
vis is measured using either the V-18 wire or the Amplatz 
wire. Placing a radiopaque ruler underneath the patient 
is also useful. The antegrade stents are identical to retro-
grade stents. The author’s experience is with 4.7, 4.8, and 
5 F double-J stents which can be loaded over Amplatz 
wires. In antegrade placement, the knot of the string is 
cut but the string is kept in place until final deployment. 
If a sheath is in place, the sheath is removed and over the 
Amplatz wire the stent is advanced with a pusher cath-
eter. The bladder coil is formed first and Amplatz wire 
is withdrawn to ureter. Using the radiopaque marker of 
the stent, the operator judges the position of the cranial 
tip of the stent. The wire is pulled further into the renal 
pelvis as the stent is pushed. If the position of the upper 
coil is satisfactory, the strings are pulled and the wire is 
removed while the pusher is kept still. Then the pusher is 
also removed. It is prudent to place a nephrostomy tube 
using the safety wire at the end of the procedure because 

local edema and hemorrhage may obstruct the ureter. 
The nephrostomy tube is kept open to bag drainage for 
24 h and then closed. The patient is observed for 24 h 
for pain and fever while the tube is closed to drainage. 
If there are no complaints, before discharge, the neph-
rostomy tube is removed under fluoroscopy guidance 
utilizing a wire, so that the upper coil of the double-J 
stent remains intact in the renal pelvis. The retrieval of 
the stent is generally performed by the urologist with 
cystoscopy. 

Very rarely, if removal of a stent is not feasible with 
cystoscopy, the interventional radiologist may remove 
the stent from the urethra using a snare catheter. 

Figure 16.4 The long intramural tunnel created for the 
reimplanted ureter necessitates placement of a longer double-J 
stent (arrows).
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If transurethral removal is not feasible, the collecting 
system is accessed and the catheter may be retrieved by 
capturing the cranial tip of the double-J stent. This is, in 
fact very difficult to achieve in a nondilated system. As 
a last resort one can advance the snare catheter through 
the ureter into the bladder and capture the distal end of 
the double-J stent and retrieve it (Figure 16.6).

Percutaneous fluid collection drainage
Fluid collections that require percutaneous drainage 
include postoperative urinomas, hematomas, abscesses, 
and lymphoceles. The diagnosis of the fluid collection 
is usually made with US or computerized tomogra-
phy (CT). The author prefers to perform these proce-
dure using US and fluoroscopy guidance, instead of CT 
guidance for two reasons: first, one can perform needle 
placement much faster and with greater accuracy using 
US guidance; second, fluoroscopy allows for real-time 
visualization of the needles and wires decreasing the 
likelihood of loss of access. Use of CT-fluoroscopy is 
controversial in children in whom exposure to ionizing 
radiation should be kept to a minimum. 

Abscess drainage
Perirenal abscesses are rare in children and they rarely 
need to be drained. It must be kept in mind that not all
fluid collections seen on CT are amenable to percutaneous

drainage. Due to lesser spatial resolution of CT com-
pared to US, fine septae within a fluid collection may 
not be apparent. If multiple, these septa may make a 
successful drainage impossible. However, if specimen 
collection is the goal, presence of multiple septa will 
not impede the procedure. The patient is positioned 
depending on the location of the collection. For a col-
lection around a native kidney, the patient is positioned 
prone with the side of the abnormality elevated approxi-
mately 20–30° similar to the position for PN. For col-
lections around a transplant kidney the patient is kept 
supine. One should avoid marking the skin entry site 
with a pen, as one can inadvertently “tattoo” the skin 
while going through the mark. Depending on the size 
and appearance of the fluid collection a 22- or 18-gauge 
needle may be used. If the fluid collection is small and 
multiple passes are expected generally a 22-gauge Chiba 
needle is used for access. After access, the steps are iden-
tical to those of PN placement. If a drainage catheter 
of �8 French size is placed, then the tract is dilated with 
fascial dilators. For children, usually 8–10 French cath-
eters are used for drainage. Drainage tubes larger than 12 
French are generally avoided in children. Drainage cathe-
ters with metallic stiffeners are preferred. One can admin-
ister contrast material to identify the fluid collection, 
extrarenal position of the catheter, and check for inad-
vertent puncture of the collecting system of the kidney. 
US can be used to assess the position of the catheter tip 
in the fluid collection. One should try to aspirate as much 
fluid as possible during the procedure by manipulating 
the catheter. The specimen is sent for Gram stain and 
cultures. The drainage is intended to be by gravity. It is 
recommended that the catheter be flushed with 2–3 ml of 
saline daily to keep it patent. For abscesses and hemato-
mas, it is rarely necessary to keep a drain longer than 
3–4 days. If the drainage over 24 h is �2–3 ml, the drain is 
removed, usually after checking the resolution of the col-
lection with US. Sedation is not necessary for removal of 
drainage catheters. 

Urinoma/lymphocele drainage
Urinoma drainage is usually performed for diagnostic 
purposes. Using US guidance and a small needle (usually 
a 22 gauge) a sample is collected and sent for Gram stain, 
cultures, and creatine level. It is desirable to aspirate as 
much fluid as possible. To facilitate aspiration, for large 
collections, a vacuumed drainage container may be used. 
If the urinoma is large and is expected to reaccumulate, 
until definitive correction of the cause of the urinoma, a 
drain may be placed. 

Figure 16.5 Ureteroplasty using 4 mm (caliber), 4 cm (length) 
angioplasty balloon (arrow) prior to the placement of a 
double-J stent.
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Lymphoceles generally occur following renal transplan-
tation. The access is generally for diagnostic purposes; if 
there is mass effect compromising renal function or reac-
cumulation occurs, a drainage catheter may be used.

Nephrolithotomy
The role of interventional radiology in percutaneous neph-
rolithotomy is primarily to acquire satisfactory access for 
the urologist. Percutaneous nephrolithotomy is indicated 

Figure 16.6 Three-year-old male status post-bladder exstrophy 
repair and reimplantation of the right ureter. The indwelling 
right double-J stent could not be removed cystoscopically. 
(a) The renal pelvis was accessed. The upper coil of the stent 
could not be captured with a snare catheter. The collecting 
system was not dilated enough for adequate deployment of 
the snare. (b) A PN catheter was placed. Through a different 
access site a V-18 wire was advanced into the ureter alongside 

the double-J stent. (c) Using a hydrophilic catheter–wire 
combination the bladder was catheterized. There was more 
room in the bladder to deploy the snare catheter. (d) The 
distal coil of the double-J stent was captured. (e) The double-J 
catheter was withdrawn into the renal pelvis and removed. The 
nephrostogram demonstrated no extravasation with passage of 
contrast material into the bladder.

(a)

(c) (d) (e)

(b)
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in children whose therapy with shock wave lithotripsy 
(SWL) or ureteroscopy (URS) has failed and in those who 
have anatomic abnormalities that impair urinary drainage 
and stone clearance [7,8]. 

The procedure can be performed in the operating 
room (OR) or in the angiography suite. In nondilated 
systems and patients with increased body fat, obtaining 
percutaneous access can be laborious. In the OR, port-
able C-arm fluoroscopy results in an increased dose of 
radiation both to the patient and the operator, due to 
inability to change the source–receptor distance and 
lack of shielding. Moreover, the image quality is inferior 
to that of a conventional fluoroscopy unit. Therefore, 
at the author’s institution percutaneous nephrolithot-
omy procedures are performed in a staged fashion. 
Understandably, the urologist feels more comfortable 
in the OR. Access is obtained in the angiography suite 
by the radiologist by placement of a catheter into the 
calyx harboring the stone. An access that will facili-
tate advancement of a wire into the ureter should be 
obtained. If the nephrolithotomy is done on the same 
day, a security wire is advanced into the bladder from 
the same access site. Then the patient is transferred to 
OR while still under anesthesia. If the nephrolithotomy 
is not performed on the same day, the nephrostomy tube 
stays in place until the day of the procedure. Some urol-
ogists prefer placement of a nephroureterostomy tube, 
which is done by advancing the tip of the catheter into 
the bladder. 

Whitaker test
To distinguish between an obstructive dilation of the 
renal collecting system from nonobstructed dilation, 
usually following pyeloplasty, Whitaker test is occasion-
ally performed [5]. The procedure is performed under 
anesthesia because even minimal motion may alter the 
pressure recordings. The procedure is performed in the 
angiography suite under fluoroscopy. For access, US 
guidance and two 22-gauge Chiba needles are used. One 
needle is connected to contrast material infusion bag, the 
other to the pressure monitor. A Foley catheter is placed 
and connected to pressure monitor. This procedure 
is performed when the referring urologist is present. 

If this is not possible, results should be communicated 
to the referring urologist before terminating the test, 
because the test may need to be tailored accordingly. To 
ensure accuracy of the measurements, one can change 
the tubings of the contrast material injection and pres-
sure monitor without removing the needles. The final 
interpretation is made by the urologist. 

Conclusion

In summary, pediatric interventional radiologist may 
play an important role in the management of children 
with urinary problems. A detailed discussion, regard-
ing the indication and treatment plan, with the patient’s 
family and urologist is of utmost importance prior to 
committing to a procedure. 
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Minimally Invasive 
Interventions for Stone Disease
H. Serkan Dogan and Serdar Tekgül

Extracorporeal shock wave lithotripsy

Since its introduction in 1980 extracorporeal shock wave 
lithotripsy (ESWL) has become the most widely used 
technique to treat stone disease in children [1]. However, 
the rate of complications is greater in children than 
adults. Many of these complications arise from inap-
propriate patient selection, imprudent use of the shock 
wave energy, and unfamiliarity with secondary endouro-
logic procedures. There are multiple different lithotrip-
tors and they are developed day by day with the advents 
in the technology. As in adults, success and complication 
rates in children also are affected by multiple factors 
such as size, location, composition and visibility of the 
stone, number and energy of the shock waves.

The main difference from adult ESWL practice is the 
need for anesthesia in children. For the children �10 
years old general anesthesia is usually needed [2,3]. 
However, ESWL can be safely used even in infants [4]. 

Outcomes
ESWL is the principal treatment for patients with a 
single renal pelvis stone �20 mm, lower pole stones 
�10 mm, and upper ureteric stones. Increasingly it is 
being used for larger stones, multiple locations, or lower 
ureteral with good results. 

Stone size
As the stone size increases stone-free rate decreases. 
Published series on ESWL report stone-free rates as 
87.8%, 75.5%, and 56.7% for the sizes �1 cm, 1–2 cm, 
and �2 cm, respectively [5]. In addition, some authors 
advocate ESWL even in staghorn cases with a stone-free 
rate of 80%; however, they state the need for prophylac-
tic stenting to reduce complications [6,7].

Key points

• There are a variety of options to treat children 
with stone disease, namely extracorporeal shock 
wave lithotripsy (ESWL), ureteroscopy (URS), 
percutaneous nephrolithotomy (PCNL), and 
open surgery. 

• Treatment is either by an individual modality or 
in combination and is tailored to each patient 
according to the size, location, and type of stone.

• ESWL is the principal treatment for patients with 
a single renal pelvis stone �20 mm, lower pole 
stones �10 mm, and upper ureteric stones.

• URS should be the first treatment choice for 
lower and middle ureteral stones.

• PCNL has reported a success rate of over 90% 
for any size and composition of renal stones.

• Open stone surgery stands as a reserved 
option in a very small percentage of patients 
who are too young with large stones, and 
have congenital structural urinary system 
abnormalities which need surgical correction.

• Bladder stones can be managed by transurethral 
lithotripsy or percutaneous cystolithotripsy 
depending on stone size with open surgery 
reserved for very big stones.
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Stone location
The location of the stone is a critical factor for success. 
Because of the effects of gravity lower pole stones are 
not so successfully treated, with low stone-free rates at 
50–62% [5,8,9]. However, others report a success rate 
�90% regardless of the lower caliceal anatomy [10]. 
One of the largest studies on ESWL treatment for uret-
eric stones in children reports an overall stone-free rate 
of 91% (proximal: 94%, middle: 94%, and distal: 89%) 
with a 49% retreatment rate [11]. 

Stone composition
Cystine, brushite (dicalcium phosphate dihydrate), and 
whewellite (calcium oxalate monohydrate) are known 
to respond to ESWL poorly, and in patients with larger 
stones with these compositions alternative treatment 
options should be preferred. Moreover, “metabolic” or 
“anatomic abnormalities” have been shown to have an 
adverse effect on ESWL results. Patients with metabolic 
or anatomic problems have significantly lower stone-free 
rates (31.7% versus 69.4%) following ESWL [12].

Complications
Renal colic is caused by the passage of stone fragments 
or by the effect of the shock waves passing through tis-
sue and is observed in the majority of patients. In the 
pediatric literature, renal colic is reported in only 2–19% 
[5,8,11,13–17]. This is less in adults and may be due to 
differences in pain perception or because the pediatric 
ureter is more efficient in transporting the stone frag-
ments [15]. Pain without persistent signs of obstruction 
can be alleviated by antispasmodic and analgesic medi-
cation. Unrelieved pain should be evaluated further and 
presence of significant obstruction must be excluded.

Fever and UTI are described in 0.8–8.5% and 1.2–7.7%
of patients, respectively [5,10–14,17–19]. Fever itself 
can be transient, though association with UTI needs 
antibiotic treatment. The infectious complications can 
occur with the fragmentation of the stone that may har-
bor bacteria even in the presence of preoperative sterile 
urine. Although routine use of prophylactic antibiotic is 
not recommended, urine should be sterile preoperatively. 
In the presence of unresolved bacteriuria, the procedure 
must be performed under appropriate antibiotic treat-
ment. In those children who developed fever or UTI, 
close follow-up is mandatory, since progression to sepsis 
is infrequent, but possible. 

Stone-street (steinstrasse) is one of the specific compli-
cations of ESWL and occurs mostly in the lower ureter. 
Its incidence depends on the pretreatment stone size and 

stenting and reported as 1.1–17.4% [5,10,13,14,17–19]. 
In staghorn stone cases prophylactic ureteral stenting 
has been advised to prevent this complication [20]; how-
ever, others report lower stone-free rates in patient with 
pre-ESWL inserted J-stents [10]. Routine stenting before 
ESWL is not advisable and should be reserved for very 
large stones in which stone-street formation is suspected 
or cases with significant hydronephrosis. When stone-
street develops, it should be managed conservatively. 
If spontaneous passage does not occur ureteroscopic 
intervention is the treatment of choice. However, repeat 
ESWL might be an option. Accompanying pyelonephri-
tis might need percutaneous drainage. In addition, the 
inability to pass the stone through the urethra occurs 
in �1% of patients and may necessitate urethroscopic 
intervention [12,17].

Dermal ecchymosis or bruises are variably reported 
with a range from 0% to 100% [5,8,19]. The severity 
depends on the generation of the machine, shock wave 
energy, and number of shocks. It is transient and does 
not need medical treatment. However, the effect of shock 
waves inside the body is more significant. Perirenal (sub-
capsular) and enteric wall hematoma is reported in �1% 
and managed conservatively [13,19]. Microscopic hema-
turia is common and gross hematuria is reported in up to 
11.3% of patients [12,14]. Other rare complications, so 
far only reported in adults, include: hepatic injury, pan-
creatitis, anemia due to red blood cell hemolysis, hyper-
tension, cardiac arrhythmia, and skeletal trauma.

The most serious pulmonary complication is hemop-
tysis secondary to lung contusion, fortunately reported 
only three times in the literature [21–23]. Shielding the 
lungs with shock-absorbing material or altering the 
mode of mechanical ventilation during the procedure 
may be an option to avoid the pulmonary complications. 

The effect of ESWL on the renal functions has been 
studied in very few studies. These studies revealed renal 
function returns to baseline values within 15 days and 
additionally mid- and long-term studies showed an 
increased renal function after ESWL [24–26].

Ureteroscopy

Since the efficacy of ESWL in lower and middle ureteral 
stones decreases, ureteroscopy (URS) is often consid-
ered the first choice in these patients. URS will provide 
approximately 90% stone-free rates irrespective of the 
composition or radioopacity of the stone. These figures 
increase up to 100% with the adjuvant treatments and 
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with the use of small caliber flexible instruments [27–37]. 
Although the stone-free rates are similar, it is well-
established that the efficacy quotient of URS is significantly 
higher than ESWL in lower ureteral stones [11,27].

The technique is well-described and similar to adults’. 
Working under direct vision, the use of guide wires and 
fluoroscopic guidance are recommended. Routine dila-
tion of the orifice and postoperative stenting is optional 
and should be decided individually. As the experience 
increases, active dilation is less required; if necessary, 
hydrodilation with Perez-Castro irrigation pump should 
be tried first [38]. Postoperative stenting depends on the 
invasiveness of the procedure and 1–2 weeks is sufficient 
in cases with high suspicion of trauma [39]. 

With the advent of pediatric instruments and increased 
surgical experience, complications, although still present, 
have decreased.

Intraoperative complications
Stone migration is undesirable and occurs approxi-
mately 6.5% of the time [30]. Cautious use of irrigation 
fluid and new cone-baskets reduce this problem [40]. 
When using the lithotripsy, gently squeezing the stone 
between the probe and the ureteral wall will be helpful 
and laser energy sources seem to minimize migration. 
Occasionally the stone migrates to the calyces, with these 
patients a flexible ureteroscope and laser fiber lithot-
ripter is needed. In the absence of these tools, a stent 
should be left in situ and ESWL or percutaneous neph-
rolithotomy (PCNL) should be considered.

Ureteral perforation is another serious complication of 
URS. It might occur due to the loss of direct vision dur-
ing the procedure or oversqueezing the stone between the 
probe and the ureteral wall. In the recent literature, the 
incidence is 0–6% [14,28,31,33,34]. In laser lithotripsy, 
keeping at least 1 mm from the mucosa and applying 
the lowest possible power will reduce inevident ureteral 
trauma. In cases of superficial mucosal trauma, the pro-
cedure can be carried on cautiously. However, in cases of 
significant perforation, the session must be ceased and a 
stent left. A very infrequent complication seen with per-
foration is dislodgement of the stone or fragments out of 
the ureter [33]. In this case, leaving a stent in the ureter 
and close follow-up of the patient is needed.

Inability to access the stone or inability to place the guide 
wires is reported in 0–12% of patients [32]. It occurs 
mostly secondary to the edematous reaction at the ori-
fice, impaction of the stone, or due to tortuosity of the 
ureter. In these patients caution is required as the tissue 
is easily traumatized and extravasation can occur [36]. If 

access to the stone is impossible leaving a double J stent 
for a period of 2–8 weeks (median 3 weeks) is effective in 
these patients [41]. Inability to place a safety guide wire 
before the procedure is another problem, traversing the 
orifice, and advancing through the ureter might be an 
option, however, this should be done with maximum care. 
Conversion to open surgery should be the last option. 
Conversion to open surgery is reported in up to 13.5% of 
patients [14,28,34]. It can occur secondary to the fac-
tors mentioned previously. Although it was not reported 
in pediatric URS literature, ureteral avulsion, which may 
develop due to application of harsh force with an inap-
propriate size instrument, also necessitates open surgery. 
Another point which should be considered is the inadver-
tent applications of laser energy on endourological tools 
that may cause breakage within seconds [42].

Early postoperative complications
Hematuria is the most frequent complication of URS in 
children. Its frequency may be as high as 27% [14,30,34]. 
Usually it is self-limiting, however, in cases of profuse 
bleeding it must be evaluated promptly. 

Infectious complications are the other important issues. 
Its severity varies from simple asymptomatic bacte-
riuria to sepsis. Different series report various frequen-
cies for urinary tract infection (UTI), pyelonephritis, 
and sepsis. Pyelonephritis has been reported to occur 
in approximately 4% of patients [29,30]. Sepsis has not 
been reported in most of the series, however one study 
reported 8.1% (3 of 37 cases), which is unexpectedly 
high [14]. The authors relate this high rate to the high 
pressures produced by electrohydraulic lithotripter dur-
ing the disintegration of the infection stones. All these 
cases have been treated successfully by antibiotic therapy. 
To prevent these complications, preoperative urine must 
be sterile. Antibiotic prophylaxis with a broad-spectrum
antibiotic (e.g. cephalosporines) during anesthetic induc-
tion should routinely be used. If sterile urine cannot be 
obtained preoperatively because of anatomic abnormali-
ties, obstruction or presence of stones, the surgery must 
be performed under appropriate antibiotic treatment. 

Stent migration is an infrequent complication reported 
in one series with 4% (1 in 25 cases) [29]. It occurs due to 
use of inappropriate size of catheter or uncontrolled place-
ment under fluoroscopy. It can be easily corrected with an 
additional endoscopic session.

Late postoperative complications
Stricture is reported in the literature with an inci-
dence between 0% and 2% and may need open surgical 



128 Part V Endoscopic Surgery of the Urinary Tract

correction [28,35]. Stricture is most commonly thought 
to relate to active dilation of the orifice. Dilation itself 
facilitates the introduction of the instruments and 
lessens the instrument-related trauma. On the other 
hand, the mucosal tears during the active dilation may 
heal with fibrosis which can cause secondary fibrosis. 
Hydrodilation with Perez-Castro irrigation pump can 
be an alternative [38]. Some authors suggest passive dila-
tion by placing a stent 3–4 weeks prior to the surgery 
[41]. They state that no dilation during the stone surgery 
was needed. However, this option carries a disadvantage 
of two sessions under anesthesia. 

Routine stenting is also controversial. Often a stent is 
not required, however, in cases with suspicion of ureteral 
trauma the surgeon should not feel any hesitation about 
stenting. A suture attached to the stent, which exits from 
the external urethral meatus, will ease the pull of the cath-
eter even under office conditions after the required time 
period.

Vesicoureteral reflux has been reported in 0–18% of 
cases [28,29,32,34]. In all cases with detected reflux, 
reflux grade was low, transient, and no intervention for 
reflux was needed. Consequently, a cystogram postop-
eratively is not usually required.

Percutaneous nephrolithotomy

Although practice of PCNL needed 10 years of adult expe-
rience before performing it in children [43], recent litera-
ture reports stone-free rates between 86.9% and 98.5% in 
any size and composition of stones [44–52]. These figures 
include even the staghorn stone series [52]. The stone-free 
rates reach to 100% with adjunctive treatment modalities 
(second-look PCNL, URS, ESWL). There is now consider-
able experience showing that even simultaneous bilateral 
PCNLs are possible with good success [51].

With the advent of appropriate size instruments, flex-
ible nephroscopes, and laser lithotripters, age and weight 
are no longer limitations and even outpatient “tubeless” 
PCNL is begun to be reported with less pain, reduced 
risk of complications, and shorter hospital stays [53].

The effect of surgery on a developing organ has been 
questioned and none of the studies reported a significant 
adverse effect on kidneys by both dynamic and static 
scintigraphic evaluations [44]. 

Complications
Bleeding which requires transfusion is the most com-
monly described complication of PCNL as in adults. It 

is reported between 0.4% and 23.9% [44–52]. It mostly 
occurs due to complex manipulation in the kidney. 
Levering the nephroscope is the most frequent mistake 
during the operation which causes uncontrolled paren-
chymal laceration and bleeding. It should be kept in 
mind that making another access to the kidney may be 
less invasive than forceful attempts to reach a stone at a 
difficult location. A flexible instrument may also be help-
ful. The authors’ preferences when deciding on the access 
to the kidney are: 
1 a posterior calyx to an anterior one, 
2 a dilated calyx, 
3 infundibulum should be long and wide, 
4 the selected calyx should offer access to the maximum 
amount of stone burden and the pelvis with a relatively 
straight line [46]. 
Bleeding is associated with operative time, stone burden, 
width of dilation, and number of tracts. When bleed-
ing starts which disturbs vision, placing the working 
sheath into the kidney will help to decrease the bleeding 
as it presses the parenchymal vessels. Fulguration of the 
vessel – if apparent – is also possible after replacing the 
irrigation fluid with a nonelectrolyte containing fluid. If 
these conservative measures are not adequate, operation 
should be stopped and a nephrostomy left in the kidney. 
Clamping the nephrostomy catheter for a time approxi-
mately 20–30 min in association with forced diuresis is 
helpful. Conversion to open surgery because of bleeding 
is very rare and reported to occur in only 3 of 62 and 1 of 
55 cases [14,45].

Minor renal pelvis extravasation is reported to occur 
in 5%, whereas apparent renal pelvis perforation is 1% 
in one series [44]. It can occur as a result of inadvert-
ent manipulation with the nephroscope or during dis-
integration of the stone. It is managed conservatively by 
leaving the nephrostomy catheter longer. Renal pelvis 
perforation can also cause the migration of stone out of 
the kidney. In this case, no attempts to retrieve the stone 
from the extrarenal area should be attempted, as it is 
possible to injure the renal pedicle. 

Extrarenal fluid collection is mostly retroperitoneal but 
in some instances intraperitoneal collection may occur. 
Small perirenal retroperitoneal collections are common 
and inconsequential. Large fluid collections are reported 
to occur in �1% (1 of 138) of cases and easily managed 
by a percutaneous drainage catheter [48]. No intraperi-
toneal fluid collection was reported following PCNL in 
children. However, it was reported in percutaneous cys-
tolithotomy cases and said to be managed in the same 
way [54].
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Neighboring organ injury is a possible complica-
tion. However, in the pediatric PCNL literature no 
organ injury is reported except one which reported only 
one hydrothorax amongst the 62 cases which has been 
managed with a chest tube [14]. The explanation for this 
low neighboring organ injury could be that surgeons 
gain a significant experience before attempting pediat-
ric cases and moreover they behave more cautiously in a 
pediatric case.

“Fever” with or without documented UTI is the most 
reported postoperative complication. It is reported 
within a wide range between 2% and 49% [14,44–52]. 
Preventive measures are similar for all endoscopic stone 
surgeries, as described previously.

“Prolonged urinary leakage” after the removal of neph-
rostomy catheter is reported to happen in up to 8% of 
cases [46,48]. It is mostly due to ureteral obstruction, 
secondary to an unnoticed residual fragment. A double 
J stent placement will normally resolve this issue.

Open surgery

ESWL and endoscopic techniques are used to treat 
almost all children with stone disease. However, open 
stone surgery is still an option in a few patients who are 
too young with large stones, and have congenital struc-
tural urinary system abnormalities which need surgical 
correction. Also, severe orthopedic deformities may be a 
limitation for endoscopic procedures and open surgery 
becomes the only alternative.

Bladder calculi
Bladder stones constitute a separate group of stone dis-
ease with a male predominance, early presentation, and 
high frequency of ammonium acid urate composition 
[54]. It is mainly the problem of developing countries 
and endemic areas for stone disease. Different treatment 
modalities have been used. ESWL with its least invasive 
nature may be a good option. However, positioning the 
child and the passage of fragments through the narrow 
urethra is more difficult. ESWL treatment for blad-
der calculi in children was shown to be less effective 
with reported stone-free rates between 47.6% and 83% 
[14,55,56]. In most of the cases, several ESWL sessions 
and auxiliary procedures are required for complete clear-
ance. Transurethral lithotripsy and percutaneous cys-
tolithotripsy have equal efficacies approximately 100% 
[14,54]. Percutaneous route has the advantage of not 
to traumatize urethra since multiple passages through 

narrow pediatric urethra has the risk of future stricture 
formation. Open surgery for bladder calculi is reserved 
for very big stones and additional anatomic abnormality 
necessitating surgical correction.
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General Laparoscopy
Chris Kimber and Neil McMullin

Introduction

As surgery progresses there is no doubt that the modali-
ties of visualizing target organs are increasing while 
the trauma related to wound access is decreasing. 
Laparoscopy is a step in this progression that is likely to 
be superseded by open MRI intervention and robotic 
surgery. Caution is required with laparoscopy and a well-
trained surgeon is essential. Laparoscopy is now widely 
used in pediatric surgery and urology for the removal of 
solid tissue (dysplastic, malignant, or infected), recon-
struction (i.e. pyeloplasty, orchidopexy), and diagnosis 
(i.e. intersex trauma). The following chapter will docu-
ment basic endoscopic techniques while focusing on the 
complications of laparoscopy in general.

History

Initial visualization of the abdominal cavity by papyrus 
was attempted by early Egyptians. Insufflation followed 

the introduction of the Veress needle in the 1930s and 
finally in 1982 Kurt Semm performed the first laparo-
scopic appendicectomy. Improved equipment and the 
development of instrumentation enabled widespread 
introduction of laparoscopy in the 1990s. Laparoscopy 
and endoscopic surgery are now considered routine in 
pediatric surgery and urology.

Procedure

Basic laparoscopy involves insertion of a primary optic 
trocar by open technique, usually in a transumbilical 
fashion, establishment of a pneumoperitoneum, visu-
alization via a rigid telescope, and the insertion of sec-
ondary trocars for instrumentation. The diameter of the 
ports, telescope size, and instrumentation is extremely 
variable and based on the availability of equipment at 
the institution and surgical expertise. It is inappropri-
ate to prescribe a rigid diagnostic laparoscopy formula. 
Retroperitoneal or lateral access requires insertion of a 
balloon device to create a working space [1]. 

General anesthesia and full muscle relaxation is essen-
tial. The insufflation of carbon dioxide in the initial 
phase should generally be at 0.5 l/min. The surgeon, the 
target organ, and the monitor should be in line to facili-
tate ergonomics (Figure 18.1). Failure to position the 

Key points

• Laparoscopy is safe in trained surgical hands.

• Attention to equipment setup and ergonomics 
improves task performance.

• Energy sources must be fully understood and 
used judiciously.

• Unrecognized bowel perforation is a 
catastrophic complication and must be 
considered in the septic postoperative patient.
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patient correctly and orient the target organ monitor 
and surgeon in an ergonomic fashion results in major 
complications. There is no question that task perform-
ance is severely compromised by obtuse operating angles, 
and the failure to observe basic ergonomics is likely to 
result in poor task performance. These factors need to be 
considered prior to the commencement of any laparo-
scopic case. 

The surgeon must be completely familiar with all asso-
ciated equipment, including the insufflation machine, 
the camera processor, the light source, and carbon diox-
ide. It is the surgeon’s responsibility to be able to trouble-
shoot and rapidly identify problems with the equipment. 
In depth training on each individual device is essential 
prior to commencement of any endoscopic surgery. 
Failure to achieve this level of competency can result in 
serious errors and can be a factor in a major complica-
tion. Familiarity with the equipment is essential [1,2].

The use of the Veress needle is contraindicated in chil-
dren due to the risk of inadvertently injuring a hollow vis-
cus such as bowel or blood vessels. It is accepted that this 
risk is small, however perforation may be unrecognized 
and catastrophic [3–5]. The initial port should be placed 
under direct vision, generally transumbilically. The excep-
tion to this is the blind balloon insufflation/port introduc-
tion of the retroperitoneal technique. Secondary instru-
ment ports are always introduced under direct vision. 
Radially dilating ports (i.e. those with an expandable 
sheath inserted over a needle) improve port fixation and 
reduce CO2 leakage. These ports are preferred for com-
plex and difficult procedures.

Complications

Complications in laparoscopy can be summarized under 
the following headings:
• Port site
• Insufflation
• Inadvertent injury
• Tissue approximation
• Other patient-related complications
• Surgeon-related complications

Port sites
Port site herniation is a surprisingly common complica-
tion of laparoscopy in infants and children. Herniation 
can occur even through a 3 mm port site. To prevent this 
the following points are noted:
1 Most port site herniations occur from a mid line 
trocar site, particularly the umbilicus. There is usu-
ally omentum entrapped within the port site, possi-
bly exacerbated by a rush of CO2 at the time of trocar 
withdrawal. All port sites should be closed if possible. 
Meticulous attention, particularly to the umbilical port, 
is essential to avoid this complication.
2 A port site herniation is usually identified by omen-
tum appearing in the wound in the first 24 h of sur-
gery. The patient needs to be returned to the operating 
theater, have the omentum ligated and removed, and the 
port site reclosed.

Insufflation
Pneumoperitoneum
Carbon dioxide is a relatively inert gas and is well toler-
ated as a pneumoperitoneum agent. The potential com-
plications are as follows:
• High-pressure pneumoperitoneum will lead to dia-
phragmatic splinting, reduced tidal volume, and reten-
tion of CO2. Whilst end tidal carbon dioxide often 
remains elevated during laparoscopy, experienced anes-
thetic support is required to minimize this complication.
• Gas embolism: Gas embolism is possible, particularly 
if an open viscus has been perforated. Fortunately, this 
is extremely rare in pediatric surgery. Immediate con-
version to laparotomy is required if this is suspected. If 
gas embolism occurs, immediate insertion of a central 
venous catheter and aspiration of affected gas is required 
by the anesthetist. Gas embolism is most likely to occur 
by a misplaced Veress needle, and as discussed previ-
ously, this should not be used.
• Hypothermia can occur as a result of excessive CO2 uti-
lization. This is best avoided by utilizing an insufflation 

Figure 18.1 Alignment of surgeon, target organ, and monitor 
to maximize ergonomic performance.
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device that warms the gas, particularly in lengthy 
procedures.

Leakage of carbon dioxide into adjacent 
body spaces
Carbon dioxide pneumoperitoneum may escape into the:
1 subcutaneous space (subcutaneous emphysema),
2 pleural space (pneumothorax), and 
3 mediastinum (pneumomediastinum).
Small pneumothoraces and leakage of air into the chest 
cavity can be treated conservatively and the operation 
can be continued. A major pneumothorax requires inser-
tion of an intercostal drain and adequate consideration as 
to the cause. Subcutaneous emphysema is often a result 
of the gas spreading between the abdominal wall and the 
skin and will resolve in the next 24 h. The pneumoperi-
toneum disappears within 24 h on an erect abdominal 
X-ray. It is not the cause of air under the diaphragm after 
24 h and a viscus perforation should be suspected if this 
sign is present [4].

Inadvertent injury
Blood vessel perforation
Perforation of a major blood vessel requires immediate 
laparotomy and hemostasis. Urgent vascular surgical 
opinion should be requested.

Bowel perforation
If a perforation is recognized during laparoscopy it may 
be repaired endoscopically at that time. Open laparot-
omy is not essential, however if the surgeon has minimal 
tissue approximation skills, or if the leak cannot be iden-
tified laparoscopically, then converting to open surgery is 
recommended. Delayed peritonitis due to viscus rupture 
may be treated either laparoscopically or by open surgery 
based on the experience of the surgical team. In most 
instances the perforation should be sutured, extensive 
saline lavage performed, and triple antibiotic therapy 
instigated [6].

Unrecognized energy delivery
There are now a wide variety of instruments for dissec-
tion and energy delivery. It is important that each sur-
geon becomes familiar with the equipment available. 
Specific training on energy sources is required and all 
surgeons performing laparoscopy surgery should have 
full training as to the risks of electrosurgery and associ-
ated energy sources, prior to the commencement of any 
procedure. Full knowledge and training is the key to 
avoiding complications in this area.

Diathermy
Damage to adjacent organ structures by electrosurgical 
equipment is a common problem in advanced endo-
scopic surgery and a source of major complications.

Diathermy injury is best avoided, utilizing the follow-
ing points:
1 The operating surgeon must control the foot pedal 
of the affected device and not the assistant and/or scrub 
nurse.
2 Short bursts of electrosurgery utilizing direct tissue 
contact are essential.
3 An electrosurgical monitoring device should be fitted 
to each diathermy machine to detect electrosurgical leak-
age along the shaft of the diathermy instrument.
4 All operating centers should have a program of testing 
and maintaining the electrosurgical hook equipment on 
a regular basis. 
5 The surgeon must understand and avoid capacitive 
coupling prior to the commencement of any laparo-
scopic procedure.

Alternative energy sources
There are now a variety of energy sources involving high 
frequency oscillating devices. The instrument deliver-
ing this type of energy often remains at temperatures 
in excess of 100°C, particularly at the tip of the instru-
ment. Inadvertent damage to adjacent structures from 
direct contact with a heated tip is common and must be 
avoided. The surgeon must fully understand the basic 
physics and ergonomics of any alternate energy source 
prior to its utilization. Prior training on inert tissue is 
recommended.

Unrecognized injury to adjacent structures is an 
acknowledged complication of laparoscopic surgery. 
The emergence of this complication may be delayed for 
several days and can even lead to unrecognized intra- 
abdominal infection and subsequent death. The child 
may recognize a delayed viscus rupture. This involves the 
sudden occurrence of a warm sensation in the abdomi-
nal cavity followed by significant pain and then a feeling 
of unwellness. Early recognition of these symptoms by 
the treating clinical team is essential.

This complication is best avoided by utilizing the fol-
lowing techniques:
1 The surgeon must be fully trained in the use of energy 
sources and instrumentation prior to the performance of 
any surgical procedure.
2 The surgeon must be able to relax within his level 
of competence and perform a tissue manipulation in a 
slow, smooth, and ergonomic fashion.
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3 Clear visualization, an adequate working space, and a 
careful, meticulous dissection technique are essential.

Tissue approximation
The ability to join tissue structures is an essential skill of 
any advanced endoscopic surgeon. In most cases sutur-
ing of the affected tissues is required, generally using 
interrupted technique. There are associated techniques 
including fibrin glue and endoscopic staples.

The following recommendations are made in order to 
prevent leakage from tissue approximation:
1 The surgical team should be fully trained in endo-
scopic suturing, and this is best performed by training on 
both simulators and on laboratory bench top. Mastery of 
this skill must be achieved in the skills laboratory prior 
to any surgeon undertaking this on a human. It is inap-
propriate to train a surgeon in suturing on live human 
tissue without full competence being achieved in a skills 
laboratory setting.
2 Clear visualization, an adequate working space, and 
excellent ergonomics all contribute to accurate tissue 
approximation. The combination of these factors can 
influence the outcome of the procedure and the surgeon 
must be fully trained in these aspects of surgical care 
prior to commencing the task.
3 In advanced tissue approximation procedures such as 
laparoscopic pyeloplasty a mentoring approach is essen-
tial, with an experienced surgeon accompanying the sur-
geon through the first few cases.

Leakage from endoscopic stapled anastomosis can be 
prevented by:
1 Ensuring the operator is completely familiar with the 
stapling device, and understands the staple depth and 
the maximum tissue thickness.
2 Cautious usage in inflamed bowel (particularly 
inflammatory bowel disease).
3 Accurately closing the enterotomy sites with inter-
rupted sutures. 

Other complications
Severe pain
Shoulder pain is a common complaint after laparoscopy, 
particularly with longer procedures. Occasionally chil-
dren undergoing laparoscopy demonstrate unexpectedly 
severe pain following the procedure unresponsive to nar-
cotic administration. The likely cause of this pain is rapid 
pneumoperitoneum with associated high intra abdomi-
nal pressure, resulting in distension and triggering 
of pain fibers. This complication results in not only sig-
nificant shoulder tip pain, but generalized abdominal 

pain as well. Narcotic and other associated analgesic 
infusions including Ketamine may be required to control 
pain. The estimated incidence of this is one to two per 
thousand laparoscopies.

Tissue retrieval
The complications of tissue removal are as follows:
1 Tumor spillage into the peritoneal cavity and port site, 
resulting in implantation and metastasis. This is best 
avoided by ensuring all potential tumors are appropri-
ately placed in a retrieval bag and removed through a 
generous port site incision.
2 Bag rupture during specimen removal: It is essen-
tial that the surgeon is fully familiar with the usage and 
operation of a retrieval bag. The surgeon must ensure 
that the specimen retrieval bag is opened fully and any 
rolled up portion of the bag is fully unfurled prior to 
placement of the specimen within the bag. A port site 
must be appropriately enlarged to enable easy with-
drawal of the specimen to prevent rupture [7].
If rupture does occur then widespread lavage and collec-
tion of all visible specimen is required. This is particularly 
of significant risk during removal of the spleen where 
splenic implantation may result in ongoing hemolysis.

Hematuria
Isolated hematuria has been reported after a variety of 
laparoscopic procedures, including appendicectomy and 
Meckel’s diverticulectomy. This complication appears to 
be self-limiting and usually occurs for 2 to 3 days after 
the procedure. A renal and bladder ultrasound is essen-
tial to ensure that no underlying secondary pathology 
such as a PUJ obstruction has been missed. The mecha-
nism of the hematuria is uncertain, is probably related to 
pneumoperitoneum, and it usually self resolves.

Complications specific to retroperitoneal surgery
Retroperitoneal surgery is often required for advanced 
urological surgery. The following table outlines the com-
plication and the proposed methodology for overcoming 
it (Table 18.1). 

Injury and trauma to the operating 
surgeon
There is no question that laparoscopic surgery is a 
demanding skill. Significant injuries to surgeons have 
been documented over the last decade [8–10].

The following complications can occur:
1 Radial nerve injury particularly involving the thumb. 
This can occur by placing the thumb continually through 
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the looped end of the needled holder and squeezing 
tightly. Digital pressure on the radial nerve may result 
and surgeons are advised to develop a relatively tension-
free grip on instruments so that this does not occur.
2 Shoulder strain and rotator cuff injury. This injury is 
reasonably common and results from the surgeon hold-
ing his or her shoulders in an abducted position for pro-
longed periods of time. This has resulted in significant 
loss of function, neurapraxia, and muscle pain, particu-
larly if there is associated lateral rotation of the spine 
during the procedure. This complication is best avoided 
by lowering the patient’s position, ensuring the monitor 
is in a gaze down position, and avoiding prolonged peri-
ods of fixed stance.
3 Anterior osteophyte formation and spinal degen-
eration. It is becoming increasingly clear that surgeons 
adopt fixed neck positions during endoscopic surgery 
and this may result in associated vertebral damage. 
Once again, the ability to relax and achieve mastery with 
advanced endoscopic surgery is essential.
Endoscopic surgery does place significant stress on the 
operator. During prolonged cases it is recommended that 
two competent surgeons be present and that they rotate 
as the main operator during the case. In our practice, we 
have both found that to achieve complex difficult surgery 
particularly during the early stages of our careers, it made 
an enormous difference to have two surgeons there who 
could reflect difficulties on each other and exchange as the 
main operator. It certainly reduces the physical damage to 
the surgeon.

Optimizing laparoscopy

We believe that laparoscopic surgery is enhanced by 
creating a team atmosphere in the operating room, and 
being aware of when one’s limitations as a surgeon have 
been reached.

Surgical team approach to improving 
overall laparoscopic performance
Surgical performance is best improved by taking notice of 
the ten golden rules as outlined below. Any unit under-
taking laparoscopic surgery must have a meticulous atti-
tude to training and preparation for this type of surgery. 
A team approach is recommended with two surgeons of 
similar standing and competence being involved, par-
ticularly in difficult cases. The surgical team must have 
the ability to clearly question the dissection moves of the 
main operator and challenge any operative decision at 
any point. To achieve excellent outcomes, it is important 
to avoid significant time pressure and never rush com-
plex endoscopic surgery. Tired surgeons, particularly 
with fatigue from lack of sleep, result in worse outcomes. 
There is clear evidence that these team approaches and 
combined attitudes influence decisions.

Elective versus emergency conversions
Converting a procedure from a laparoscopic to an open 
one can be a difficult clinical decision. We firmly feel 
that a surgeon should be able to determine that on a par-
ticular day, with a particular patient, with that surgeon’s 

Table 18.1 Retroperitoneal complications.

 Cause Action

Failure to achieve access Balloon expands into muscle or  Enlarge wound, separate muscle with deep
 subcutaneous space  retractors, and place balloon deeper.

Peritoneal perforation Instrument or trocar damage Advise anesthetist, increase flow rate to 3–4 l/
  min, widen tear to allow peritoneal space to 
  equilibrate, continue task. Convert to 
  intraperitoneal procedure if poor visibility.

Duodenal perforation Excessive diathermy dissection, failure  Nasogastric tube, triple antibiotics, direct
 to recognize renal structures (often  endoscopic suture if recognized and possible.
 confused with a small multicystic kidney) Laparotomy if anatomy uncertain or closure 
  difficult.

Poor exposure/visibility Small working space and inadequate  Check trocars, increase pressure and flow
 dissection, possible CO2 leak from trocar rate, blunt dissect peritoneum to create larger 
  space, insert additional port if possible.
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particular ability, if they are unable to achieve comple-
tion of the task laparoscopically then an elective conver-
sion to an open procedure should ensue. While we do 
not place firm time limits on this occurring, one must 
recognize that after 2 h of advanced endoscopic oper-
ating, fatigue is likely to have set in. The outcome from 
a patient who has been electively converted to an open 
procedure is excellent.

Emergency conversion in the face of significant bleed-
ing, major perforation or adjunct organ damage, repre-
sents a more difficult situation. Emergency conversions 
usually occur after a long series of errors including poor 
vision, poor port placement, failing instrumentation, and 
unclear anatomy. This scenario needs to be recognized 
that conversion occurs at an elective stage rather than at 
emergency. The outcome for emergency conversion has 
been documented as worse in several large adult series 
[10,11].

In summary, multiple complications can occur from 
laparoscopic surgery. Paramount to preventing these is 
a well-prepared and trained surgical team. Competent 
surgeons who approach these tasks in a methodological 
fashion with adequate surgical skills training are unlikely 
to commit major errors.

Ten golden rules for safe laparoscopy
 1 Achieve complete training in all endoscopic equip-
ment and energy sources.
 2 Understand the ergonomics of task performance.
 3 Always use an open initial port insertion technique.
 4 Correct any deterioration of visibility or working 
space early.
 5 Work as a team, in a team environment. Encourage 
other surgeons and nurses to question/comment on the 
dissection.
 6 Do not aim to complete the operation laparoscopically 
at all cost, remember that elective conversions are far 
safer than emergency conversions.
 7 Proceed to advanced surgery with another colleague, 
share the operating time and work together.
 8 Plan your surgery well, do not apply list pressure or 
operate fatigued.

 9 Recognize that to achieve mastery, a calm cautious 
approach is required.
10 Remember the ego of the surgeon must always be 
subservient to the patient’s welfare.
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Laparoscopy for the Upper 
Urinary Tract
J.S. Valla

The most common operations performed on the upper 
urinary tract in children are total nephrectomy, partial 
nephrectomy, and pyeloplasty; these procedures are indi-
cated for nonmalignant disease and could be performed 
by using minimally invasive techniques [1].

The goal of these new techniques is to get the same 
result as with classical open surgery but with less morbid-
ity, less complications. Paradoxically, laparoscopy intro-
duces a new range of potential complications; moreover 
not one of these operations, except perhaps total nephrec-
tomy, are now validated as the gold standard procedure 
[2–4].

Minimally access surgery of the upper urinary tract is 
exposed to two kinds of complications:
• Those related to the disease, already studied in the pre-
vious chapters of this book.
• Those related to the technique, which will be discussed 
here. Prevention is the most important element of this 
chapter; the pediatric urologist must keep in mind all the 
possible complications before surgery, during each step 
of the procedure, and also deal with possible postopera-
tive complications.

During the preoperative period

Informing the family
The parents and the patient may overlook that laparo-
scopic surgery for the upper urinary tract is a major 
surgical procedure with possible attendant complications 
and that the operation may have to be converted to an 
open procedure. The family must be aware of the ben-
efits of minimally invasive surgery but also of complica-
tions related to the disease and related to the technique; 
informed consent is essential in the pediatric population, 
as the reported benefits of the laparoscopic approach 
have not been firmly established. Alternative manage-
ment options should be discussed and the patient should 
be informed about the laparoscopic experience of the 
surgeon.

Training of the surgical team
The surgeon’s training and experience is of paramount 
importance but in pediatric urology the surgeon is faced 
with several limiting factors: the number of indications is 
small, and tutoring is more difficult than with traditional 
open surgery, so the learning curve likely will be longer in 
mastering technical skills such as suturing and knot tying. 
This can be especially challenging when one attempts to 
use finer suture material in a reduced working space.

Key points

• Minimally invasive surgery can introduce 
complications.

• Prevention of complications is paramount.

• Conversion and complication rate is related to:

  º laparoscopic experience of the surgical team

  º access technique → avoid blind technique

  º size of patient → great care in infants

  º  extent of the disease → try to improve before 
operation

  º  complexity of the procedure → ask for 
expert’s assistance.

• If risk-to-benefit ratio is carefully assessed, 
laparoscopy should be tried to minimize 
morbidity.
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The experience of all members of the team is also 
important, as the assistants, nursing support, and the 
experience of the anesthesiologists all can impact the 
operating surgeon and the smooth transition from 
standard open techniques to the laparaoscopic approach.

Checking the material
The pediatric urologist must check that all the needed 
devices are working well and appropriate for the size of 
the child; that is, just like in open surgery, instruments 
and materials should be individualized for each given 
patient. It is imperative, especially as one is gaining expe-
rience, that all team members are prepared to convert 
to an open approach and hence, all appropriate instru-
ments must be available.

Contraindications and specific indications
Indications and contraindications are summarized in 
Table 19.1. There are no absolute contraindications to 
perform a technique laparoscopically, but the technique 
should be chosen that is most appropriate to each case. 
For example, severe retroperitoneal inflammation is classi-
cally considered as a contraindication or at least a signifi-
cant risk to laparoscopy. However, experienced teams have 
successfully performed laparocopic nephrectomy, even in 
the face of xanthogranulomatosis pyelonephritis [5].

In case of massive hydronephrosis or huge multicystic 
dysplastic kidneys, it might be beneficial to evacuate the 
urine percutaneously to maximize the working space 
and visibility. Arguments have been made that suggest a 
preference for a transperitoneal approach to the retro-
perineal approach: need for total nephroureterectomy, 
prior retroperitoneal surgery, horseshoe kidney, and size 
of the patient; under 6 months of age or 6 kg and the 
opposite in case of obese patients, the retroperitoneal 
access is more difficult [6].

Regarding access, the most significant limiting fac-
tor impacting laparoscopic reconstructive surgery is the 
size of the patient. The smaller the child, the smaller the 
working space and the more challenging the case will be; 
in the patient undergoing pyeloplasty, the minimum age 
varies between 2 months and 2 years, depending on the 
surgeon’s experience [7–8].

Finally, due to the learning curve that is inherent in 
transitioning from open to laparoscopic surgery, pro-
cedures of increasing complexity should gradually be 
adapted to the surgeon’s and his/her team’s experience. 
For example, partial nephrectomy should be consid-
ered only after the team has developed a comfort level 
performing total nephrectomies. Once extirpative sur-
gery has been mastered, then increasing complexities of 
reconstructive surgery can be attempted.

During the operation

In the operating room, the pediatric urologist must be 
aware of two things especially if the procedure is pro-
longed: (1) positioning is paramount as is protection of 
all pressure points, and (2) the comfort of the surgeon 
and the team must be ergonomically maximized: screens 
must be positioned that guarantee a comfortable view 
that allows almost a “straight plane” not only for the sur-
geon, but for the surgical assistant. It is important for the 
novice to realize that minimally invasive surgery at times 
can be much more tiring than classical open surgery and 
hence comfort is essential.

Access
Many complications deal with access techniques:
• In case of transperitoneal access, injury of the intes-
tine or major blood vessels may be minimized by using 
the open access technique under visual control [9]. 
Dissection and handling of intraperitoneal structures 
to reach the kidney must be carried out in a meticulous 
fashion to avoid or at least minimize potential complica-
tions such as hollow viscus perforation and hemorrhage.

Table 19.1 Indications and contraindications for minimal 
access surgery of the upper urinary tract in children.

Indications
Kidney surgery • Renal biopsy
 • Total nephrectomy
 • Partial nephrectomy
 • Renal cyst

Upper urinary tract  • Pyeloplasty
reconstructive  • Ureteropyelostomy
surgery • Retrocaval ureter

Stone  •  Nephrectomy, pyelotomy, 
ureterostomy

Contraindications
General • Uncontrolled coagulopathy
 • Significant cardiopulmonary risk

Local • Multiple prior renal surgeries
 • Uncontrolled retroperitoneal  
   inflammation of infection
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• In case of retroperitoneal access, whatever the position 
of the patient, lateral or prone, the most common com-
plication is the accidental peritoneal perforation, which 
induces pneumoperitoneum and can further reduce the 
retroperitoneal working space and visibility [10]. The 
risk of peritoneal tear is particularly high in smaller chil-
dren where the peritoneum is thinner and less protected 
by fat. The peritoneum is most vulnerable at the begin-
ning of the procedure, when creating the working space. 
As for transperitoneal access, visual control represents 
the best guarantee against visceral and peritoneal injury 
even if this open technique is more time consuming, 
it allows a safe introduction of an atraumatic smooth 
trocar.

In children the cutaneous incision is invariably too 
small to enable finger dissection of the retroperitoneal 
space, so the options available to create an initial working 
space are: balloon insufflation (either commercially avail-
able or made in the operating room using a finger port 
from a surgical glove affixed to the end of a catheter) and 
formal blunt dissection from the initial port where the 
telescope essentially acts as an extension of the surgeon’s 
finger to dissect the peritoneum out of harm’s way. Once 
access has been achieved, the surgeon should get his/her 
bearings by identifying traditional anatomical landmarks: 
quadratus lumborum, psoas muscle, and posterior part 
of the kidney. The thick lateral and posterior abdominal 
wall cannot be distended by insufflation as well as the 
anterior abdominal wall; this explains why a good muscle 
relaxation is essential, so a sufficient operating space can 
only be achieved by pushing away peritoneum and intra-
abdominal organs and by dissecting the lateral peritoneal 
reflection at least to the anterior axillary line. The two 
additional operating trocars are introduced under lapar-
oscopic vision; it is more judicious to first introduce the 
posterior port in the costospinal angle, far away from the 
peritoneum. A blunt laparoscopic instrument introduced 
through this posterior port allows the surgeon the ability 
to gently sweep the lateral peritoneal reflection anteriorally 
and medially. This is the safest method to allow the third 
inferior trocar to be introduced above the iliac crest. If in 
spite of all these precautions a peritoneal injury occurs at 
the beginning of the procedure, there are several potential 
solutions: the most elegant, but difficult, is to close  the 
perforation with a purse-string 5/0 suture; the most sim-
ple is to desufflate the pneumoperitoneum continuously 
using Veress needle. If the working space is not improved 
by the previous maneuvers, then it is necessary [2] to open 
widely the peritoneum and to continue the procedure 
using a mixed approach retro- and intraperitoneal.

Another rare complication that could occur during 
access or insufflation is a pneumothorax due to dia-
phragmatic injury or excessive CO2 insufflation pressure 
[6–12]. If a decrease in O2 saturation is noticed by the 
anesthesiologist, a pneumothorax must be excluded and 
if present, evacuated.

Hemostasis
The crucial point during kidney surgery is vascular con-
trol; bleeding may occur at any time: dissection, clip or 
suture placement, or transection. It should not be forgot-
ten that because of magnification, bleeding seems greater 
on the screen than in reality. Efficient suction – irrigating 
devices and a laparoscopic vascular clamp (DEBAKEY) –
should be readily available. The surgeon must be 
 accomplished in assuring temporary vascular control by 
compressing or clamping the concerned vessel to opti-
mize visual inspection. As with open surgery, cauterizing 
blindly, in a field of blood, only exacerbates the situation. 
Placing an additional trocar is often necessary to assist the 
team in identifying and controlling the bleeding point. 
This accessory port allows a grasper to hold on the kidney 
or on the pedicle and to improve vision during aspiration. 
It is also useful to increase the gas in-flow which by itself 
may increase the compartment pressure and assist in con-
trolling the bleeding diathesis. This must be done care-
fully and the anesthesiologist must monitor the patient 
closely. When controlling a difficult “bleeder,” it is prefer-
able to clamp the vessel using nondominant hand while 
clearing the operative field with the dominant hand using 
the suction device. When the bleeding structure is clearly 
identified, two scenarios are commonly distinguishable. If 
a small vessel is involved, it can be simply coagulated by 
monopolar, bipolar, or ultrasonic device. If a large vessel 
is involved, it must be dissected further to allow ligation 
of clip application. If however a major vessel is injured, 
only an accomplished surgeon should attempt to repair 
it using laparoscopic suturing techniques. In the scenario 
of uncontrolled bleeding or major vascular injury, the 
decision for conversion to open surgery is dictated by the 
hemodynamic conditions of the patient and the skills of 
the surgeon. While open conversion is being prepared for, 
the bleeding area should be compressed for as long as it 
takes to stabilize the patient, ready the operating theater, 
and assure that appropriate blood products, when thought 
necessary, are ready.
• For a total nephrectomy the renal vessels appear verti-
cally in the operating field; they must be dissected in the 
inferior part of the field where there is only one artery 



Chapter 19 Laparoscopy for the Upper Urinary Tract 141

and one vein and not too close to the kidney hilum 
where the vessels divide into segmental branches.

A sufficiently wide area of exposure (at least 1 cm) 
allows creation of a large window around vein and artery 
and to get a safe vascular control.

On the left side care is taken to avoid injury to the 
adrenal vein and tail of the pancreas; on the right side, 
one must be careful with the posterior wall of the duo-
denum which is contiguous to the anterior part of the 
vessels. On the right side, the renal vein could be mis-
identified and confused with the vena cava. This is espe-
cially so if the renal vein is short and if the camera has 
been rotated showing the vena cava vertical. Thus aware-
ness of the degree of orientation is essential!

Partial nephrectomy
For partial nephrectomy, separation of the renal paren-
chyma, at least in hands, is made easier and safer by 
using ultrasonic or Harmonic scalpel. Usually there is 
minimal or no bleeding if the appropriate segmental 
vessels have been primarily ligated. The resection margin 
created by preliminary vessel ligation is assured and the 
line of excision is carefully incised. The remnant tissue 
can be grasped to provide counterattraction to simplify 
the remainder of tissue excision. The base of the stump is 
also cauterized or the Harmonic scalpel is used to scarify 
it and minimize bleeding.

If there is any doubt about a possible opening of a 
calyx, saline with or without methylene blue is injected 
via a whistle tip ureteric catheter that is often placed ini-
tially, specifically to deal with this situation. If the leak is 
confirmed and significant, caliceal suture repair is per-
formed or biological adhesive is applied.

The most serious complication of partial nephrec-
tomy, but not specific to minimally invasive surgery, 
is the loss of the functioning segment. This can be due 
to three causes. First, transection of the major blood 
supply because of misidentification. If recognized and 
repairable, immediate conversion to open procedure 
and reconstruction of the artery is mandated. Secondly, 
vasospasm due to excessive manipulation or traction 
on the vessels can occur. This complication is managed 
by local irrigation with warm saline and the applica-
tion or injection of a vasodilatator such as papaverine. 
It is essential that the patient is also appropriately 
hydrated. Lastly, a compressive perirenal hematoma can 
occur. In the last situation the diagnosis is often delayed 
and there is little to be done to save the remaining 
parenchyma.

Extracting the kidney is rarely associated with problems. 
For larger specimens, where morcellation is required, it 
can be time consuming to master the placement of speci-
men within the bag.

Suture
For reconstructive surgery, such as dismembered pyelo-
plasty, the success depends upon delicate suturing. Such 
techniques are advanced, demanding, and time consum-
ing, even for skilled laparoscopic surgeons. Appropriate 
orientation to prevent twisting the ureter, use of trac-
tion sutures, and an experienced camera assistant all are 
important in minimizing the potential for error.

Completion
All drains must be secured before exsufflation to avoid 
any untimely extraction.

At the end of the procedure, exufflation is progres-
sively started. The following must be inspected to assure 
that hemostasis is secure. First, the operative area, par-
ticularly near the hilum or the pyeloureteral junction 
must be inspected during desufflation as even signifi-
cant bleeding can be masked by the temporary tampon-
ade associated with the insufflation pressure. Second, 
the cannula sites should be observed after each one is 
removed to minimize the risk of missing a small bleeder. 
It is a practice to close all port sites to avoid any visceral 
or omental evisceration.

During the postoperative period

None of the complications that arise postoperatively are 
specific to minimally invasive surgery other than those that 
might be associated with port placement. Careful adher-
ence to technique and not attempting to take short cuts 
are paramount in reducing the potential for complication.
• Hemorrhage is suspected in the situation of pain, 
swelling of the abdominal wall, bleeding from a port 
site or through a drain. If significant, this will result in 
a decreased hematocrit. If visible hemorrhage does not 
stop rapidly or intra-abdominal bleeding is manifested 
by a drop in hematocrit that requires blood replace-
ment or affects hemodynamic parameters, then explora-
tion is indicated. It should be mentioned that an open 
exploration is mandatory in the case where a previous 
retroperitoneoscopic approach has been employed, as 
redo retroperitoneoscopy is often ineffective due to poor 
vision. In the instance where a transperitoneal laparo-
scopic approach has been used and if the hemodynamic 
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status of the patient is stable, a redo transperitoneal 
laparoscopic exploration can be considered.
• Urine leak may be evident in the early postoperative 
period and is confirmed radiologically. Assuring that the 
kidney itself is draining into the bladder is mandatory. 
Stent or percutaneous nephrostomy drainage should be 
considered. Large urinomas that have secondary affects 
or infected urinomas require drainage, either percutane-
ously or if necessary in complex scenarios, via an open 
approach. Asymptomatic urinomas are often noted inci-
dentally at routine ultrasonographic follow-up after par-
tial nephrectomy and usually are asymptomatic. Thus 
observation in most cases is all that is necessary.
• Intraperitoneal sepsis can be due to intraoperative 
unrecognized bowel perforation or some days later if 
due to thermal injury with a delayed necrosis. Clinical 
symptoms could be partly masked because of antibiotic 
and analgesic therapy. A second look by laparoscopy is 
justified to assess the damage and decide how to manage 
it according to its importance and the surgeon’s laparo-
scopic experience.
• Finally, port site herniation is managed as usual.

Personal results

Our personal experience of complications after retroperi-
toneoscopic approach, which is our favorite, is summarized 
in Table 19.2.

The conversion rate rises from 0% for renal biopsy 
to 8.5% for partial nephrectomy. Operative incidents 
are still high, even if we always use an open technique 
(1 case of renal pelvis perforation [huge hydronephrosis], 
10 cases of subcutaneous emphysema, 1 case of transient 

postoperative abdominal wall paralysis). The most fre-
quent complication is peritoneal perforation during the 
access: 15%; however no vascular or bowel injury. All of 
these incidents have been managed laparoscopically.

Operative incidents related to dissection and hemo-
stasis are as follows: 1 case of duodenal perforation during 
partial nephrectomy (conversion), 1 case of diaphragmatic 
tear (laparoscopic repair), 1 case of postoperative perirenal 
hematoma after partial lower pole nephrectomy with loss 
of function of the remaining upper pole (late diagnostic, 
no reoperation, surveillance), and 10 cases of postopera-
tive urinomas (5 after pyeloplasty, 5 after partial nephrec-
tomy) of which 2 needed reoperation for drainage.

Discussion

With experience the use of operative laparoscopy in pedi-
atric urology has continued to expand. Improved tech-
nology, continued growth and experience by the surgeon 
and the demand by the public for minimally invasive 
techniques, have all contributed to the growth of this sur-
gical option. Still, many pediatric urologists are still reluc-
tant to employ laparoscopic techniques due to the steep
learning curve and time commitment that are necessary 
to allow reconstructive surgery to be comfortably and 
reliably performed. Some cite the potential for complica-
tions, which were reported while these approaches were 
in their infancy [13]. Others argue that the advantages of 
this new surgery have not yet been demonstrated accord-
ing to the criteria of evidence-based medicine. Indeed 
large pediatric comparative studies are still lacking. The 
published data mainly come from expert teams and are 
retrospective studies [14–19]. Is it logical to judge the 

Table 19.2 Personal experience in retroperitoneoscopy including the learning curve.

Procedure NB Conversion        Complications Reoperation

   Per OP Post OP

Renal biopsy   8 0 0 0 0
Total nephrectomy 110 2% 20% 2% 0
Partial nephrectomy  35 8.5% 26% 15% 1/35
Pyeloplasty  55 4% 13% 18% 7/55
Adrenalectomy  15 13% 20% 0 0
Stone   6 0 0 1 1
Retrocaval ureter   2 0 0 0 0

Total 231  
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complication rate for all the procedures on the upper 
urinary tract or is it better to separate the simple pro-
cedures (biopsy, total nephrectomy) from the complex 
one (pyeloplasty, partial nephrectomy)? Is it logical to 
include in the complication rate the cases operated since 
the beginning of this new technique or it is more real-
istic to exclude the learning curve? What is the length 
of the learning curve for each procedure, which seems var-
iable according to each team [20–21]? Should we separate 
the complications according to their seriousness: sim-
ple trouble like peritoneal perforation during retroperi-
toneoscopy, incident repaired by laparoscopy, accident 
like vascular or visceral injury which need conversion or 
reoperation, and disaster which could lead to death?

Concerning the adult literature [22–24], the conver-
sion rate in open surgery is around 6%; the complica-
tions rate varies from 4.4% to 20.6%; in the comparative 
study of Fomara et al. [24], the complication rate was 
higher with open surgery (25.4%) than with laparos-
copy (20.6%). The reintervention rate in the adult data 
is between 0.8% and 1.1%.

In the data of Ku et al. [25], which compared laparos-
copy for congenital benign renal diseases in children and 
adults, the result looks better in children with less com-
plications. However, in the pediatric group, as indicated 
before, the complication rate is best correlated to the age 
of the patient. In the study of Castellan et al. [26] 80% of 
complications were seen in patients younger than 1 year 
regardless of the access route, trans or retroperitoneal.

Concerning the pediatric literature [3–26], the com-
plication rate varies between 2% and 10%, the reopera-
tion rate between 0.39% and 12%.

In the multicentric data of Peters et al. [3], published 
10 years ago, about 5428 cases of diagnostic and thera-
peutic procedures, significant complications occurred 
in 1.18% of cases. The significant predictors of compli-
cations include the experience of the operator and the 
access technique – open or Veress needle.

Conclusion

The goals of minimally invasive surgery are to main-
tain the principles of open procedures while minimizing 
morbidity for the young patient. But no method is risk 
free. As laparoscopic techniques increase in popularity 
and frequency so too will the intraoperative and postop-
erative complications associated with these treatments. As 
experience grows the rate of complication should decline. 
For each child, the risk-to-benefit ratio must be carefully 
assessed. However, in experienced hands, laparoscopy could 

today be considered as an essential part of the armamen-
tarium of pediatric urologist in managing pathology of 
the upper urinary tract.
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Robotics in Pediatric Urology: 
Pyeloplasty
L. Henning Olsen and Yazan F. Rawashdeh

Introduction

Although considered a novelty, the concept of robotics 
and computer-assisted surgical techniques in urology 
has been in existence for about 20 years. In 1989, at the 
Imperial College in London, Davies and his colleagues 
showed the feasibility of using a modified industrial 
robot for transurethral prostatic resection. Two years 
later the same group was able to carry out transurethral 
prostatectomies on five patients, marking the first time 
an active robot was used for resecting human tissue 
[1]. Other early milestones include the introduction of 
automatized, surgeon-controlled systems for placement 
of brachytherapy needles in prostatic tissue [2], for tak-
ing prostate biopsies [3], and for the percutaneous access 
of the kidney [4]. These systems were image guided, 
relying on coordinates designated by the surgeon and 
obtained from transrectal ultrasound, fluoroscopy, MRI, 
or CT images that were processed by the robot’s inte-
grated computer system, allowing highly precise trajec-
tory calculation. Common for these robots were the facts 
that they all were active in the sense that they proceeded 

autonomously once programmed and activated by the 
surgeon and that none of them achieved widespread 
clinical use especially not in the pediatric realm.

Commercialization of robotics came with the introduc-
tion of the Automated Endoscopic System for Optimal 
Positioning (AESOP, Intuitive Surgical, Sunnyvale, 
California) in 1993. It was however the advent of the 
master–slave telerobotic systems in the late 1990s that 
entailed a paradigm shift in the way minimally invasive 
surgery was to evolve at the turn of the century.

Master–slave telerobotic systems

Master–slave systems are designed to convey a surgeon’s 
movements to robotic arms that replicate these move-
ments via sophisticated end effectors connected to these 
robotic arms. The surgeon is therefore not in direct 
physical contact with the patient, thereby fulfilling the 
concept of telepresence surgery and enabling the potential 
of performing operative procedures remotely [5]. Of the 
different systems developed, the da Vinci and the ZEUS 
telemanipulators stand out as the most utilized robots. 
Originating from two different California-based manu-
facturers, the two companies merged in 2003 and since 
then da Vinci Surgical System has dominated the market.

Key points

• Robotic surgery in pediatric urology is still in its 
infancy.

• Robotic assisted pyeloplasty is the commonest 
robotic procedure in pediatric urology.

• Robotic assisted pyeloplasty has outcomes 
comparable to those of open and laparoscopic 
procedures.

• Robot-related complications are not uncommon 
and include arm collisions, system failures, and 
complications related to lack of tactile feedback.

• Pyeloplasty-related complications are akin to 
those encountered in open and laparoscopic 
procedures.
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Robots in pediatric urology

The da Vinci surgical system is undoubtedly the most 
utilized robot in pediatric urology. However due to 
its recent history of less than a decade and issues pertain-
ing to high costs (initial investment premium in excess of 
one million euros and significant running costs of about 
100,000 euros annually), applications are still somewhat 
limited and finding a niche for the da Vinci robot in 
pediatric urology has thus been a balancing act between 
need and reason. Robotic assisted pyeloplasty (RAP) is by 
far the commonest procedure described in a still modest 
body of literature, the bulk of which is class 4 evidence 
(case reports and case series) with no randomized control-
led clinical trials. Other anecdotal uses have been reported 
and yet other applications have been contemplated and 
shown feasible in experimental studies (Table 20.1).

Robotic assisted pyeloplasty (RAP)

Laparoscopic pyeloplasty (LAP) has yielded results com-
parable to those of open pyeloplasty, which is considered 
the gold standard for treatment of ureteropelvic junction 

(UPJ) obstruction. In comparison with open pyeloplasty, 
LAP confers benefits of minimal morbidity, shorter con-
valescence, and better cosmesis [11]. LAP is however a 
cumbersome procedure with a long-learning curve, and 
requires a vast repertoire of laparoscopic skill, especially the 
ability to master the technically demanding intracorporeal 
suturing techniques. In direct juxtaposition with open 
pyeloplasty, RAP has also been shown to decrease hospi-
tal stay and lessen the need for analgesia in the periopera-
tive period albeit with a few shortcomings pertaining to 
significantly longer operative times and higher costs [12]. 
With gaining experience, however, operative times tend to 
approach those of the open procedures [13]. Considering 
that functional outcomes and reported complications are 
similar by both procedures, and barring the issue of cost, 
the balance tips in favor of RAP. No direct comparisons 
between pediatric RAP and LAP have been published 
but if studies in adults can be taken as an indicator, no 
clear clinical advantages are evident for the experienced 
laparoscopic surgeon as operative outcomes, length of 
hospital stay, complications; and clocked operative times 
are virtually indistinguishable although there was a ten-
dency toward shorter operative and anastomosis times in 
RAP [14–16]. The latter claim has since been discounted 

Table 20.1 Other less-reported applications of robotics in pediatric urology.

Author Procedure Robotic Subjects and  Median Complications Comments
  system number age

Olsen and  Retroperitoneoscopic da Vinci 14 girls 4.9 Two converted to open Median operative time
Jorgensen  heminephrectomy    operation; one due to 176 min
et al. [6]     lack of progress and one
     due to bleeding

Pedraza  Appendicovesicostomy da Vinci 1 boy 7 None Operative time 6 h
et al. [7] (Mitrofanoff)

Pedraza  Bilateral da Vinci 1 girl 4 None Operative time 7 h 20 min.
et al. [8] heminephroureterectomy      The robot was only used 

to dissect the renal hilum 
and the upper pole vessels 
bilaterally while the rest 
of the procedure was done 
laparoscopically

Olsen  Pneumovesical ureter da Vinci 8 pigs  Two port Procedure was successful
et al. [9] reimplantation a.m.     hernias in all
 Cohen 

Yee  Reconstruction of da Vinci 1 boy 11 None Operative time 8 h 50 min
et al. [10] traumatic UPJ disruption
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in a recent study which prospectively compared LAP to 
RAP and found significantly longer operative and total 
operative theater times in the RAP patients in addition to 
a substantial cost increase of 2.7 times [17]. The authors 
of the mentioned study conclude, based on their findings, 
against the indiscriminate application of RAP especially 
for surgeons adept with intracorporeal suturing who stand 
to benefit little from the da Vinci.

RAP points of technique

Most surgeons will usually favor the transperitoneal 
approach to RAP because this access provides them with 
familiar landmarks that aid in orientation. In this pro-
cedure the patient is positioned supine with the affected 
side elevated on a 30° foam or gel wedge. The camera port 
is placed at the umbilicus using Hasson’s technique. The 
abdomen is insufflated to 10–12 mmHg. Working ports 
are placed in the midline between the umbilicus and 
xyphoid and in the midclavicular line below the umbili-
cus. The table is angled to raise the affected side into a 
60° flank position. The robot is positioned on the ipsi-
lateral side of the patient, angled over their shoulder and 
the three robotic arms are engaged with the laparoscopic 
ports. A fourth port can be placed distal to the xyphoid 
to provide additional retraction, sutures, and suction. The 
UPJ can be exposed transmesenterically on the left in the 
larger pediatric patient or by mobilizing the colon along 
Toldt’s line on either side. The surgical procedures follow 
the same rules as the open procedure [18–20].

For the retroperitoneal approach the patient is posi-
tioned in a semiprone position; infants and children are 
placed on a small gel sandbag placed under the contralat-
eral iliac crest. The upper leg is extended, while the lower 
leg is flexed and the legs are padded with gel cushions 
to decrease undue stretch and to avert pressure sores in 
prolonged procedures. Excessive internal rotation of the 
upper leg should be avoided especially in older patients 
as this might be hazardous for the hip joint. Adolescent 
patients should be placed with their waist on the kidney 
rest and the operating table should be flexed in order to 
open the costovertebral angle. Since the robot fixes the 
ports and keeps them in position just a limited degree of 
flexion is needed in contrast to open and laparoscopic 
procedures. The first 15–20 mm skin incision is made one 
finger breadth above the iliac crest just posterior to the 
anterior iliac spine. The external fascia is incised and the 
muscles are split by blunt dissection under direct vision 
with small retractors. The lumbodorsal fascia is incised 

sharply and with the index finger a small retroperitoneal 
recess is developed posterio-cranially. In adults and older 
children, a commercial dilating balloon trocar is inserted 
and the retroperitoneal space is dilated with 400–500 ml 
air. In infants and some smaller children, commercial tro-
cars are too large and should be replaced by a homemade 
dilating balloon catheter. The balloon should remain 
inflated in situ for 5 min [21,22].

The first instrument port is placed under digital guid-
ance just medial to the edge of the latissimus dorsi muscle 
and two finger breadth above the iliac crest. The medial 
instrument port is placed just below the costal margin 
in the anterior axillary line. An optional 5-mm port for 
assistance, suction, and suture delivery is inserted in the 
right or left iliac fossae. Blunt trocars through 70 mm 
radially dilating sleeves are preferred to the original cut-
ting trocars of the da Vinci system. This diminishes the 
risk of bleeding and tissue/organ injury. Finally an airtight 
balloon tipped trocar is used in the primary incision for 
camera access; the balloon retains the tip of the trocar 
in the retroperitoneum, preventing it from retraction in 
between the abdominal muscle layers. The robot is then 
engaged, being wheeled in from the ipsilateral side at an 
angle of 45–60° from the patient’s head depending on the 
expected localization of the UPJ. The retroperitoneum is 
then insufflated to 8–10 mmHg, which is slightly lower 
than pressures needed for transperitoneal access. As soon 
as the 0° telescope is inserted, Gerota’s fascia is recognized, 
incised, and the remainder of the procedure is as with the 
open technique [21,22].

Robot-related complications and
preventing them

Complications related to robotic movement envelope are 
not uncommon. Robotic arms colliding with each other, 
with the table, or even with the bedside surgical assistant 
are not only a nuisance that at best serves to prolong 
operations, but also pose a danger as collision with the 
vulnerable pediatric patient may cause injury or pressure 
sores, especially as the surgeon has limited tactile feed-
back preventing immediate collision recognition. The 
bedside assistant’s role is therefore not limited to tech-
nical assistance but also extends to being the operator’s 
second pair of eyes and ears.

Compared with pediatric patients the size of the da 
Vinci is overwhelming, and when fully engaged the 
robot may restrict the bedside surgical assistant’s access 
to the patient while the arms are in use and may require 
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the anesthesiology team to make special preparations 
to ensure prompt access to the patient’s airway [23,24]. 
Moreover, some authors recommend special position-
ing of smaller patients �20 kg by elevating them upon 
foam padding to allow more lateral placement of instru-
ment ports, thereby giving the arms and assistant sur-
geon more mobility, as the arms can pitch downwards 
to a greater extent without encountering the table [24]. 
Pelvic procedures on smaller patients also carry the risk 
of pressure injury to the upper body by excessive down-
ward pivoting of the robotic arms. This can be prevented 
by protecting the upper body by strategically placing the 
metal railing of the anesthetists screen and by using a 30° 
camera which decreases the angle by which the robotic 
camera arm needs to be tilted.

The surgeon controls the amount of force applied by 
the da Vinci arms, which ranges from a fraction of an 
ounce of force for delicate suturing to the several pounds 
of force necessary to retract large tissue structures. 
Therefore lack of tactile feedback presents an important 
drawback to the inexperienced surgeon, as the instru-
ments may be moved too forcefully resulting in tissue 
injury or suture breakage. Carelessly manipulating a nee-
dle between two needle holders can easily break the needle 
or to that effect instrument tips which may result in the 
untoward retaining of foreign bodies [25]. Lack of tactile 
feedback can be compensated for by the enhanced stereo-
scopic video imagery, which gives excellent visual cues of 
suture tension and tissue deformability. With experience 
and dedicated training, operators may further enhance 
their internal perceptual model of tissue consistency to 
correlate applied forces and tissue deflection [26].

The da Vinci employs a number of safety features aimed 
at preventing injury, for example, to start the procedure 
the surgeon’s head must be placed in the console viewer. 
Otherwise, the system will lock and remain motionless 
until it detects the presence of the surgeon’s head once 
again. During the procedure, a zero-point movement sys-
tem prevents the robotic arms from pivoting above or at 
the entry incision, which could otherwise be unintention-
ally torn. System failures, whether mechanical or related 
to the system computer, are however known to occur and 
surgeons operating the robot have to be familiar with sys-
tem troubleshooting. Depending on the type of failure, 
delays of up to hours can be incurred, as is the case when 
a malfunctioning robotic arm or a motherboard has to be 
replaced. Such delays are unacceptable and needless to say 
the procedure has to be completed laparoscopically or by 
open conversion. Surgeons are hence mandated to plan 
for such contingencies [27].

Procedure-related complications:
Pyeloplasty

As with all other minimally invasive procedures, optimal 
port placement in RAP is paramount but can be challeng-
ing in the pediatric patient and requires detailed planning 
and more often than not nonconventional solution or lat-
eral thinking. The manufacturer’s recommended position-
ing between camera and instrument ports is triangular 
with at least 8 cm of distance between ports (Figure 20.1). 
It is however obvious that this distance cannot be kept 
in infants and smaller children especially when attempt-
ing the retroperitoneal approach. Additionally, the retro-
peritoneal space can be quite restricted especially in the 
initial steps of the procedure before opening Gerota’s 
fascia, as is the case with the transperitoneal approach in 
infants [20]. The amount of intracorporeal working space 
required by instruments in order to be active further lim-
its maneuverability especially when using 5-mm instru-
ments with “snake wrist” technology which are limited 
by a �10 mm distance from the distal articulating joint 
and the instrument tip [24]. Ports should therefore not 
be inserted more than 0.5–1 cm below the inner fascial 
layer. This results in an instrument pivoting point laying 
at the skin level and consequently more pronounced arm 
movements with an increased risk of collisions between 
the arms (Figure 20.2). Considering these factors is thus 
crucial when planning port placement, so as to take full 
advantage of instrument dexterity and to avoid collisions 
between instruments (Figure 20.3), which may seriously 
limit a surgeon’s ability and reach. Limitations in camera 
arm movement can make it impossible to visualize the 
UPJ in a large hydronephrosis and was in the author’s 
experience the reason for open conversion in one such 
case. The camera port has since been moved closer to the 
iliac crest to avoid this shortcoming [21,22].

Orientation in the retroperitoneal space can be difficult 
for the beginner especially in obese and older children 
where it can be difficult to keep an overview and the 
right working direction. The few landmarks encountered 

Figure 20.1 Optimal triangle between camera port (C) and 
instrument port (I) to avoid collisions between the robotic arms.

I I

C



Chapter 20 Robotics in Pediatric Urology: Pyeloplasty 149

include the quadratus lumborum and psoas muscles. As 
the operator has no direct contact with the patient it is 
advisable to leave the console once in a while to check 
working direction judged by inspecting the instru-
ments, as relying solely on imagery may be insufficient. 
Beginner pitfalls include mistaking the vena cava for a 
dilated renal pelvis and muscles under fatty tissue for 
the kidney. The transperitoneal access offers more famil-
iar landmarks, however one should be careful to have 
the active part of both robotic instruments in sight espe-
cially when using monopolar cautery as even small sero-
sal bowel lesions can have disastrous consequences. Both 
Yee [12] and Weise [16] describe postoperative ileus as 
a complication to the transperitoneal approach probably 
due to leakage of urine from the anastomosis.

JJ-catheter complications, whether related to placement 
or patency, have also been reported. The stent can be placed 
retrogradely prior to the procedure or preoperatively 
over a guidewire either through the accessory port [22] 
or percutaneuosly using an 18-gauge angiography needle 
[13,20]. The JJ-catheter should be placed after the first half 
of the anastomosis is completed. This stabilizes the ureter 

and facilitates insertion. Care should be exercised while 
maintaining countertraction on the ureter while inserting 
the stent as lack of haptic feedback may lead to inadver-
tent injury. In the authors series of 67 RAP procedures, 3 
JJ-catheters were found in the distal ureter at cystoscopy 
after the operation [22]. Since children always are under 
general anesthesia when the JJ-catheters are removed, 
this complication rarely poses an additional risk as the 
displaced catheters can easily be removed with a dormia 
basket. Some authors advocate the use of blue dye instilled 
into the bladder to secure proper stent placement [13,20]. 
Assessment of the anticipated ureteral length and inserting 
a defined length of the guidewire into the ureter and the 
bladder may also reduce the risk of JJ-stent displacement. 
When placing the stent antegrade through the assistant 
port, the guidewire is fed through the assistant port and 
there from guided down the ureter by the operator using 
the DeBakey forceps and the needle holder. JJ-size choice 
depends on the estimated length of the ureter. For optimal 
placement, it is advisable with a controlled insertion. This 
is done by the assistant who as soon as the tip of the guide 
reaches the upper open end of the ureter, feeds a measured 
length of the guide, a little longer than the actual length 
of the JJ-stent. This ensures that the JJ-catheter reaches 
the bladder but does not go beyond. Countertraction is 
exerted on the JJ-stent by a semi-closed DeBakey forceps 
while the guidewire is removed in order to keep the stent 
in place. As soon as the JJ-stent has been placed, the poste-
rior part of the anastomosis and – if necessary – the pelvic 
defect are closed.

Pelvis drainage in the early postoperative period is reli-
ant on a patent anastomosis and/or stent when present. In 
the previously mentioned series from the authors’ institute
four patients needed postoperative nephrostomy. Two of 
them had an occluded JJ-catheter due to a blood clot while 
the remaining two who were unstented were believed to 
be obstructed due to postoperative edema. Three of them 
resolved spontaneously within a few days while one had 
to be reoperated due an overlooked crossing vessel [22]. 
Meticulously washing out the renal pelvis prior to com-
pleting the anastomosis reduces the risk of blood clot for-
mation and is routinely done at the author’s institute.

Surgical outcome

The few series reporting on RAP in children have a fail-
ure rate of 0–6% increasing with the number of patients 
reported (Table 20.2) [13,20–22,28]. Lee et al. reported 
in their series one patient out of 33 who required a 

Figure 20.3 In children, the ports and instruments are 
inserted just a few centimeters apart with consequently more 
pronounced movements of the robotic arm outside the patient.

Figure 20.2 Port placement for the transperitoneal and 
retroperitoneal route in pyeloplasties. (C) camera port
(I) Instrument port.
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redopyeloplasty due to an overlooked crossing vessel 
[13]. This was their only patient done by a retroperito-
neal approach and similar to the abovementioned case 
from the author’s series [22]. This complication, at least 
in children, seems to be peculiar to retroperitoneal access 
and is best avoided by completely exposing the lower 
pole of the kidney.

In the authors’ series two further patients needed redo-
pyeloplasties due to significantly decreasing differential 
function. An open redo-pyeloplasty in both cases revealed 
a kinking ureter, which in hindsight was probably related 
to extensive straightening caused by the stay sutures in 
the pelvis and the upper end of the ureter during the pri-
mary procedure. Positioning stay sutures should therefore 
be used with caution since they may leave the ureter and 
the pelvis in an unfavorable position once released and 
allowed to fall back. Other series in children do not report 
failures, which lead to reoperations [12,20,28]. However 
minor complications such as postoperative hematuria 
and urinary tract infections are reported. There is no 

difference with regard to hospital stay, outcome, failure, 
and complications between the reported series. However, 
outcome can be defined in various ways as described 
elsewhere in this volume.

Conclusions

Robotic surgery in pediatric urology is still in its infancy. 
But with the rapid pace of events leading to this juncture, 
it is unquestionable that major refinements and revela-
tions are in store. At this point in time, however, indica-
tions for use of robots in pediatric urology are quite 
limited and pertain mainly to areas where conventional 
laparoscopy’s shortcomings have been a major hindrance 
as in reconstructive procedures such as pyeloplasty. 
Initial experience here has revealed functional outcomes 
and complication rates similar to those of laparoscopy. 
Operators are nonetheless faced with new challenges 
that need to be tackled: complications that are yet to be 

Table 20.2 Surgical outcomes and complications of the pediatric RAP series published to date.

Author Number Age  Operative time Follow-up Complication Complications Failure Failure
  (range) minutes (range) months  rate (N) (N) rate (N) cause (N)
    (range)

Atug   7 (6–15) 184 10.9  Prolonged 0% –
et al. [28]  years (165–204) (2–18) 14.3 % (1)  drainage

Yee   8 9.8 (6.0– 248 14.7 0% – 0% –
et al. [12]  15.6) years (144–375) (2–24)

Kutikov   9 5.6 (2–8) 122.8 6 (NA) 0% – 0% –
et al. [20]  months (NA)

Lee  33 7.9 (0.2– 219 10 (0.4– 3% (1) Overlooked 3% (1) Overlooked
et al. [13]  19.6) years (133–401) 28)   crossing vessel    crossing vessel

 (1) redo

Olsen  67  146 12.1 (0.9– 17.9 % Conversion (1) 6% Overlooked
et al. [21,22]   (93–300) 49.1)  Postoperative    crossing vessel 

       nephrostomy    (1) redo

        catheter (4)  Kinking ureter
Hematuria (2)   (2) redo

      UTI (2)   Re-stenosis 

      Displaced   (1) balloon 

       JJ-catheter (3)   dilatation
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reported and economic issues that need to be addressed 
before robotics become commonplace in pediatric 
urology.
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Lower Urinary Tract 
Laparoscopy in Pediatric 
Patients
Rakesh P. Patel, Benjamin M. Brucker and Pasquale Casale

Laparoscopic transvesical and 
extravesical ureteral reimplantation

Introduction
Minimally invasive ureteral reimplantation is being 
developed and becoming an alternative option to tradi-
tional open surgery as a standard of care in children with 
disorders such as vesicoureteral reflux (VUR), primary 
obstructive megaureter (POM), and other pathologies of 
the ureterovesical junction [1,2]. VUR occurs in approxi-
mately 30% of children with at least one febrile urinary 
tract infection (UTI) [3]. It has been well documented 
over the years that UTI in the presence of VUR can cause 
pyelonephritis and this potentially can lead to renal scar-
ring with its associated sequelae [4].

Treatment modalities for VUR vary and depend on 
the patient’s clinical course. There is currently no con-
sensus among health care professionals regarding when 

medical or surgical therapy should be used [5]. When 
surgery is warranted, open ureteral reimplantation has 
been the gold standard over the years. In the recent years, 
subureteric injection of implant material has shown con-
siderable promise [6].

In the 21st century, laparoscopy, with or without 
robotic assistance, is being used increasingly to treat this 
condition and has helped to minimize morbidity of this 
major surgery [1,2,7]. Both, intravesical and extravesical 
antireflux techniques performed laparoscopically [8,9] 
have been shown to have good success rate and benefits.

Laparoscopic- and robotic-assisted 
extravesical reimplantation
In girls, the ureter can be seen cephalad to the uterus. 
The ureter is exposed by incising the peritoneum ante-
rior to the uterus and sweeping the uterine ligament and 
pedicle posteriorly. In boys, the ureter is visualized and 
mobilized at the level of the iliac vessels. The vas deferens 
needs to be mobilized from the ureter and kept cephalad 
to the portion of the ureter to be placed in the detrusor 
tunnel. The ureter then is seen just outside the bladder, 
mobilized and cleared for approximately 4 or 5 cm. After 
filling the bladder partially through a preplaced Foley 

Key points

• Preoperative voiding cystourethrograms 
(VCUG) to ensure bladder capacity more than 
130 cc.

• Improve voiding habits and constipation prior to 
surgery.

• Cystoscopy with ureteral catheter placement 
prior to surgical positioning for laparoscopic 

 component is extremely helpful but not 
mandatory.

• Keep dissection away from pelvic plexus.

• Distended abdomen postoperatively is a bladder 
leak until proven otherwise.

21

Pediatric Urology: Surgical Complications and Management
Edited by Duncan T. Wilcox, Prasad P. Godbole and Martin A. Koyle

© 2008 Blackwell Publishing Ltd.  ISBN: 978-1-405-16268-5



Chapter 21 Lower Urinary Tract Laparoscopy in Pediatric Patients 153

catheter, a detrusor incision of approximately 2.5 cm 
is made up to the mucosa. A Y-shaped mobilization 
around the hiatus of the ureter is performed, but not cir-
cumferentially to avoid damage to the nerves. Detrusor 
muscle is then wrapped around the ureter with 3-0 or 
4-0 absorbable suture. While doing the detrusorrhaphy, a 
“hitch stich” is passed through the periureteral sheath in 
order to stabilize the ureter and prevent recurrent reflux 
post surgery (Figure 21.1).

Outcomes
As this is a relatively new technique with only few spe-
cialized centers offering this procedure, large series and 
long-term outcomes are yet to be studied. However, pre-
liminary results have been published.

Peters et al. published their initial experience with 17 
patients, 15 girls, and 2 boys with a mean follow-up of 
5–8 months and had two failures. Other complications 
in this series were two patients with bladder leakage; 
one with voiding dysfunction; one patient with a 
solitary kidney had obstruction, but did well with stent 
placement [10].

Riquelme et al. [11] had 15 patients in their series of 
pure laparoscopic transperitoneal Lich Gregoir extravesi-
cal ureteral reimplant. Fourteen of fifteen patients had 
success, which is comparable to open surgery. In three 
patients with mucosal perforation, Foley catheter was left 
for 3–4 days. Patients did not experience bladder spasms 
and gross hematuria. At follow-up of 15–49 months only 
one patient had UTI.

Complications
• Voiding difficulties: This technique when undertaken by 
an experienced surgeon should minimize the urinary 

retention issues, in case of bilateral ureteral reimplant, 
as at time of dissection nerves are clearly seen and dis-
section is kept away from the nerves. None of the 
series published with this operation have recorded this 
problem.
• Bladder leak: Occurs in a small number of patients and 
is usually amenable to Foley catheter drainage.
• Bleeding: The authors have not seen any major bleed-
ing problems in patients. With transperitoneal laparos-
copy, there is the potential for bleeding to occur into a 
larger potential space than the contained space of the 
extraperitoneal pelvis.
• Infection: Prophylactic antibiotics are given in order to 
minimize this complication and it is our routine to also 
send a urine culture during initial cystoscopy.
• Urinary obstruction: Ureteral catheters may be placed 
to facilitate dissection and reimplantation. This is espe-
cially true in case of solitary kidney and prior stenting is 
recommended [10].
• Persistent reflux: Noted to be equivalent to open 
surgery.

Preventing complications
Preoperative
• Treat dysfunctional voiding to minimize recurrence.
• Treat any UTI.
• Cystoscopy and ureteral retrocatheter placement for 
visualizing bladder for any evidence of infection and to 
identify ureter at time of surgery with ease.

Intraoperative
• Adequate detrusorrhaphy to achieve good tunnel 
length.
• Minimize dissection around the nerves to prevent any 
postoperative bladder dysfunction.
• Good hemostasis, to improve visualization and metic-
ulous dissection.
• Care should be taken not to violate the bladder mucosa.
• If there is a history of prior dextranomer/hyaluronic 
acid injection, this mound may need to be mobilized and 
dissected off in order to get a good tunnel length.

Postoperative
• Foley catheter/ureteral catheter drainage overnight, 
longer if bladder perforation is suspected.
• Adequate pain control; patients usually do not com-
plaint of bladder spasms once the Foley catheter is 
removed, which is one of the advantages of this procedure.
• Patient should be voiding without problems prior to 
discharge.

Figure 21.1 View of detrusor tunnel formation and left ureter 
for extravesicle robotic-assisted ureteral reimplantation.
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Management of complications
• Bladder dysfunction and leakage: Usually amenable to 
drainage.
• Persistent reflux: Patient may outgrow or may be man-
aged endoscopically; treat voiding dysfunction prior to 
surgery to minimize this complication. Failed conserva-
tive therapy may necessitate reoperative intervention.

Conclusions
Early results from these procedures are very encourag-
ing. Robotic-assisted laparoscopy for treatment of reflux 
when undertaken by trained surgeons is a safe and effec-
tive procedure. Robotic-assisted laparoscopy has an 
added advantage of more magnification, elimination of 
hand tremors, and ease of tying knots. More training 
and clinical research is required prior to drawing definite 
conclusions.

Laparoscopic transvesical ureteral 
reimplantation

Introduction
Laparoscopic transvesical reimplantation with or with-
out robotic assistance is currently being developed as 
another alternative to open surgery. This approach har-
bors the potential for decreased postoperative bladder 
spasms, reduced incisional pain, faster catheter removal, 
and improved cosmesis.

The operation is performed via pure laparoscopy using 
transvesical cross-trigonal ureteral reimplantation for 
VUR and Glenn-Anderson reimplantations for primary 
obstructing megaureters [1]. The patient is placed in the 
dorsal lithotomy position. Three 3 mm torcars are placed 
under cystoscopic guidance as described by Yeung et al. 
[2]. A pediatric feeding tube is placed through urethra and 
connected to a suction apparatus. Suction is clamped and 
unclamped as required during surgery. Excisional ureteral 
tapering may be performed in select cases (Figure 21.2).

Outcomes
In the authors’ hands, of the 32 patients, four had compli-
cations and/or surgical failure [1]. Two patients had per-
sistent reflux. In this series, bladder capacity was a factor 
(more or less than 130 ml) between success and failure/
complications. The hypothesis is that larger the blad-
der capacity, more feasible the operation. There is also 
a technical problem with bladder contractions at time 
of important dissection secondary to a pneumovesicum 
above 6–8 mm of Hg. This may disrupt visualization at a 

critical moment. This underscores the technical difficulty 
in performing this highly complex task in the limited 
space of the pediatric bladder. Peters et al. [10] had one 
patient with leakage that resolved after 1 week of main-
taining an indwelling urethral catheter.

Complications
• Persistent reflux
• Leakage from the port site
• Infection
• Ureteral stricture
• Hematuria

Preventing complications
Preoperative
• Patient selection: The larger the bladder capacity, the 
more feasible the operation.
• Treat voiding dysfunction prior to surgery [12].

Intraoperative
• Preemptive placement of fascial sutures to facilitate a 
watertight closure.
• Fine balance between bladder distention with CO2 and 
water to minimize bladder spasms that may disrupt vision.
• Extreme care when tapering POMs as they may have 
an ischemic segment and strictures may develop.
• Minimize bleeding or prompt control of bleeding to 
optimize visualization.

Postoperative
• Urethral catheter drainage until the next morning.
• Adequate hydration and pain/spasms control.
• Antibiotics.

Figure 21.2 Vesicoscopic appearance of the left ureter being 
dissected after insertion of a ureteral catheter. Note the feeding 
tube at the bladder neck utilized as a suction device.



Chapter 21 Lower Urinary Tract Laparoscopy in Pediatric Patients 155

Managing complications
• Ureteral stricture: endoscopic balloon dilation or redo 
reimplantation.
• Leakage: drainage with urethral catheter.
• Persistent reflux: endoscopic or redo reimplantation.

Conclusions
Laparoscopic intravesical ureteral reimplantation is in 
its infancy. At this time, caution should be used when 
considering this procedure for young patients with small 
bladder capacity (�130 cc), and for those who require 
ureteral tapering [1]. This technically challenging pediat-
ric procedure with further experience may become part 
of each pediatric urologist’s armamentarium.

Minimally invasive surgery for 
management of ureteral stumps

Introduction
VUR into a poorly functioning kidney, or a poorly func-
tioning upper or lower pole of an ipsilateral duplex 
system, has been managed by nephrectomy and par-
tial ureterectomy through a flank incision or a com-
plete nephroureterectomy (NU) via an additional lower 
abdominal incision to remove distal ureter [10,13–15].

There have been two schools of thought regarding 
leaving ureteral stumps behind. Some authors agree 
to total ureterectomy and some leave behind ureteral 
stumps because of very low incidence of UTI [16–21]. 
Casale et al. [22] in their series found 19% (6/32) of 
all patients with refluxing stumps had symptomatic 
UTI and recommended NU or heminephroureterec-
tomy (HNU) to the level of bladder hiatus. For those 
who required surgical intervention, the authors recom-
mended laparoscopic distal ureteral stump removal.

Cystoscopy is performed and under fluoroscopic guid-
ance the ureteral stump is imaged. A ureteral catheter is 
placed to aid in identification of the stump at time of 
laparoscopy. For a duplex system, the functional moiety 
is protected by placing an additional ureteral catheter. A 
urethral catheter is placed, and the open-ended catheter 
is secured to the urethral catheter. Three ports are placed 
including the camera port. The White line of Toldt is 
incised. The ureteral stump is filled with saline through 
open-ended catheter. The stump is then dissected to the 
distal intramural segment using sharp dissection. The 
detrusor defect is closed with an absorbable suture after 
removing the open-ended catheter [22] (Figure 21.3).

Outcomes
Laparoscopic ureteral stump removal is a minimally 
invasive and effective way of dealing with symptomatic-
retained ureteral stumps after simple partial or total 
nephrectomy and partial ureterectomy.

Complications
• Persistence of symptoms
• Injury to other ureter in case of duplex system requir-
ing reimplantation
• Injury to nerves causing voiding symptoms (less likely 
secondary to unilateral insult)
• Infection
• Bleeding
• Bladder leak requiring prolonged catheter drainage.

Preventing complications
Preoperative
• Treat UTI.

Intraoperative
• Imaging of ureteral stump and placement of open-
ended catheter for identification.
• Placement of double pigtail stent in the healthy ureter 
in case of duplex system.
• Use of an absorbable suture to tie the excised stump.
• Minimize dissection around nerves.

Postoperative
• Catheter drainage of the bladder until the first morn-
ing postoperative.
• Pain and bladder spasms control.
• Voiding cystourethrogram if signs of urinary leakage 
are present.

Figure 21.3 View of distal stump dissected off of the normal 
ipsilateral ureteral moiety.
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Conclusions
Laparoscopic ureteral stump removal is an effective way 
of treating symptomatic distal ureteral stumps. At time 
of primary surgery, some authors leave behind ureteral 
stumps because of low incidence of symptomatic UTI 
(5%). However, when indicated an NU or HNU should 
be performed minimally up to the bladder hiatus.

Complicated urachal remnants

Introduction
The urachus is the fibrous cord that represents the 
embryonic remnant of the communication between 
the bladder and the umbilicus [23]. Anomalies of the 
urachus include urachal sinus, urachal cyst, patent 
urachus, and urachal diverticulum. The most com-
mon is the urachal cyst that occurs in 1/5000 births 
[24]. Laparoscopic treatment of these symptomatic 
urachal remnants has been described since 1993 [25,26]. 
Presentation of these complicated remnants include: 
infection, drainage from the umbilicus, abdominal dis-
tention, and abdominal pain. The gold standard for the 
treatment of these remnants of the allantois has been 
complete open surgical excision from the umbilicus 
to the bladder. Complete excision is advocated because 
of the high incidence of recurrent symptoms and the 
potential for malignant transformation in the remaining 
tissue [27].

There have been various techniques that have been 
employed for successful excision of the remnant tissue. 
Though the port placement is surgeon dependent, the 
general consensus is that a three port approach should be 
used. The dissection should be carried out starting just 
caudal to the umbilicus, taking down the urachus and 
the obliterated umbilical arteries [28]. The dissection 
should be carried out to the bladder that has been dis-
tended with the help of a urethral catheter. In most cases 
it is appropriate to take a small cuff of urinary bladder. 
The bladder closure should be carried out in two layers 
with absorbable sutures (Figure 21.4).

Outcomes
Given the rare nature of these anomalies there have 
been no large series that are available to accurately assess 
outcomes. There are only three small series that give 
preliminary insight into the safety and effectiveness of 
laparoscopic intervention for urachal remnants [28–30]. 
Only one of these is a series of four patients that are 
exclusively a pediatric population [29]. Table 21.1 

summarizes the outcomes and complications of the 
laparoscopic approach to excision of the symptomatic 
urachal remnant.

Complications
Complete excision to the urachal tissue is paramount for 
insured success. Persistent drainage or repeat infection 
should be considered as a complication of the proce-
dure. Port placement must be done to facilitate complete 
resection.

In an attempt to completely resect the cephalad aspect 
of the remnant, care must be taken not to damage the 
umbilicus. The distance to the visible umbilicus is often 
small and extensive use of cautery can cause thermal 
injury. Some have questioned the utility of such an 
approach for excision of urachal cysts because of the 
already small excision that the open approach utilizes 
verses potentially three small incisions [6]. With any 
laparoscopic manipulation and excision of the bladder 
the potential for a bladder leak exists.

Preventing complications
Preoperative
• Avoid acute infection when possible. Infection of the 
remnant may be the presenting symptom in many cases. 
If the child is acutely infected the dissection and suc-
cess of the repair have the potential to be compromised. 
The acute inflammatory reaction often obscures tissue 
planes that could potentially lead to a wider excision 
than is necessary. Further, the inflammatory process that 
exists in the surrounding tissue has the potential to alter 
wound healing, resulting in persistent urine leak or pos-
sibly even a fistula.

Figure 21.4 Defect in dome of the bladder after removal of 
urachal remnant.
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Intraoperative
• Port placement: The port placement is important to 
insure the complete resection. Khurana and Borzi [29] 
note that the working ports should be placed at a more 
acute angle than usual to aid in the umbilical dissection. 
Cutting et al. [27] have further proposed a lateral view 
and lateral port placement to aid in complete visualiza-
tion of the tract. They suggest placing three ports lateral 
to the rectus belly and then using a small incision under 
the umbilicus to remove the specimen.
• Urethral catheter: Urethral catheterization must be used 
in this laparoscopic approach to avoid bladder injury, aid 
in dissection, and ensure adequate bladder closure. In 
addition to minimizing the chance of bladder injury with 
port placement, the catheter facilitated filling the bladder 
to help define the appropriate plane on the peritoneal 
reflection to make a bladder cuff. The catheter can also 
be used to fill the bladder after repair in order to inspect 
the suture line for a watertight closure.

Postoperative
• Foley catheter drainage: The appropriate length of cath-
eter drainage is not well studied and ultimately must be 
a decision that is made by the surgeon. Some advocate 
a cystogram while others maintain that a watertight clo-
sure intraoperatively is more than adequate to remove 
the catheter without further studies, although there has 
been no formal study evaluating these theories.

• Anticholinergics: Administered to reduce frequency and 
amplitude of involuntary bladder contractions that can 
occur from the dissection and catheter irritation.

Managing complications
The management of the persistence of drainage or infec-
tion unfortunately may necessitate a repeat resection. In 
cases with a urine leak secondary to a defect in the blad-
der closure can be handled with prolonged catheter drain-
age. One must remember that the laparoscopic approach 
is an intraperitoneal operation. Thus, in severe cases of 
bladder leaks, an open reoperation may be necessary.

Conclusion
The laparoscopic approach to the urachal remnant and 
its complications has been shown to be a safe effective 
approach. There are no randomized trials or large series 
that have been published on this topic. Further investi-
gation into patient satisfaction, long-term outcomes, 
cost and operative time need to be performed before this 
technique gains popular acceptance.

Reconstructive bladder surgery

Introduction
Major reconstructive operations of the bladder in pedi-
atric urology are still considered challenging endeavors 

Table 21.1 Summary of laparoscopic urachal remnant outcomes.

Study Number of cases  Age range Mean  Reported Mean time Mean time
 reported  operative  complications  to discharge to catheter 
   time   removal

Khurana et al. 4 5 months  n/r None n/r 1.6 days*
  to 10 years

Cadeddu et al. 4 29–66 years 180 min None  2.75 days 7 days

Cutting et al. 5 2–43 years n/r Intraoperative: no  �3† n/r
     complication
    Postoperative:
    1  Small periumbilical 

hematoma
    2  Persistent umbilical 

drainage
    3 Pyrexia

*Information not available on one of the patients.
†Not reported as a mean.
n/r, not reported.
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even for the advanced laparoscopist. These operations 
may in fact be the last frontier for the lower urinary tract 
[6]. The first report of an enterocystoplasty that was pre-
formed entirely intracorporally was in 1995 by Docimo 
et al. [31]. Though there have been no large series 
reported on the entirely intracorporeal technique, the 
laparoscopic-assisted reconstructive surgery has gained 
support in the literature [31,32].

The proposed advantage of incorporating laparo-
scopic techniques into large reconstructions is to allow 
the surgeon to perform the repair through a less mor-
bid and more cosmetically pleasing Pfannenstiel inci-
sion [33]. Large abdominal scars may in fact have an 
emotional and social impact on younger patients, and a 
Pfannenstiel incision which can be covered by underwear 
or bathing suits is thought to be less traumatic [33,34].

The laparoscopic role in reconstructive surgery has 
included mobilization of the right colon, appendiceal 
harvesting for an appendiceal Mitrofanoffs, mobilization 
of the kidney and dilated ureter for ureterocystoplasty, 
harvest of stomach tissue for gastrocystoplasty, lysis of 
adhesions, and mobilization of the sigmoid [31–33,35] 
(Figures 21.5 and 21.6).

There have been reports of pure laparoscopic proce-
dures that include an ileal cystoplasty, autoaugmentation 
of the bladder, and a robotically assisted appendicovesi-
costomy [36–38].

Outcomes
The largest published pediatric laparoscopic-assisted 
reconstructive surgery series includes 31 patients ranging 

in age from 1 to 36 years [32]. This series notes no intra-
operative complications. One patient with a history of 
ventriculoperitoneal (VP) shunt was found to have dense 
adhesion and required a conversion to open antegrade
continent enema (ACE), Monti sigmoid vesicostomy. In 
this series, 39 stomas were created and 94.9% were con-
tinent and easily catheterizable at a mean follow-up of 32 
months. 25.6% of the new stomas created required minor 
procedures including: dilation and collagen injection.

The author reported five postoperative complications 
that were not related to the stomas created. These post-
operative complications included a small bowel obstruc-
tion, traumatic bladder perforation, a delayed ileus, deep 
vein thrombosis, and a wound infection.

Hedican et al. [33] report laparoscopic-assisted recon-
structive surgery with eight patients in their series. This 
series had no intraoperative complications reported 
and noted excellent cosmesis utilizing the Pfannenstiel 
or lower midline incision and using the trocar sites to 
mature the stomas and place drains. They had one patient 
who required re-exploration for a prolonged ileus and 
was found to have a knuckle of ileum passing between 
the crossed mesenteries of the appendiceal mitrofanoff 
and ileal antegrade continence enema stoma.

The experience of the complete laparoscopic- and 
robotic-assisted approach is still in its infancy. The out-
come results are difficult to interpret given the scan 
numbers reported. Large series and controlled series 
are still needed. Further long-term outcomes are not yet 
established, however the data to date does support the 
safety and effectiveness of using laparoscopy.

Figure 21.5 View of the appendix for appendicovesicostomy 
mobilized off the cecum. The drawback is that the patency test 
can only be done after appendiceal transaction.

Figure 21.6 Appendix anastomosed to the bladder and aligned 
to the right lower quadrant for externalization.
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Preventing complications
Preoperative
• Patient selection: Be aware of comorbidities such as 
prior abdominal surgery, severe kyphosis, and VP shunt 
placement. These comorbidities do not preclude a lapar-
oscopic approach.
• Ureteral catheters: In order to avoid injury to the ure-
teral orifices, placement of externalized ureteral stents is 
advisable. This may also help during the postoperative 
period to divert the patient’s urine output away from the 
healing anastomosis.

Intraoperative
• Recreate anatomic angles to ensure ease of catheteri-
zation. If stomas are created with pneumoperitoneum, 
the angle necessary for catheterization may change upon 
deflation.
• Avoid visual estimation: During the isolation on sec-
tion of bowel for use in the reconstruction, care must be 
taken to accurately judge the appropriate length of bowel 
that the surgeon is going to use. The magnification of 
the laparoscope can make gross visual estimates diffi-
cult. Using premeasured vessel loops can help accurately 
measure segments of bowel and prevent taking segments 
of inappropriate length.
• Irrigate port site: Irrigation is a basic principle in open 
surgery and laparoscopic surgery. This deserves mention 
in light of the fact that port site infection has been noted 
as a complication of these procedures.
• Choose a cosmetically conscious incision: Though sur-
gical success is paramount, the surgeon should strive 
to perform the procedure through small concealable 
incisions which is possible when undertaking laparos-
copy-assisted reconstruction as long as they do not com-
promise the procedure. These are usually in areas that 
can be covered by undergarments.

Postoperative
• Insure catheter drainage: In order to insure adequate 
healing, catheters and drains must be used to divert 
urine flow. This includes the use of irrigation if recon-
structions include mucous secreting surfaces. Preventing 
mucous plugs and thus preventing functional obstruc-
tions will insure that fresh anastomosis is not put under 
unsafe pressures.
• Early recognition of stomal narrowing: The inability to 
catheterize the stoma of a urinary bladder that otherwise 
has no other means of releasing a pressurized system can 
have serious consequences. The patient and family must 
be comfortable with stoma care and catheterization so 

that problems can be recognized and dilation or revision 
can take place prior to serious emergent situations.

Managing complications
The complications that arise from performing these 
reconstructive procedures are not managed differently 
than those that arise from purely open procedures. 
Management may however be easier in patients that had 
laparoscopic assistance or pure laparoscopic procedures. 
Not only does laparoscopy have potentially reduced 
incidence of postoperative problems such as ileus (from 
decrease bowel manipulation) and incisional hernias, the 
potential to decrease adhesion formation may allow for 
less technically difficult reexploration or revision if nec-
essary. There have been reports of bladder perforation, 
bowel obstructions, and ileus in the series sited above. 
The details of the management can be found in basic 
surgical and urologic texts.

Conclusion
The laparoscopic procedures in reconstructive pediatric 
urology are technically possible and seem to be as safe as 
open procedures with the caution that the data is small 
and long-term outcomes are still to be studied. There is 
a role for pure laparoscopic reconstructions such as aug-
ments, bladder neck closure, catheterizable channels; 
however, the majority of literature favors using laparo-
scopic assistance and a cosmetically favorable incision. 
This approach may not only lessen morbidity, but may 
also be a more attractive option to some patients.

References

 1 Alexander K, Thomas JG, Daniel JC, Pasquale C. Initial 
experience with laparoscopic transvesical ureteral reim-
plantation at the children’s hospital of Philadelphia. J Urol 
2006;176:2222–5,discussion 2225–6.

 2 Yeung CK, Sihoe JD, Borzi PA. Endoscopic cross-trigonal 
ureteral reimplantation under carbon dioxide bladder insuf-
flation: A novel technique. J Endourol 2005;19:295–9.

 3 Stansfeld JM. Clinical observations relating to incidence 
and etiology of urinary tract infections in children. Br Med J 
1966;1:631–5.

 4 Rollenston GL. Relationship of infantile vesicoureteric reflux 
to renal damage. Br Med J 1970;1:460–3.

 5 Elder JS. Guidelines for consideration for surgical repair of 
vesicoureteral reflux. Curr Opin Urol 2000;10:579.

 6 Puri P, Chertin B, Velayudhan M, Dass L, Colhoun E. 
Treatment of vesicoureteral reflux by endoscopic injection 
of detranomer/hyaluronic acid copolymer: Preliminary 
results. J Urol 2003;170:1541–4,discussion 1544.



160 Part V Endoscopic Surgery of the Urinary Tract

 7 Guilherme CL, Soroush R-B, Richard EL, Louis RK. Laparo-
scopic ureteral reimplantation: A simplified dome advance-
ment technique. J Endourol 2005;19:295–9.

 8 Olsen LH, Deding D, Yeung CK, Jorgensen TM. Computer 
assisted laparoscopic pneumovesical ureter reimplantation 
a.m. Cohen: Initial experience in a pig model. APMIS Suppl 
2003; 109:23–5.

 9 Gill IS, Ponsky LE, Desai M, Kay R, Ross JH. Laparoscopic 
cross-trigonal Cohen ureteroneocystotomy: Novel tech-
nique. J Urol 2001;166:1811–14.

10 Peters CA. Robotic assisted surgery in pediatric urology. 
Pediatr Endosurgery Innovat Technol 2003;7:403–13.

11 Riquelme M, Aranda A, Rodriguez C. Laparoscopic extra-
vesical transperitoneal approach for vesicoureteral reflux. 
J Laparoendosc Adv Surg Tech A 2006;16:312–16.

12 Higham-Kessler J, Reinert SE, Snodgrass WT, Hensle TW, 
Koyle MA, Hurwitz S, Cendron M, Diamond DA, 
Caldamone AA. A review of failures of endoscopic treatment 
of vesicoureteral reflux with dextranomer microspheres. 
J Urol 2007;177:710–14,discussion 714–15.

13 Persad R, Kamineni S, Mouriquand PD. Recurrent symp-
toms of urinary tract infection in eight patients with reflux-
ing ureteric stumps. Br J Urol 1994;74:720–2.

14 Krarup T, Wolf H. Refluxing ureteral stump. Scand J Urol 
Nephrol 1978;12:181.

15 Ahmed S, Boucat HA. Vesicoureteral reflux in complete ure-
teral duplication: Surgical options. J Urol 1988;140:1092.

16 Ubirajara B, Jr., Adriano AC, Miguel ZF. The role of reflux-
ing distal ureteral stumps after nephrectomy. J Pediatr Surg 
2002;37:653–6.

17 De Caluwé D, Chertin B, Puri P. Fate of the retained ureteral 
stump after upper pole heminephrectomy in duplex kid-
neys. J Urol 2002;168:679–80.

18 De Caluwé D, Chertin B, Puri P. Long-term outcome of the 
retained ureteral stump after lower pole heminephrectomy 
in duplex kidneys. Eur Urol 2002;42: 63–6.

19 Plaire JC, Pope JC, IV, Kropp BP, Adams MC, Keating MA, 
Rink RC, Casale AJ. Management of ectopic ureters: 
Experience with the upper tract approach. J Urol 
1997;158:1245–7.

20 Androulakakis PA, Tephanidis A, Antoniou A: 
Christophoridis C. Outcome of the distal ureteric stump 
after (hemi)nephrectomy and subtotal ureterectomy for 
reflux or obstruction. BJU Int 2001;88:586–9.

21 Cain MP, Pope JC, Casale AJ, Adams MC, Keating MA, Rink 
RC. Natural history of refluxing distal ureteral stumps after 
nephrectomy and partial ureterectomy for vesicoureteral 
reflux. J Urol 1998;160:1026–7.

22 Casale P, Grady RW, Lee RS, Joyner BD, Mitchell ME. 
Symptomatic refluxing distal ureteral stumps after neph-
roureterectomy and heminephroureterectomy. What should 
we do? J Urol 2005;173:204–6,discussion 206.

23 Pomeranz A. Anomalies, abnormalities, and care of the 
umbilicus. Pediatr Clin North Am 2004;51:819–27.

24 Berman SM, Tolia BM, Laor E, Reid RE, Schweizerhof SP, 
Freed SZ. Urachal remnants in adults. Urology 1988;31:17–21.

25 Madeb R, Knopf JK, Nicholson C, Donahue LA, Adcock B, 
Dever D, Tan BJ, Valvo JR, Eichel L. The use of robotically 
assisted surgery for treating urachal anomalies. Br J Urol 
2006;98:838–42.

26 Trondsen E, Reiertsen O, Rosseland AR. Laprascopic exci-
sion of urachal sinus. Eur J Surg 1993;159:127–8.

27 Cutting CW, Hindley RG, Poulsen J. Laparoscopic man-
agement of complicated urachal remnants. Br J Urol Int 
2005;96:1417–21.

28 Cadeddu JA, Boyle KE, Fabrizio MD, Schulam PG, Kavoussi 
LR. Laparoscopic management of urachal cysts in adult-
hood. J Urol 2000;164:1526–8.

29 Khurana S, Borzi PA. Laparoscopic management of compli-
cated urachal disease in children. J Urol 2002;168:1526–8.

30 Kim TW, Chung H, Yang SK, Lee TU, Woo SH, Kim HS. 
Laparoscopic management of complicated urachal rem-
nants in a child. J Korean Med Sci 2006;21:361–4.

31 Docimo S, Moore R, Adams J, Kavoussi L. Laparoscopic blad-
der augmentation using stomach. Urology 1995; 46:565–9.

32 Chung S, Meldrum K, Docimo S. Laparoscopic assisted 
reconstructive surgery: A 7-year experience. J Urol 
2004;171,372–5.

33 Hedican SP, Schulam PG, Docimo SG. Laparoscopic assisted 
reconstructive surgery. J Urol 1999;161:267–70.

34 Abdullah A, Blankeney P, Hunt R, Broemeling L, Phillips 
L, Herndon DN, Robson MC. Visible scars and self esteem 
in pediatric patients with burns. J Burn Care Rehabil 
1994;15:164.

35 Cilento BG, Diamond DA, Yeung CK, Manzoni G, Poppas 
DP, Hensle TW. Laparoscopically assisted ureterocystoplasty. 
Br J Urol 2003;91:525–7.

36 Pedraza R, Weiser A, Franco I. Laparscopic appendicovesi-
costomy (mitrofanoff procedure) in a child using the 
DaVinci robotic system. J Urol 2004;171:1652–3.

37 Pedraza R, Weiser A, Franco I. Laparoscopic appendi-
covesicostomy (mitrofanoff procedure) in a child using the 
DaVinci robotic system. J Urol 2004;171:1652–3.

38 Elliott SP, Meng MV, Anwar HP, Stoller ML. Complete 
laparoscopic ileal cystoplasty. Urology 2002;59:939–43.



VI Genitalia

Pediatric Urology: Surgical Complications and Management
Edited by Duncan T. Wilcox, Prasad P. Godbole and Martin A. Koyle

© 2008 Blackwell Publishing Ltd.  ISBN: 978-1-405-16268-5



163

Hernia and Hydrocele 
Repair
Henrik Steinbrecher

Introduction

Inguinal hernia repair and correction for hydroceles in 
children are some of the commonest operations per-
formed in the life of a pediatric surgeon. Much has been 
written about the age incidence and distribution, male 
to female ratio, laterality, and incarceration rate such 
that the reader is directed to comprehensive reviews for 
this data [1–3]. Controversies continue as to the role of 
identifying a patent processus vaginalis to pre-emptively 
treat a potential future hernia and whether laparoscopic 
surgery is the way forward [4].

Surgical techniques

A number of approaches are utilized for repair of 
inguinal hernias but the essential principles are the 
same. In the open procedure the hernial sac is identi-
fied, dissected off the surrounding structures (testicular 
cord in males, round ligament in females) to the deep 
inguinal ring or site of origin, assessed for contents that 

are reduced and dealt with appropriately (divided and 
transfix ligated if complete sac into scrotum/labia, trans-
fix ligated if incomplete sac). The wound is finally closed 
after ensuring that the testis (in the male) is pulled down 
into the scrotum with the cord lying lax in the wound.

Over recent years newer techniques such as laparo-
scopic herniotomy have brought with them a new set of 
potential problems.

Inguinal herniotomy/ligation of PPV
The traditional operation of pediatric inguinal herniotomy 
is well described [5]. A number of alternative approaches 
can be adopted in selected clinical cases (Table 22.1) such 

Key points

• Inguinal hernias come in different shapes and 
sizes.

• Hernia repair in children should not be 
automatically relegated to junior surgeons to 
operate.

• The overall complication rate is up to 10%.

• A thorough understanding of the inguinal 
anatomy, varying risks, and operative methods 

 will enable the surgeon to minimize their 
complication rate.

• Modern advances in surgery, specifically 
laparoscopic surgery, are bringing with them 
new and perhaps better techniques, but also 
new risks and complications.

• The best treatment for complications is 
prevention.

22

Table 22.1 Approaches commonly in use for inguinal 
herniotomy.

 Approaches References

Standard approach [5]
Scrotal “Bianchi” approach [6]
Laparoscopic [7–10]
Preperitoneal [11–13]
Transperitoneal ring closure  [14]
(incarcerated hernia) Pediatric Urology: Surgical Complications and Management
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as strangulation [13,15], the “difficult” hernia [16], and 
the bilateral hernia [17]. The scrotal approach has been 
adopted by some to avoid opening the inguinal canal and 
thereby reducing accompanying risks of damage to the 
cord structures [6].

Laparoscopic herniotomy
One of the first reported laparoscopic herniotomy in girls 
was published in 1998 [7]. Subsequently, it became clear 
that the laparoscopic approach could be taken in boys 
as well [8]. A randomized blinded comparative study 
has shown that laparoscopic herniotomy can give less 
pain and better wound cosmesis than an open approach, 
although the operation takes longer [10]. Many modifi-
cations of laparoscopic techniques have evolved [9,18,19] 
ultimately aiming at completely reproducing the open 
procedure with suture ligation and division of the perito-
neum, or reproducing the same results as open surgery.

Large “dumbbell” hydrocele/
abdominoscrotal hydrocele
This type of hydrocele was first described by Dupytren in 
1834 as “L’hydrocele en bissac.” Until 1981 only eight pedi-
atric cases had been described in children [20]. Its etiology 
and operative approach have been described in a number of 
papers [21] and includes complete excision of the abdomi-
nal element with an addition Jaboulay or Lord’s procedure 
for the scrotal element. The operative treatment of this type 
of hydrocele has developed over the years such that now 
even the laparoscopic approach is being advocated [22].

The neonatal inguinal hernia
It is clear that the neonatal inguinal hernia operation is a 
highly specialized operation that can challenge the most 
experienced pediatric surgeon. The tissues are thin, often 
edematous and friable. Neonatal inguinal hernias often 
present incarcerated, making subsequent operation, usu-
ally carried out during the same admission or soon after-
wards, more difficult. The surgical approach is usually the 
same as for a hernia in an older child although it has to be 
remembered that the internal and external ring may over-
lie each other and that the tissue planes may not be as eas-
ily defined due to edema. Many anesthetists prefer to give 
neonates a spinal or caudal anesthesia with some sedation 
(glucose dummy, etc.) [23,24], so abdominal movement 
is also an hindrance to the surgeon in these cases.

The “sliding hernia”
In this type of hernia the bowel such as the appendix, the 
fallopian tube, or even the bladder wall can be intimately 

associated with one wall of the hernial sac such that it is 
impossible to separate the two. In this case, simple trans-
fixion ligation is unsafe. To avoid damaging the viscus 
a transfixion suture may be placed distal to the sliding 
element and then the whole stump may be invaginated, 
reducing the viscus and the hernial sac together. A purse-
string narrowing (in boys) or closure (in girls) of the 
internal ring is then performed. An alternative method is 
to initially invaginate the sliding part of the sac and then 
purse-string it at the base of the invagination [25].

The incarcerated hernia
An incarcerated inguinal or femoral hernia can be a real 
test of surgical skill and a number of alternative tech-
niques have been developed to facilitate easy reduction 
of the hernia and subsequent adequate surgical treat-
ment. The preperitoneal approach was described well 
over 30 years ago [12] and has more recently been rede-
scribed [13]. A transperitoneal approach with ligation 
of the internal ring avoids tackling of the cord, allows 
inspection of the gut, and can aid hernial reduction [14].

The pediatric hydrocele/patent processus 
vaginalis
Surgery for the common pediatric hydrocele, which is in 
effect a persistent patent processus vaginalis (PPV) is to 
all intents and purposes identical to that of the hernia 
and will not be considered separately here. Minor vari-
ations such as the hydrocele of the cord (male)/canal of 
Nuck (female), epididymal cysts need no separate expla-
nation as regard to complications. A number of varia-
tions of the standard procedure have been expounded in 
the literature to reduce the risk of vasal damage. These 
include division and nonligation of the sac [26] and 
nondivision with ligation only.

The pediatric distal hydrocele
The distal hydrocele – be it part of a large dumbell 
hydrocele or a secondary hydrocele – either missed or as 
a result of other surgery, e.g. varicocoele surgery is usu-
ally surgically treated by the Lords method [27].

Femoral hernia repair
The standard operative procedure for femoral her-
nia repair – the “low approach” has been well docu-
mented and attributed to Langenbeck [5]. This relatively 
straightforward inferior approach is safe if a nonacute
diagnosis and procedure is carried out. The better 
approach for strangulation is the “high approach,” which 
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involves more generous dissection of the inguinal canal 
proper, possibly weakening it. The hernia is approached 
from above, extraperitoneally, by drawing up the cord, 
conjoint tendon, and dividing the transversalis fas-
cia to expose the hernial sac [28]. A more medial “high 
approach” is the McEvedy technique, which tackles the 
sac from above but more medially than through the 
canal. An incision is made medial to the semilunaris 
line in the anterior rectus sheath and an extraperitoneal 
approach is taken to the neck of the sac [29].

Outcomes

The overall success rate for inguinal herniotomy, with 
success being defined as one operation with no compli-
cations, is about 95%. A number of factors determine 
whether complications or not are likely to occur.

Outcomes by age
It is well recognized that hernia repair in the premature 
and young infant is a different entity to that in an older 
child. The recurrence rate of neonatal herniotomy has 
been shown to be higher than that accepted for non-
neonatal hernias [30] with recurrence rate in this series 
of 92 herniotomies in children �44 weeks gestation 
being 8.6%. At the other end of the spectrum, a recent 
paper has noted a much higher recurrence rate in teen-
agers [3], which the author could not explain.

Outcomes by presentation method
Emergency herniotomy and incarceration has a higher 
complication rate than routine surgery [31,32]. It is not 
clear whether this is due to surgical expertise in operat-
ing on emergency cases, or the inherent difficulty of the 
procedure, although the latter is more likely since an 
emergency pediatric hernia is usually carried out by a 
senior surgeon. Although not strictly an operative com-
plication but nonetheless a “surgical” one, is a missed 
diagnosis of androgen insensitivity when dealing with 
female inguinal hernias especially in bilateral cases. A 
missed diagnosis can lead to devastating sequelae in 
later life [33]. Only 53% of femoral hernias are said to 
be diagnosed correctly at initial presentation so that the 
recurrence rate of 13% is higher than that of inguinal 
herniae [34].

Outcomes by approach
The different approaches used to repair inguinal hernias 
attest to the surgeon’s desire to facilitate success and reduce 

complications as much as possible. High approaches in 
incarcerated cases potentially reduce the risk of damage 
to the cord structures. Proper diagnosis of a dumbell her-
nia will allow the surgeon to choose the correct approach. 
Laparoscopic surgery is being hailed as an approach that 
allows easier reduction of contents under direct vision, 
nonhandling of edematous and friable tissue reducing the 
long-term risks; however, most series report higher recur-
rence rates than in the open method [35] although even 
in the field of laparoscopic surgery, newer techniques have 
reduced the recurrence rate to less than 1% [36]. One 
would expect the laparoscopic approach to have a lower 
risk of atrophy and vasal damage than the open approach 
but data are certainly not yet available to verify this in the 
long term in view of this relatively new technique.

Complications and prevention of 
complications associated with surgery

Pediatric inguinal herniotomy forms a substantial part 
of any pediatric surgeon’s practice. It is often classed as a 
“training operation” although it is not without its prob-
lems and the overall historical complication rate is said 
to be between 1% and 8% [37,38]. Complications that 
are well recognized are listed in Table 22.2.

Meticulous attention to precise surgical technique is 
mandatory.
• Keloids are prevented by keeping the incision within 
Langer’s lines/skin creases, utilizing the knife rather than 
the diathermy for making the incision, and avoiding 
wound infections. A monofilament absorbable suture is 
said to be less keloid forming.
• Bruising and hematoma formation occur due to 
immediate damage to vessel and inadequate diathermy/
arrest of those that are bleeding. The commonest vessels 
to damage are the superficial inferior epigastric vein and 
the deep epigastric artery. The superficial vein should be 
diathermied or on occasions ligated.
 Bipolar diathermy utilization is safer than monopolar 
as in the latter current may inadvertently travel along the 
testicular cord potentially damaging the testicular blood 
supply.
• Wound infection, though uncommon has been associ-
ated with the use of both nonabsorbable sutures such as 
silk [39] and absorbable sutures [3]. Avoiding a knot at 
either end of the skin subcuticular suture by burying it a 
number of times is said to reduce this [45].
• The ilioinguinal nerve encroaches on the inguinal 
canal in varying degrees. 
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 The main nerve originally courses between the inter-
nal and external oblique muscles before entering the dis-
tal third of the inguinal canal. The genital branch of the 
genitofemoral nerve arrives in the inguinal canal via the 
internal ring or by piercing the fascia transversalis. It then 
runs along the back of the spermatic cord to the scro-
tum supplying the cremaster muscle in the male. In the 
female it accompanies the round ligament where it ends. 
Both nerves may easily be damaged on incising the canal. 
Localization of the nerves before dissection, diathermy, or 
ultimately closing the canal reduces possible damage risk.
• A hernia may be missed due to a number of factors. An 
incision that is too low can give a false impression of hav-
ing exposed the inguinal canal fully and having reached 
the inferior epigastric artery (the site of the deep ring). 
The presence of a lipoma of the cord can mislead the 
surgeon into thinking that the sac has been identified. 
A lipoma is usually lateral and inferior to the testicular
vessels whereas a hernial sac is lying anterior to the vessels.
Incomplete exploration of the inguinal canal by identify-
ing the cord at the external ring without opening up the 
inguinal canal can lead to a missed hernia higher up.
• Recurrent inguinal hernia is more frequent in neonatal 
hernia operations.
 Recurrence is usually early in the first few days and 
weeks after the initial surgery. The recurrence rate after 
inguinal herniotomy is reported to be between 0.8% and 
3.8% [25]. More than 50% occur in the first year postop-
eratively and more than 90% by 5 years postoperatively. 
It is greater if the operation is for incarceration. Grosfeld 

and colleagues in their work expound a number of rea-
sons for recurrent hernia some of which include: failure 
to ligate high, a large internal ring, injury to the floor of 
the inguinal canal, weakness due to comorbidity such as 
malnutrition, increased intra–abdominal pressure such 
as the presence of a VP shunt, and deferred orchidopexy.

The medial wall of the inguinal canal may be stretched 
sufficiently to weaken it as well as give a wide internal ring 
through which a further hernia may occur. This risk may 
be reduced by consciously narrowing the internal ring 
with an interrupted vicryl suture once the sac has been 
dealt with or by carrying out a formal approximation of 
the sleeves of the internal spermatic fascia that has been 
breached during herniotomy. This has led to a recurrence 
rate of 0% in 10 years for 945 male herniotomies [46].

An indirect recurrence occurs either because the liga-
tion suture has come off the sac or the inguinal sac had 
been torn.
• A residual hydrocele following an inguinal herniot-
omy is occasionally a cause of concern as it is not clear 
as to whether a hernia has been missed, or whether the 
distal sac, usually large at initial operation, has reaccu-
mulated fluid. An avoidance technique for this dilemma 
includes opening up the distal sac longitudinally during 
the initial operation although a randomized trial involv-
ing 798 males has suggested that there is no difference in 
hydrocele rate if the sac is split or left [41]. Evacuating 
any residual fluid at initial operation using a syringe or 
pressure on the scrotum is a good method of avoiding 
reaccumulation, although it may only serve to reassure 

Table 22.2 Complications associated with pediatric inguinal herniotomy.

Type Specifics Incidence References

Wound complications Incision scar keloid formation 
 Bruising/hematoma
 Infection/abscess 0.6–1.5% [3,39]
Neuropraxia Ilio-inguinal nerve, genitofemoral 
   nerve/division or entrapment
Missed hernia
Recurrent hernia  0–3.8% [3,25]
Hydrocele Postherniotomy 14% [40,41]
Intra–abdominal obstruction Adhesions  [42]
Bladder damage   [43]
Iliac vessel/femoral vessel damage False aneurysms
Testicular complications Ascending testis, atrophy, damage  [44] 
   to vas
Undiagnosed androgen    [33]
  insensitivity syndrome   



Chapter 22 Hernia and Hydrocele Repair 167

the parents postoperatively that an operation has actu-
ally been carried out!
• Intra-abdominal adhesion formation is rare. Failure 
to make sure that the sac has no contents could lead to 
incorporation of the contents into the ligature around 
the neck of the hernial sac with ultimate consequences 
of omental ischemia or bowel ischemia depending on 
what is caught. It is good practice to view the inside of 
the hernial sac once identified and reduce any contents 
rather than automatically twisting the sac and ligating it. 
In a complete sac this is easily done by placing two clips 
on either side of the sac once divided and opening it up, 
prior to dissecting it back to the internal ring.
• Damage to the bladder is rare and usually occurs if an 
incision is too low and medial [43], confusing the surgeon 
with the bulge of the bladder mimicking a hernial sac.
• Iliac and femoral vessel damage is also rare and com-
moner in older children. 
 It results from the sutures of the canal closure at the 
level of the lower border of the external oblique being 
placed too deep. It is good practice to see the metal of 
the needle at all times during placement of these sutures.
• Testicular ascent is usually caused by insufficient dis-
section of the sac to the deep ring or by failure to make 
sure that the testis is pulled down into the scrotum at 
the end of the operation, causing snagging of the cord 
under the external oblique layer of the canal and subse-
quent adhesion to it. It is said to occur in 0.8–2.8% [44]. 
Attention to these points reduces the risk of ascension.
• Testicular atrophy occurs as the blood supply to the tes-
tis is compromised, either acutely during the operation 
or subsequently due to scar formation. Its incidence may 
be underestimated as accurate measurements of pre- and 
postherniotomy testicular volume are rarely taken [40,47].
• Damage to the vas is similarly reduced if it is not 
grasped between forceps and only dissected off using one 
blade of a nontoothed forceps or not touched at all [48].

Specific complications of laparoscopic 
herniotomy

One of the largest personal series of laparoscopic 
inguinal hernia repair in children has shown a recur-
rence rate of 3.7% (20/542), a hydrocele rate of 0.7% 
(3/542), and a testicular atrophy rate of 0.2% (1/542, a 
child with a previous incarcerated hernia) [35]. In this 
series the hernial sac was not transected and was only 
closed from inside using a purse-string type of “N” 
stitch with nonabsorbable suture laparoscopically. In this 
series, the recurrence rate was lower in the last 100 cases 

than at the beginning, suggesting a definitive learning 
curve for the technique. It also seems clear that using an 
absorbable suture does not increase the recurrence rate 
[49] although a different series of 972 repairs using the 
LPEC (laparoscopic percutaneous extraperitoneal clo-
sure) carried out in 3 centers had a recurrence rate with 
absorbable sutures of 5/40 (12.5%) and 0/932 with non-
absorbable sutures [36].

Management of complications

Obvious management is avoidance. Any immediate 
complications should be dealt with accordingly once 
recognized.
• Bleeding should be stopped at the time of surgery. The 
treatment of wound abscess may be conservative with 
antibiotics or surgical with incision and drainage.
• Recurrences are best dealt with sooner rather than later 
and methods include high ligation of the recurrent sac, 
snugging the internal ring (McVey repair), and preperi-
toneal repair in multiple recurrences [25].
• Vasal injury. Vasal injury identified at the time of sur-
gery may be treated in two surgical ways but first and 
foremost, the onus is on the surgeon to be honest and 
tell the parents that this damage has occurred [50]. This 
can be during the time of surgery to allow discussion 
of the options of subsequent treatment or afterwards. 
Options for repair include primary repair using micro-
scopic anastomosis [51,52] or delayed repair at an older 
age, in which case the vasal ends should be marked with 
a permanent suture to perform vaso-vasotomy after 
puberty although results with this method are poorer 
than straightforward vasectomy reversal operations [53]. 
• Testicular atrophy. Avoidance of initial damage is max-
imized by not grasping the vessels, not stripping all the 
tissue off the vessels, and only prudently using the dia-
thermy, if at all. Some centers advocate no usage of the 
diathermy during this procedure and will omit it from 
the lay up set. 

Summary

The operation of inguinal hernia repair in children is 
recognized by specialists to be one of the most taxing pro-
cedures encountered, depending on the age of the patient 
and the mode of presentation. The overall complication 
free operation rate is over 90% in most cases and modern 
techniques continue to be developed to try and improve 
the long-term outcome with reference to testicular 
damage, vasal damage, recurrence, and associated injuries.
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Orchidopexy and 
Orchidectomy
Kim A.R. Hutton and Indranil Sau

Introduction

The undescended testis is a common problem in pediat-
ric urological practice with 3–5% of newborns affected, 
although the majority descend in the first few months 
of life resulting in an incidence of 0.8–1.1% at one year 
of age [1]. Treatment options are hormone manipula-
tion and surgery. Surgical procedures for the palpable 
testis include the standard inguinal and more recently 
described scrotal orchidopexy. The impalpable testis can 
be managed by open surgery with testicular vessel pres-
ervation or an open one- or two-staged Fowler–Stephens 
procedure. Microvascular transfer of the intra-abdomi-
nal testis with anastomosis of the testicular artery and 
vein to the inferior epigastric vessels is a viable option for 
successful orchidopexy. Increasingly, however, the intra-
abdominal testis is being managed laparoscopically via 
a one-stage orchidopexy, or if necessary a laparoscopic 

Fowler–Stephens procedure performed in one or two 
stages. This chapter will not cover these laparoscopic tech-
niques as they are discussed in Chapter 24. Controversies 
in the management of cryptorchidism include age at oper-
ation, surgical approach, management of complications, 
and follow-up. Orchidectomy is performed for small, dys-
plastic undescended testes or for nonviable testes at explo-
ration for acute torsion. The aim of this chapter is to look 
at the outcomes of these surgeries, to document the range 
of surgical complications that occur, and to provide advice 
on how to prevent and manage these complications.

Outcomes for orchidopexy

The success of orchidopexy can be measured from an 
anatomical or functional perspective. In the former, the 
surgeon aims to relocate the testis in a dependent posi-
tion within the scrotum, with preservation of testicular 
volume indicating a lack of testicular atrophy. Most of the 
present literature describes outcomes in these terms and 
relates success to initial testis position and operative tech-
nique. In the latter, the objectives are to maximize and 

Key points

• Congenital undescended testis is a common 
condition with palpable testes managed 
via open surgery with an inguinal or scrotal 
approach.

• Laparoscopic orchidopexy is becoming the gold 
standard for impalpable testes with a success 
rate �90%.

• Initial position of the testis affects surgical 
outcome; there are higher complication rates 
with intra-abdominal testes.

• Most common complications are testicular 
re-ascent and atrophy.

• Repeat orchidopexy is technically demanding 
and aided by adequate exposure, good lighting, 
optical magnification, and a clear understanding 
of inguinal anatomy.

• Acquired undescended testis is an increasingly 
recognized condition – the ascending testis – 
and may be managed nonoperatively.

• Altered body image following orchidectomy in 
childhood may lead to the request for a testis 
prosthesis later.

• Orchidectomy following acute torsion may 
result in subsequent infertility.
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preserve future spermatogenic and endocrine functions 
of the testis. These data are often difficult to acquire, as 
patients must be followed through adulthood and long-
term prospective, randomized and controlled studies to 
determine the optimal age and technique of orchidopexy 
from both an anatomical and functional standpoint have 
yet to be published.

Outcome by testis location
The excellent review by Docimo in 1995 summarizes the 
importance of preoperative testis position on successful 
orchidopexy [2]. Of over 300 articles and book chap-
ters, a final assessment was limited to 64 reporting 8425 
orchidopexies that contained sufficient data for analysis. 
Of 2491 testes, where a preoperative position and post-
operative result were reported, a successful outcome 
was noted in over 90% located beyond the external ring 
and increasing failure rates observed with progressively 
higher testes (Figure 23.1). These results are expected 
when related to the increased complexity of surgical tech-
niques required to bring peeping and intra-abdominal 
testes to the scrotum. In the past decade, success of 
orchidopexy has increased to �95% for inguinal testes 
and �85–90% for abdominal testes [3,4].

Fertility potential after orchidopexy in unilateral 
ectopic, canalicular, and emergent testes, as long as sur-
gery is performed in early childhood, is good (�90%) 
and fertility for most cases of unilateral intra-abdominal 
testis and patients with unilateral anorchia or vanishing 
testis is expected, whereas the majority of patients with 
bilateral intra-abdominal testes are infertile [5].

Outcome by age
The age at orchidopexy has been decreasing steadily 
over the years with most surgeons now recommend-
ing surgery at 6–12 months of age. The drive for earlier 
orchidopexy has come from histological data document-
ing germ cell degeneration during the second year of life 
[6,7] and findings of delayed and defective prepubertal 
maturation of germ cells in cryptorchid testes [8]. To 
address possible concerns of earlier orchidopexy and 
specifically any increased risk to testicular vessel integ-
rity, Wilson-Storey et al. retrospectively reviewed their 
results in 100 orchidopexies under and 100 over 2 years 
of age [9]. Results were similar in both groups with an 
atrophy rate of 5%. In a prospective randomized con-
trolled study of 70 infants having surgery at 9 months 
of age, there were no re-operations and only one case of 
testicular atrophy (1.4%) [10].

Although it is too early to know if orchidopexy in the 
first year of life will improve long-term outcomes, a few 
studies suggest earlier surgery may be beneficial. In a 
randomized controlled study of 149 boys, 70 were ran-
domized to surgery at 9 months and 79 to orchidopexy 
at 3 years of age. Over the first 24 months of life testes 
operated at 9 months showed statistically significant bet-
ter growth, as assessed by ultrasound measured testicular 
volumes than nonoperated boys [10]. A previous study 
by Nagar and Haddad of 190 boys documented testis 
size before and after orchidopexy and noted testis growth 
in 11.6%, and this was statistically more likely when 
surgery was performed before 18 months of age [11]. 
Hadziselimovic et al. have published data on infertility in 
218 cryptorchid men correlating testis biopsy findings and 

Figure 23.1 Historical success rates for 
orchidopexy in relation to preoperative testis 
location. (Data from literature review by 
Docimo, 1995 [2].)
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age at orchidopexy with total sperm counts. If transforma-
tion into Ad spermatogonia (the adult stem cell pool) had 
occurred, age-related differences in fertility outcome were 
observed, with earlier surgery resulting in higher sperm 
counts. Age at surgery had no effect in the group of cryp-
torchid men having no type A dark spermatogonia at the 
time of orchidopexy and this failure of germ cell matura-
tion predicted infertility and azoospermia [12].

When orchidopexy is delayed to later childhood, sub-
clinical decreases in Leydig cell function have been docu-
mented [13]. Surgery before the age of 2 results in higher 
inhibin B levels in adulthood, implying better-preserved 
Sertoli cell function [14].

Outcomes for palpable testes

Inguinal orchidopexy
The majority of undescended testes are amenable to a 
standard inguinal orchidopexy including division of cre-
masteric fibers, ligation and division of the processus vag-
inalis, and retroperitoneal dissection through the internal 
ring with division of lateral fascial bands as required. Saw 
et al. reported on 1057 palpable testes operated via an 
inguinal approach and 943 (89%) were in the bottom of 
the scrotum at the end of surgery, a further 67 (6%) in the 
middle, 41 (4%) in the top of the scrotum, 1 in the groin, 
and 5 boys underwent orchidectomy [15]. In Docimo’s 
literature review inguinal orchidopexy was successful in 
88.6% of cases (Figure 23.2) [2].

Scrotal orchidopexy
The advantage of this technique is said to be reduced 
postoperative pain due to the single incision used, 
improved cosmesis as the incision is placed in the 
inguinoscrotal crease or a high rugosal fold of the scro-
tum and reduced operative time as compared to a stand-
ard inguinal approach as there is only one incision to 
make and close.

The technique has been applied by some authors to all 
patients with palpable testes, while others have been more 
selective and restricted its use to testes that can be manipu-
lated, albeit with difficulty, into the scrotum and therefore 
the results of individual studies are not directly compa-
rable. However, conversion to an inguinal exploration is 
reported in 0–20% of cases, immediate complication rates 
are 0–6%, mainly wound infection and scrotal hemato-
mas and successful orchidopexy is achieved in 94–100% 
of cases (see Table 23.1 and refs [16–21]). In the series 
reported by Parsons et al., a low scrotal incision was used 
with an inguinal incision if a patent processus was identi-
fied, thereby explaining the high inguinal conversion rate 
[20]. With the higher scrotal approach, as used in the other 
series, dissection of the processus vaginalis from the cord 
is not usually a problem, although requiring more time 
and skill than surgery via a standard inguinal incision.

Despite technical demands, an average operative time 
of 15 min for patients with primary undescended testes 
and 35 min for patients with secondary ascent or iatro-
genic ascent following previous inguinal surgery has 
been reported [22].

Figure 23.2 Historical success rates for orchidopexy in 
relation to type of orchidopexy. (Data from literature 
review by Docimo, 1995 [2].)

88.6

81.3

72.6
66.7

76.8

83.

0

10

20

30

40

50

60

70

80

90

Ing
uin

al

Tr
an

sa
bd

om
ina

l

2-
sta

ge

Fo
wler

–

Ste
ph

en
s

Sta
ge

d F
ow

ler
–

Ste
ph

en
s

M
icr

ov
as

cu
lar

Su
cc

es
sf

ul
or

ch
id

op
ex

y 
(%

)



Chapter 23 Orchidopexy and Orchidectomy 173

Outcomes for impalpable testes

Inguinal approach and preperitoneal 
orchidopexy
In a number of series, management of the nonpalpable 
testis with open surgery has proved successful. Kirsch et al. 
reported on 1866 boys with undescended testes of which 
447 (24%) were impalpable [23]. Surgery was success-
ful in identifying testis location or blind-ending vas and 
vessels in 100% of cases. Of 91 intra-abdominal testes 33 
were managed with inguinal orchidopexy and transperi-
toneal mobilization of the vas and vessels without vessel 
transection. Results were excellent (good scrotal position 
and size) or acceptable (palpably normal testis in the high 
scrotum) in 32/33 (97%). Youngson and Jones published 
on 90 boys with an impalpable testis utilizing a muscle-
splitting preperitoneal orchidopexy for 28 intra-abdominal 
and 42 canalicular testes with success in 66 (94%) at 1 year 
[24]. However, on late follow-up after a mean of 11 years 
(range 6–16 years) this figure had reduced to 81%, with 
only 57% of the testes normal in size. Gheiler et al. have 
described initial laparoscopy and a subsequent open Jones 
orchidopexy for intra-abdominal testes with success in 18 
of 19 (94%) cases [25].

Staged orchidopexy
In Docimo’s analysis of the literature staged orchidopexy 
was successful in 180/248 (72.6%) testes [2] (see Figure 
23.2). However, staged ochidopexy can result in high 
failure rates. Corbally et al. reported on 33 boys who 
had two orchidopexies on the developing testis and 

documented a high failure rate for intra-abdominal and 
canalicular testes with testis atrophy in 40% and a mean 
volume loss of 46% in the majority of remaining testes 
[26]. The role of staged orchidopexy has become largely 
historical, as successful one-stage techniques for trans-
fer of the high intra-abdominal testis have emerged, e.g. 
laparoscopic orchidopexy, Fowler–Stephens orchidopexy, 
and microvascular transfer.

Fowler–Stephens orchidopexy
In some cases the high intra-abdominal testis may not 
be amenable to either extensive mobilization or staged 
orchidopexy because of an extremely short vascular 
pedicle. In these circumstances the testis can be mobi-
lized on a vasal/peritoneal mesentery containing collat-
eral circulation having divided the testicular vessels well 
above the body of the testis. The testis continues to be 
perfused by branches of the deferential and cremasteric 
arteries as described by Fowler and Stephens [27]. Some 
authors have suggested an advantage to staging this 
operation with testicular vessel ligation with minimal 
testicular handling as a first procedure and gonadal ves-
sel transection, testicular mobilization, and orchidopexy 
several months later following robust collateral vessel 
development [28].

The results for these open one- and two-stage proce-
dures are variable. Smolko et al. reported on seven patients 
with a poor result in five all four with an intra-abdominal 
testes and one of three with a preperitoneal testis (71% fail-
ure rate) [29]. They commented on the need to use vessel 
transection as a primary maneuver, without prior dissection 

Table 23.1 Selected papers on scrotal orchidopexy documenting range of outcomes and complications. Early complications were 
related to scrotal hematoma, wound cellulitis, or wound infection.

Author Year Patient  Number of  Inguinal  Early  Need  Testis 
  age in  operated  conversion  complications  for redo  hypoplasia/
  years testes (%) (%) orchidopexy  atrophy 
      (%) (%)

Bianchi and  1989 2–12 120 5 (4.2) 4 (3.3) 0 0
Squire [16]
Iyer et al. [17] 1995 0.1–15.5 367 14 (3.8) 7 (1.9) 13 (3.5) 3 (0.8)
Lais and Ferro [18] 1996 0.4–14 (mean 5)  50 3 (6 ) 3 (6) 1 (2) 2 (4)
Russinko et al. [19] 2003 0.5–24 (median 4.5)  85 1 (1.2) 2 (2.4) 1 (1.2) 1 (1.2)
Parsons et al. [20] 2003 16 �2 years  66 13 (20) 0 0 0
  19 2–6 years
  17 �6 years
Bassel et al. [21] 2007 0.5–13 (mean 4.5) 121 0 4 (3.3)  0 0
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or skeletonization of the cord and linked its use to patients 
with prune belly syndrome and/or a long-looped vas. In 
Docimo’s extensive review of the literature of 321 unde-
scended testes treated with a single-stage Fowler–Stephens 
procedure, 214 (66.7%) had a successful result. Of 56 
cases performed in two stages, 43 (76.8%) were success-
ful [2] (see Figure 23.2). In more contemporary publi-
cations of open Fowler–Stephens orchidopexy, higher 
success rates have been reported (Table 23.2). Horasanli 
et al. [30] performed open single-stage Fowler–Stephens 
orchidopexy using optical magnification in 24 testes with 
success in 21(87.5%) and O’Brien et al. had a good result 
with one-stage mobilization and testicular vessel transec-
tion in 18 (82%) of 22 testes [31]. Using an open second 
stage mobilization following initial laparoscopic clipping 
of the testicular vessels, Law et al. reported viability, based 
on testicular size and consistency compared to the nor-
mal contralateral testis, in 19 (95%) of 20 testes [32]. 
Their only failure was in a case with an absent vas def-
erens. Dhanani et al. achieved excellent results with an 
open two-stage technique with 54 (98%) of 55 testes in a 
dependent scrotal position and testis size equivalent to the 
contralateral mate at a median of 1 year follow-up [33].

An interesting technical variation incorporating low 
spermatic vessel ligation, straightening of the looped 
vas and preservation of collateral circulation has been 
reported by Koff and Sethi [34]. In their series of 33 
patients with intra-abdominal testes or testes visible at 
the internal inguinal ring, low vessel ligation resulted in 
successful orchidopexy in 38 of 39 testes (97%) exam-
ined at 1 month and 25 of 27 (93%) at 1 year follow-up.

Microvascular orchidopexy
From a logical point of view testicular autotransplanta-
tion should, by maintaining a full blood supply to a high 
inguinal/intra-abdominal testis, maximize the potential of 
future testis development and avoid the significant testicular 
loss and atrophy rates seen with staged and Fowler–Stephens 
orchidopexy. First described by Silber and Kelly in 1976 

[35], the technique of microvascular transfer is techni-
cally demanding, requires specialized instrumentation, 
and is time-consuming (total operative time 2.5–3 h). 
These factors have undoubtedly played a role in limit-
ing its widespread application. Preoperative assessment 
involves prior laparoscopy to document the presence and 
position of the testis. More recent studies have reported 
extending the role of endoscopy by performing laparo-
scopically assisted testicular autotransplantation [36].

Infants as young as 6 months of age have undergone 
microvascular transfer successfully which fits in with 
a desire for early orchidopexy to prevent subsequent 
degenerative testicular change. Occasionally, the vas 
deferens is also short and a scrotal position cannot be 
achieved despite microvascular transfer. A novel tech-
nique of vasal mobilization and testicular inversion has 
been described to overcome this pitfall [37]. In addition, 
in cases where the establishment of arterial inflow proves 
difficult, the testis will often survive on collateral circu-
lation provided a successful venous anastomosis is per-
formed – the “refluo” technique [38].

Most large series report good results with an ade-
quately sized testis in the scrotum in 80–90% of 
patients postsurgery (see Table 23.3, Figure 23.2, and 
refs [2,36,39–42]). Less successful results could reflect a 
learning curve for this technically demanding surgery.

Complications of orchidopexy

Intraoperative
• Failure to achieve a dependent position in the scrotum
• Tearing of the hernial sac
• Injury to vas and/or testicular vessels
• Inadvertent torsion of spermatic vessels during testicu-
lar tunnelling
• Tension on vascular pedicle
• Avulsion of testicular vessels
• Ilio-inguinal nerve injury.

Table 23.2 Historical and contemporary results for open one- and two-stage Fowler–Stephens orchidopexy: results from 
articles published in the last decade combined.

 Number successful (%)

 Literature review prior to 1995 (Docimo [2]) Current articles 1996–2006 [30–34]

One-stage Fowler–Stephens 214/321 (66.7) 64/73 (87.7)
Two-stage Fowler–Stephens 43/56 (76.8) 73/75 (97)
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Early postoperative
• Pain
• Bleeding
• Hematoma
• Local edema
• Wound separation
• Wound infection.

Late postoperative
• Testicular malposition or re-ascent
• Testicular atrophy
• Torsion of testis
• Inguinal hernia
• Hernia alongside peritonealized vas after Fowler–
Stephens orchidopexy – rare complication reported only 
as isolated case report
• Ureteral obstruction due to vasal compression after 
Fowler–Stephens orchidopexy – rare complication 
reported only as isolated case report
• Impaired spermatogenesis and infertility
• Testicular malignancy.

Preventing complications of orchidopexy

The complications of orchidopexy can be prevented by 
appropriate case selection, choosing the right surgical 
procedure for the individual patient, and by adhering to a 
philosophy of gentle tissue handling and meticulous sur-
gical technique.

Preoperative considerations
Retractile testes
It is important to make an accurate diagnosis and cor-
rectly identify retractile testes as the majority end up in a 
satisfactory position long term without surgery [43] and 

as reported by Puri and Nixon [44] these patients have 
normal fertility following conservative treatment.

Nonpalpable testes, contralateral hypertrophy, and 
initial scrotal exploration
In patients with nonpalpable testes, lubrication of the 
examining hands with liquid soap may assist in identify-
ing a difficult to feel testis and avoid further investigation 
or inappropriate laparoscopy [45]. Most pediatric urolo-
gists and surgeons prefer laparoscopy for the assessment 
of the impalpable testis but in cases with a nonpalpable 
testis, and contralateral hypertrophy an initial scro-
tal incision may be more appropriate as 90–100% of 
patients have features consistent with the “vanishing tes-
tis syndrome” and perinatal torsion [45–48]. In the study 
by Hurwitz and Kaptein [45] in patients with a unilat-
eral nonpalpable testis, hypertrophy with a testis length 
1.8 cm or greater predicted monorchia with an accuracy 
of approximately 90% and in the series published by 
Belman and Rushton [48] of 22 boys with a left nonpal-
pable testis and hypertrophied right testis 19 (86.4%) 
were found to have scrotal nubbins on initial scrotal 
exploration. Laparoscopy was reserved for three cases 
where scrotal exploration was negative, with two vanish-
ing testes and one intracanalicular testis found.

Snodgrass et al. [49] have taken this scrotum-first 
approach for the nonpalpable testis further with the sug-
gestion that laparoscopy be reserved for cases where a 
scrotal nubbin is not identified and in patients where a 
patent processus vaginalis is found. In their series of 40 
boys with a unilateral impalpable testis managed with an 
initial scrotal incision followed by laparoscopy, the scrotal 
exploration revealed 22 (55%) scrotal nubbins, 4 (10%) 
extra-abdominal testes, and 6 (15%) patients with a long 
looping vas associated with an intra-abdominal testis. 
Laparoscopy documented 13 (32.5%) intra-abdominal 

Table 23.3 Results of microvascular orchidopexy including laparoscopic testicular autotransplantation.*

Author Year Patient age (mean) in years Number of testes Number successful (%)

Wacksman et al. [39] 1982 1.9–20 (9.7)  7  6 (86)
Upton et al. [40] 1983 2–18 10  6 (60)
Bianchi [41] 1995 2–15 51 47 (92)
Boeckx et al. [42] 1998 3.25–15.75 (7.9) 25 24 (96)
Tackett et al.* [36] 2002 0.5–13 (3.6) 17 15 (88)
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testes and one intra-abdominal vanished testis. 
Interestingly, laparoscopy falsely diagnosed an intra-
abdominal vanished testis in 6 (15%) boys who had scro-
tal nubbins [49]. Not all palpable testes will be felt in the 
outpatients and a careful examination under anesthesia, 
and prior to a surgical procedure, should be performed 
as 18% of impalpable testes become palpable with the 
patient asleep [50].

The ascending testis
The entity of acquired undescended testis, where a previ-
ously normal scrotal testis retracts into an ectopic posi-
tion, is a recently described phenomenon [51–53] with 
a prevalence of 1.2% age 6, 2.2% age 9, and 1.1% age 13 
[54]. There is no consensus on etiology or correct man-
agement for these cases although recent data supports a 
conservative approach. Hack et al. [55] described a pro-
spective study of 44 boys with 50 acquired undescended 
testes and noted spontaneous descent at puberty in 42 
(84%) with a testicular volume appropriate for age. A 
more recent publication from the same group followed 
139 boys with 164 acquired undescended testes [56]. 
Spontaneous descent occurred at puberty in 76% of tes-
tes (early puberty in 71.4% of these, 26.5% mid puberty, 
and 2.1% late puberty) and their expectant policy for 
the ascending testis has reduced orchidopexy rates in 
their hospital by 61.8% [57]. Whether this conservative 
management will affect future sperm counts, fertility, or 
malignancy risks in boys with acquired undescended tes-
tes is yet to be investigated.

Benefit of preoperative investigation
Ultrasound and standard magnetic resonance imaging 
(MRI) are unreliable for investigating the impalpable tes-
tis. Two different groups of investigators have, however, 
documented the accuracy of gadolinium (Gd)-enhanced  
MRI, with sedation, in localizing intra-abdominal testes, 
canalicular testes, hypoplastic/atrophic testes, and van-
ishing testes, with a sensitivity between 96% and 100% 
[58–60]. One article looking at a cost/risk analysis sug-
gests that with MR angiography and observation of 
testicular nubbins, a substantial number of boys could 
forego operative intervention with minimal additional 
risk and no increased health care costs [61]. So far, 
although clearly Gd-MRI can be very reliable in expe-
rienced hands, it has yet to replace laparoscopy as the 
investigation of choice for the impalpable testis.

Operative considerations
Surgical technique
A good understanding of the operative principles for 
orchidopexy is required to prevent complications. The tech-
nique of inguinal orchidopexy was first reported by Bevan 
[62], with modifications described by Gross and Jewett [63], 
and subsequently by Koop and Minor [64]. For a contem-
porary description of orchidopexy, the reader is referred to 
a major operative pediatric surgery textbook [65].

Complications can be prevented by:
• Early identification of the testis, once Scarpa’s fascia is 
opened. This will prevent inadvertent testis injury and 
can often be achieved by passing an index finger down 
into the scrotum in preparation for the future subdar-
tos pouch. On removing the finger the palpable unde-
scended testis usually pops directly into view within the 
operative field.
• Division of all attachments, including the gubernacu-
lum, the cremasteric fibers, and the lateral spermatic 
fascia.
• Identification of the patent processus vaginalis in the 
anteromedial surface of the cord, and performing a high 
ligation. The sac/processus is usually divided and twisted 
prior to transfixion and division, and it is important not 
to trap the vas or vessels.
• Gentle handling of the vas and gonadal vessels. On no 
account they should be held or picked up with forceps.
• Prevention of tension on the cord structures which is 
likely to lead to ischemia or re-ascent.
• Creation of a subdartos pouch and if possible avoid-
ance of suture fixation.
• Careful assessment of the orientation of the vascular 
pedicle prior to testicular tunnelling to prevent torsion 
and subsequent ischemia.
• Positive identification of the ilio-inguinal nerve just 
beneath the external oblique and its preservation.

Full mobilization of the testis with division of the her-
nia sac or processus and adequate retroperitoneal dissec-
tion are key to a satisfactory outcome. Davey [66] studied 
the relative importance of each step in 313 orchidopexies 
and found that sac/processus division accounted for 60% 
of increased cord length, while the remaining 40% was 
related to dissection within the internal ring and divi-
sion of tethering lateral bands. A thorough knowledge of 
inguinal and retroperitoneal anatomy is required to pre-
vent complications, and failure to achieve a satisfactory 
dependent scrotal position for the testis is often related 
to inadequate retroperitoneal mobilization. The reader 
is referred to the articles published by Hutcheson et al. 
[67] and Redman [68] on the applied anatomy of this 
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region. If despite full mobilization there is still insuffi-
cient length, the cord structures can be redirected medi-
ally to the inferior epigastric vessels for a shorter route to 
the scrotum – the “Prentiss” maneuver [69,70].

In cases being assessed for a Fowler–Stephens 
orchidopexy, the procedure should be avoided when 
major ductal anomalies are present.  Any case with 
absence or atresia of a segment of the vas or non-union 
of the vas and testis is likely to have inadequate collateral 
testis blood supply following testicular vessel transec-
tion. In addition, the Fowler–Stephens procedure should 
be avoided in cases with an intrinsically short vas [71] 
and in reoperative cases [72].

With intra-abdominal testes it can be difficult to decide 
which procedure would be best suited to achieve a depend-
ent scrotal position. Banieghbal and Davies [73] have used 
testicular mobility assessed at laparoscopy as a guide to 
management, and of 20 intra-abdominal testes that could 
be stretched to the contralateral internal inguinal ring a 
successful conventional orchidopexy was achieved. Other 
surgeons have predicted a successful orchidopexy with-
out vessel division when the testis lies within 2 cm of the 
internal ring. When a small dysplastic intra-abdominal 
testis is present, orchidectomy is the best option. For 
microvascular orchidopexy a major problem can be the 
size discrepancy between the larger deep inferior epigas-
tric artery and testicular artery. This can be overcome 
with accurately placed mattress sutures [42] or by creat-
ing an arteriovenous fistula between the inferior epigas-
tric artery and vena comitans, which increases run off 
and prevents microanastomotic thrombi within the trans-
planted testis [74].

The creation of a subdartos pouch provides the best 
form of testis fixation [75,76]. In infants, when perform-
ing the orchidopexy through a small 1.5–2.0 cm inguinal 
skin crease incision, there may be little space to pass an 
index finger down to the scrotum for pouch preparation 
without compressing and traumatizing the cord struc-
tures in the corner of the wound. A novel and commer-
cially available testicular tunneler (Surgical Innovations 
Limited, UK) can assist in creating a direct path to the 
scrotum (Figure 23.3). Once the tunneler has been passed 
from the inguinal incision and out through the scrotum, 
the testis is guided into position following the placement 
of a suture between the gubernaculum and end eye of the 
tunneler. The testis is then placed in the prepared subdar-
tos pouch. Re-ascent may be further prevented by nar-
rowing the subdartos fascia at the scrotal neck, but care 
is required not to constrict the testicular vessels [77]. On 
occasion the surgeon may deem it necessary to suture the 

testis to the midline scrotal septum to prevent re-ascent 
although there may be inherent risks.

Coughlin et al. [78] have reported a link between 
suture fixation at orchidopexy and infertility in previ-
ously cryptorchid men (relative risk 7.56; 95% CI, 1.66, 
34.39), and experimental studies performed by Bellinger 
et al. [79] in rats have documented inflammatory and 
necrotic changes after suture fixation. It is unclear, how-
ever, if these findings can be extrapolated to humans 
as follow-up imaging studies have noted very minimal 
changes despite suture fixation at orchidopexy. Ward 
et al. [80] performed testicular ultrasound on 22 men 
operated in childhood with suture fixation and showed 
a single tunica albuginea calcification (1–2 mm) in 7 
(32%) and a further 3 (14%) patients with a single hyp-
oechogenic subtunical cyst (1–2 mm). The remaining 
12 (54%) patients had normal scans and no difference 
was noted in testis size between the normally descended 
and operated testes in any patient. Theoretically breach-
ing the tunica with a suture may lead to disruption of 
the blood/testis barrier and antibody formation, but in 
a study by Mirilas et al. [81] on 22 pubertal males (aged 
12.1–17.7 years) operated for cryptorchidism before 
puberty sera were negative for anti-sperm surface anti-
bodies in all patients. If a suture is required, PTFE may 
be ideal due to its softness and specific handling charac-
teristics [82].  Fibrin glue as an alternative to sutures has 
been described in a rat model [83].

Postoperative considerations
There are no specific precautions in infants. In older 
boys, most surgeons advise restricted physical activities 
(riding a bike, kicking a football) for several weeks after 
orchidopexy until healing has fixed the testis in the sub-
dartos pouch.

Figure 23.3 Lambert testicular tunneler. (Courtesy of Nick 
Robinson, Production Engineer and Claire Brook, Marketing 
Manager of Surgical Innovations Limited, Clayton Park, 
Clayton Wood Rise, Leeds, LS16 6RF, England, UK.)
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Managing complications of orchidopexy

Initial
A torn hernial sac requires careful identification and 
dissection free from the other cord structures prior to 
proximal transfixion. Micromosquito forceps are invalu-
able in holding the edges of delicate sac while control 
is achieved. Inadequate closure or failure to spot a torn 
sac may lead to a subsequent inguinal hernia. Although 
a transected vas is a rare event, the correct management 
is primary microsurgical vasovasostomy. If a testis can-
not be placed in the scrotum, despite full mobilization 
and a Prentiss maneuver, it should be positioned as low 
as possible with a planned second procedure after 6–12 
months. Small wound hematomas are likely to settle 
with conservative treatment and wound infection will 
respond to antibiotics and if necessary wound drainage.

Definitive
If there has been a vascular insult at the time of 
orchidopexy resulting in atrophy, the testis is lost. Some 
boys decide to have a testis prosthesis at puberty for 
cosmetic concerns. Postoperative hernias are uncom-
mon and managed by herniotomy and herniorraphy if 
there is a direct component. Testis torsion after previous 
orchidopexy is rare but requires emergency exploration 
with de-torsion and repeat fixation or orchidectomy if 
the testis is nonviable [84].

Re-ascent of the testis requires a redo orchidopexy, 
which can be performed via the original inguinal inci-
sion [85,86] or with a scrotal approach [22,87]. Surgery 
is usually made difficult because of scar tissue, and care-
ful dissection is required to prevent vas or testicular ves-
sel injury. In both techniques early identification of the 
testis is important, with retrograde dissection of the cord 
structures to gain adequate length. When an inguinal 
approach is used, a strip of external oblique aponeuro-
sis overlying the cord may be left attached, thus avoiding 
difficult dissection between the scarred external oblique, 
related to previous incision and closure, and the anterior 
aspect of the spermatic cord [86,88,89]. The previously 
divided hernia sac needs to be separated from the vas 
and vessels, the peritoneum swept away and retroperito-
neal dissection completed. If scar tissue around the deep 
inguinal ring makes dissection problematic, opening the 
peritoneum above the ring and dissecting down from 
above may avoid potential vas or vessel injury [86,88]. 
A Prentiss maneuver may be required to achieve a 
dependent scrotal position and good operative exposure, 
excellent lighting, optical magnification, and tension-free 

placement within a scrotal subdartos pouch are impor-
tant in achieving a satisfactory outcome.

Outcome of redo orchidopexy
Most papers on repeat orchidopexy include patients who 
had initial surgery for inguinal hernia, hydrocele, or cryp-
torchidism and results for these different groups are often 
amalgamated. A successful result has been documented in 
92–100% of cases [22,85–92] (Table 23.4). In most series, 
the  length of follow-up has been short or not stated. In 
the report by Pesce et al. [91] of 20 boys followed beyond 
puberty 65% had significantly reduced ultrasound-
determined testicular volumes (when compared to controls, 
p � 0.005, although volumes were respectable, study group 
mean 12.7 ml SD 3.96; controls mean 15.4 ml SD 3.11). With 
regard to fertility 7 (35%) of the 20 had slightly impaired 
and 3 (18.7%) severely impaired sperm analysis [91].

Orchidectomy

The removal of a testis in childhood is usually for nonvia-
bility after acute torsion, for small dysplastic undescended 
testes, for testicular nubbins related to a nonpalpable tes-
tis, or for atrophy documented at exploration for a pre-
viously failed orchidopexy. Immediate complications 
following orchidectomy are related to wound hematoma 
and infection. In cases of torsion the contralateral tes-
tis is fixed using a subdartos pouch or suture fixation 
to prevent metachronous torsion. Opinion is divided 
whether the contralateral testis should be fixed in other 
cases requiring orchidectomy. Implantation of a testicular 
prosthesis is available at puberty for boys with a solitary 
testis and cosmetic concerns or psychological issues [93]. 
Complications include infection, hematoma, extrusion, 
unsatisfactory size or positioning, and implant rupture. 
A groin incision is usually preferred for insertion because 
of lower risks for infection and extrusion. Saline filled 
prostheses can deflate but appear safe and well tolerated 
[94]. Testicular torsion in adolescents and young adults 
is complicated by abnormalities of spermiogenesis and 
infertility with semen analysis normal in only 5–50% 
of patients on long-term follow-up [95]. In contrast, 
although data is limited, torsion in prepubertal boys does 
not seem to affect subsequent fertility [96].

Conclusion

Considerable operative expertise is required for success-
ful infant orchidopexy. Inguinal or scrotal approaches to 
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the palpable undescended testis are successful in �95% 
of the cases. The impalpable testis can be managed by a 
variety of techniques with success in �85–90% of cases. 
Testis atrophy is avoided by careful dissection, gen-
tle tissue handling, and meticulous surgical technique. 
Although uncommon, the failed orchidopexy is success-
fully salvaged by redo surgery in �90% of the cases. In 
cases where an orchidectomy is performed, the possibil-
ity of testicular prosthesis insertion should be discussed.
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Laparoscopic Orchidopexy
Derek J. Matoka, Michael C. Ost, Marc C. Smaldone 
and Steven G. Docimo

Introduction

Laparoscopic orchidopexy is a well-established, safe, and 
effective approach for both the diagnosis and manage-
ment of the nonpalpable testis. Cryptorchidism is present 
in 0.8–1.8% of 1-year-old boys. Although a testicle may 
be palpated in the groin in the majority of these boys, a 
nonpalpable testis occurs in 20% of this group [1]. The 
location of the testis may be intra-abdominal, either 
in the normal path of embryologic descent or ectopic, 
canalicular or absent. Historically, laparotomy was per-
formed to localize an intra-abdominal testis or diagnose 
blind-ending vessels if cord vessels were not observed 
on initial inguinal exploration [2]. This was most often 
accomplished with a high inguinal approach (i.e. Jones 
incision) or Pfannenstiel incision. It is now standard 
practice to proceed with diagnostic laparoscopy when 
the testicle is nonpalpable. Subsequent laparoscopic 

orchidopexy, whether staged or not, has consistently 
demonstrated equivalent and superior success rates to 
historical open series.

Cortesi first reported diagnostic laparoscopy for the 
evaluation of a nonpalpable testicle in 1976 [3]. Since 
that time the application of laparoscopy has evolved 
into a highly successful treatment option. In 1991, 
Bloom reported using laparoscopy to ligate the testicular 
vessels in the first stage of a Fowler–Stephens approach 
[4]. Jordan further advanced the role of laparoscopy as a 
therapeutic modality when he reported the first laparo-
scopic orchidopexy in 1992 [5]. Laparoscopy is now 
widely regarded as the gold standard in localizing non-
palpable testis and has gained prominence as the proce-
dure of choice for relocating the abdominal testicle into 
the dependent scrotum.

Diagnostic laparoscopy is performed to evaluate for 
the presence of nonpalpable testicular tissue with the 
advantage of tailoring subsequent therapy based on 
the findings [6]. Findings of diagnostic laparoscopy 
include blind-ending testicular vessels and vas deferens 
located proximal to the internal ring indicating the diag-
nosis of a vanishing testis with no further intervention 

Key points

• Laparoscopy is the gold standard for localizing 
the nonpalpable testis.

• Laparoscopic orchidopexy is a logical extension 
of diagnostic laparoscopy with results and 
morbidity at least equal, and perhaps superior to 
its open counterpart.

• Primary laparoscopic orchidopexy is successful in 
97% of cases.

• Meticulous technique and recognition of 
anatomical landmarks are essential in avoiding 
unintended injury.

• Testicular atrophy is the most common 
complication.

• Compliance of the pediatric abdomen increases 
risk to intra-abdominal structures.
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required. This may be found in 20% of evaluations for 
a nonpalpable testis. A normal appearing vas deferens 
and testicular vessels may exit a closed inguinal ring. In 
this presentation, exploration of the groin or scrotum 
may be warranted by either an open or laparoscopic 
approach, although this is somewhat controversial if the 
vessels appear atretic. Proponents of exploration note 
that 10% of testicular nubbins may contain viable germ 
cells [7]. If, on the other hand, the internal ring is open, 
an attempt to “milk” a canalicular (peeping) testicle in a 
retrograde fashion into the abdomen may be attempted. 
The groin should always be explored in light of a patent 
processus if this maneuver is unsuccessful in identify-
ing a testicle. A blind-ending vas may be noted without 
the presence of testicular vessels indicating gonadal dis-
junction. Diagnostic laparoscopy should continue with 
emphasis on identifying the testicular vessels as they will 
lead to the gonad, if present [8]. Finally, in 50–60% of 
nonpalpable cases, an intra-abdominal or peeping testi-
cle is identified.

Proceeding with therapeutic laparoscopy provides a 
logical and smooth transition in the management of a 
nonpalpable testis. The appearance of the testicle, an 
assessment of its mobility and vascular supply as well 
as careful inspection of the vas deferens are essential in 
planning a therapeutic surgical approach. The desired 
outcome is permanent fixation of the testicle in the 
scrotum, although removal of compromised testicular 
tissue is occasionally indicated. Ultimately, the goals of 
improving fertility, decreasing the potential for malig-
nant transformation, easier examination of the scrotal 
testis, and prevention of testicular torsion are identical 
for both laparoscopic and open orchidopexy.

Surgical technique

The goal of laparoscopic orchidopexy is to adequately 
lengthen the testicular vessels and vas deferens to enable 
relocation of the testicle to the orthotopic scrotal posi-
tion. Initial surgical “success” of laparoscopic orchidopexy 
will therefore be measured by maintenance of the tes-
ticle in a proper scrotal position without evidence 
of atrophy. Equally important is avoiding the associated 
complications inherent to this laparoscopic procedure. 
In light of this, it is critical to know the different steps 
that will maximize successful outcomes.

Some authors advocate universally performing pri-
mary laparoscopic orchidopexy without division of ves-
sels in one stage [9,10] or in two stages with division 

of vessels [11]. The majority of clinicians tend to man-
age each case on a more selective basis, determining 
their approach based on the ability to obtain sufficient 
length to place the testis in the scrotum [12–16]. Baker 
et al. completed a multi-institutional analysis to evaluate 
the outcomes of laparoscopic orchidopexy. They found 
that primary laparoscopic orchidopexy was successful 
in 97.2% of cases. One- and two-stage Fowler–Stephens 
orchidopexy was successful in 74.1% and 87.9% of cases, 
respectively. Such information is important in coun-
seling patients prior to surgery [13].

Blind access for pneumoperitoneum with a Veress 
needle or trocar is less commonly used in the pediat-
ric population as an overly compliant abdomen may 
increase the risk of injury to intra-abdominal struc-
tures. It is our preference to use the Bailez Technique for 
open access [17], modified to employ the use of a radi-
ally dilating trocar [18]. In our current technique, a 2-0 
vicryl suture is first placed in the skin of the umbilicus 
to provide continual anterior tension. A 3 mm hidden 
infraumbilical incision is made in the skin and a scissor 
is then used at an approximate 15–20° angle in a supe-
rior direction to cut through the umbilical fascia into 
the underlying adherent peritoneum. Alternatively, the 
rectus fascia and underling peritoneum may be entered 
sharply at 90° under direct vision.

Exposure is facilitated by initially placing the patient 
in Trendelenburg position with the ipsilateral side of 
the table tilted up. Mobilization of the spermatic ves-
sels begins with a peritoneal incision lateral to these 
vessels which is carried just over the internal ring and 
continued lateral and superior to the vas deferens. The 
triangle of peritoneum between the vas and vessels is 
maintained to preserve the rich anastomotic blood sup-
ply to the testicle. The peritoneal pedicle is elevated with 
the testicular vessels, vas, and testicle, creating a plane 
between these structures and the external iliac vessels. 
By retracting the testicle rostrally, the processus vaginalis 
and the gubernaculum are brought into the abdomen. 
The gubernaculum is thinned and sharply transected 
with cautery taking care to remain distal to a looping 
vas deferens. At this point, length may be assessed. It is 
helpful at this point in the procedure to deliver the testis 
through a neocanal as described below to get an accurate 
assessment of the available length. If additional mobili-
zation is indicated, the peritoneum is dissected lateral to 
the vessels in a cephalad direction as proximal as possible. 
A perpendicular “relaxing” incision in the peritoneum 
that overlies the testicular vessels at the superior extent 
of the dissection is then delicately made to optimize 
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length. In the unlikely event that length remains inade-
quate, a decision to divide the testicular vessels and pro-
ceed with a Fowler–Stephens orchidopexy can be made. 
Testes located proximal to the iliac vessels are more likely 
to require a Fowler–Stephens procedure to obtain ade-
quate length [15] and are probably best managed with a 
planned, staged approach.

Various methods to deliver the testicle into the scro-
tum have been described. The technique described by 
our group employs 2 or 3 mm instruments and a radially 
dilating trocar system [18]. A 12 mm ipsilateral scrotal 
incision is first made and a subdartos pouch is created. 
A 2 mm laparoscopic grasper is placed through the 
ipsilateral 3 mm lateral trocar directed toward the scro-
tal incision. Care is taken to place the instrument over 
the pubis and between the medial umbilical ligament 
and epigastric vessels. The surgeon’s free hand should 
palpate the pubic area and scrotal incision to ensure the 

instrument is being guided over the pubis and through 
the scrotal incision. After the instrument is passed 
through the scrotum the Foley catheter is checked for 
hematuria. Although rare, a bladder injury would most 
likely occur during this step of the procedure. Proper 
placement of the instrument in the position described 
above, as well as presence of a Foley catheter, should 
minimize the likelihood of this complication. The Step 
sheath is then passed onto the end of the 2 or 3 mm 
instrument ex vivo and brought through the scrotum. 
The 5 or 10 mm trocar obturator, depending on the size 
of the testicle, is then inserted creating the neoinguinal 
hiatus. A locking grasper is introduced into the abdomen 
through the scrotal trocar. The testicle is then grasped 
at the gubernaculum and delivered into the scrotum 
(Figure 24.1). It is imperative for the surgeon to visually 
monitor the tension on the cord during scrotal delivery 
so the vessels are not avulsed.

(a) (b)

(d)(c)

Figure 24.1 Delivering the testicle into the scrotum requires developing a neohiatus (a–c) to facilitate passage of the testicle, 
epididymis, and cord structures into the scrotum without resistance. Using a 5–10 mm scrotal trocar opens a neohiatus with minimal 
resistance minimizes the risk of an avulsion injury (d).
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Timing of surgery

At birth, the undescended testis has been shown to have 
normal histology. Although this may continue into the 
first year of life, delayed germ cell development has been 
described by 6–8 months of age. These changes are pro-
gressive with both light and electron microscopy demon-
strating histologic changes consistent with deterioration 
of the germ cell population detectable by 18 months 
[19]. However, spontaneous testicular descent has been 
noted postnatally at 4–6 months. Therefore, in order to 
allow adequate time for a testis to descend spontaneously 
while minimizing the risk for irreversible developmental 
damage, the generally accepted recommendation is to 
perform orchidopexy at 6–18 months of age [8].

Outcomes

Laparoscopic orchidopexy has matured into a logical 
extension of diagnostic laparoscopy for the evaluation 
and management of the nonpalpable testis. The over-
all success rate, defined as a testis in an intrascotal posi-
tion with no atrophy, has consistently shown itself to be 
equal or better than its open equivalent with minimal 
associated morbidity in experienced hands. Docimo 
performed a meta-analysis in which success rates of 

various open orchidopexy techniques were compared 
(inguinal 89%; one-stage Fowler–Stephens 67%; two-
stage Fowler–Stephens 73%; transabdominal 81%; 
microvascular 84%) [20]. These results substantiated 
a need for improved management alternatives open-
ing the door for greater utilization of the laparoscopic 
approach. Several multi-institutional reviews and numer-
ous single institutional papers have reported improved 
success rates over an open approach (Table 24.1). Baker 
et al. completed a multi-institutional analysis to evaluate 
the outcomes of laparoscopic orchidopexy. They found 
that primary laparoscopic orchidopexy was successful 
in 97.2% of cases. One- and two-stage Fowler–Stephens 
orchidopexy were successful in 74.1% and 87.9% of 
cases, respectively (Table 24.1). A 3% incidence of major 
complications and a 2% incidence of minor complica-
tions were reported [13]. When compared to the open 
approach, success rates were higher with decreased 
morbidity. Lindgren et al. compiled the experiences of 
several institutions. This group was more likely to per-
form a Fowler–Stephens type approach when the testis 
was located at or proximal to the iliac vessels. In addi-
tion, older boys were more likely to require ligation of 
the vessels. A 100% success rate was reported for primary 
orchidopexy as well as both one- and two-stage Fowler–
Stephens procedures. However, in two cases where 
previous testicular surgery had been performed, the redo 

Table 24.1 Laparoscopic orchidopexy.

Study N Mean operative  Testicular  Unsatisfactory scrotal  
  time (min)  atrophy (%) position (%)

Lindgren et al. (1998)  44 n/a 0* 7
   4.5†‡

Baker et al. (2001) 310 124 2* 1*
   22† 7†

   10‡ 2‡

Chang et al. (2001) 101  0* 0
   15†‡ 16†

    14‡

Radmayr et al. (2003)  57 49* 0* n/a
  38/53‡ (by stage) 7‡

Samadi et al. (2003) 197 n/a 0* 9*
   7‡ 0‡

*Primary laparoscopic.
†One-stage Fowler–Stephens.
‡Two-stage Fowler–Stephens.
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Fowler–Stephens procedure resulted in testicular atrophy. 
They described no complications [15].

Chang et al. reviewed their series and describe an 
overall success rate of 91% with more than 6 months of 
follow-up. For primary laparoscopic orchidopexy, first-
stage, and second-stage Fowler–Stephens, the success 
rate was 94%, 84%, and 86%, respectively. Excluding 
those testicles involved in a previous exploration, the 
first-stage Fowler–Stephens success rate improved to 
100%. The overall atrophy rate was 4% and only 1% in 
those with no prior exploration. Other minor complica-
tions were noted in 5% of their series [21]. This series 
was expanded by Samadi et al. to include 203 proce-
dures. An overall success rate of 95% was reported. A 
viable testicle located within the scrotum was reported 
in 97% of cases undergoing primary laparoscopic 
orchidopexy at a minimum of 6 months of follow-up. 
In none of these cases was testicular atrophy observed. 
The Fowler–Stephens approach was successful in 90% 
of the cases. Atrophy was noted on follow-up in 4 of 58 
procedures, 2 of which had undergone previous testicu-
lar surgery [22]. Radmayr et al. published their series of 
patients who had undergone laparoscopic orchidopexy. 
Technique was chosen based on location of the testis. 
They reported an overall success rate of 97%, 100% with 
primary orchidopexy, and 93% with a Fowler–Stephens 
approach. No complications were reported in this series 
[23]. Twenty-five patients were followed by Esposito 
et al. after undergoing laparoscopic orchidopexy. All 
testes were brought into the scrotum primarily except 
one which required a two-stage Fowler–Stephens proce-
dure. A success rate of 96% with one intraoperative com-
plication (4%) was reported [14]. The complication was 
an iatrogenic rupture of the testicular vessel. This testicle 
was noted to be atrophic 1 month after surgery.

Abolyosr conducted the only known prospective, 
randomized study between open and laparoscopic 
orchidopexy for the management of abdominal testes. 
In comparing success, the two procedures had similar 
results. The success of primary orchidopexy was 100% 
for both modalities, while the success rate was 85% 
and 90.5% for open- and laparoscopic-staged Fowler–
Stephens orchidopexy, respectively. However, they dem-
onstrated that there was significantly less associated 
morbidity with laparoscopy than the matched open pro-
cedure with respect to resuming a diet, hospital stay, and 
resumption of normal activities [24].

Docimo [25] and Riquelme [26] have described 
laparoscopic orchidopexy for the palpable undescended 
testis. The ability to achieve extensive vascular dissection, 

enhanced visibility when mobilizing the proximal tes-
ticular vessels, and the ability to create a neointernal ring 
are the same advantages identified for management of 
the intra-abdominal testis. Both authors report a suc-
cess rate of 100%. Docimo reported no complications, 
while Riquelme reported a complication rate of 13.3%, 
comparable to that reported for an open procedure 
(12.2%) [27].

Complications

The number of complications associated with laparo-
scopic orchidopexy compares quite favorably to that of 
an open approach. In a large multi-institutional review, 
Baker reported a major complication rate of 3.0% and 
a minor complication rate of 2.0%. Major complica-
tions that have been reported include acute testicular 
atrophy, bowel perforation [28], cecal volvulus, bladder 
perforation [29], ileus, laceration of the vas, testicular 
vessel avulsion leading to a one-stage Fowler–Stephens 
orchidopexy, and wound separation/infection. It is 
important to note that complications during laparo-
scopic procedures are reflective of surgical experience 
[30]. Experience with approximately ten laparoscopic 
cases is necessary to reduce such risk [31]. Early recogni-
tion of such complications will help to limit their occur-
rence in the future. This discussion highlights the more 
common complications associated with laparoscopic 
orchidopexy.

The prevention of complications associated with 
laparoscopy starts with proper positioning and padding 
to reduce the risk of neuromuscular injuries. Although 
injuries are less likely to occur with pelvic laparoscopy, 
extremes in table positioning are often necessary. Close 
attention to placement of straps and/or tape and ade-
quate padding should limit positioning-related injuries.

Complications related to access are a common concern. 
Indeed, the most frequent identifiable cause of complica-
tions associated with pediatric laparoscopy has been the 
method used for abdominal access. The pediatric abdomen 
is very compliant and limited in space. For this reason, 
open peritoneal access has been associated with fewer com-
plications than when a Veress needle is used [30]. As previ-
ously mentioned, we prefer to gain access using an open 
technique. Regardless of the access technique used, preperi-
toneal insufflation may still occur. This complication can 
readily be identified when there is characteristically high 
opening pressure at low volumes. Additional sharp dis-
section and entry into the peritoneal cavity followed 
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by repositioning of the trocar is necessary if this occurs. 
Prior to placing additional working ports, areas vulner-
able to trocar injuries must be mapped and noted with 
the laparoscope. Due to great abdominal wall compliance, 
the epigastric vessels, iliac vessels, and bowel all come 
into close proximity to access trajectories (Figure 24.2). 
Immediate inspection of these loci before and after port 
placement is mandatory (Figure 24.3).

A major vascular injury during access or additional 
trocar placement should be recognized immediately to 
prevent catastrophic sequelae. Injury to the aorta and 
vena cava may occur during umbilical access, while 
injury to the major pelvic vessels may occur with intro-
duction of the lateral trocars. Upon removal of the tro-
car, brisk blood flow will be evident. The obturator 
should be replaced to tamponade the hemorrhage and 
guide the eventual repair. Immediate laparotomy is often 
indicated and a consult to a vascular specialist should be 
considered. Immediate resuscitation and communica-
tion with anesthesia is critical to avoid significant mor-
bidity and mortality [32].

Bowel injury is also an important consideration during 
both access, instrument passage, and the use of cautery. 
Inner mucosa of the bowel may be noted on insertion of 
the laparoscope or trauma may occur to the bowel along 
the path of previously obtained access. Serosal tears or 
isolated bowel injuries may be repaired primarily by an 
experienced laparoscopist [21]. More extensive injuries 
may warrant formal laparotomy. Regardless, the entire 
bowel should be run and examined circumferentially if 
bowel injury occurs or is suspected.

Abdominal wall hemorrhage may be encountered. 
The epigastric vessels usually lie behind the rectus sheath 
and can be avoided by careful placement of the trocars. 
If hemorrhage is suspected, examination both externally 
and with the laparoscope may help to isolate the bleed-
ing vessel. If visualized, it may simply be cauterized. 

Figure 24.2 Despite maximal insufflation pressure, the great compliance of the pediatric abdomen makes trocar placement difficult. 
Small forces applied to the abdominal wall will distort the anatomy and place organs vulnerable to injury in close proximity to trocar 
trajectories.

(a)

(b)

(c)

Figure 24.3 Prior to placing additional working ports, areas 
vulnerable to trocar injuries must be mapped and noted. Due 
to great abdominal wall compliance, the epigastric vessels (a), 
iliac vessels (b), and bowel (c) all come into close proximity to 
an access trajectory. Immediate inspection of the loci after port 
placement is mandatory.
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If the vessel cannot be visualized, various suture tech-
niques may be utilized. Bhayani and Kavoussi describe 
obtaining circumferential control of the vessel using 
either the Carter–Thompson fascial closure device (Inlet 
Medical Inc., Eden Prairie, Minnesota) or a Keith needle 
that is initially passed percutaneously and grasped lapar-
oscopically. It is then guided back through the skin on 
the other side of the vessel [33].

Surgical planning and an appreciation of the anat-
omical landmarks within the pelvis will aid in avoiding 
unintended difficulty. During testicular mobilization, 
care must be taken to avoid injury to the vas, testicular, 
femoral and iliac vessels, and the ureter. When mobilizing 
the vas on the medial aspect of the peritoneal flap these 
structures lay directly posterior and medial (Figure 24.4). 
In general, complications can be limited by careful intra-
abdominal mobilization, using cautery in short bursts, 
and execution of meticulous technique. The laparoscopic 
approach helps to facilitate this by allowing extensive and 
high retroperitoneal mobilization of the testicular vessels 
in an atraumatic manner. Magnification plays a signifi-
cant role, allowing for visualization of the vessels and vas 
deferens and precise dissection. Less traction on the cord 
is required and it is easier to preserve the perivascular 
tissue and avoid over skeletonization of both the vessels 
and the vas. If the colon needs to be mobilized, this can 
also be easily accomplished [10].

Omental herniation through a 3 mm umbilical trocar 
site has been reported [34]. However, this is a rare com-
plication of laparoscopy with an incidence of 0.15% in 

over 5400 laparoscopic cases [30] and it is not manda-
tory to close the fascia of 3 mm incisions. At the time of 
incisional port closure, care must be taken not to incor-
porate intra-abdominal contents into the 5 mm wounds. 
This complication can be avoided by closing the fascia 
under direct visualization and elevation with the suture 
when tying knots to avoid entrapping bowel or omentum. 
Additionally, the laparoscope should be reintroduced after 
abdominal desufflation and the cannula removed over the 
laparoscope. These measures help to prevent entrapment 
of omentum or bowel at port sites [34].

Testicular atrophy is the most common long-term 
complication associated with laparoscopic orchidopexy. 
The frequency of this occurrence is dependent on the 
initial position of the testicle and the chosen technique 
for performing the orchidopexy. Generally, primary 
orchidopexy has the lowest atrophy rate, ranging from 
0 to approximately 5% in larger series. Atrophy rates 
are highest for a one-stage Fowler–Stephens procedure, 
approaching 25% [5,14,23]. Finally, atrophy is observed 
in 0–15% of testicles after the two-stage Fowler–Stephens 
procedure [14,23,35].

Atrophy of the delivered testicle is closely monitored 
at the time of follow-up. There is a constant drive to 
improve the laparoscopic technique to limit the potential 
of an atrophied testis as a long-term outcome. It is uni-
versally acknowledged that minimizing the handling of 
the testis and vas and limiting the dissection in proxim-
ity to their blood supply with judicious use of cautery is 
crucial in reducing the risk of injury to these structures 
and subsequent atrophy of the testis [21]. To accom-
plish this goal, preserving the distal peritoneal triangle 
between the vas deferens and vessels has been described 
[8]. This allows for the greatest collateral vasculature and 
optimizes blood supply to the testis not only in a stand-
ard orchidopexy but also if the need for subsequent vas-
cular division of the testicular vessels is required.

Utilizing the gubernacular tissue as a handle for maneu-
vering the testicle also aids in the dissection. By medially 
retracting the testis, dissection of the peritoneum lateral to 
the testicular vessels is facilitated, allowing for a wide and 
intact vascularized peritoneal window with optimized col-
lateral blood supply [22,23]. This also enhances the ability 
to achieve a high ligation of the testicular vessel in those 
situations where this is necessary. As previously described, 
a perpendicular incision in the peritoneum at the supe-
rior aspect of the testicular vessel dissection may provide 
additional length. Lindgren has suggested that the “relax-
ing” incision in the peritoneum should be made prior to 
bringing the testis into the scrotum to decrease the risk of 

(a) (b)

(b)

(c)

Figure 24.4 Pelvic view during a left laparoscopic orchidopexy. 
During medial mobilization of the vas deferens the cord 
structures (arrow) are held cranially and laterally. Care must 
be taken not to injure the iliac vein (a), iliac artery (b), and/or 
ureter (c) that lie immediately posterior to the mobilized 
peritoneal flap.
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gonadal vessel injury [31]. In our hands, delivery of the 
testis through the neocanal is always done before incising 
the peritoneum in order to identify the extent of the 
required incision and to provide a “third hand” for distal 
retraction. The risk of spermatic pedicle injury should be 
very low with a careful peritoneal incision.

Avulsion of the spermatic vessels due to excessive trac-
tion placed on the testicle has been reported [9,14,21]. 
Conversion to a Fowler–Stephens approach is necessary 
in this situation but testicular atrophy is often reported 
following unintended disruption of the vessels.

Transection of a looped vas deferens is a potential 
complication. To avoid injury to the vas, one must be 
constantly aware of the possibility for a long looping vas 
to exist. The vas deferens should generally be left on the 
peritoneum and rarely dissected free. Overly aggressive 
dissection of the vas off of the peritoneum can result 

in vasal injury, testicular atrophy, and rarely ureteral 
obstruction [8,36].

Injury to the bladder is most likely to occur when cre-
ating the neoinguinal hiatus (Figure 24.5). The risk is 
increased if the neohiatus is not formed superior to the 
pubis in a plane lateral to the medial umbilical ligament 
and medial to the epigastric vessels. Remaining cogni-
zant of these pelvic landmarks is essential in prevent-
ing injury to the bladder, epigastric or femoral vessels 
[22]. If it appears that excessive force is required during 
antegrade establishment of the hiatus, the instrument is 
likely headed in the wrong direction and the path should 
be reexamined. Placement of a urinary catheter to main-
tain a decompressed bladder will also help to prevent 
bladder injury. It may also serve to alert the physician of 
a possible injury to the bladder if grossly bloody urine is 
detected in the drainage bag.

(a) (b)

(c)

Figure 24.5 During delivery of the testicle into the scrotum, the bladder edge (arrows) is at increased risk for perforation. The risk is 
increased if the neoinguinal hiatus is not formed superior to the pubis in a plane lateral to the medial umbilical ligament and medial 
to the epigastric vessels. Following delivery of the testicle in a right laparoscopic orchidopexy there was concern that the bladder 
was perforated (a). Filling the bladder demonstrated no evidence of a leak (b). After delivery of the testicle through a 12 mm scrotal 
trocar in the final stage of a left laparoscopic orchidopexy, there is little concern of a bladder injury. The neohiatus was created in a 
plane lateral to the medial umbilical ligament and medial to the epigastric vessels (c).
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Torsion of the testicular vessels following delivery to 
the scrotum has been reported [36]. This complication 
may be avoided by thoroughly examining the vessels 
after placement of the testicle into the scrotum to con-
firm the absence of torsion. If torsion is identified, the 
testicle is carefully repositioned in the scrotum until the 
vessels and vas have a normal interrelationship.

Ileus has rarely been reported after laparoscopic 
orchidopexy. Conservative management, consisting 
of limiting oral intake, intravenous fluids, and nasogastric 
suction when indicated has resulted in resolution of 
symptoms [8].

When performing laparoscopic orchidopexy, the asso-
ciated hernia sac is not ligated and the internal ring is 
generally not formally closed [13]. However, Metwalli 
and Cheng describe an indirect inguinal hernia following 
laparoscopic orchidopexy. In their series, this complica-
tion has occurred in 1 of 25 procedures or 4%. While 
they do not advocate for closure of the internal ring in 
all cases, they suggest that this may be appropriate in 
select cases where a large internal ring defect is evident 
[37]. Considering that this is the only reported inguinal 
hernia after laparoscopic orchidopexy, the risk appears 
to be well under 1% overall.

Finally, Kim et al. describe a clinical scenario in which 
a testis was missed on diagnostic laparoscopy. Despite 
evidence of a closed processus vaginalis, an absent vas 
and blind-ending vessels above the internal ring, a tes-
ticle was later found while the patient was undergoing 
an unrelated procedure [38]. Given the concern for car-
cinoma in situ in the postpubertal cryptorchid patient, 
obtaining a definitive diagnosis by laparoscopy is imper-
ative [39]. If a testis is not initially found and neither the 
vas nor the vessels are identified, the patient should be 
placed in an exaggerated Trendelenburg position to ena-
ble inspection all the way to the kidney. Placement of an 
additional trocar allows for a more complete examina-
tion under direct vision with minimal added morbidity. 
It is the responsibility of the surgeon to identify the vas 
and vessels with their associated anatomical end point 
before concluding the diagnostic portion of the pro-
cedure. Kim reported that the vessels were not accom-
panied by a vas. In addition, an ipsilateral multicystic 
dysplastic kidney was noted. They have suggested that 
this should raise suspicion for an ectopic testis and an 
exhaustive search with necessary mobilization should be 
performed before declaring the testis absent [38]. Cisek 
describes several unique cases in which thorough exami-
nation utilizing an additional port demonstrated a high 
intra-abdominal testis at or above the level of the renal 

fossa in three ipsilateral renal anomalies that included 
multicystic dysplastic kidney and agenesis [6].

Conclusion

Advances in laparoscopic instrumentation and refine-
ment in technique have contributed to the development 
of laparoscopic orchidopexy as the preferred treatment 
of the intra-abdominal testis in the pediatric population. 
The reported success of laparoscopic orchidopexy for 
delivering a viable testicle to the scrotum with minimal 
postoperative morbidity is consistently reported as supe-
rior to that of the open approach. In addition, the ben-
efits of improved cosmesis, shorter convalescence, and 
increased magnification allowing for better visualization 
have driven laparoscopic-directed management as the 
standard approach for the undescended testis.
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Varicocele
Ramnath Subramaniam and Eva Macharia

Introduction

Varicocele is the abnormal dilatation of the pampiniform 
plexus of veins within the scrotum. The plexus receives 
tributaries from the epididymal veins and lies posterior 
to the testes. The plexus then ascends around the vas 
deferens to the superficial inguinal ring, where venules 
coalesce to form 3–4 veins that lie within the spermatic 
cord in the inguinal canal.

In a unique study of over 4000 boys in Turkey, the 
prevalence of varicocele increased significantly with age 
from �1% in under 10 year olds compared to 7.7% in 
11–14 year olds and 14.1% in the 15–19 year olds [1]. 
This suggests a probable causal relationship between 
increased blood flow to the pubertal testis and varicocele. 

The relationship between varicocele, male subfertility, 
and testicular atrophy is what underlies the current prac-
tice of correction of varicocele in prepubertal males [2]. 
Yet the empirical varicocelectomy as a remote treatment 
for subfertility remains controversial. Although the effect 
of increased temperature caused by a varicocele seems 
well established, this effect appears to be in both the 
testes and not in the ipsilateral gonad. Increased thick-
ness of the lamina propria, increased nitric oxide levels 
in the venous plexus, and impaired transformation of 

the myofibroblasts to fibroblasts are some of the abnor-
mal findings reported from research studies [3–5]. 

Current opinion maintains that although varicocele is 
commonly diagnosed in men with infertility, their infer-
tility may be multifactorial. The varicocele may be con-
sidered a sentinel sign or as a cofactor in men with other 
genetic or molecular problems as the underlying cause 
of infertility. 

Diagnosis

Diagnosis of varicocele has historically been clinical. 
Characteristic symptoms are of scrotal discomfort and 
heaviness, which is worse when standing or walking. 
Physical examination demonstrates a classic “bag of 
worms” feel and appearance of the affected scrotum. The 
ipsilateral testis can often be palpated separate to the var-
icocele and may be reduced in size when compared with 
the contralateral testicle. Varicocele is left-sided in 90% 
and bilateral in 10%. A unilateral right-sided varicocele 
is exceedingly rare [1].

Traditionally, varicoceles have been classified clini-
cally based on the classification suggested by Dubin and 
Amelaar adopted by the WHO [6]:
• Grade I – Palpable by valsalva maneuver
• Grade II – Palpable without valsalva maneuver
• Grade III – Visible before palpation
Color Doppler ultrasonography (CDU) allows diagnosis
of varicocele which may not be clinically apparent, 

Key points

• Diagnosis of varicocele is essentially clinical.

• Treatment of varicocele for subfertility is 
controversial.

• Intervention options include venous occlusion or 
surgical ligation.

• Surgical ligation remains the preferred 
approach.

• Nonartery sparing technique has better success 
than artery sparing approach.

• Hydrocele formation is the most frequent 
complication regardless of approach.

• Lymphatic sparing techniques are promising in 
reducing morbidity; long-term outcomes are 
needed to validate results.
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although the significance of this finding is unclear. The 
venous reflux into the venous plexus is diagnosed using 
the Doppler color flow mapping in the supine and 
upright position, at quiet respiration, and with valsalva 
maneuver. Continuous reflux pattern during quiet inspi-
ration (without valsalva maneuver or deep inspiration) is 
the main criterion for diagnosis of varicocele [7].

Testicular hypotrophy
Testicular hypotrophy may be determined by the atro-
phy index (AI: [Vr � Vl/Vr] � 100; Vr and Vl volumes of 
right and left testicle, respectively) [8]. In adolescents and 
adults, testis size should approximately be equal on both 
sides with a standard deviation of not less than 2 cc on 
ultrasound examination, which uses the ellipsoid method 
of volume calculation (0.523 � HWL). Ultrasound esti-
mation of testicular size has been shown to be more accu-
rate than the physical estimation using orchidometers [9].

The criterion for defining testicular hypotrophy is 
inconsistent in various reports with atrophy index rang-
ing from 10% to 25% [10–11]. Also absolute volume dif-
ferentials vary from 2 cc in some reports to 3 cc in others 
[12–13]. Therefore, the reported incidence of hypotrophy 
in varicocele varies from 30% to 70% [14–15]. However, 
studies have not been able to correlate testicular volume 
with fertility status in adult men with varicocele [2].

Testicular injury
Bach et al. reported that the sertoli cell function was 
impaired even in young men with medium to high-
grade unilateral varicocele. By contrast, Leydig cell func-
tion seems to be undisturbed. They demonstrated that 
these men had an exaggerated GnRH test response with 
high-elevated FSH levels. The baseline FSH levels were 
elevated above 5.6 U/l. This could provide an easier way 
to predict the outcome of the GnRH test, which is labor 
intensive and expensive [16]. Other investigators have 
shown a mixed response to the GnRH test [13]. However, 
there is no evidence yet that GnRh test response corre-
lates with fertility in the long term.

Indications for intervention

Kogan [17] divided the indications for repair into the 
following groups:

Absolute  A small hypotrophic testis (2–3 cc smaller than 
the other)

 Additional testicular condition affecting fertility

 Abnormal semen analysis
 Bilateral palpable varicocele
Relative Large size (grade)
 Softer ipsilateral testis
 Pain
  Supranormal LH and FSH response to GnRH 

stimulation test
 Patient or parental anxiety
Minor Abnormal scrotal appearance

The most common and absolute criterion is a small tes-
ticle indicating growth arrest [15]. The testis remains 
small if conservatively managed, while catch-up growth 
has been reported by several authors [8,15]. Parrott 
et al. reported reversal of hypotrophy in 53–90% postin-
tervention [10]. Kocvara et al. argue that the so-called 
reversal of growth may be due to edema associated with 
division of lymphatic vessels [18]. Pinto et al. report no 
correlation between testicular hypotrophy and fertility 
[2], but others have demonstrated the complete opposite 
[8,15]. The criterion of softer testis is very subjective and 
there is little written about it in literature.

In our experience, pain and discomfort should be an 
absolute indication for intervention and surgery success-
fully alleviates the symptoms. Anxiety is another com-
mon feature in the adolescent boys and intervention often 
helps to reassure them. GnRH stimulation test is intensive 
and expensive and is a weak criterion as an indication for 
intervention in the absence of correlation with fertility.

Age at intervention
The argument for early intervention lies in the observa-
tion that as the testicle is still growing, testicular atrophy 
associated with varicocele can be overcome during the 
pubertal growth spurt [19]. Studies have also demon-
strated that varicocele-related testicular hypotrophy is a 
developing condition [1]. Hypotrophy was not present 
in boys younger than 11 years. In 11–14 year olds, the 
incidence was 7.3% and in 15–19 year olds it increased 
to 9.3%. These results suggest that varicocele-related tes-
ticular hypotrophy increased with puberty, supporting 
the idea that prepubertal intervention is ideal.

Intervention methods and outcomes

Broadly, the options of intervention in varicocele are 
either venous occlusion or surgical ligation. Venous 
occlusion is by either embolization or sclerotherapy. 
Sclerotherapy can be performed antegrade or retrograde. 
Surgical ligation can take place at various levels at, above, 
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or below the inguinal region. Furthermore, it can be 
either by an open or by a laparoscopic approach and also 
can take the form of microsurgery (Figure 25.1). We will 
discuss the pros and cons of artery sparing and lymphatic 
sparing techniques. 

Classification of methods of intervention 
in varicocele
• Venous occlusion
  º percutaneous embolization/sclerotherapy
  º antegrade scrotal sclerotherapy 
•  Surgical ligation – standard or microsurgical; artery 

sparing; and lymphatic sparing techniques
• High (suprainguinal) – laparoscopic or open
• Inguinal
• Subinguinal

Percutaneous embolization/sclerotherapy

This is an alternative to surgical ligation whereby the 
internal spermatic vein is embolized. The materials used 
include metal coil, spiders, plastics, brushes, detachable bal-
loons, and sclerosing agents. A catheter is percutaneously 
inserted into the femoral vein under radiological guidance
and left renal vein is catheterized. The left spermatic vein 

is identified and the catheter is advanced into it far enough 
to not allow the distal end of the coil near the renal 
vein. Embolization is then performed using the chosen 
material; preferably the metal coil is used in children [20]. 

Advantages
This procedure is both artery and lymphatic sparing. 
Rivilla et al. perform this procedure under local anesthe-
sia in children (mean age in their study; 11 years) with 
no complications of hydrocele or hematoma reported. 
There is no mention of bilateral or right-sided cases in 
the study. Clarke et al. have reported 90% success with 
this procedure. 

Disadvantages
This procedure will require the services of an interven-
tional radiologist and this can be a limitation [21]. There 
is a risk of coil dislodgement, left renal thrombosis or 
pulmonary embolus [20]. Collateral veins from the left 
renal vein could lead to failure to cannulate the internal 
spermatic vein along with severe vasospasm [21] and the 
diameter of the coil could be larger than the target vein. 

Antegrade scrotal sclerotherapy

Tauber et al. described this new technique of an ante-
grade approach to the internal spermatic vein combining 
surgery and sclerotherapy [22]. The procedure involves 
an incision at the root of the scrotum and isolation and 
cannulation of the spermatic vein to the level beyond 
the internal ring. The sclerosing agent is injected mixed 
with air (2–3 ml agent with air in 3:1 ratio; air block 
technique). Patient co-operation is required to achieve 
increased intra-abdominal pressure by valsalva during 
injection under fluoroscopic control.

Advantages
Can be performed under local anesthetic and is artery 
and lymphatic sparing. Therefore, hydrocele formation is 
rare after this procedure. Tauber et al. [21] have reported 
a large series of 285 patients with 9% failure rate. Mazzoni 
et al. recommend this method as first line for recurrent 
varicocele, where they have had a success rate of 96% [23].

Disadvantages
An interventional radiologist with sufficient expertise is 
required and patient co-operation is paramount [22]. 
Therefore, this procedure can be of limited use in chil-
dren. Complications noted include scrotal hematoma, 

High ligation 
(open or laparoscopic)

Internal inguinal ring

Vas deferens

Inguinal approach

External inguinal ring

Subinguinal approach

Epididymis

Testicle

Figure 25.1 Anatomical details of different approaches.
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epididymitis (3.8%), testicular atrophy, and left flank ery-
thema [21,24]. Zaupa et al. report their experience with 
this technique highlighting the fact that the procedure can 
take longer to perform in children due to difficulty in can-
nulation [25]. They warn that focal testicular necrosis can 
occur rarely despite an uncomplicated primary procedure.

Subinguinal (microsurgical) ligation

In a study involving infertile men undergoing microscopic 
varicocelectomy (mean age 32 years), Hopps et al. describe 
the number and relationship of internal and external 
spermatic arteries, veins, and lymphatics within the sub-
inguinal portion of the spermatic cord and compare it to 
the inguinal approach. They found that this approach was 
associated with more internal spermatic veins, more exter-
nal spermatic veins greater than 2 mm in diameter, and 
more total spermatic arteries per dissection compared to 
the inguinal approach [26]. Goldstein et al. were the pio-
neers of this approach through a subinguinal incision and 
identify the veins, arteries, and lymphatics with the help of 
an operating microscope [27]. Schiff et al. have described 
the feasibility of this microsurgical approach in boys (�18 
years old) with a low complication rate [28]. Chan et al. 
report accidental ligation of the artery despite the use of 
operating microscope in approximately 1% of cases [29]. 
They describe several reasons including men who have 
small sized arteries, aggressive manipulation leading to 
spasm, and the close proximity of the arteries to the venae 
comitantes. To increase detection of the lymphatics, the 
use of isosulfan blue has been proposed [30].

Advantages
Artery and lymphatic sparing approach using the micro-
scope reduces the incidence of recurrent varicocele and 
hydrocele formation. In theory, preservation of the 
artery should lead to improved spermatogenesis as dem-
onstrated by Cayan et al. probably by a positive effect on 
Leydig cell function [31].

Disadvantages
Dissection can be tedious [26]; accidental ligation is a 
possibility particularly in pediatric age group and neces-
sitated the availability of an operating microscope.

Inguinal ligation

The inguinal approach was described by Ivanissevich in 
1918. It involves opening the inguinal canal and ligat-
ing the dilated veins while allowing preservation of the 

spermatic artery with minimal morbidity. The reported 
success rate is approximately 85% with hydrocele forma-
tion in about 15% [9].

Hopps et al. observed that the inguinal approach was 
easier compared to the subinguinal technique [26]. This 
approach is best avoided if the integrity of the inguinal 
canal has been breached with some prior procedure.

Advantages
This approach provides a familiar anatomy, easy access 
to cord structures, identification, and preservation of the 
artery without compromising success rates.

Disadvantages
May not be suitable with previous inguinal surgery, 
hydrocele formation secondary to ligation of the lymphat-
ics although this can be overcome by the use of isosul-
fan blue.

High (suprainguinal, retroperitoneal)
ligation

This approach described by Palomo is performed via a high 
inguinal incision and is very popular. It has also been suc-
cessfully adapted to use by the laparoscope. The spermatic 
vessels are mass ligated well above the pampiniform plexus, 
where only a few branches require ligation. Attempts at 
modification to this technique by an artery sparing method 
led to a higher incidence of recurrence. Kass and Marcol 
[32] reported 89% success with artery sparing compared 
to 98% with artery nonsparing original Palomo proce-
dure. There is no evidence yet to prove that artery liga-
tion affects testicular hemodynamics and function. Atassi 
et al. noted compensatory growth in both artery sparing 
and nonsparing groups with no detrimental growth effects 
such as testicular atrophy [33]. This technique spares the 
artery to the vas and therefore preserves the collateral 
blood supply to the testis. Secondary hydrocele formation 
varies from 3% to 36% in different series [34,35]. Oswald 
et al. [36] proposed the use of isosulfan blue to identify 
the lymphatics and Riccabona et al. [37] demonstrated 
a low recurrence rate of 2% with the lymphatic sparing 
approach and no hydrocele formation in their series.

Advantages
Extremely low recurrence rates, easy to perform, allows 
adaptation by minimally invasive methods, and very 
popular.

Disadvantages
Hydrocele formation is a problem due to lymphatic 
ligation but can be overcome using isosulfan blue to 
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identify and preserve the lymphatics. Figure 25.2 shows 
the reported series in literature comparing lymphatic 
sparing and nonsparing approaches.

Laparoscopic varicocele ligation

As explained earlier, the Palomo procedure has been 
adapted to use by the laparoscopic approach with simi-
lar recurrence rates to the open procedure, as well as low 
morbidity and complication rates [24,38]. Incidence of 
hydrocele formation due to ligation of lymphatics with 
this approach [24,39] remains high (11–23%). Various 
modifications including the artery sparing and lymphatic 
sparing techniques have been described similar to the ones 
explained earlier [40]. Kocvara et al. describe the laparo-
scopic microsurgical approach using 10�–20� magnifi-
cation to preserve the lymphatics [41]. This magnification 
is achieved by working quite close to the target. They 
showed that hydrocele formation and testicular hypo-
trophy occurred less with this technique, 1.9% and 2.9% 
respectively compared with 17.9% and 20.1% respec-
tively in the conventional group, p � 0.0003. Poddoubny 
et al. have excellent results (99% success) with the laparo-
scopic artery and lymphatic sparing approach with no 
complications [42].

Advantages
Minimally invasive Palomo procedure with similar 
results.

Disadvantages
Similar to the Palomo procedure (see p. 196).

Management and prevention of
complications

Hydrocele
Regardless of the surgical approach, the most frequent 
complication following an operation for varicocele is the 
formation of a hydrocele. In a large multicenter study 
involving 278 children between 7 and 17 years of age, 
Esposito et al. [43] showed that the median incidence 
of hydrocele following varicocele surgery is about 12%. 
This incidence was higher (17.6%) with artery nonspar-
ing procedures compared to artery sparing procedures 
(4.3%) and is well demonstrated in Figure 25.2. Esposito 
et al. [43] have recommended noninvasive procedure 
like scrotal puncture for persistent hydrocele, which does 
not disappear after clinical observation. This success-
fully eliminated the hydroceles in 82% of the cases. The 
rest of the children (18%) required surgery to correct 
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the hydrocele. Hassan et al. [39] reported an incidence of 
22.8% after laparoscopic varicocele ligation with a statisti-
cally significant decrease in hydroceles when the internal 
spermatic vein is simply ligated rather than ligated and 
divided. This possibly suggests that more lymphatics get 
divided by the latter approach. The general consensus is 
that the ligation or obstruction of the lymphatics is the 
cause for hydrocele formation and lymphatic sparing 
procedures have successfully reduced the incidence of this 
complication (Figure 25.3) [30,36,37,40].

Recurrent varicocele
It is difficult to ascertain the true incidence of persist-
ence or recurrent varicocele in comparison to different 
techniques with most authors claming good success rates. 
However, some have suggested that efforts in trying to 
spare the artery result in an increased incidence of recur-
rent varicocele. Kass and Marcol [32] had better success 
with artery nonsparing Palomo procedure (98%) com-
pared to artery sparing techniques (89%). Riccabona et al. 
[37] compared four different techniques and concluded 
that artery sparing procedures resulted in more recur-
rence rates as shown in Figure 25.4. However, others have 
shown excellent results with artery sparing methods [42]. 
There is little information available as to the best way 
to treat recurrence. Mazzoni et al. report that antegrade 
sclerotherapy was more successful in recurrent cases than 
as a primary procedure. They recommend this method as 

the treatment of choice for recurrent varicocele particu-
larly if the internal spermatic vein has been completely 
occluded in the primary treatment (percutaneous retro-
grade sclerotherapy or open and laparoscopic ligation).

Other complications
Chrouser et al. reported transient numbness following 
possible nerve injury in 4.8% of cases, which appeared 
within 10 days of surgery and resolved at an average of 
8 months [44]. This study in boys with a mean age of 14 
years had these symptoms around the anterior part of the 
ipsilateral thigh consistent with injury to the genitofemo-
ral nerve. They recommend that cautery or harmonic dis-
section of the peritoneum overlying the spermatic cord 
and excessive traction on the tissues surrounding the cord 
should be avoided intraoperatively. Isolated cases of partial 
testicular necrosis have been reported [29] while others 
like sigmoid serosal tear are due to laparoscopic misadven-
ture or effects of a laparoscopic learning curve [38].

Conclusions

Various surgical procedures have been used to ligate 
or obliterate the internal spermatic vein including the 
laparoscopic or open surgical ligation in the retro-
peritoneum or the venous plexus inguinally or subin-
guinally. The standard open surgical or laparoscopic 
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Palomo technique of nonartery sparing mass ligation 
remains popular with better success than the artery 
sparing approach. Hydrocele formation is the most 
frequent complication but lymphatic sparing meas-
ures seem to reduce its incidence. However, long-term 
studies with these techniques are needed to validate 
the results. Children who undergo varicocele surgery 
should be followed up for potential complications.
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Hypospadias Urethroplasty
Warren T. Snodgrass

Introduction

Hypospadias repair includes straightening associated 
ventral curvature (when present), urethroplasty, glans-
plasty, and skin closure with either circumcision or fore-
skin reconstruction. Although each step is an important 
determinant of outcome, most complications result from 
urethroplasty, which will be the focus of this review.

Modern options for primary hypospadias urethro-
plasty can be divided into several categories, including 
tubularizations of the urethral plate, supplementation of 
the urethral plate with prepucial flaps, or replacement of 
the urethral plate with prepucial flaps or grafts. Within 
each group are various specific techniques, but the most 
commonly performed today include TIP (tubularized 
incised plate), onlay prepucial flaps, tubularized prepu-
cial flaps, and two-stage Byar’s flaps [1].

The most common complications following hypos-
padias urethroplasty include urethrocutaneous fistula, 
meatal stenosis or neourethral stricture, diverticulum, 
and dehiscence. Generally there is a greater incidence of 

these problems as the severity of the hypospadias defect 
increases regardless of surgical technique used. There is 
also variation in specific complications and their inci-
dence between various repairs.

Most reviews of hypospadias outcomes empha-
size short-term results and complications. While most 
problems are apparent within several months following 
surgery, ultimate function of the reconstructed penis 
cannot be determined until after puberty. Since most 
hypospadias repairs are done within the first year of life 
in the United States, and in early childhood throughout 
most the world, it is difficult to obtain data regarding 
micturition, sexual function, and patient’s perception of 
outcome in adulthood. Furthermore, ongoing modifi-
cations of surgical techniques and introduction of new 
procedures means those reports on adults operated as 
children provide long-term results for repairs no longer 
in use. This chapter accordingly will emphasize short-
term complications, but will also review limited long-
term data available on modern techniques.

Etiologies of urethroplasty complications

Few randomized studies investigate factors associated 
with complications from hypospadias urethroplasty. 

Key points

• The commonest modern techniques for 
hypospadias repair include the TIP (tubularized 
incised plate) urethroplasty, onlay prepucial 
flaps, tabularized prepucial flaps, and two-stage 
repairs.

• Complications following hypospadias urethro-
plasty include urethrocutaneous fistula, meatal 
stenosis or neourethral stricture, diverticulum, 
and dehiscence.

• There is a greater incidence of these problems as 
the severity of the hypospadias defect increases 
regardless of surgical technique used.

• Ongoing performance is necessary to maintain 
competence.

• Use of optical magnification, delicate instruments, 
fine suture materials and needles, and careful, 
precise tissue handling are commonly advised to 
reduce complications.
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Those actively involved in these operations believe ongo-
ing performance is necessary to maintain competence, 
although no standards have been established. Use of 
optical magnification, delicate instruments, fine suture 
materials and needles, and careful, precise tissue han-
dling are commonly advised to reduce complications.

Fistula
Urethrocutaneous fistulas are the most common compli-
cation following urethroplasty. Several factors have been 
implicated in their occurrence, including apposing suture 
lines from neourethral and skin closure, distal obstruc-
tion from meatal stenosis or urethral stricture, turbu-
lent urine flow, and locally impaired vascularity. Steps 
advised to reduce likelihood of fistula include in-turning 
epithelium into the neourethral lumen; two-layer closure 
of the neourethra using fine, absorbable sutures; and 
interposition of vascularized tissues as “barrier layers” 
between the neourethral and overlying skin suture lines.

Fistulas usually are apparent within the first few 
months after surgery, but occasionally develop years 
later. Some close spontaneously, but most require surgi-
cal correction.

Meatal stenosis
Meatal stenosis may result from poor distal vascular-
ity and wound contracture, technical errors in meat-
oplasty, or less commonly, from balanitis xerotica 
obliterans (BXO). Regardless of urethroplasty technique, 
the neomeatus should be generously sized and oval, not 
rounded, allowing for minor postoperative contrac-
tion. This precaution especially applies to tubularization 
procedures where temptation to suture the neourethra 
too far distally can directly lead to stenosis. BXO is not 
commonly encountered after hypospadias repair in the 
United States, possibly due to preference for circumci-
sion, but should be suspected when typical white scar 
involves the meatus.

Neourethral stricture
Strictures indicate focal regions of impaired neourethra 
vascularity, or contracture of the anastomosis between 
reconstructed urethra and proximal native urethra. A cir-
cumferential anastomosis is thought to have greater risk 
for constriction, although a comparison study of tubu-
larized versus onlay prepucial flaps found no significant 
difference in strictures between the two techniques [2]. 
Despite initial concerns that the relaxing incision for TIP 
would create stricture, this complication has been only 
rarely encountered.

Diverticulum
Diverticulum formation may indicate distal obstruction, 
turbulent flow, and/or creation of too large neourethra. 
Genital skin is elastic to allow erection, and so may bal-
loon proximally from fixed resistance of the nondistensi-
ble glanular urethra without anatomic obstruction when 
prepucial flaps are used for urethroplasty.

Dehiscense
Wound dehiscence results in partial or complete fail-
ure of urethroplasty, returning the neomeatus to a 
more proximal location. The main factor implicated in 
this complication is tension on approximated tissues, 
although impaired local vascularity and traumatic dis-
lodgement of the urethral stent are other possible etiolo-
gies. While it is difficult to prove differences in outcomes 
based upon choice of suture materials and techniques, 
the incidence of wound separation was less after chang-
ing from chromic catgut horizontal mattress sutures to 
subepithelial polyglactin glansplasty (unpublished data).

Complications according to surgical 
technique

TIP
TIP urethroplasty was first described to correct distal 
hypospadias, but subsequently indications expanded 
to include midshaft and more proximal cases when 
associated ventral penile curvature can be straightened 
preserving the urethral plate. Incidence of complica-
tions varies significantly according to the severity of the 
hypospadias. Outcomes from reported series between 
1994 and 2004, comprising the first decade of experi-
ence with the technique, are summarized in Table 26.1. 
My personal complication rate for the last 120 patients 
was 2.5%, including two fistulas and one glans dehis-
cence. This contrasts with a recently published 13% for 
midshaft repairs and 25% for proximal shaft to perineal 
defects [3]. Others have not subdivided patients with 
midshaft versus more proximal TIP repairs, but results 
from reported series are summarized in Table 26.2.

As seen from these tables, fistula, meatal stenosis, 
and glans dehiscence are the most common complica-
tions after TIP. It is not surprising that fistulas some-
times develop after TIP since the neourethra and shaft 
skin are both closed in the ventral midline. The fact that 
dartos flap barrier layers do not always prevent fistulas 
may indicate that inflammation to reabsorb suture can 
establish a tract from the neourethra through dartos to 
the skin. Meatal stenosis most often arises from technical 
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error, specifically tubularizing the neourethra too far 
distally. Urethral stricture is a rarely reported complica-
tion despite the midline urethral plate relaxing incision. 
Since flaps are not used to supplement the urethral plate, 
diverticulum should not occur, and have been only anec-
dotally noted in published series, possibly from incorpo-
rating adjacent shaft skin into the neourethra.

Onlay and tubularized prepucial flaps
Onlay prepucial flap today is used to correct midshaft 
and proximal shaft hypospadias when there is no ventral 
curvature �30° leading to transection of the urethral 
plate. However, when introduced in 1987 the opera-
tion was more commonly used for distal and midshaft 
repairs, and most reported outcomes reflect its use to 
correct these less severe defects. The original publication 
by Elder et al. included 44% distal and 54% midshaft 

hypospadias [23]. A subsequent article from the same 
institution by Baskin et al. [24] stated 83% of their 374 
patients undergoing onlay had mid to distal hypospadias. 
Results from series using onlay prepucial flap for proxi-
mal hypospadias are summarized in Table 26.3.

Similarly, the tubularized prepucial flap (transverse 
Island, TI) was introduced in the early 1980s before the 
urethral plate was identified as a distinct structure, and 
when “chordee excision” more often led to excision of the 
urethral plate. Today the urethral plate is much less com-
monly excised, typically only when ventral curvature 
�30° persists after the penis is degloved and ventral dar-
tos contributing to bending is dissected. Early reports on 
tubularized prepucial flaps included patients with distal, 
sometimes glanular, hypospadias and so do not reflect 
current use of the technique primarily for proximal 
defects with persistent ventral curvature. Those specifically 

Table 26.1 TIP outcomes for distal hypospadias.

Authors Year Number of  Mean Patients Fistula Meatal  Dehiscence Stricture
  patients follow-up  total  stenosis
   months  complications

Snodgrass [4] 1994 16 22 0 – – – –
Snodgrass [5] 1996 129 NS 10 5 3 2 –
   (8 reoperations) 
Steckler and 
 Zaontz [6] 1997 31 3 0 – – – –
Ross and Kay [7] 1997 15 �12 0 – – – –
Elbakry [8] 1999 21 20 4 4 4 – –
Sugarman  1999 25 10 1 1 – – –
 et al. [9]
Oswald et al. [10] 2000 30 15 1 – – 1 –
Holland et al. [11] 2000 60 27 9 6 3 – –
Dayanc et al. [12] 2000 20 20 2 1 1 – –
Guralnick  2000 28 9 8 6 2 – –
 et al. [13]
Borer et al. [14] 2001 156 6–38 7 6 1 – –
Smith [15] 2001 53 1 0 – – – –
Cheng et al. [16] 2002 414 4–66 1 0 1 – –
El-Sherbiny [17] 2003 64 6 9 7 2 – –
Jayanthi [18] 2003 110 9 1 1 – – –
Samuel and  2003 65 4 4 3 – 1 –
 Wilcox [19]
Leclair et al. [20] 2004 1–62  12 13 9 4 – –
   (6 midshaft) 
Elicevik et al. [21] 2004 324 6–60 75 39 32 12 3
Lorenz et al. [22] 2004 22 3–6 1 1 1 – –

Total  1745  146 (8%) 89 (5%) 54 (3%) 16 (1%)

NS, Not stated.



204 Part VI Genitalia

Table 26.3 Onlay, TI for midshaft to proximal hypospadias.

Authors Date Number  Ventral Mean Total Fistulas Meatal Dehiscence Stricture Diverticulum Other

  of patients curvature  follow-up patient  stenosis

   (%) months complications  

     (%) 

Onlay

Mollard  1991 22 22 NS 0 – – – – – –

 et al. [29]

Barroso  2000 12 midshaft 29 15 12 8 2 2 – 4 2

 et al. [30]   35 proximal

Samuel et al. [31] 2001 17 10 38 10 10 2 – – – 2

Total  86   22 (26%) 18 (21%) 4 (4%) 2(2%) – 4 (4%) 4 (4%)

       

TIP

Chuang and 1995 56 56 6 22 16 2 – 3 1 –

 Shieh [32] 

Ghali [33] 1999 148 148 23 48 22 17 – 13 – 17

MacGillivray  2002 24 24 62 10 9 – – 1 – –

 et al. [34] 

Patel et al. [35] 2005 12 12 25 3 1 1 1 – 1 –

Total  240   83 (35%) 48 (20%) 20 (8%) 1 (0.4%) 17 (7%) 2 (1%) 17 (7%)

           

NS, Not stated.

 Table 26.2 Prior reports of midshaft to proximal TIP.

Authors Date Number  Ventral Mean Total Fistula Meatal Stricture Dehiscence Recurrent 

  of patients curvature  follow-up  patient  stenosis   curvature 

   (%) months complications 

     (%)

Snodgrass et al.  1998 16 midshaft 11 (69) NS 3 (11) 1 1 0 1 complete NS

 (multicenter) [25]   11 proximal 10 (91)

Chen et al. [26] 2000 10 midshaft 9 (23) 12.5 2 (20) 2* 1* 0 NS NS

  27 proximal   5 (19) 4* 3* 0 NS NS

Borer et al. [14] 2001 16 midshaft NS 6–38 1 (6) 1 NS NS NS NS

  9 proximal   2 (22) 2 NS NS NS NS

Snodgrass and 2002 13 midshaft 5 (38) 9 2 (15) 1 0 1 0 0

 Lorenzo [27]  20 proximal 13 (65)  9 (45) 6* 1* 0 1 2

Cheng et al.  2002 100 “midshaft NS 4–66  4 (4) 3 1 0 NS NS

 (multicenter) [16]   to penoscrotal”

Samuels and  2003 18 proximal 4 (22) 4 4 (22) 1 0 0 3 glans NS

 Wilcox [19]

Mustafa [28] 2005 1 midshaft 1 (100) NS 4 (31) 3 1 0 NS NS

  12 proximal 1 (8)

Total  253   36 (14)

NS, Not stated.
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reviewing outcomes of tubularized prepucial flaps for 
proximal hypospadias are listed in Table 26.3.

Steps to reduce likelihood of complications with 
these procedures have been described. Neourethra 
suture lines in-turn epithelium and are done in layers 
to ensure sound closure. The vascular pedicle to the flap 
can be advanced laterally over the neourethra to provide 
a barrier layer. The suture line for tubularized flaps is 
rotated dorsally against the corpora. Care is exercised to 
avoid making the neourethra too large, which promotes 
diverticula. Proximal and distal anastomoses are made 
obliquely to reduce concern for meatal stenosis or proxi-
mal stricture.

Byar’s flaps
Two-stage urethroplasty today is reserved for proximal 
hypospadias when associated ventral curvature leads 
to urethral plate transection or excision to facilitate 
straightening. There are very few modern reports of 
Byar’s flap outcomes. Retik et al. [36] published a series 
of 58 patients noting a 5% incidence of fistulas and no 
meatal stenosis. However, neither length of follow-up 
nor overall complications were reported. In contrast, 
Greenfield et al. [37] used a similar two-stage prepucial 
flap repair described by Belt-Fuqua in 39 patients and 
found that while only 2.5% of patients developed fistu-
las, 21% had diverticulum, and 18% strictures.

Byar’s flaps may be more prone to diverticulum for-
mation than are other skin flap urethroplasties. Onlay 
flaps are anchored to the urethral plate and tubularized 
prepucial flaps can be gently stretched to the desired 
length with any excess excised. However, the vascular 
pedicle of Byar’s flaps does not fix to the underlying 
corpora cavernosa surface and are difficult to size pre-
cisely to the defect. Consequently, the resultant neoure-
thra tends to be irregular, promoting turbulent flow, 
and poorly attached to the corpora, allowing expansion. 
Furthermore, glans closure creates a region of relatively 
fixed distal resistance to urinary flow, potentially stimu-
lating distention of the prepucial skin tube along the 
penile shaft.

Diagnosis of complications

Presentation
Given that most primary hypospadias operations today 
are performed during infancy or early childhood, most 
complications are asymptomatic and sometimes are 
initially unrecognized. Unless a fistula is apparent on 

physical inspection or the child is observed voiding from 
more than one location, the defect may not become 
apparent until toilet training. Meatal stenosis or neoure-
thral stricture is suspected when the patient appears to 
have stranguria. A visibly small meatus, however, does 
not necessarily indicate stenosis following hypospa-
dias surgery. Diverticula usually are noted because of 
ballooning of the neourethra during voiding with sub-
sequent dribbling. Glans dehiscence may be found by 
parents, but is asymptomatic until after toilet training 
when the abnormal meatus affects urinary direction.

Physical examination
Fistulas may occur at any point along the neourethra, 
and may be suspected during routine postoperative eval-
uations. They range in size from pinhole openings that 
emit tiny droplets of urine to defects of several millime-
ters through which most voided urine passes. The open-
ing sometimes is not apparent despite a clear history of 
abnormal leakage.

Meatal stenosis results in a visible small opening. A 
white discoloration may indicate BXO, which compli-
cates management as all affected tissues must be excised 
to prevent recurrence. As mentioned, a small appearing 
neomeatus is not necessarily indicative of obstructive 
stenosis, and a sound of age-appropriate size should be 
passed to rule out meatal stenosis. There are no exter-
nal signs of urethral stricture, but a slow stream might 
be observed in the clinic. Similarly, failure of a sound to 
pass through the reconstructed urethra prompts addi-
tional investigation to detect obstruction.

Diverticula are readily observed when the neourethra 
balloons in size during voiding, and compression on 
the distended urethra expresses additional urine. These 
may be focal expansions of one segment along the penile 
shaft or can expand along the entire neourethra and into 
the scrotum.

Wound dehiscence sometimes is first noted when the 
dressings are removed postoperatively and the catheter is 
visible proximally. More often, presentation is less dra-
matic and may be overlooked unless the surgeon specifi-
cally confirms during examination that the glans wings 
are well-fused together. In some cases, the glans wings 
retract partially apart over time with only a thin bridge 
of skin giving the impression the glansplasty is intact.

Uroflowometry
Assessment of the neourethra by uroflowometry has 
been recommended as a noninvasive test for obstruction 
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after urethroplasty. Testing is obviously limited to toilet-
trained boys, who must void sufficient volume into the 
center of the funnel to validate the findings. Peak flow 
values most often are within expected range for age-
matched controls, but a plateau-shaped curve, in con-
trast to the usual bell-shaped pattern, may be noted [38]. 
This finding possibly indicates decreased elasticity of the 
neourethra versus native urethras. Peak flows less than 
5 cc/sec should be verified accurate and then prompt 
further investigation to exclude meatal stenosis or ure-
thral stricture.

Imaging
Retrograde urethrography or voiding cystourethrography 
potentially is useful to detect neourethral obstruction or 
document a fistula or diverticulum. However, such test-
ing is unnecessary for a history suspicious for fistula, and 
diverticula are apparent on physical examination. Meatal 
stenosis may complicate attempts to catheterize the ure-
thra, and it can be difficult to pass a catheter even in the 
absence of obstruction because of a tortuous neourethra, 
narrowed but nonobstructing proximal anastomosis, or 
a prostatic utricle. Instrumentation of the neourethra 
could itself result in injury and is distressing to children. 
Accordingly, there is little role for diagnostic imaging to 
assess outcomes from hypospadias repair.

Intraoperative evaluation
Following induction of general anesthesia the hypos-
padias repair is evaluated for the suspected defect and 
potential coexisting complications. After visual inspection, 
a sound can be passed through the neomeatus followed by 
urethroscopy. When suspected fistulas are not detected, 
a catheter placed through the meatus allows injection of 
dilute methylene blue dye with simultaneous compression 
proximally to the native urethra until leakage is seen or 
absence of fistula is established. Regardless of preoperative 
assessments, thorough intraoperative evaluation should 
be done to detect comorbidities. For example, fistulas may 
occur due to distal obstruction or a diverticulum that also 
must be corrected for successful fistula repair. Similarly, a 
diverticulum may arise from distal obstruction.

Hypospadias reoperation

Timing of intervention
It is recommended that sufficient time elapse for tissue 
reaction to subside after urethroplasty before correction 
of complications. A period of 6 months is commonly 

considered a minimum delay, and since most postopera-
tive complications are asymptomatic or minimally both-
ersome this is feasible. Earlier intervention is required 
when high-grade obstruction causes severe stranguria 
or urinary retention. If relief of obstruction is required 
early postoperatively, temporizing solutions such as 
proximal urethrostomy or suprapubic tube placement 
may be necessary before definitive therapy.

Preoperative testosterone stimulation has also been 
considered to improve vascularity of tissues before reop-
eration. However, no study has randomized patients to 
determine potential impact of hormonal therapy.

Principles of correction
Fistulas
Fistula tracts are dissected to the urethra and excised at 
entrance into the lumen. The defect is closed with fine 
sutures turning epithelium into the urethra. Then a bar-
rier flap of healthy tissue is developed to cover the repair 
before skin closure. Uncomplicated small fistulas can be 
corrected without postoperative urinary diversion, while 
larger defects and those associated with such other prob-
lems as meatal stenosis or diverticulum requiring more 
extensive surgery are stented.

Depictions of fistula repair emphasize rotational flaps 
to avoid overlapping suture lines. Another option is to 
excise fistulas through a longer midline incision through 
the median raphe, which facilitates access to the tract 
as well as regional dartos tissues for a barrier flap while 
concealing the scar.

Special considerations are needed when a fistula 
occurs very near to the corona. When these are small 
and there is neither meatal stenosis nor partial separa-
tion of the glans wings, it may not be necessary to redo 
the glansplasty, but rather to follow the steps mentioned 
above for repair [39]. When only a thin band of skin sep-
arates the neomeatus from a fistula, the fistula is more 
than approximately 1 mm, or there is meatal stenosis, 
then reoperative glansplasty should be performed as part 
of fistula closure.

A large fistula more than a few millimeters probably 
indicates ischemia and these defects may require addi-
tional urethroplasty to successfully close. When there is a 
paucity of regional dartos tissues to create a barrier flap, 
consideration should be given to harvesting tunica vagi-
nalis as a pedicle flap from a testicle to cover the repair.

Meatal stenosis
Obstruction at the neomeatus requires reoperative 
glansplasty. The glans is opened through the meatus in 
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the ventral midline proximally until healthy urethra is 
encountered. If there is any clinical suspicion of BXO, 
all tissues from the healthy region of the urethra distally 
must be aggressively excised and staged urethroplasty 
done using buccal mucosa graft. Unfortunately, intraop-
erative biopsy for frozen section may not be feasible to 
obtain a sufficient sample for diagnosis while preserving 
tissues for one-stage repair if BXO is not present. Dense 
scarring in the glans is another indication for two-stage 
buccal graft repair. If there appears to be less reaction, 
TIP or inlay grafting might be considered, with strong 
consideration to inlay grafting rather than relying upon 
scarred tissues to reepithelialize spontaneously. Graft 
taken dorsally is reliable even in the presence of dense 
fibrosis. Alternatively, in the absence of BXO, which is 
a contraindication to repair with skin flaps, meatal ste-
nosis can be repaired using regional flaps, such as the 
Mathieu flip-flap [40]. Objections to flaps for reopera-
tions include relative lack of well-vascularized skin and 
less cosmetic neomeatus.

Urethral stricture
Options for repair of neourethral stricture depend on 
length and density of fibrosis, with most of these strictures 
less than 1 cm. Urethral dilation sometimes is effective 
especially in the initial postoperative period, but the 
majority require surgery [41]. Optical urethrostomy has 
been used with overall success in approximately 25%, 
and in one series was most likely following onlay flap or 
urethral plate tubularizations [42]. Excision and reanas-
tomosis could be considered as in adult urethral stricture 
repair, but may be a less attractive option after hypospa-
dias surgery since blood supply to adjacent neourethra 
is less certain. Strictures less than 5 mm can be exposed 
through a midline ventral incision, with either TIP or 
dorsal inlay grafting as discussed for meatal stenosis. 
Longer strictures could require proximal urethrostomy 
with excision of the stricture and staged grafting to 
bridge the defect or replace the distal neourethra. Onlay 
or tubularized skin flaps have also been used, but fol-
lowing prior surgery there may be less skin available for 
these flaps, and their blood supply is less reliable [43].

Glans dehiscence
Separation of the glans wings with resultant proximal 
displacement of the meatus is approached using a “Y” 
shaped ventral incision extending along the junction 
of the glans and urethral plate on either side, joining 
2 mm below the meatus, and extending proximally down 
the midline as far as the penoscrotal junction. Distal 

urethroplasty and repeat glansplasty are performed, a 
ventral dartos flap is dissected to cover the repair, and 
any excess shaft skin is removed to improve cosmesis.

Diverticulum
After excluding distal obstruction, a ventral midline skin 
incision is made over the ballooned neourethra. The 
diverticulum can also be opened in the midline, although 
an eccentric line of incision lateral to midline is preferred 
by some to avoid overlapping suture lines in the neoure-
thra and overlying skin. Once the defect is opened, excess 
tissue is excised and the neourethra is closed in two lay-
ers over a catheter. A dartos or tunica vaginalis barrier 
flap covers the repair before skin closure.

Techniques for hypospadias reoperation

Operations used for primary hypospadias repair are 
adapted for reoperations as discussed below. Common to 
each is increased incidence of additional complications, 
and for both TIP and skin flap reoperation, these prob-
lems are encountered significantly more often than with 
initial surgery. Presumably this indicates vascularity to 
previously operated tissues is less certain, or other cur-
rently unknown factors in wound healing are adversely 
affected after prior intervention. Even experienced sur-
geons may be unable to predict health of residual tissues.

TIP
TIP is modified for reoperation when the urethral plate 
remains and appears minimally scarred. The technique is 
as described above for reoperative glansplasty, since dehis-
cence is the most common indication for the procedure. 
Published outcomes for TIP reoperation as summarized 
in Table 26.4. In these series most patients have failed two 
or fewer repairs. Previous urethral plate incision is not a 
contraindication unless there is gross scarring. Fistulas are 
the most common complication, with reduced incidence 
when a barrier flap covers the repair [44].

Skin flaps
Both onlay and tubularized flaps have been fashioned 
for reoperative urethroplasty. As with TIP, basic steps in 
the procedure resemble primary operations, except there 
may be less skin for a flap and vascularity appears dimin-
ished. Care must be taken to avoid incising across blood 
supply to preserve neourethra. Results of reoperations 
using skin flaps are listed in Table 26.5.
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Inlay grafting
If the urethral plate previously was excised, a healthy 
skin strip sometimes can be conserved as a substitute 
urethral plate. It is incised in the midline, but rather 
than rely upon spontaneously reepithelialization, the 
resultant defect is grafted with buccal mucos, or other 
skin source if there is no BXO. This inlay graft is quilted 
into place, and then tubularization proceeds for a single-
stage repair. Dorsal inlay grafting mimics current trends 
in adult urethral stricture repair, taking advantage of the 
reliable take that occurs when graft is secured dorsally to 
the corpora.

To date, only one series has reported more than anec-
dotal experience with inlay grafting, performing repairs 

in 31 patients with a mean of four failed operations. 
Complications developed in 16%, including one fistula 
and four proximal strictures [47].

Staged buccal grafting
When there is gross scarring of the urethral plate or 
residual skin flap, these tissues are excised and replaced 
with buccal graft for staged urethroplasty. In the first 
operation, unhealthy tissues from prior surgery are 
removed from the surface of the corpora and between 
glans wings, reestablishing a deep glans groove. A proxi-
mal urethrostomy is created and buccal graft harvested. 
Inner lip is used to resurface the glans, while cheek covers 

Table 26.4 TIP reoperations.

Authors Number  Mean Complication Fistula (%) Meatal  Stricture (%) Diverticulum Dehiscence (%)
 of patients number  rate (%)  stenosis   
  of prior    (%)
  operations  
  (range)  

Shanberg et al. [45] 13 2.5 (1–6) 15 8* 8 0 0 8
Borer et al. [14] 25 NS 24 20 4 0 0 0
Yang et al. [46] 25 2.5 NS 28 52 8 NS NS
Snodgrass  15 1 (1–2) 20 13 0 0 0 6
 and Lorenzo [27]

NS, Not stated.

*One patient had both glans dehiscence and a fistula.

Table 26.5 Skin flaps.

Authors Number  Technique Complication Fistula (%) Meatal Stricture Diverticulum Dehiscence (%)
 of patients  rate (%)   stenosis  (%)
     (%)

Secrest et al. 69 35 ventral flap 29 3 6 8 – 11
  34 flip-flap 47 NS NS NS NS NS

Jayanthi et al. 44 8 tube flap 56 25 – 12 – 25
  8 onlay flap – – – – – –
  28 flip-flap 29 7 3 3 – 14

Simmons et al. 53 36 onlay 14 3 – 11 – –
  17 flip-flap 24 18 – – – 6

NS, Not stated.
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the penile shaft. The graft is quilted into place, using 
subepithelial stitches in the glans to avoid suture marks.

Following the first stage, focal contraction or scar 
develops in up to 20% of patients [48]. Partial graft con-
tracture can be corrected by midline incision and buccal 
inlay grafting during the planned second stage urethro-
plasty. More extensive contracture or scarring requires 
a second operation to excise the unhealthy region and 
regraft. Urethroplasty is then performed 6 months later.

At the second stage, the now-vascularized buccal plate 
is tubularized turning epithelium into the lumen with a 
two-layer closure. The entire neourethra is covered with 
dartos and/or tunica vaginalis flaps, and then glansplasty 
and shaft skin closures proceed as described above for 
primary repairs.

In a series of 32 patients with a mean of four failed 
repairs (1–17) undergoing staged buccal graft reop-
eration, 19% had complications after the second stage, 
including one fistula, one meatal stenosis, and four glans 
dehiscences [48]. All glans disruptions occurred in pre-
pubertal boys where grafted buccal tissue from the cheek 
appeared bulky. Subsequently thinner lip grafts have 
been used in the glans.

Long-term outcomes

The final outcome determination for hypospadias sur-
gery is status of the penis in adulthood, including mictu-
rition, sexual function, and its appearance.

Micturition
The quality of the urinary stream after urethroplasty 
depends upon several factors, including its force and 
direction, as well as lack of post-void dribbling. While 
uroflowometry can be used to evaluate velocity, no objec-
tive test measures ability to aim or complete urination 
without dripping. Therefore patient questionnaires are 
needed to fully assess perceptions regarding micturition.

Since TIP was introduced in 1994, no studies have 
been reported to date characterizing patients’ percep-
tions of voiding. Instead, surrogate evidence has been 
used to assure lack of obstruction, assuming patients 
with a well-healed neourethra should be able to void sat-
isfactorily. One report [49] involved 21 boys re-evaluated
from 17 months to 7 years (mean 36 months) after 
surgery by urethral calibration, finding no strictures. 
Uroflowometry in 17 of these patients, a mean of 45 
months postoperatively, demonstrated peak flow rates 
above the fifth percentile in all cases. Similarly, Gurdal 

et al. [50] obtained uroflowometry data of  a mean of 3.5 
years postoperatively in 19 boys, of whom 18 had nor-
mal flow while one with a peak flow between the 5th and 
25th percentiles had meatal stenosis.

Greenfield et al. (51) recently published results from 
questionnaires answered by 27 patients 13 years after pre-
pucial flap urethroplasty. Nearly all indicated some dissatis-
faction with micturition, with 10 noting “minor” spraying, 
10 needing to milk the urethra post-voiding to prevent 
dribbling, and 5 having a weak stream or straining to void.

Sexual function
Ventral penile curvature of varying degrees occurs in 
approximately 15% of distal hypospadias and over 50% 
of proximal cases. There is no data confirming straight-
ening techniques currently used in children, primarily 
dorsal plication and/or ventral corporal grafting, remain 
effective during pubertal growth.

Patient-reported ejaculatory function has been infre-
quently surveyed, with no assessments after most repairs 
in use today. In Greenfield’s series of prepucial flaps [51], 
half the patients who experienced ejaculation had to 
milk secretions from the urethra.

Cosmesis
Patients consider the appearance of the reconstructed 
penis as important as its function, and their opinion 
of the cosmetic result may vary from the assessment by 
the operating surgeon. In addition, when Mureau et al. 
[52] asked what factors influenced patient opinion, they 
found only some were potentially under the control of 
surgeons (meatal position, scars) whereas others (penile 
size, appearance of testes and scrotum) might not reflect 
technical issues.

Greenfield et al. also used questionnaire concern-
ing appearance of the penis in adults after prepucial 
flap repairs in childhood. The authors reported 92% of 
patients responded, and they were pleased with the out-
come, with 88% considering their penis normal. No 
such patient-derived data yet exists for TIP. However, a 
recent study in which photographs of the penis after TIP, 
Mathieu and onlay prepucial flap repairs were scored 
by a panel of health care workers reported TIP to create 
the most normal appearance of the glans and meatus. 
A recent questionnaire survey of parents was completed 
to determine their impression after TIP repair, using par-
ents whose boys only underwent circumcision for controls 
[53]. There were no differences in responses between par-
ents of hypospadias patients and circumcision controls, 
nor between parents and the operating surgeon.



210 Part VI Genitalia

References

 1 Cook A, Khoury AE, Neville C et al. A multicenter evalua-
tion of technical preferences for primary hypospadias repair. 
J Urol 2005;174:2354–7,discussion 2357.

 2 Wiener JS, Sutherland RW, Roth DR et al. Comparison of 
onlay and tubularized island flaps of inner preputial skin for 
the repair of proximal hypospadias. J Urol 1997;158:1172–4.

 3 Snodgrass W, Yucel S. Tubularized incised plate for mid shaft 
and proximal hypospadias repair. J Urol 2007;177:698–702.

 4 Snodgrass W. Tubularized, incised plate urethroplasty for 
distal hypospadias. J Urol 1994;151:464.

 5 Snodgrass W, Koyle M, Manzoni G et al. Tubularized incised 
plate hypospadias repair: results of a multicenter experience. 
J Urol 1996;156:839.

 6 Steckler RE, Zaontz MR. Stent-free Thiersch-Duplay hypos-
padias repair with the Snodgrass modification. J Urol 1997; 
158:1178.

 7 Ross JH, Kay R. Use of a de-epithelialized local skin flap in 
hypospadias repairs accomplished by tubularization of the 
incised urethral plate. Urology 1997; 50:110.

 8 Elbakry A. Tubularized-incised urethral plate urethroplasty: 
is regular dilatation necessary for success? BJU Int 1999; 
84:683.

 9 Sugarman ID, Trevett J, Malone PS. Tubularization of the 
incised urethral plate (Snodgrass procedure) for primary 
hypospadias surgery. BJU Int 1999; 83:88.

10 Oswald J, Korner I, Riccabona M. Comparison of the 
perimeatal-based flap (Mathieu) and the tubularized 
incised-plate urethroplasty (Snodgrass) in primary distal 
hypospadias. BJU Int 2000;85:725.

11 Holland AJ, Smith GH. Effect of the depth and width of the 
urethral plate on tubularized incised plate urethroplasty. 
J Urol 2000;164:489.

12 Dayanc M, Tan MO, Gokalp A et al. Tubularized incised 
plate urethroplasty for distal and mid-penile hypospadias. 
Eur Urol 2000;37:102.

13 Guralnick ML, al-Shammari A, Williot PE et al. Outcome of 
hypospadias repair using the tubularized, incised plate ure-
throplasty. Can J Urol 2000;7:986.

14 Borer JG, Bauer SB, Peters CA et al. Tubularized incised 
plate urethroplasty: expanded use in primary and repeat 
surgery for hypospadias. J Urol 2001;165:581.

15 Smith DP. A comprehensive analysis of a tubularized incised 
plate hypospadias repair. Urology 2001;57:778.

16 Cheng EY, Vemulapalli SN, Kropp BP et al. Snodgrass 
hypospadias repair with vascularized dartos flap: the per-
fect repair for virgin cases of hypospadias? J Urol 2002; 
168:1723.

17 El-Sherbiny, MT. Tubularized incised plate repair of distal 
hypospadias in toilet-trained children: should a stent be 
left? BJU Int 2003;92:1003.

18 Jayanthi, VR. The modified Snodgrass hypospadias repair: 
reducing the risk of fistula and meatal stenosis. J Urol 2003; 
170:1603.

19 Samuel M, Wilcox DT. Tubularized incised-plate urethroplasty 
for distal and proximal hypospadias. BJU Int 2003;92:783.

20 Leclair MD, Camby C, Battisti S et al. Unstented tubularized 
incised plate urethroplasty combined with foreskin recon-
struction for distal hypospadias. Eur Urol 2004;46:526.

21 Elicevik M, Tireli G, Sander S. Tubularized incised plate 
urethroplasty: 5 years’ experience. Eur Urol 2004;46:655.

22 Lorenz C, Schmedding A, Leutner A et al. Prolonged stent-
ing does not prevent obstruction after TIP repair when the 
glans was deeply incised. Eur J Pediatr Surg 2004;14:322.

23 Elder JS, Duckett JW, Snyder HM. Onlay island flap in the 
repair of mid and distal penile hypospadias without chor-
dee. J Urol 1987;138:376–9.

24 Baskin LS, Duckett JW, Ueoka K et al. Changing concepts of 
hypospadias curvature lead to more onlay island flap proce-
dures. J Urol 1994;151:191–6.

25 Snodgrass W, Koyle M, Manzoni G et al. Tubularized incised 
plate hypospadias repair for proximal hypospadias. J Urol 
1998;159:2129.

26 Chen SC, Yang SS, Hsieh CH et al. Tubularized incised plate 
urethroplasty for proximal hypospadias. BJU Int 2000; 
86:1050.

27 Snodgrass WT, Lorenzo A. Tubularized incised-plate ure-
throplasty for hypospadias reoperation. BJU Int 2002; 89:98.

28 Mustafa M. The concept of tubularized incised plate hypo-
spadias repair for different types of hypospadias. Int Urol 
Nephrol 2005;37:89.

29 Mollard P, Mouriquand P, Felfela T. Application of the onlay 
island flap urethroplasty to penile hypospadias with severe 
chordee. Br J Urol 1991;68:317.

30. Barroso U, Jr, Jednak R, Spencer Barthold J et al. Further 
experience with the double onlay preputial flap for hypos-
padias repair. J Urol 2000;164:998.

31 Samuel M, Capps S, Worth A. Proximal hypospadias. 
Comparative evaluation of staged urethroplasty (modi-
fied Thiersch Duplay followed by Mathieu) and single stage 
on-lay island flap repair. Eur Urol 2001;40:463.

32 Chuang JH, Shieh CS. Two-layer versus one-layer closure 
in transverse island flap repair of posterior hypospadias. 
J Pediatr Surg 1995;30:739.

33 Ghali AM. Hypospadias repair by skin flaps: a comparison 
of onlay preputial island flaps with either Mathieu’s meatal-
based or Duckett’s tubularized preputial flaps. BJU Int 1999; 
83:1032.

34 MacGillivray D, Shankar KR, Rickwood AM. Management 
of severe hypospadias using Glassberg’s modification of the 
Duckett repair. BJU Int 2002;89:101.

35 Patel RP, Shukla AR, Austin JC et al. Modified tubularized 
transverse preputial island flap repair for severe proximal 
hypospadias. BJU Int 2005;95:901.

36 Retik AB, Bauer SB, Mandell J et al. Management of severe 
hypospadias with a 2-stage repair. J Urol 1994;152:749–51.

37 Greenfield SP, Sadler BT, Wan J. Two-stage repair for severe 
hypospadias. J Urol 1994;152:498–501.

38 Hammouda HM, El-Ghoneimi A, Bagli DJ et al. Tubularized 
incised plate repair: Functional outcome after intermediate 
followup. J Urol 2003;169:331–3,discussion 333.

39 Geltzeiler J, Belman AB. Results of closure of urethrocutane-
ous fistulas in children. J Urol 1984;132:734–6.



Chapter 26 Hypospadias Urethroplasty 211

47 Shelton TB, Noe HN. The role of excretory urography in 
patients with hypospadias. J Urol 1985;134:97–9.

48 Snodgrass W, Elmore J. Initial experience with staged 
buccal graft (Bracka) hypospadias reoperations. J Urol 
2004;172:1720–4,discussion 1724.

49 Snodgrass W. Does tubularized incised plate hypospadias 
repair create neourethral strictures? J Urol 1999;162:1159–61.

50 Gurdal M, Tekin A, Kirecci S et al. Intermediate-term 
functional and cosmetic results of the Snodgrass proce-
dure in distal and midpenile hypospadias. Pediatr Surg Int 
2004;20:197–9.

51 Lam PN, Greenfield SP, Williot P. 2-stage repair in infancy 
for severe hypospadias with chordee: Long-term results after 
puberty. J Urol 2005;174:1567–72,discussion 1572.

52 Mureau MA, Slijper FM, van der Meulen JC et al. 
Psychosexual adjustment of men who underwent hypospa-
dias repair: A norm-related study. J Urol 1995;154:1351–5.

53 Ziada A, Snodgrass W. Patient and surgeon evaluation of 
outcome in hypospadias repair. J Pedi Urol, in press.

40 Teague JL, Roth DR, Gonzales ET. Repair of hypospadias 
complications using the meatal based flap urethroplasty. 
J Urol 1994;151:470–2.

41 Duel BP, Barthold JS, Gonzalez R. Management of urethral 
strictures after hypospadias repair. J Urol 1998;160:170–1.

42 Husmann DA, Rathbun SR. Long-term followup of visual 
internal urethrotomy for management of short (less than 
1 cm) penile urethral strictures following hypospadias repair. 
J Urol 2006;176:1738–41.

43 Jayanthi VR, McLorie GA, Khoury AE et al. Can previously 
relocated penile skin be successfully used for salvage hypos-
padias repair? J Urol 1994;152:740–3,discussion 743.

44 Nguyen MT, Snodgrass WT. Tubularized incised plate hypo-
spadias reoperation. J Urol 2004;171:2404–6,discussion 2406.

45. Shanberg AM, Sanderson K, Duel B. Re-operative hypospa-
dias repair using the Snodgrass incised plate urethroplasty. 
BJU Int 2001;87:544.

46 Yang SS, Chen SC, Hsieh CH et al. Reoperative Snodgrass 
procedure. J Urol  2001;166:2342.



Phalloplasty for the 
Biological Male
Piet Hoebeke, Nicolaas Lumen and Stan Monstrey

The biological male without a penis or with an insuf-
ficient penis remains a major challenge. Failure of penile 
development, trauma, medically indicated penile amputa-
tions, and failed reconstructions of congenital anomalies 
are the main reasons for penile insufficiency (Table 27.1). 
Severe penile insufficiency and absence of a penis are 
devastating conditions for men with significant psycho-
logical and physical impact. Although uncommon, it is a 
challenging condition to treat.

Possible treatment options are gender reassignment, 
tailoring of the penile stump, penile reattachment, phal-
lic reconstruction (phalloplasty), and most recently 
penile transplantation (Table 27.2). In the past, sex 
reassignment to the female gender had been offered based 
on the principles applied to newborns with disorders of 
sexual differentiation and ambiguous genitalia. There 
is no evidence to demonstrate that the outcome of this 
policy is satisfactory. Indeed, long-term evaluation of a 
few patients shows contradictory results, which have 
triggered great controversy of this therapy [1]. The issue 
of gender reassignment is beyond the scope of this chap-
ter. However, some recent reports have alerted physi-
cians to the high incidence of gender identity disorder in 

Key points

• Congenital absence or loss of the penis is a 
devastating condition.

• Gender reassignment is no longer an option for 
this condition.

• Phalloplasty is the gold standard treatment for 
this condition.

• Maximal conservation of any penile tissue and 
incorporation in the phallus must be considered.

• Phalloplasty must be performed by experienced 
surgeons.

• Complication rate of phalloplasty is high.

• Erectile implants after phalloplasty are feasible.

27

Table 27.1 Conditions leading to severe penile 
insufficiency.

Congenital conditions (disorders of sexual development)
 • Aphallia or penile agenesis
 • Ideopathic micropenis
 • 46 XY DSD
 • Exstrophy
 • Cloacal exstrophy

Genital trauma
 • Injuries
 • Surgery

Penile amputation

Table 27.2 Treatment options for severe penile inadequacy.

• Endocrinological treatment
• Penile reconstruction
• Penile replacement (phalloplasty)
• Gender reassignment
• “Penile transplantation”
• “Tissue engineering”
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gender reassigned children. Especially in cloacal exstrophy,
the results have been disappointing [2,3]. Today sex reas-
signment is no longer considered treatment of choice.

Tailoring of the penile stump by means of penile 
degloving, division of the suspensory ligament, and 
rotational skin flaps has been reported [4,5]. However, 
this can only by applied to moderate penile injuries 
where there is still a reasonable penile stump. Penile 
reattachment can be attempted in the acute phase fol-
lowing traumatic amputation of the penis. The survival 
of the reattached penis depends on the viability of the 
amputated segment and the condition of the graft bed 
or penile stump. Reattachment must take place within 
24-h. Current reattachment techniques rely on microsur-
gical approximation of the dorsal structures and caver-
nosal arteries with uniformly good results. In traumatic 
amputation, salvage of the amputated segment with reat-
tachment is the primary treatment option [6]. The out-
come of erectile function after reattachment is, however, 
not clear. Recently, a single unsuccessful case report has 
been published on penile transplantation [7]. This tech-
nique is still experimental and is not a current treatment 
option. Future options like tissue engineering are until 
today not in science but rather in science fiction.

Phallic reconstruction is another treatment option. 
The first phallic reconstruction was described by Bogoras 
in 1936 with a tubed abdominal flap [8]. Phalloplasty 
procedures have followed the evolution and advances 
made in plastic surgery. Originally, it was a complex, 
time-consuming, multistage procedure using tubed skin 
flaps or pedicled myocutaneous flaps with variable and 
suboptimal results [9–11].

In 1984, Chang completed the first successful micro-
surgical phalloplasty with a radial forearm free flap 
[12]. Since then the radial forearm flap has been widely 
accepted as the best donor site for penile reconstruction 
and is nowadays the gold standard in penile replacement 
for female-to-male transsexuals [13–15]. This technique 
can also be applied to boys without an adequate penis. 
Defining penile insufficiency is difficult. To base the def-
inition of inadequacy on length and appearance alone 
is impossible especially in infants and young children. 
Penile inadequacy is an individual diagnosis that can 
only be made after puberty when sexual development 
is completed and the patient is sexually active. Puberty 
can change the final outcome of penile length and girth 
substantially. The number of children diagnosed with 
micropenis persisting into adulthood is limited [16].

As for penile reconstruction, many techniques have 
been described for penile augmentation. However, 

the results of most of these surgeries are very limited, 
Indeed, the reported outcome is often poor [17].

In this chapter, we will focus on the phalloplasty. It is 
considered the gold standard for penile absence or severe 
penile inadequacy, when endocrinological therapy is not 
beneficial.

Phalloplasty

Surgical reconstruction of the penis (phalloplasty) is dif-
ficult because of the different cosmetic and functional 
requirements of the patients:
1 The reconstructed penis should be aesthetically 
acceptable, it must be as normal as possible in appear-
ance (minimal scar, glandular reconstruction, etc.).
2 The penile shaft must contain a urethra that extends 
to the distal tip and must permit the patient to void in 
a standing position unless there is a concomitant condi-
tion that makes normal voiding impossible.
3 The penile shaft should allow the implantation of a 
penile stiffener in order to regain the possibility of sexual 
intercourse. Therefore, protective and erogenous sensa-
tion is needed.
4 The donor area should cause minimal morbidity with 
an acceptable scar that is easy to conceal.
Many of these objectives could not be obtained with the 
older methods in which phallic reconstruction required 
a complex multistaged procedures. Nowadays, micro-
vascular free flap techniques come closer to achieving 
these objectives. Despite the multitude of free flaps that 
have been published (frequently as a case report), the 
radial forearm free flap is universally considered the gold 
standard in penile reconstruction [13–15,18].

Surgical technique
At the Ghent University Hospital, more than 300 con-
secutive patients have undergone phallic reconstruction 
using a radial forearm flap. This experience is mainly 
in female to male transsexuals. We describe our current 
technique as well as the different changes and refinements 
made like we use it in the reconstruction for the biologi-
cal male in this radial forearm phalloplasty procedure.

Depending on the underlying condition we try to pre-
serve any useful penile and cavernosal tissue. The ure-
thral stump if available is prepared for connection with 
the phallic urethra and if available a dorsal penile nerve 
is identified. A free vascularized flap of the forearm 
and the creation of a phallus with a tube-in-a-tube tech-
nique is performed with the flap still attached to the 
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forearm by its vascular pedicle. A small skin flap and skin 
graft are used to create a corona and imitate the glans of 
the penis (Figure 27.1).

The free flap is then transferred to the pubic area 
where first the urethral anastomosis is performed. The 
radial artery is then microsurgically connected to the 
common femoral artery in an end-to-side fashion usually 
with an interpositional vein graft taken at the ankle. The 
venous anastomosis is performed between the cephalic 
vein and the greater saphenous vein. One forearm nerve 
is connected to the ilioinguinal nerve for protective sen-
sation, and the other nerve is anastomosed to one of the 
dorsal penile nerves for erogenous sensation. All patients 
receive a suprapubic urinary diversion postoperatively.

The defect on the forearm was covered in the first 50 
patients with full-thickness skin grafts taken from the 
groin area and in the later patients with split-thickness 
skin grafts harvested from the medial and anterior thigh.

The patients remain in bed for 1 week after which 
the transurethral catheter is removed. Three to five days 
later the suprapubic catheter is clamped and voiding is 
started. It sometimes takes more days before good void-
ing is observed. The average admission period for the 
phalloplasty procedure is approximately 2.5 weeks.

Tattooing of the glans can be performed after a 2–3 
month period, before sensation returns to the penis 
(Figure 27.1).

Sexual function
Sexual function and pleasure is one of the goals in phal-
lic reconstruction. For this purpose in biological males, 
any sensitive penile tissue left must be incorporated. Any 
glans tissue present can be incorporated in the base of 
the neophallus. This is important for sexual stimulation 
and pleasure. Further erogenous and tactile sensation of 
the neophallus is obtained by microscopic anastomosis 
of respectively one dorsal phallic nerve and one ilioin-
guinal nerve to the cutaneous nerves of the flap [19].

Obtaining sufficient rigidity of the penis to allow pen-
etration is extremely difficult because there is no good 
substitute for the unique erectile tissue of the penis. The 
radial forearm flap is too soft and can even demonstrate 
some atrophy of the subcutaneous fat with a loss of more 
than 20% of circumference. The use of bone or carti-
lage grafts has often resulted in complications and fail-
ure because of resorption, curving, or fracture [20,21]. 
For sexual penetration, a penile stiffener is needed, 
and fortunately, the radial forearm flap has a sufficient 
subcutaneous bulk to permit incorporation of a penile 
prosthesis. Incorporation of a penile stiffener can only 
be done after the phallus is endowed with sufficient pro-
tective sensation, which usually takes at least 12 months. 
Good protective sensation is critical in preventing break-
down and erosion of an internal stiffener [22,23]. Next 
to sensitivity urethral function also has to be considered. 
Implantation of a penile prosthesis must be withheld 
until the urethra is stable, and the patient is free of void-
ing symptoms and urinary tract infection [22].

Unfortunately, high erosion rates (20–50%) are reported 
[13,22]. One of the reasons could be the less vascularized 
skin and subcutaneous tissue of the neophallus (in com-
parison with a native impotent penis), which can lead to 
chronic ischemia after implantation of a stiffener and 
subsequently diminished resistance against infection and 
perforation.

Despite the complications and difficulties, the sat-
isfaction rate after phalloplasty is high and the results 
cosmetically pleasing (Figure 27.2). None of our patients 
regret the surgery. An important boost concerning the 

Figure 27.1 End result with glandular reconstruction and 
tattooing of the glans.
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self-esteem level is observed in each patient, which is a 
very important outcome factor postoperatively.

Complications
Despite the good outcomes described with phalloplasty, 
this is associated with a high complication rate. Most 
complications are related to the urethral reconstruction. 
[13,24,25]. The main complications are fistulae and sten-
oses whenever the urinary tract is attached to the native 
urethra. Despite the high prevalence of these complica-
tions, the literature on treatment of these complications 
is sparse. Consequently always consider whether the ure-
thral reconstruction is necessary, as some boys will not 
need urethral reconstruction as the bladder is augmented 
and diverted. In addition it is important to consider the 
ejaculation of the patient.

Is he actually ejaculating? Where? If so, do we want 
to reconstruct the urethra for ejaculation alone, or do 
we want to keep the ejaculation where it is? Preference 
should be given to keep the ejaculation where it is as 
reconstructing a urethra just for ejaculation can result in 
higher complications and possible anejaculation due to 
the length of the urethra and the weakness of the ejacu-
lation due to the underlying condition.

Urethral fistulas
Remove all scar tissue and try to bring well vascularized 
tissue to the area that needs reconstruction. In radial 

forearm flap phalloplasty, we have to consider that the 
tissue of the urethra is skin and not mucosa. Larger 
stitches with cutting needles should be used. The dura-
tion of bladder drainage is unknown but in our practice 
we prefer to drain for 12 days. When using local skin 
flaps consider possible future hair growth in the urethra. 
A good alternative is the use of buccal mucosa [26].

Urethral stenosis
In our experience we first attempt an endoscopic inci-
sion of the stenosis, if the stricture is relatively short. We 
leave a catheter for 12 days, which is much longer than 
after urethrotomy for urethral stenosis in normal ure-
thras. We have to remember that part of the urethra is 
composed of skin and healing of skin lesions is much 
slower than mucosal healing.

If endoscopic incision fails, we perform a formal ure-
throplasty. End-to-end anastomosis or Heineke-Mikulicz 
type reconstructions with longitudinal incision over the 
stenotic area closed transversally. For longer strictures or 
complex and repetitive stricture, two-stage urethroplasty 
(Johansson) must be considered. The stenotic area is 
longitudinally incised and the borders of the stricture 
are sutured to the surrounding healthy skin. The ure-
thra remains opened until the skin and urethra are well 
healed, which usually takes a minimum of 3 months. 
During the second stage of the urethroplasty, the urethra 
is closed again and covered with skin.

Figure 27.2 Results of phalloplasties in biological males. Cripple exstrophy (a, b), epitheloied sarcoma of penis (c), cripple 
hypospadias with absence of corpora (d). (a)–(d) Before surgery; (e)–(h) after surgery.

(a)

(e) (f) (g) (h)

(b) (c) (d)
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Experience with phalloplasty in 
biological males

There are only a few series published on this topic. 
Perovic reported phalloplasty in 24 patients without a 
functional penis using the extended pedicle island groin 
flap. He suggests this technique as an available alternative 
to the microsurgical free tissue phalloplasty [27].

Sengezer et al. suggested total penile reconstruction 
with sensate osteocutaneous free fibula flap. With this 
technique, promising results were obtained in 18 patients 
without a functional penis for different reasons [28]. 
Gilbert et al. were the first to describe the application of 
a radial free forearm flap for phallic reconstruction in 11 
boys without a functional penis. Satisfactory results were 
obtained [29].

We performed phalloplasty in eight males with the 
use of the radial forearm flap. Two boys with inadequate 
penis after exstrophy repair, one boy with penile loss 
after multiple hypospadias repair, one boy with Partial 
Androgen Insensitivity Syndrome (PAIS) and micropenis, 
one boy with a penile epithelioid sarcoma, and two men 
who traumatically lost their penis. There were no com-
plications concerning the flap. Two complications were 
reported in the early postoperative period: one pulmo-
nary embolism and one severe hematuria. Two patients 
developed urinary complications (stricture and/or fis-
tula) for which a secondary procedure was necessary.

Patient satisfaction after surgery was high in seven 
cases and moderate in one case. Psychological evalua-
tion confirms this, especially on the self-esteem level. 
Four patients underwent erectile implant surgery. In two 
patients, the erectile implant had to be removed because 
of infection (unpublished data).

In our series one adolescent patient presenting with 
epithelioid sarcoma of the penis, the phalloplasty was 
performed in a one-stage procedure with the penectomy. 
[30]. This could be an option for some patients under-
going penile amputation if oncologically acceptable.

The reported success of phalloplasty in boys without 
a functional penis has convinced us that penile recon-
struction is the optimal treatment for this condition. It 
has extremely good results and improves self-esteem and 
their physical and psychological well-being. But the com-
plication rate of the erectile implants is high.

Phalloplasty opens new horizons for the treatment of 
penile agenesis, micropenis, crippled penis, shrivelled 
penis, some disorders of sexual development (DSD) con-
ditions, traumatic amputations in which the amputated 
segment is lost for replantation, iatrogenic amputations, 
and cloacal exstrophy.
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Female Genital 
Reconstruction I
Sarah M. Creighton

Introduction

Female genital reconstruction is a highly controversial 
and emotive topic. While short-term surgical compli-
cations of such procedures occur and are important to 
manage correctly, it is the long-term complications that 
have caused such concern and debate. Correlation of any 
particular surgical procedure to its later success or failure 
can be almost impossible. Complications of genital sur-
gery such as vaginal stenosis may make intercourse pain-
ful or impossible, but the pediatric surgeon responsible 
for the initial vaginal reconstruction will never have the 
opportunity to follow patients into adult life when such 
complications become apparent. The success of geni-
tal reconstruction in sexual function and reproduction 
is often not tested until many years after the procedure. 
Surgeons and procedures change and adult patients may 
have had operations that have long been modified or 
abandoned in favor of something else. In addition, the 

contribution of genital reconstructive surgery to gender 
identity or psychological well-being is poorly understood 
and even more difficult to quantify.

Despite these difficulties, researchers around the world 
are striving to provide long-term outcome data. If sur-
gery continues to be an option for families and patients, 
it is essential that clinicians working with families are 
aware of what information is currently available and also 
the limitations and uncertainties of these data.

Types of surgery

Reconstructive genital surgery is most commonly per-
formed in the following two situations:
• To create a neovagina in conditions where the genita-
lia are female and the uterus and vagina are absent, i.e. 
Rokitansky Syndrome, Complete Androgen Insensitivity 
Syndrome (CAIS).
• To feminize the genitalia when a child with ambiguous 
genitalia is assigned to a female sex of rearing. A uterus 
may be present such as in congenital adrenal hyperplasia 
(CAH) or may be absent such as in 46XY disorders of 
sex development (DSD).

Key points

• The success of genital reconstructive surgery in 
sexual function and reproduction may not be 
tested until many years after the initial surgical 
procedure.

• Long-term complications of genital 
reconstructive surgery are common and the 
most frequent complication is vaginal stenosis.

• Assessment of the long-term complications of 
genital surgery must include sexual function 
evaluation.

• The vagina has no role in the prepubertal girl 
and vaginal surgery can safely be deferred until 
puberty if a uterus is present and later still if a 
uterus is not present.

• Revision surgery for vaginal stenosis is necessary 
in the majority of those undergoing vaginoplasty 
in early childhood.

• Clitoral surgery damages sexual sensation and 
has a negative impact on sexual function.
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Creation of a neovagina

Congenital vaginal agenesis can be seen in women 
with Rokitansky Syndrome and Androgen Insensitivity 
Syndrome (AIS). Presentation with these two condi-
tions can be at any time throughout childhood but if 
the external genitalia are normal, then presentation at 
puberty is commonest. Congenital vaginal absence can 
also be part of complex genital anomalies affecting the 
lower urinary and intestinal tract such as anorectal and 
cloacal anomalies [1].

Timing of vaginoplasty

The vagina has no function in the prepubertal girl. If a 
uterus is present, then a passageway for menstruation 
is required at puberty. If the uterus is absent, then the 
vagina is not required until sexual activity is planned. 
If presentation is at adolescence with primary amenor-
rhea, then the timing of any vaginal reconstruction is 
uncontroversial. The procedure can be discussed with the 
patient and planned to fit in with need for intercourse 
and academic and/or work commitments. Nonsurgical 
alternative treatments such as vaginal dilation can be 
offered and may make surgery unnecessary.

However, if the diagnosis of vaginal agenesis is made 
at birth or during childhood, the situation is more con-
troversial. In the past, creation of a neovagina was often 
recommended during early childhood. Progressive pas-
sive vaginal dilation is not appropriate for children, which 
left surgery as the only option. Intestinal vaginoplasty 
has been used most commonly in this group. However, 
short- and long-term complications of this procedure are 
not uncommon and include persistent vaginal discharge, 
bleeding, and colitis. While these complications may per-
haps be acceptable and manageable in an adult woman 
for whom surgery has facilitated a normal sex life, these 
complications are wholly unacceptable in a prepuber-
tal child for whom the vagina has no current function. 
In addition, the need for repeat reconstructive surgery 
at adolescence has also been demonstrated whatever 
method of vaginal construction is used [2].

In the neonate with associated complex urinary and 
gastrointestinal anomalies, vaginal reconstruction is 
usually performed at the primary reconstructive proce-
dure. The rationale for this is that there may be only one 
opportunity to access the pelvis, as surgery will be highly 
complex and re-entry to the abdomen at a later stage 
hazardous. Although this sounds logical, the few studies 

on this group of patients have shown that despite early 
vaginoplasty, obstructed menstruation is common and 
repeat vaginoplasty often required [3]. Consideration 
should be given to following the same principles in this 
group of girls and deferring surgery until puberty in the 
presence of a uterus or until sexual activity if the uterus 
is absent.

Assessment of outcome

The long assessment of vaginoplasty outcomes can be 
difficult. Complications of the procedure such as vaginal 
stenosis or persistent vaginal discharge may be trouble-
some many years after the primary procedure. Patients’ 
satisfaction will be influenced not only by the procedure 
but also by the clinical and psychological implications of 
their underlying condition as well as other treatments 
such as hormonal or steroid therapy. Other factors such 
as infertility will in most cases cause additional distress.

When assessing outcomes of pediatric vaginal recon-
struction it is important to remember that the major 
aim of surgery is to allow the adult patient to have com-
fortable and pleasurable sexual intercourse. Anatomical 
success as quantified by a surgeon does not guarantee 
success in sexual function. Motivation for reconstruc-
tion is often based on aspirations for normality not just 
in sexual anatomy but behavior and experiences [4]. 
Female sexual function and dysfunction is based not only 
on biological but on psychosocial components as well. 
Long-term assessment of vaginal reconstruction must 
include such information; otherwise the whole point of 
surgery is missed and the data meaningless. Other out-
come measures include a passageway for menstruation 
and tampon use. Although these outcomes should be 
easier to assess, there is still little data. Some authors 
have graded the outcome as “excellent” if the vagina was 
thought to be suitable for intercourse, and “satisfactory” 
if the vagina permitted menstrual flow but did not allow 
intercourse [5]. This may appear logical but women may 
not perceive being unable to have penetrative intercourse 
as a satisfactory outcome of vaginoplasty.

Techniques for creation of a neovagina

Vaginal dilation
Nonsurgical vaginal dilation for vaginal agenesis was 
first reported by Frank in 1938, who described the use 
of vaginal molds of increasing width and length to 
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successfully create a neovagina suitable for intercourse 
[6]. Since that time vaginal dilation has become accepted 
as first line treatment in women with an absent vagina 
and no previous genital surgery. The avoidance of sur-
gical and anesthetic complications makes this ostensibly 
a low-risk choice. However, even this treatment modal-
ity cannot be considered complication free. Dilators are 
time consuming and may be distasteful to women [7]. 
Dilation therapy can be painful and acts as a constant 
reminder of abnormality. The commitment from the 
patient is considerable and nursing and psychological 
support essential. It is important that dilators receive the 
same evaluation as any other surgical technique to recon-
struct the vagina. Anatomical enlargement of the vagina 
must be correlated with sexual function assessment. 
Success rates of 80–90% efficacy have been reported but 
the majority of these studies are retrospective studies 
and do not assess sexual function [8,9].

Vaginal dilation can only be performed in adolescent 
and adult women and is not appropriate for children. 
The option of deferring vaginal reconstruction until  the 
patient is old enough to comply with dilation should be 
discussed with parents, especially in conditions such as 
Rokitansky Syndrome and CAIS where dilators work 
very well.

Surgical options for vaginal creation

Intestinal vaginoplasty
Intestinal vaginoplasty lines the neovagina with a 
segment of bowel keeping the vascular pedicle intact. 
The procedure is usually performed via a laparotomy 
although the laparoscopic approach has been reported 
[10]. The main advantage of this procedure is the low 
risk of vaginal stenosis and the avoidance of postopera-
tive vaginal dilatation. Dilation is occasionally required 
at the perineal anastomosis but the vaginal canal itself 
should retain its original size. Other advantages include 
adequate vaginal length and natural lubrication.

Long-term complications are, however, common. 
Persistent mucous discharge is almost inevitable. This can 
be foul smelling and lead to problems with self-esteem 
and confidence. In some cases this will respond to treat-
ment by vaginal irrigation using short-chain fatty acids 
and steroid enemas. A significant number of women 
will need to douche regularly and always wear a pad 
[11]. Symptomatic diversion colitis has been reported 
postoperatively and can lead to heavy vaginal dis-
charge with bleeding [12]. In some cases removal of the 

intestinal vagina is the only solution. Unsightly prolapse 
of the mucosa and a stoma-like perineal appearance can 
be upsetting to the patient and in rare cases complete 
prolapse of the sigmoid neovagina can occur.

There are several case reports in the literature of adeno-
carcinoma affecting the intestinal vagina, with a reported 
time to development of carcinoma anywhere from 7 to 50 
years after the initial procedure [13,14]. Although these 
complications are uncommon, treatment is difficult and 
can lead to removal of the entire neovagina.

Satisfactory sexual function outcomes have been 
reported in women with intestinal vaginoplasty [11]. 
However, these results should be balanced against the 
risks of major surgery with high associated morbid-
ity and persistent symptoms. In many cases – especially 
in the absence of prior genital surgery – women will 
achieve satisfactory sexual function with less invasive 
techniques such as dilation. Intestinal vaginoplasty 
should be reserved for those women who have failed 
previous vaginal reconstruction or have other associated 
complex bowel and urinary anomalies, where dilation 
and less invasive procedures are not possible. It should 
not be used as a first line treatment for vaginal agenesis.

When an intestinal vaginoplasty is the only option, sur-
gery should where possible be deferred until adulthood. 
This means that potential problems of vaginal discharge 
and bleeding do not trouble the patient during child-
hood. In addition the risks of malignancy are deferred 
and adult women are more able to comply with the extra 
vaginal examinations required for surveillance of an 
intestinal vagina.

McIndoe–Reed procedure

The McIndoe (Abbe–McIndoe–Reed) technique is still 
commonly performed throughout the world, as it does 
not require abdominal surgery and is of a relatively low 
initial morbidity. A potential neovaginal space is created 
between the rectum and the bladder. A split-thickness 
skin graft is then taken from the thigh, buttock, or abdo-
men and is mounted on a mold and left in the neovagi-
nal space for 7 days. The graft will then epithelize lining 
the neovaginal space.

Immediate morbidity is low although complications 
such as urethral and rectal fistulae have been reported, 
especially with older, firmer vaginal molds. One trouble-
some complication of the McIndoe technique is the for-
mation of visible scars at the origin of the skin graft site 
and this may be unacceptable to some young women.
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Overall the main long-term complication of this pro-
cedure is vaginal stenosis, which has been reported in 
up to 50% of women [15]. Stenosis can lead to painful 
intercourse or no intercourse at all, and it is imperative 
that the patient maintains her neovagina postoperatively 
by regular sexual intercourse or dilator use. Repeat sur-
gery after a failed McIndoe–Reed procedure is difficult 
as the use of an intestinal segment can be hampered by 
excess scarring. Satisfactory long-term results have been 
reported for the McIndoe operation with up to 100% 
sexually active after the procedure [16]. There is, however, 
scanty information in the literature on sexual function 
or sexual pleasure in this group. As with intestinal vagi-
noplasty, there have been several case reports of carci-
noma developing in the neovagina – in this situation a 
squamous cell carcinoma [17]. Prolonged postoperative 
follow-up is necessary with regular vaginal examination 
and prompt attention to any unusual onset of bleeding 
or discharge.

The risks of stenosis, need for dilation, and potential 
malignancy risk make this procedure also unsuitable for 
children, and surgery should be deferred until late ado-
lescent or adulthood. With the increasing use of dilators 
and the advent of laparoscopic procedures such as the 
Vecchietti and Davydov procedures, it is probably that 
the McIndoe–Reed procedure will become less popular.

Laparoscopic Vechietti and Davydov 
procedures

The Vecchietti procedure allows creation of a neovagina by 
passive traction rather than dilation [18]. An acrylic “olive” 
with attached tension threads is placed at the vaginal 
dimple. The threads are passed under laparoscopic con-
trol from the vaginal dimple through the abdominal 
cavity and then to a traction device on the abdominal 
wall. The tension threads are tightened daily to stretch 
the vagina. This procedure requires elasticity of the vagi-
nal skin and is not suitable for women with vaginal scar-
ring from previous genital reconstruction. The Davydov 
procedure is also performed laparoscopically [19]. A 
perineal incision is made first to create a neovaginal 
space. Then peritoneum from the pelvic sidewalls and 
the Pouch of Douglas is freed and directed down toward 
the vaginal incision to line the sidewalls of the vagina. 
The top of the vagina is created by suturing a vaginal 
“roof” of large bowel and peritoneum. This procedure 
is more suitable for those women with previous vaginal 
scarring, as the vaginal skin is not required to stretch.

The short-term morbidity of these procedures is 
low although ureteric damage can occur [19]. Good 
short-term anatomical and functional results have been 
reported [18,19]. Long-term results for complications 
and ongoing sexual success are not available. It is proba-
bly that these laparoscopic procedures will become more 
widely used in future as an alternative to both intestinal 
and skin graft neovaginal creation.

Feminizing genital surgery for ambiguous 
genitalia

Background
In most children with ambiguous genitalia assigned 
female, feminizing clitoral and vaginal surgery is car-
ried out as a “one-stage” procedure at 6–8 months of age. 
The aims of surgery are to achieve a pleasing feminine 
appearance, to allow menstruation if a uterus is present, 
to preserve sensation and permit normal sexual function, 
to promote normal psychosocial and psychosexual devel-
opment, and to prevent urological sequelae. Whether or 
not these aims have been achieved is usually not apparent 
until the individual has reached adulthood.

As for vaginal reconstruction discussed above, imme-
diate complications of feminizing genitoplasty need 
prompt and appropriate attention. However, it is the 
long-term complications that will impact upon the 
success of the procedure. Long-term complications may 
be easy to identify such as a poor cosmetic appearance 
or vaginal stenosis. They may also be more difficult to 
assess such as sexual dysfunction and poor psychosexual 
and psychosocial well-being.

Complications 
Cosmetic appearance
The cosmetic appearance after genital surgery is vari-
able, but up to 40% of women are reported to have an 
unsatisfactory genital appearance [20]. While immedi-
ate cosmetic outcomes may be good, the postpubertal 
appearance may be very different. Significant scarring 
and pubertal change may lead to irregular and lop-sided 
external genitalia. Poor steroid control in CAH may 
contribute to clitoral regrowth and hypertrophy.

Urinary complications
The anatomical changes present in those born with 
ambiguous genitalia may lead to incomplete bladder 
emptying and pooling of urine in the common urogeni-
tal sinus. This may lead to reflux and subsequent urinary 
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tract infections as well as postmicturition dribbling. 
Pediatric studies have reported persistent urinary symp-
toms including incontinence and reduced bladder capac-
ity [21]. Studies looking at the long-term outcomes of 
adult CAH patients have shown incontinence as well as 
high levels of lower urinary tract symptoms with 70% of 
women complaining of troublesome lower urinary tract 
symptoms [22]. These studies, were all observational 
questionnaire studies and more definitive urodynamic 
evaluation would be helpful to establish what the role of 
surgery is in causing or preventing urinary dysfunction.

Vaginal stenosis
Vaginal stenosis is the commonest long-term complica-
tion occurring in over 90% of cases [23]. In many cases 
multiple repeat operations are performed during child-
hood and adolescence in an attempt to treat recurrent 
stenosis. Despite specialist care in centers of excellence, 
total reconstruction is rarely adequately achieved by a 
single procedure in childhood. Furthermore, repeated 
attempts at surgical correction limit subsequent success-
ful reconstruction by resulting in excessive scar tissue. 
Repeat surgery is of course associated with higher levels 
of complications. Frequent vaginal stenosis leading to 
repeat surgical correction is associated with an increased 
level of anxiety regarding intercourse and up to one-third 
of women experiencing specific difficulties with orgasm 
[24]. Other complications of multiple repeat procedures 
include recurrent urinary tract infections and persist-
ent malodorous vaginal discharge. Menstruation may be 
obstructed and lead to hematocolpos requiring formal 
drainage and yet more vaginal surgery [25]. Deferral of 
reconstructive vaginal surgery until adolescence would 
avoid these complications during childhood.

Sexual function
Sexual function is likely to be affected by both vaginal 
size and clitoral sensation. Vaginal stenosis leading to 
pain or the inability to have penetrative intercourse will 
of course lead to poor sexual satisfaction. The clitoris has 
only one role – to contribute to sexual pleasure – and yet 
there is increasing evidence of the detrimental effect of 
clitoral surgery on sexual sensation and satisfaction.

Until recently, sexual function outcome data follow-
ing childhood feminizing genitoplasty procedures has 
been sparse, with details on the assessment process often 
limited. Increasing concern from adult women who have 
undergone feminizing surgery has led to a recent focus 
of research on sexual function. Questionnaire studies 
assessing women after feminizing surgery demonstrate 

high levels of sexual dysfunction in all women after sur-
gery when compared to normal controls [26]. When 
compared to women with ambiguous genitalia who had 
not undergone clitoral surgery, 39% of participants dem-
onstrated specific difficulties with sensation and orgasm 
[27]. Subsequent objective sensation testing for women 
with CAH who had undergone genitoplasty procedures 
in childhood has demonstrated significantly impaired 
sensation to the clitoris in all women following genital 
surgery, when compared with normal controls, and this 
correlates to poorer sexual satisfaction [28].

Psychological outcomes
Genital surgery is likely to have an impact on psychosexual 
development and functioning although there is scanty 
information on either positive or negative outcomes. 
An accepted aim of surgery is to improve psychological 
well-being and failure to do so could be considered a 
complication. There is some evidence that in those who 
have undergone genital surgery, social and sexual mile-
stones are reached later than age-matched controls and 
that these women are less sexually experienced and have 
expressed a lower level of sexual interest than control 
groups [29]. However, the specific contribution of genital 
surgery to these problems is difficult to separate from 
other factors associated with the various conditions 
assessed.

Conclusion

The short- and long-term complications of childhood 
reconstructive surgery on the clitoral and vagina are 
well recognized and documented in the medical litera-
ture. Surgeons operating on the genitals of children have 
constantly refined their techniques over the years in an 
attempt to find procedures with lower complication rates 
and better outcomes. However, the nature of pediatric 
surgery means that any improvements will not be put 
to the test until many years later. There is at present no 
evidence that more modern techniques are less morbid 
or have a more positive contribution to make long-term 
outcomes. In addition, the constant focus on surgical 
techniques and interventions can mean that the psycho-
sexual and psychosocial aspects become neglected.

The majority of women with vaginal agenesis and/or 
genital ambiguity will wish to have genital reconstruction 
prior to sexual activity. There is, however, little evidence to 
support any benefits of such surgery during childhood. 
Deferring reconstructive surgery until later in life means 
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that unavoidable surgical complications – which can 
be significant – do not happen in childhood. Informed 
consent can be taken and complications may be bet-
ter managed in an adolescent or adult woman who 
can weigh these up risks and balance them against her 
requirements for a functional vagina.
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Female Genital 
Reconstruction II
Jeffrey A. Leslie and Richard C. Rink

Introduction

Management of disorders of sexual differentiation (DSD) 
(previously known as “intersex” conditions), pure  uro-
genital sinus (UGS) anomalies, and cloacal anomalies 
represent some of the most challenging tasks the pediatric 
urologist will face. In addition to the complicated surgi-
cal aspects of treatment of these patients, complex emo-
tional issues often exist. Unfortunately, despite significant 
advances over the past few decades in surgical techniques 
and improved knowledge of the anatomy and inner-
vation of the female genitalia, few well-designed studies 
exist to provide definitive guidance for the reconstruc-
tive surgery. For these reasons, we strongly advocate a 
multidisciplinary approach to the management of these 
children, including an endocrinologist, psychologist, 
psychiatrist, geneticist, pediatric urologist, and most 
importantly the patient and/or the patient’s family. It 
is beyond the scope of this chapter to fully address the 
myriad pros and cons of these controversies, and the 
need for further well-designed studies is acknowledged. 
There is a common belief that all surgeons believe 

children with DSD should undergo reconstruction and 
that all non-surgeons generally recommend observation. 
It is our hope that neither of these occur. What in fact 
should happen is that the parents and patients should 
be informed of all the risks and options available, as well 
as the psychosocial and surgical debates that exist based 
on the current state of knowledge. They should have the 
opportunity to discuss their child’s situation with the 
multidisciplinary committee as well as with lay and sup-
port groups, such as the CARES Foundation (Congenital 
Adrenal Hyperplasia Research Education and Support) 
and ISNA (Intersex Society of North America). The deci-
sion of surgery versus observation should be “led” by the 
physicians, not “made” by the physicians. 

While there are very few areas as controversial as sur-
gery for any DSD, this chapter assumes that after dis-
cussing all aspects of observation versus surgery, as well 
as timing of surgery and the controversies involving the 
various aspects of surgery, the family desires surgical 
reconstruction. This chapter therefore focusses on the 
surgical management of the most common disorder of 
sexual differentiation, that is congenital adrenal hyperplasia 
(CAH). Pure UGS anomalies will also be briefly addressed, 
as the surgical management is similar to that of CAH in 
many respects. For the majority of patients, feminizing 
genitoplasty requires three distinct operative components: 
clitoroplasty, labioplasty, and vaginoplasty (for detailed  

Key points

• The decision of surgery versus observation 
should be “led” by the physicians, not “made” 
by the physicians. 

• A multidisciplinary approach is essential to 
manage these patients effectively.

• Altered clitoral sensation from older surgical 
techniques is common; outcome from more 
modern methods appears better.

• Reoperation after vaginal surgery is common.

• Partial urogenital mobilization results in good 
early success.

• It is important to remember that surgery does 
not cure intersex patients.
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discussion see refs [1–21]). We will not discuss recon-
struction along male lines. This chapter will concentrate 
on preoperative management and on postoperative care, 
outcomes, complications, and their subsequent manage-
ment. It is of note that in our experience with patients 
with CAH, that we see from throughout the United States, 
virtually all parents have decided on early surgery prior to 
visiting our institution. After discussion of all aspects, pros 
and cons, and meeting with us and our endocrinologists, 
they continue to desire early reconstruction.

Preoperative considerations 

Prior to surgery, in addition to multidisciplinary coun-
seling and family input mentioned previously, all children 
should undergo renal/bladder and pelvic ultrasonogra-
phy, as well as genitography by a pediatric radiologist. 
Particular attention must be made to delineate the size 
of the vagina, and most importantly, the level of the con-
fluence of the vagina with the UGS. This information is 
invaluable in preoperative planning as well as for coun-
seling parents regarding the extent of surgery required 
for vaginoplasty. 

The pediatric endocrinologist must be involved in the 
CAH child’s care to ensure they are metabolically stable 
and are under good endocrinologic control. Additionally, 
these children require “stress dose” steroids at the time of 
surgery. At a minimum, all children should undergo an 
enema, and if a more significant vaginoplasty is antici-
pated, a full mechanical bowel preparation may be war-
ranted, as well as preoperative antibiotics. Endoscopic 
evaluation is essential. Measurements of the distance 
from the perineum to the vaginal confluence (length of 
the UGS) and the confluence and the bladder neck (func-
tional urethral length) should be made, with the latter 
more important in determining the type and extent of 
vaginoplasty necessary. The size and number of vaginas 
and the presence of a cervix should be noted. This infor-
mation should then be correlated with the radiographic 
studies to confirm the anatomy. These measures aid in 
achieving a satisfactory cosmetic and functional outcome. 

Outcomes and complications

Clitoroplasty
Results from genitoplasty should focus not only on cos-
metic appearance but more importantly on maintenance 

of normal sexual function. Unfortunately, the follow-
up data in most earlier studies focussed on the former, 
and long-term data with accurate information regarding 
the exact procedure performed, severity of virilization 
preoperatively and quality of endocrinologic control is 
lacking. Additionally, surgical techniques to reduce the 
prominence of the clitoris have dramatically improved 
in recent years, as a result of the improvement in current 
knowledge of clitoral neuroanatomy. 

Alizai et al. [22] reported follow-up on 13 girls who 
underwent clitoral surgery at the time of feminizing geni-
toplasty, of which 12 of these surgeries were performed at 
a mean age of 2.5 years at four different centers. Nine of 
these girls reportedly underwent a nerve sparing reduc-
tion clitoroplasty, but it is not clear from the follow-up 
data presented which patients received this procedure. All 
were reconstructed prior to Baskin’s description of the 
neural anatomy. The anatomical outcome was deemed 
unsatisfactory in 46% (6 of 13); however, one of these 
13 girls underwent intentional clitoridectomy at the time 
of genitoplasty. One (8%) of the 12 girls who under-
went clitoral reduction had residual prominence, while 
four (33%) had atrophy. The remaining seven (58%)
were felt to have an acceptable clitoral appearance. No 
one has yet defined what “acceptable appearance” is,
however. Gearhart and colleagues evaluated that pudendal
nerve evoked potentials in six patients after clitoro-
plasty and noted that modern clitoroplasty techniques 
preserve nerve conduction in the dorsal neurovascular 
bundle [23]. Recent studies by Poppas have also demon-
strated normal sensitivity. In a response to the Gearhart 
study, Chase reported a patient who underwent infant 
clitoridectomy with preserved pudendal latency test-
ing in adulthood, who is nevertheless anorgasmic. 
She also reported several patients who underwent 
clitoral surgery prior to the advent of modern techniques 
who have preserved subjective clitoral sensation but have 
difficulty in attaining orgasm or have developed pain fol-
lowing orgasm [24]. Minto et al. [6], in a cross-sectional 
study, reported the results of genital examination in 13 
patients who underwent clitoral surgery. Of these 13, nine 
had undergone clitorectomy, one a recession, two a reduc-
tion, and in one the procedure was unknown. In the two 
patients undergoing reduction, one was felt to have a “very 
large” clitoris and the other a “large” clitoris. Interestingly, 
of the nine patients who had undergone prior clitorec-
tomy, only four had an “absent” clitoris on exam, with 
the remainder having a varied appearance, including 
“small,” “normal,” and “large.” Also of note, the median 
age of first clitoral surgery in these patients was 3.5 years 
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(0.1–42). Results from a sexual satisfaction questionnaire 
revealed that difficulties with sensuality, communica-
tion, and avoidance were higher in those patients having 
undergone clitoral surgery compared with the nonop-
erated group. However, both groups had difficulties with 
orgasm. Nevertheless, 5 of the 18 women who had had 
clitoral surgery reported severe difficulties with orgasm, 
compared with none of the 10 women who had not 
undergone clitoral surgery. Unfortunately, as mentioned 
previously, many of these women had undergone clito-
rectomy or recession, rather than the modern technique 
of neurovascular sparing clitoral reduction, calling into 
question the interpretation of these disappointing results 
with respect to modern techniques. In a pilot study, this 
same group of investigators subsequently reported vibra-
tory and temperature sensitivity data on six women who 
had all undergone prior clitoral reduction. Five of these 
women had undergone one clitoroplasty, and the other 
required two procedures. Two patients had no identifiable 
glans tissue at the time of testing, and the scarred area was 
subsequently assumed to be the clitoral position and thus 
stimulated. Five patients had abnormal warmth sensation 
and all had abnormal cold sensation. Five of the six had 
abnormal vibratory sensation. None of the patients had a 
sufficient introitus to accept the 2.8 cm diameter thermal 
probe, while three of the six could accept the 2.4 cm vibra-
tory probe. Vibratory sensation was intact for these three 
women. On questionnaire analysis of the five sexually 
active women, four reported problems achieving orgasm 
and avoidance behaviors. Three had vaginal penetration 
difficulties and issues with sensuality. Interestingly, only 
two of the five expressed dissatisfaction with their sexual 
relationships, highlighting the difficulties in interpreting 
such data [5]. Additionally, five of these six patients had 
initial surgery 15 years or more prior to this study, when 
more modern techniques and, more importantly, knowl-
edge of the precise neuroanatomy of the clitoris were 
not yet available. Many of those who advocate no clitoral 
surgery in CAH, when clitoral hypertrophy is the norm, 
then report results of clitoroplasty as the patient having a 
large clitoris and report this as unsatisfactory. 

Frost-Arner et al. [25] reported on eight women with 
CAH (mean age of 20) who had undergone neurovascu-
lar bundle-sparing clitoroplasty prior to 3 years of age, 
without a vaginoplasty (done at or prior to puberty). 
Vibratory and light-touch/deep-pressure sensitivity of
the clitoris was analyzed and compared to a control group
of six healthy women. One of these patients had under-
gone a second clitoral reduction at 7 years of age. Six of the 
women were having intercourse successfully and did not 

report dryness or other coital problems. All the women con-
sidered the anatomy of the external genitalia to be normal.
The authors reported no abnormalities in the appearance 
of size of the clitoris in any patient. Most notably, there 
was no difference in vibration or light-touch/deep-pres-
sure between those seven women who had undergone 
early clitoroplasty when compared to the controls. The one 
patient who had undergone a second clitoroplasty did have 
reduced vibratory sensation, however. Stikkelbroeck et al. 
[26] reported long-term data on eight patients with CAH 
who underwent early (0.1–3.7 years) clitoral surgery, with 
dorsal resection of the corpora in all patients, with pres-
ervation of the ventral portion only. Interestingly, orgasms 
by clitoral stimulation were confirmed in four patients 
(50%). The authors hypothesized that clitoral sensation 
had been preserved at least partially by the remaining ven-
tral nerve structures or that re-innervation had occurred.  

Vaginoplasty
As in the case for clitoroplasty, outcomes from vagino-
plasty should also focus not only on cosmetic appearance, 
an adequate outlet for menstrual flow, and ease of tam-
pon insertion, but more importantly on sexual function, 
ease of intercourse, and maintenance of adequate lubri-
cation. While surgery for correction of UG sinus anoma-
lies is not as controversial as clitoroplasty, the appropriate 
timing of vaginoplasty is widely debated. This debate has 
evolved due to the high rates of secondary vaginal surgery 
reported in follow-up studies after infant or early child-
hood vaginoplasty. Jones et al. [27] noted in 1976 that 25 
of 84 patients undergoing vaginoplasty required a second-
ary procedure to allow intercourse; 5 of these 25 subse-
quently required a third procedure. The authors reported 
that the poor results were caused by failure to exterior-
ize the vagina initially or by scar formation. Similarly, 
Sotiropoulos et al. [28] found that all patients undergoing 
prepubertal vaginoplasty required a revision at puberty. 
Azziz et al. [29], in 1986, reported that satisfactory coitus 
was noted in 62% of 42 women with CAH, 23 years after 
vaginoplasty. They noted a less favorable outcome when 
the initial procedure was performed before 1 year of age. 
Thirty secondary procedures were needed to achieve 
these results, however. These data have been widely 
quoted, but almost all of these patients underwent a cut-
back procedure initially, which is a procedure that has 
since been abandoned as it does not open the narrowed 
distal vagina adequately, and thus will almost always lead 
to stenosis. The revision performed in these patients was 
a flap vaginoplasty, which is the procedure that would be 
performed initially today. In a series from Johns Hopkins, 
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22 of 28 patients (78.6%) needed further vaginal surgery. 
The authors noted that if secondary surgery was needed 
for stenosis, success rates were high if the procedure was 
performed near puberty [30]. Nihoul-Fekete et al. [31] 
noted that 30% of 43 CAH patients required secondary 
surgery. Hendren and Atala reported on 16 patients with 
a high confluence, in whom six of nine adults had satis-
factory coitus and two had stenosis [9].

More recent studies have not demonstrated much 
improvement in the rates of secondary vaginoplasty for 
stenosis. Alizai et al. [22] reported results of examina-
tion under anesthesia on a group of 14 CAH patients who 
underwent initial vaginoplasty at a mean age of 2.5 years. 
They found that 13 of the 14 girls required further vaginal 
surgery. Stenosis was present in 43% and a persistent UGS 
with or without fibrosis in 50%. Minto et al. [6] found that 
39% of 28 patients required secondary surgery and 11% 
required a third procedure. Bocciardi et al. [32] recently 
reported long-term follow-up on 66 patients with ambig-
uous genitalia who underwent a one-stage Passerini-Glazel 
feminizing genitoplasty. Examination under anesthesia
was performed in 46 patients (70%) at mean age of 
10 years for those who underwent early vaginoplasty 
(6 months to 8 years) and at 2 years postoperatively in 
those who underwent later vaginoplasty (9 years or older). 
The authors reported a good result of vaginoplasty in 
20 girls (43%), with no stenosis at the suture line. Mild 
stenosis at the suture line which could be easily dilated 
with Hegar dilators was noted in 10 girls (22%). Significant 
stenosis, requiring secondary Y-V vaginoplasty,  was found 
in 16 girls (35%). Of these 16, 10 (45.5%) had undergone 
early vaginoplasty and 6 (25%) later vaginoplasty. All 
mothers and patients reported satisfaction with external 
genital appearance and the vaginal introitus was located in 
a physiologic location in all patients. Additionally, mean 
operative time for revisional vaginoplasty was 20 min 
and most patients were discharged home 3 days postop-
eratively. Repeat examination one year later confirmed 
no recurrent stenosis in all patients. Despite the higher 
rate of secondary vaginoplasty in the girls who had early 
vaginoplasty (45.5% versus 25%), the authors concluded 
that genitoplasty including vaginoplasty should be per-
formed in early infancy, as secondary vaginoplasty can be 
successfully performed easily in those patients in whom 
it is required with a minor revision. Interestingly, Eroglu 
et al. [33] actually noted less vaginal stenosis in those who 
underwent early one-stage vaginoplasty (3.4%) than in 
those who underwent late surgery (42.8%). Krege et al. [34] 
reported results on 27 CAH patients, 25 of whom under-
went vaginoplasty. In 20 patients a one-stage procedure

was performed at a mean age of 3.6 years, while five 
patients underwent a two-stage procedure. Nine (45%)
of the 20 patients who underwent early flap vagino-
plasty developed vaginal stenosis requiring secondary 
vaginoplasty, while none of the five (four flap vaginoplast-
ies and one pull-through) who underwent a two-stage 
procedure developed significant stenosis. From these 
data, the authors recommended that in children with 
more severe virilization (Prader III–V) the vaginoplasty 
should be deferred to a second operation at the begin-
ning of puberty. Stikkelbroeck et al. [26] reported long-
term outcome of early (0.1–3.7 years) genitoplasty in 
eight patients, seven of which included early one-stage 
clitorovaginoplasty. Six (86%) of these seven patients 
required additional vaginal surgery in puberty due to 
stenosis. Six patients participated in a structured psycho-
sexual interview at last follow-up. All six patients reported 
reaching sexual milestones such as falling in love, kiss-
ing, and petting. Five of the six had had coitus and four 
of these reported an adequate introitus, although two had 
mild vaginal strictures on gynecological examination. 
Vaginal depth was considered adequate in all five patients 
who had had coitus, both by the patient and gynecolo-
gist. The patient who had not yet had coitus reported 
pain with tampon use and was found to have a vaginal 
stricture and partial fusion of the labia. 

Taken together, the aforementioned studies highlight 
several issues: (1) outcomes from vaginoplasty, whether 
done early or peri-pubertally, vary significantly, likely 
due to differences in both surgical techniques and expe-
rience, as well as by the examiner; (2) objective data such 
as mild vaginal stenosis or stricture on examination do 
not always correlate to problems with intercourse or 
sexual function for the patient; and (3) “single-stage” 
early vaginoplasty is a misnomer, as the majority of these 
children will require a secondary procedure at puberty 
and this should be expected and parents should be coun-
seled accordingly. Our preference currently is for early 
(infant) clitorovaginolabioplasty, with the understanding 
that a simple introitoplasty will likely be required in the 
postpubertal period. Delaying the vaginoplasty but pro-
ceeding with early clitoral and labial surgery as advocated 
by some is by definition always at least a two-stage proce-
dure. Our rationale for this approach is based on several 
factors, including availability of the excess prepucial skin 
for construction of the introitus and labia minora; rela-
tive ease of vaginal mobilization in the infant compared 
with the mature, deeper female vagina and pelvis; the 
benefits of residual maternal estrogen effect on genital 
tissue; as well as the psychosocial aspects of major genital
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surgery done postpubertally compared to in infancy. It 
should be noted, however, that we occasionally defer the 
vaginoplasty to a postpubertal age when the vagina is 
small or rudimentary, with the hope that some dilation 
of the vaginal vault will occur with time and menarche 
with subsequent menstrual flow.  

It seems clear to us that the overwhelming majority 
of CAH patients are identified as females, and both the 
families and the children desire reconstruction. This is in 
agreement with the recent consensus report of world lead-
ers in this field [35]. Unfortunately, the appropriate timing 
remains to be defined. While some have advocated no sur-
gery until the patient can decide, no one knows the psycho-
logical effects of this approach. Rather than argue timing, 
we should be defining the best techniques to achieve nor-
mal sensation and sexual function, documenting the ini-
tial anatomy and the endocrinologic control so that results 
truly can be compared. It is logical to believe that the more 
severely affected patients will have more complex surgery 
and complications. Regardless, each family should always 
be presented with all known data, risks, pros and cons, 
as well as access to advocacy groups such as CARES and 
ISNA. They should be active in the decision-making proc-
ess. Most importantly, it is imperative to understand that 
neither observation nor surgery cure DSD.  

Labioplasty
Little data exists on the outcome from labioplasty, other 
than cosmetic appearance. In the series of 66 patients 
who underwent Passerini-Glazel genitoplasty, Bocciardi 
et al. [32] reported good cosmetic results at the 1-year 
postoperative examination, except for four patients who 
developed postoperative wound infections resulting in 
large brown scars. Nevertheless, all mothers reported sat-
isfaction with the genital appearance of their child. At the 
time of examination under anesthesia peri-pubertally, all 
mothers and patients continued to report satisfaction 
with the cosmetic result, even in those with scarring, 
which the authors attributed was likely due to pubic hair 
growth. Creighton et al. [4] reported that 26 (59%) of 44 
patients had good or satisfactory (minor abnormalities, 
unlikely to be recognized by a non-medically trained 
person) cosmetic result. Regarding the labia specifically, 
61% were deemed normal, 30% were poor or scrotalized, 
5% were partially fused, and one patient (2%) had total 
fusion. In the series reported by Eroglu et al. [33], 2 of 
36 patients had labial abnormalities noted: presence of 
extraresidual scrotal skin and a large labium minoris. 

As mentioned previously, one of the main reasons we 
advocate early clitorovaginoplasty is to allow construction
of the introitus and labia minora with the redundant 

dorsal prepuce present in females with significant clito-
romegaly. This skin has been shown to be second only to 
the clitoris in sensitivity [15], and therefore is the ideal 
tissue for creation of labia minora based on its sensitivity 
as well as good vascular supply, as evidenced by its wide-
spread and successful use as hypospadias surgery (e.g. 
Byer’s flaps, onlay repairs).

Urogenital mobilization
At Riley Hospital for Children, we have recently reviewed 
our data on Total Urogenital Mobilization (TUM) and 
Partial Urogenital Mobilization (PUM), focusing on urinary 
continence, cosmetic results, and vaginal stenosis. A total
of 18 children have undergone TUM, of whom only seven 
are neurologically normal. A total of 26 patients have had 
a PUM procedure, of whom 25 are neurologically normal. 
All neurologically normal children �3 years of age are 
continent. Of those neurologically impaired, two are dry 
voiding, seven are dry with CIC, and two are wet. Only 1 of 
44 has vaginal stenosis on short-term follow-up. We have 
been pleased with the cosmetic outcomes. Farkas et al. [36] 
reported follow-up data on 46 patients who underwent 
TUM, with mean follow-up of 4.7 years. Intraoperative 
rectal injury occurred in one patient, which was managed 
by immediate closure without further sequelae. Three 
developed a mild infection of the buttock area. All patients 
had successful cosmetic and early functional results. Girls 
who had reached puberty had normal menstruation, a wet 
and wide introitus and no evidence of scarring or fibrosis 
of the perineum. The younger girls’ vaginal orifice could 
be easily calibrated with a 20 or 22 Fr bougie. No patients 
have had problems with urinary tract infections and all are 
continent. None of the girls had had intercourse yet, and 
so further functional data regarding sexual satisfaction 
or coitus were not known. Jenak et al. [37] reported early 
results of TUM in six girls. With mean follow-up of 3.7 
months, all patients had a satisfactory cosmetic appearance 
and all who were continent preoperatively remained con-
tinent after TUM. Vaginal calibration was performed in 
four patients and ranged from 6 to 14 Hegar (mean 10.5). 
Kryger et al. also reported encouraging data on 13 girls 
who underwent TUM, seven of whom had not reached 
the age of achieving continence and six who were conti-
nent preoperatively. Five of the seven girls who had not yet 
been toilet trained achieved continence normally. One was 
only 27 months old at the time of the report and remained 
incontinent day and night, with no interest in toilet train-
ing yet. The other girl was 3 years old and only experienc-
ing nocturnal enuresis twice weekly. The mean age of the 
six girls who had achieved continence prior to TUM was 
53 months. One of these patients was lost to follow-up, but 
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the other five regained continence immediately postopera-
tively and had remained free of infections, urgency, or fre-
quency, and all had no postvoid residual urine by bladder 
scanning. Cosmetic outcomes were good. 

Prevention of complications

Clitoroplasty
Complications from clitoroplasty range from partial or 
total loss of sensation to atrophy or clitoral loss/necrosis. 
As mentioned previously, techniques of clitoral surgery 
have evolved dramatically over the past several decades, 
with subsequent decreases in these complications. The 
precise neuroanatomical information provided by Baskin 
et al. [14] in 1999 has been invaluable in improving 
outcomes in clitoral surgery, and long-term results from 
modifications in techniques should be forthcoming. 

Avoidance of the neurovascular bundle found dor-
sally along Buck’s fascia cannot be overemphasized. The 
incisions in the corpora cavernosa to remove the spongy 
erectile tissues of the corpora must be made ventrally 
only, with careful attention paid to avoid perforating 
the dorsal tunica during dissection. Once the erectile 
tissue has been resected, the flaccid corpora should be 
folded, securing the glans to the ligated proximal cor-
poral stumps. The folded corporal tunics should be 
secured to the suprapubic fascia very carefully, to avoid 
injury or entrapment of nerve tissue. If the glans clitoris 
is very large and requires reduction, tissue should only 
be excised ventrally (similar to incisions made in hypos-
padias surgery). As mentioned, there is no evidence that 
a larger glans clitoris is detrimental to sexual function, 
and therefore aggressive attempts to make it smaller sur-
gically should be tempered by this knowledge. We have 
not found it necessary to reduce the size of the glans in 
most cases. Additionally, excision of glanular epithelium 
to conceal the glans should be avoided, as the sensory 
neuropeptides are located just beneath this layer. 

Vaginoplasty
The most common complication from vaginoplasty in 
virtually all series is stenosis (see section “Outcomes and 
complications”). When performed in infancy, this “com-
plication” should not be unexpected, as most children 
will require a secondary vaginoplasty at or after puberty. 
In our experience, these secondary procedures are usu-
ally minor and easily performed. Nevertheless, a few key 
points should be mentioned in order to minimize steno-
sis when early vaginoplasty is performed and eliminate it 
when performed later. 

Selection of the appropriate technique of vaginoplasty 
cannot be overstated. The cut-back procedure should not 
be used, except for simple labial fusion. Flap procedures 
should not be used for a “high” confluence. Regardless 
of the technique chosen, ensuring that the distal sten-
otic segment of the native vagina has been opened to the 
point of normal vaginal caliber is paramount to ensure 
a good result. The flap should then be advanced into 
the apex of this incision without tension. If the vagina 
is not adequately opened, it will appear stenotic. Herein 
lies the advantages of TUM or PUM for the higher con-
fluence. These techniques allow the surgeon to move the 
vagina closer to the perineum, improving visualization, 
shortening the length of the perineal skin flap required 
to reach the apex of the posterior vaginal incision, and 
thus decreasing the chances for stenosis while improv-
ing cosmetics. Unfortunately, it will be years before long-
term results are known. 

When a high confluence is present, requiring separa-
tion of the vagina from the UGS, stenosis is much more 
likely as a circumferential anastomosis to the perineum 
is required. Furthermore, urethrovaginal fistulae can 
occur,although this complication is infrequent. Rink 
et al. [12] reported 6-month to 5-year follow-up on eight 
patients with a high confluence who underwent an early 
perineal approach for separation of the urethra from the 
vagina, noting only one (12.5%) urethrovaginal fistula 
which did not affect continence or voiding and for which 
the patient subsequently did not desire repair. Krege 
et al. [34] noted that 1 of 25 patients who underwent vagi-
noplasty developed a urethrovaginal fistula after meato-
plasty. Eroglu et al. [33] reported that 3 (8.3%) of 36 
patients developed fistulae, all of which required repair.

The dissection to separate the urethra from the vagina 
and subsequent closure of the urethra can be very chal-
lenging due primarily to poor exposure or visualization. 
We have found this dissection and closure of the urethra 
to be much more easily performed after TUM or PUM 
has been performed. Additionally, positioning the child 
supine with a circumferential body sterile prep allows 
the surgeon to rotate the child prone, further enhancing 
visualization of this area, without the need to divide the 
rectum [12]. 

Summary

In closing, there are a number of issues we believe are 
important for the reader to understand. The manage-
ment of DSD, UGS, and cloacal anomalies is complex 
from both a surgical and psychosocial standpoint. It 
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is clear that surgery does not cure intersex conditions. 
Furthermore, the exact psychological impact of surgery 
versus no surgery is poorly understood at this time. We 
believe that vaginal dilation is never indicated in children 
nor is vaginal surgery repeated during childhood. We 
fully recognize that many patients who undergo vagino-
plasty as an infant may require secondary vaginoplasty 
at puberty but we believe this is more easily done and is 
a less significant procedure than primary vaginoplasty 
in the adult. In those situations where a neovagina is 
required such as in Mayer–Rokitansky patients, the vagi-
noplasty should always be postponed until after puberty. 
A multidisciplinary approach is mandatory for children 
with any degree of DSD. Family support, education, and 
counseling are critical to a good functional outcome. 
If surgical reconstruction is elected, it requires precise 
knowledge of each child’s unique anatomy, delicate and 
precise tissue handling, and lifelong commitment by the 
surgeon. In the CAH patients, excellent endocrinologic 
management is mandatory for optimal results. DSD 
and cloacal anomalies occur in a spectrum of complex-
ity, and the more difficult cases should be handled only 
in centers with expertise and experience in these areas. 
This is particularly true of those with a high vaginal con-
fluence where a pull-through vaginoplasty may be nec-
essary. With this procedure, dissection occurs between 
the vagina and the bladder which we believe creates the 
greatest risk to continence and vaginal and clitoral sen-
sation. Lastly, in spite of significant advances there is still 
much to be learned. Long-term outcomes are difficult 
to obtain but are necessary and should look at not just 
adequate vaginal caliber and cosmetics but also at any 
change in clitoral or vaginal sensation, orgasm potential 
and ability to have enjoyable, painless intercourse.  
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Persistent Cloaca
Stephanie Warne and Duncan T. Wilcox

Introduction

Cloacal malformation is a rare, complex malformation 
with an incidence of 1 in 50,000 [1–4] (Figure 30.1). The 
defect is usually classified by the length of the common 
channel: short common channel �3 cm measured endo-
scopically and long common cloacal channel �3 cm which 
represents a more severe defect. Persistent cloaca remains 
a difficult reconstructive challenge but with advances in 
surgical technique and perioperative medical care it is 
now possible to anatomically correct the defect in the 
majority of patients [3].

The ideal goals of the primary surgical reconstruction 
for patients with persistent cloaca are the achievement 
of bowel and urinary control for the child and normal 
sexual function in adult life [1]. However, data on the 
long-term functional outcome for these patients is sparse 
as the published literature tends to concentrate on vari-
ous complex surgical techniques.

Reconstructive surgery

In 1989, the preliminary report of the posterior sagittal 
anorecto vaginourethroplasty (PSARVUP) for repair of 
cloaca was described [5]. Using this technique the cloaca 

Key points

• Renal impairment occurs in up to 50% of 
patients.

• Normal voiding continence is uncommon.

• Social urinary continence can be created in up to 
95% of patients.

• Gynecological problems frequently occur at 
puberty and should be anticipated.

• Patients with a long common channel have a 
poorer prognosis.

30
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Bladder

Bowel

Common
channel

Figure 30.1 Radiological illustration of an infant with a long 
common channel cloaca.

can be repaired by complete separation of the three 
structures [5,6]. During the posterior sagittal approach 
the rectum is separated from the urogenital sinus and 
the vagina is then dissected from the urinary tract and 
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both rectum and vagina are mobilized from below (and 
above where necessary) in an attempt to place both in 
their normal positions. The previous common channel is 
used to create a neourethra [5,6]. This procedure is diffi-
cult and time-consuming with significant risk of compli-
cation from urethral and vaginal ischemic complications 
during separation of the vagina from the urethra. Pena 
reports stenosis or fistula in 42 of 217 (19%) patients 
repaired by this procedure [7].

In 1997, the total urogenital sinus mobilization (TUM) 
technique was described, treating the urethra and the 
vagina as a single unit thus avoiding the dissection of the 
vagina from the urinary tract [8]. This technique reduced 
operative time considerably and simplified the procedure. 
In this modification, the rectum is separated from the 
vagina via the posterior sagittal approach and then the 
entire urogenital sinus is dissected and mobilized en bloc 
down to the perineum [8]. This circumferential mobi-
lization usually extends anteriorly above the puboure-
thral ligament, laterally above the levator ani muscles, 
and posteriorly to the peritoneal reflection until enough 
length has been gained to connect the vaginal edges and 
urethra to the perineum [8,9]. In case of low confluence, 
the common channel can either be discarded or used to 
create a mucosal-lined vestibule. In patients with high-
confluence, the sinus can be split and used to form the 
anterior vaginal wall or retubularized in patients with a 
short urethra [9].

Around two-thirds of cloacas can be repaired by peri-
neal approach alone [7,9], but in cases of a long common 
cloacal channel a combined abdominal approach may be 
necessary [5–8]. In cases where the vagina is too short to 
anastomose to the perineum additional skin flaps, vagi-
nal switch or intestinal replacement can be used to create 
a vagina [6–8]. 

Outcomes

Renal abnormalities and function
Structural abnormalities of the kidney are common in 
cloaca patients and are diagnosed in approximately 60% 
of patients at presentation [7,10]. Renal dysplasia, duplex 
systems, pelviureteric junction obstruction, and renal 
ectopia are the most frequently encountered anomalies 
[7,10–12].

There is a high incidence of renal failure observed 
in cloaca patients. In one large retrospective review, by 
5.7 years half had chronic renal failure which was end 
stage, requiring renal transplantation in 19% [10]. Renal 

impairment causes serious morbidity and there was an 
overall mortality rate of 6% from renal failure in this 
series [10]. Patients with structural abnormalities partic-
ularly renal dysplasia, solitary kidney, and vesicoureteric 
reflux were statistically more likely to develop chronic 
renal failure [10].

Postnatally it is important to relieve urinary tract 
obstruction early, correct upper tract abnormalities, 
prevent urinary tract infection, and treat bladder dys-
function thus dealing with the main preventable causes 
of renal deterioration [6,10]. Of greatest therapeutic 
importance are the infants with bilateral vesicoureteric 
reflux or those with vesicoureteric reflux and a contralat-
eral abnormal kidney as these girls are at significant risk 
of renal deterioration [13]. A further decrease in renal 
function may be a result of hydronephrotic damage, or 
hypertensive changes [10].

Fecal continence
Approximately 60% of patients become continent of 
feces [1,7,14]. However, only 28% are continent by spon-
taneous bowel movements and have satisfactory control 
[1,7]. Almost one-third need rigorous bowel manage-
ment programs in the form of rectal washouts [15] or 
antegrade enemas [16] to achieve social continence.

Urinary continence
The reported rate of social urinary continence var-
ies from between 60% and 95% [1,6,14]. Hendren 
reported that 64% of his patients void spontaneously 
and are dry by voiding alone. In a more recent series 
only 22% void spontaneously and are dry [3]. A further 
12% of that group have achieved continence by clean 
intermittent catheterization (CIC), but 46% of patients 
required reconstructive surgery [1]. Patients with short 
common channel and good bladder neck at presenta-
tion were much more likely to be continent by normal 
voiding [1]. This is supported by a recent review of 192 
patients, where 48% of patients required an intervention 
to achieve social continence of urine [14]. Multiple pro-
cedures were often necessary to achieve satisfactory uri-
nary continence and independence for the child.

The etiology of urinary incontinence in cloaca patients 
is multifactorial and may be secondary to: structural 
abnormalities of the bladder (including bladder atresia), 
bladder neck or urethra, and sacral dysplasia with neu-
rovesical dysfunction. A high incidence of neurovesical 
dysfunction has been reported in cloaca patients and is 
often associated with lumbosacral bony abnormalities 
or intraspinal lesions [17,18]. Patients with a cloaca may 
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potentially be at risk of iatrogenic nerve damage not only 
during the posterior sagittal approach to the rectum but 
also during the total urogenital mobilization procedure.

In a recent prospective study of anorectal patients, 
90% of cloaca patients had bladder dysfunction on uro-
dynamics at presentation [19]. The most common abnor-
mal urodynamic finding overall was detrusor overactivity 
with bladder instability during the filling phase and high 
detrusor pressures during the voiding phase [19]. All 
patients then had a combination of PSARVUP and TUM 
performed. After reconstructive surgery there was a 
deterioration in bladder function in 5 of 10 (50%) of the 
cloaca group and in 1 in 20 (5%) of Anorectal malforma-
tion (ARM) patients that served as controls (Table 30.1).
All six of these patients required intervention by CIC or 
urinary diversion and the observed change was statisti-
cally significant in the cloaca group [19].

In this study, four of the cloaca patients who had 
deterioration in bladder function postsurgery showed 
a change from detrusor overactivity preoperative to an 
inadequate bladder postoperative on urodynamics [19]. 
All four had a long common channel (�3 cm). This con-
firms earlier data in which 60% of patients with a cloaca 
were incontinent of urine [14], many were described 
as having large floppy and inadequate bladders. Several 
studies have shown that posterior sagittal anorectoplasty 
alone does not alter bladder function in anorectal 
patients [20]. It thus appears that deterioration in blad-
der function in cloaca patients may be associated with 
mobilization of the common channel to create a separate 
urethra and vagina. Pena reports urinary incontinence 
in 72% of those with a long common channel com-
pared with 28% of those with a short common channel 
[2,7,14].

The finding of an atonic bladder after surgery suggests 
that there was damage to the nerve supply to the blad-
der at a lower motor neurone level. The urinary tract 
and vagina share a large common wall therefore some 
dissection between these structures cannot be avoided 
in repair of cloacal malformation [2]. In patients with 

a long common channel, significant dissection between 
the vagina, the urethra, and the bladder neck may be 
necessary. The peripheral nerve supplies are deficient 
in patients with sacral agenesis; therefore even minimal 
trauma to these nerves in patients with sacral agenesis 
can result in additional functional loss which may not 
have been the case in children with normal nerve fibers 
[21]. As the majority of cloaca patients have preexisting 
neurogenic bladder dysfunction it may be that minimal 
disruption during surgical repair results in denervation 
and an inadequate bladder.

Gynecological outcome
Cloaca patients have a high incidence of innate gyneco-
logical problems [22,23], but these may remain asymp-
tomatic until the onset of menses or early adult life. The 
mullerian and vaginal abnormalities found in patients 
with cloacal malformation show great variation depend-
ing on whether the confluence is high or low. Sixty 
percent [14,22,24] of cloaca patients have some degree of 
septation of the uterus and vagina ranging from a partial 
septum in a large vagina with single cervix and uterus to 
a completely separated double vagina with double cervix 
and uteri.

In one long-term outcome study of 41 adult patients, 
two-thirds developed uterine function at puberty, whilst 
20% had primary amenorrhea due to a vestigial uterus 
[22]. Thirty-two percent were menstruating normally and 
15 (36%) presented with hematometra/hematocolpos 
typically had cyclical abdominal pain at puberty (Figure 
30.2, Table 30.2). The most common cause of the 
obstructed uterus was stenosis of persistent urogenital 
sinus (no previous genital tract reconstruction), but a 
few developed vaginal stenosis of previous reconstruc-
tion. All patients who developed an obstructed uterus 
required surgical intervention [22]. This was supported 
by others in whom an obstructed uterus was seen in 41% 
of 22 cloaca patients [23].

The long-term outcome for the uteri left in situ is 
unknown and it has been suggested that endometrio-
sis and infertility may be the result of an obstructed 
uterus [23,25]. There are also case reports in similar 
patients who were able to conceive and carry a preg-
nancy to term [26,27]. This should encourage surgeons 
to create a passage for effective uterine drainage and to 
preserve the uterus and fallopian tubes where possible.

Adult gynecological follow-up has been reported in 21 
adult patients [22]. This reported that 86% had an ade-
quate vagina with no menstrual problems and 12 (57%) 
are or have been sexually active. Half of these women 

Table 30.1 Status of urodynamics after surgical 
reconstruction.

Bladder function Stable Improved Worse

Cloaca n � 10  5 0 5
ARM n � 20 16 3 1
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progressed normally from their initial reconstructive 
procedure through menarche to adulthood without 
the need for further vaginal surgery [22]. An additional 
five (28%) had delayed primary vaginal reconstruction: 
three at puberty and two as adults which was adequate 
to allow sexual intercourse later in life [22]. However, 
19% of adult cloaca patients required additional vaginal 
surgery to facilitate intercourse. Even if the girl has no 
problems at menarche her vagina may not be adequate 
to allow sexual intercourse later in life [22].

In only one series, so far, has there been reported a 
normal pregnancy and delivery of a healthy baby [6]. If 

pregnancy does occur, these women will require con-
siderable support particularly those with impaired renal 
function, bladder augmentation, and catheterizable 
conduits [28]. Delivery by caesarean section is usually 
recommended in patients where vaginoplasty has been 
performed [27].

Complications

The TUM technique was initially reported as eliminating
the complications of urethral and vaginal stenosis by 
preserving the blood supply to the urogenital sinus and 
improving the cosmetic result [7,8]. However, a recent 
report showed that 3 of 22 patients (14%) presented 
postoperatively with a surgical complication that required 
major redo perineal surgery [9]. Urethral stenosis was 
observed in two children, both with a long common 
channel, occurring after separation of the urethra from 
the vagina (n � 1) or after tubularization of the com-
mon channel (n � 1). These girls were treated by a 
vesicostomy to allow CIC in one case, and a Mitrofanoff 
channel after failure of a redo urethroplasty in the 
other case. Urethrovaginal fistula was diagnosed in one 
patient. Persistent minimal common channel (�0.5 cm) 
was present in three girls, of whom one required minor 
urethral revision to allow easier CIC. Distal vaginal clo-
sure or stenosis was observed in three cases: one girl with 
congenital diffuse perineal hemangioma presented with 
complete anal and vaginal closure, and underwent a suc-
cessful redo-PSARP, and two children (including one with 
distal vaginal agenesis) have a tight introitus that may 
require further surgery. Anal stenosis was observed in five 
children, either managed with multiple dilatations (n � 3), 
or requiring VY anoplasty (n � 2).

Preventing complications

As the condition is rare little has been written on avoid-
ing surgical complications. Surgical complications can 
be characterized:
1 Ischemic complications to the common channel. Ischemia 
to the common channel causes problems with fistulae 
and late urethral and vaginal stenosis. If the common 
channel is short little mobilization is required but with 
a long common channel extensive mobilization can lead 
to ischemia. This more frequently occurs if too much 
dissection is attempted from below. In a long common 
channel it is advisable to start the dissection from below 

Uterus

Figure 30.2 MRI scan of adolescent cloaca patient who 
presented with a 6-month history of cyclical abdominal pain.

Table 30.2 Outcome at menarche for 41 cloaca patients.

Outcome n %

Normal menstruation at puberty 13 32
Hematometra 15 36
Amenorrhea (vestigial uterus)  8 20
Early puberty (normal uterus and vagina)  3  7
Amenorrhea under investigation  2  5
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and then turn early to avoid skeletonizing the channel. If 
the common channel is not going to reach it is appropri-
ate to use the common channel for the urethra alone. The 
vagina is then dissected free of the urethra, occasionally a 
vaginal flap can be made to create extra length, especially 
if the patient had previous hydrocolpos. If there is a bifid 
system by sacrificing one uterus the whole system can 
be tubularized and brought down. While skin flaps can 
avoid tension care must be given as they can lead to an 
unsatisfactory cosmetic appearance later.
2 Nerve damage. The bladder dynamics frequently change 
following surgical reconstruction [19]. This suggests neu-
ral damage, which can be minimized by staying in the 
midline, avoiding close dissection around the common 
channel, and using monopolar diathermy sparingly. 

Conclusion

Although the majority of cloaca patients can achieve 
social fecal and urinary continence with the surgi-
cal reconstructive procedures performed today, a large 
number will require additional and sometimes multi-
ple urological procedures not only to achieve continence 
but also to treat bladder dysfunction and to protect the 
upper tracts. Half develop renal failure so most patients 
particularly those with severe malformations will need 
regular review and lifelong surveillance. Due to the high 
incidence of associated gynecological problems all these 
girls should be reassessed at early puberty. Additional 
surgery may then be necessary to create a vagina for 
menstruation and for sexual intercourse, which is pos-
sible in the majority. As more of these patients reach 
adult life better data will become available on long-term 
outcomes. Persistent cloaca still remains one of the most 
challenging conditions to treat in pediatric surgery and 
urology and these patients should be cared for by a dedi-
cated team with specialist experience in this area.
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Hemodialysis and 
Peritoneal Dialysis
Alun Williams

Introduction

Renal replacement therapy in childhood has evolved in 
tandem with the adult experience. While the ultimate 
aim is a kidney transplant, preferably without recourse 
to dialysis, hemodialysis and PD remain crucially impor-
tant in the armamentarium of therapies for acute and 
end-stage chronic renal disease.

The ethos of providing dialysis in childhood has been 
to promote and support development as normally as 
possible in an environment familiar to the child: in prac-
tice, home PD is preferable in this sense. Pediatric dialysis 
units are regionalized, and twice- or three-times weekly 
trips to hospital for hemodialysis can be disruptive and 
expensive. In addition, the cardiovascular response to 
hemodialysis (with episodes of hypotension during 
treatment) may make this a less attractive option. There 
is also evidence that hemodialysis increases the risk of 

subsequent allograft failure [1]. Techniques of peritoneal 
and vascular access will be considered separately.

Hemodialysis access

Technique
Generally, vascular access for dialysis can be by means of 
indwelling central venous catheter (“no needle”) or by 
establishing a high-flow conduit which can be punctured 
for access (e.g. an arteriovenous fistula (AVF), a pros-
thetic graft or shunt).

In small children, needled conduits can be techni-
cally difficult to establish, maintain, and access requires 
repeated needling which can be traumatic for the child. 
In the author’s institution, we have taken the stance of 
“no needle” hemodialysis by means of an indwelling 
catheter, and the following section considers this.

If dialysis can be anticipated for more than a few 
weeks, a tunnelled cuffed line is preferable, as they are 
considered to be more durable, more comfortable and 
less obtrusive, and have fewer complications such as dis-
placement. In the acute setting, a percutaneously placed 
(by Seldinger technique) line is reliable in the short term 

Key points

• Transplantation is the gold standard for the 
management of end-stage kidney disease. 
Dialysis is sometimes necessary.

• Choice of dialysis (hemodialysis or peritoneal 
dialysis, PD) depends on family preference, 
clinical and environmental circumstances. PD is 
more “child-centered.”

• For hemodialysis, “no needle” dialysis via a 
central venous catheter is favored. Central 

 vessels should be reused as far as possible in 
cases of repeated access.

• For placement of peritoneal tubes, laparoscopy 
has the advantage of placement under direct 
vision, with an extraperitoneal tunnel to fix the 
catheter in the pelvis.
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[2,3], which can then be removed, or if longer-term 
access is required, revised with a tunnelled line.

The upper body central circulation is preferable, 
in particular the right internal jugular vein. Access to 
the catheter is easy, the route and distance to the heart 
is shorter, and the lower body vessels are preserved, for 
either future access or for transplantation. The vein 
is accessed either by needle and guidewire or by open 
approach through a small transverse neck crease inci-
sion. Current standards would recommend the use of 
ultrasound localization of the vein for puncture [4]. 
The line is tunnelled from a convenient exit site on the 
anterolateral chest wall. It is important to ensure a gentle 
curve from venotomy to exit site as an acute angle may 
cause a kink. The line must be sized approximately prior 
to this maneuver to ensure that the cuff is placed within 
the subcutaneous tissue. Reasonable surface landmarks 
for the right atrium include the mid-point between ster-
nal notch and xiphoid, and the right nipple to indicate 
line length. When the line has been placed via the peel-
away introducer, or directly through a venotomy, the tip 
position must be confirmed by on-table fluoroscopy.

Many hemodialysis lines have proximal and distal 
lumens (see Figure 31.1) (although dialysis may be per-
formed through a single lumen), and so adequate flow 
must be ensured through both lumens. The largest line 
passable with ease is preferable, in accordance with 
Poisseille’s law determining flow. The tip of the line fre-
quently needs to be placed within the right atrium. A 
reasonable practical approach to estimating adequate 
flow is to manually withdraw blood using a 20 cc syringe: 
flow should be smooth and constant over a few seconds 
through both lumens. Some manipulation of the line 
is frequently required to maximize the flow; constant 
reconfirmation of tip position by fluoroscopy is therefore 
imperative. In very small infants, customized strategies 

for achieving adequate flow may be required for hemo-
dialysis access [5].

Outcome

Complications
Bleeding at the time of operation can usually be control-
led by local measures, although it is reasonable to have 
blood grouped and saved. With ultrasound localization, 
the risk of hemo- or pneumothorax should be low, but 
a plain chest radiograph is recommended after Seldinger 
technique. Occasionally passage of the line toward the 
heart can be difficult. This is particularly so for left-sided 
access, or with redo lines. For redos it is reasonable to 
confirm patency of the central veins by Doppler ultra-
sound; a formal venogram is rarely required, although 
may be indicated by clinical features of central vein 
occlusion (such as prominent chest wall veins, or pleth-
ora, or chronic limb swelling) with equivocal Doppler 
studies. Flow may be poor in the line. This may be due 
to tip position (in the SVC), occasionally because of an 
acute angulation in the subcutaneous tunnel, or may be 
due to thrombus. Infection associated with the line may 
supervene at any time. The latter two are the commonest 
complications of central venous catheters [6].

Preventing and managing complications
As mentioned above, fluoroscopy is mandatory for line 
insertion, and it can be useful to manipulate the line 
under screening if difficult. The line may bend or kink at 
the confluence of internal jugular and subclavian, or may 
take a route into the contralateral neck or arm drainage. 
Usually, perseverance with manipulation under screening 
is adequate to place the line. Placing small amounts of 
torque on the catheter during manipulation may be help-
ful, as may be the suspension of ventilation. Elevation or 
depression of a shoulder may alter the configuration of a 
jugular/subclavian confluence sufficiently to allow a line 
to pass. We have found a hydrophilic guidewire (Terumo 
UK Ltd, Egham, Surrey) to be useful in manipulation 
into the right heart. The introducer sheath and/or cath-
eter can then be passed over the guidewire.

We prefer the jugular veins for access. Subclavian 
puncture is possible, but may lead to a higher risk of 
arm venous thrombosis, which in turn might affect 
establishment of an AVF [7]. We prefer to try and pre-
serve the arm veins if possible for the sake of creation of 
an AVF later in life. If the inferior vena cava needs to be 
used, the same principles of access apply, although the 

Proximal lumen
(arterial/red)

Distal lumen
(venous/blue)

Figure 31.1 Schematic showing separation of lumens of dual 
lumen hemodialysis catheter.
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subcutaneous tunnel is often very awkward, as it either 
crosses the hip joint, putting the line at risk of kinking, 
or requires the line exit site to be on the thigh, which can 
be obtrusive and uncomfortable. Our preference is the 
left saphenofemoral junction or femoral vein, as the pre-
ferred site for the transplant kidney is on the right.

Where central veins become very narrowed (internal 
jugular vein stenosis is seen after 10% insertions, subcla-
vian vein stenosis in over 40% [8]) or obliterated, with 
the so-called end-stage access, there may be a role for 
specialist interventional vascular radiology for access [7]. 
Line sepsis should be managed in the first instance with 
appropriate antibiotics, although clinical deterioration 
or failure to dialyze will necessitate removal of the line.

If dialysis is difficult because of poor flow (usually 
with high venous pressures), it is useful to confirm the 
tip position by means of plain radiography. A relatively 
“fresh” line (within a few days of its insertion) can be 
withdrawn safely with appropriate analgesia or seda-
tion, if improved flow can be obtained in this way. A 
contrast study may also be helpful in demonstrating line 
thrombosis and venous run-off. Thrombolytic line locks 
(e.g. urokinase) may be useful, although more extensive 
thrombosis sometimes requires thrombolytic infusion 
(e.g. tissue plasminogen activator) with repeat contrast 
imaging to document progression.

If a line requires revision, within a few days of inser-
tion the neck may be reopened and the line manipulated 
aseptically. We have found this generally unrewarding, 
however. Revising a line within 4 weeks or so of its inser-
tion requires dissection of the vein for control above and 
below the venotomy. In an older line, when there is an 
established tract, it is reasonable to control the tract, and 
replace the line directly, or over a guidewire according to 
the surgeon’s preference.

Symptoms or signs indicating a limb venous throm-
bosis require removal of the catheter; venous hyperten-
sion may warrant consideration of removal.

Other modes of hemodialysis access
As mentioned above, these require needle puncture 
access, although may be suitable for older children, 
or in transition to adult units where these modalities 
are more commonly encountered. The preferred tech-
nique is the arm AVF. If reasonable vessels exist at the 
wrist, it is advisable to fashion the anastomosis there, as 
this preserves the elbow brachiocephalic site for a later 
date. The fistula may fail to mature or thrombose later. 
Pseudoaneurysms may also form which require the access 
site to be abandoned. Generally, AVFs are fashioned in 

the nondominant arm, proceeding distal to proximal. If 
no native vessels are suitable for arteriovenous anasto-
mosis, then a prosthetic loop graft may be used. These 
are most commonly used in the thigh. Graft thrombosis, 
aneurysm formation, and bleeding may occur.

Peritoneal dialysis access

Technique
As for hemodialysis access, catheters for PD may be 
intended for short- or longer-term use. The latter are 
usually cuffed and tunnelled to an abdominal wall exit 
site. There are three broad techniques for insertion:
• Closed (percutaneous)
• Open (minilaparotomy)
• Laparoscopic/laparoscopic assisted
The principles of the open and laparoscopic techniques 
are broadly similar but differ in terms of catheter fixa-
tion. This will be discussed later. In the setting of acute 
renal failure in a sick child, a catheter can be placed on 
the ward under sedation using local anesthesia. A nee-
dle puncture is made into the peritoneum (aspirating to 
ensure no visceral injury has occurred) in a similar way 
to the passage of a Verres needle for laparoscopic sur-
gery, and a guidewire passed. After dilatation of the tract, 
the catheter is passed into the abdomen and flushed to 
ensure adequate influx and efflux of dialysate. PD may 
be commenced immediately. It is possible to tunnel the 
line if desired, but the usual indication for the percuta-
neous technique is for acute, short-term PD.

The open and laparoscopic techniques require gen-
eral anesthesia. In the open approach, a small incision is 
made above the umbilicus, and the catheter placed into 
the pelvis. Many surgeons choose to perform an omen-
tectomy to lower the potential risk of catheter entrap-
ment and failure of dialysis. The abdomen is closed and 
the catheter tunnelled in a gentle curve to a suitable site 
on the abdominal wall. Again, as the preferred site for 
placing a transplant is in the right iliac fossa, it is usual 
to tunnel the PD catheter to the left iliac fossa.

The laparoscopic approach uses one or more ports to 
place the PD catheter, again with or without an omen-
tectomy. At the author’s unit, we prefer the laparoscopic-
assisted approach described by Najmaldin [9]. The 
essence of the operation is a single supraumbilical inci-
sion, through which an omentectomy can be performed 
(in children the greater omentum tends to be flimsy 
and easy to manipulate through a very small hole), and 
a laparoscope is inserted. A needle and guidewire is 
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then introduced to create a long extraperitoneal tun-
nel, through which a peel-away sheath is passed. The 
PD catheter is then seen to pass under direct vision into 
the true pelvis, fixed by a long extraperitoneal tunnel 
to avoid flipping (Figure 31.2). The catheter can then 
be tunnelled in the usual way, and the laparoscope port 
closed. PD catheters are available in a variety of configu-
ration. We have used coiled double-cuffed tubes of which 
a variety of sizes are available, including very small tubes 
suitable for neonatal use (Figure 31.3).

Outcome
Dialysis can generally be commenced on the same day as 
operation if desired. This is useful for PD in acute renal 
failure, or the rapid establishment of PD in a child who 
becomes dialysis-dependant quicker than anticipated. 
Catheters used early (within days) tend to have more 
mechanical problems of which leak is the most impor-
tant [10–12]. While the literature describes problems in 
the PD population in a variety of ways (percentage of 
patient population, catheter time, etc.), on average the 
frequency of problems with PD seems to be of the order 
of one episode per 6 “PD-months” [13]. Peritonitis, exit 
site and tunnel infections, and catheter occlusion make 
up the majority of the problems. Catheter survival is of 
the order of 80% at 12 months, 60% at 24 months, and 
35% at 48 months [13,14]. Younger children (less than 
2 years old) have increased risk of catheter removal for 
problems [14].

Complications
The presence of adhesions complicating previous surgery 
may make PD ineffective or impossible. Nonetheless, 
previous surgery is not necessarily a contraindication 
to PD. Bleeding or infection may occur early. Leak of 
dialysate may be seen early, and may necessitate suspen-
sion of PD. One innovative solution to dialysate leak 
has been the use of fibrin glue [15], although this is not 
widespread. Exit site infection or wound infection like-
wise may be seen early. PD peritonitis, characterized by 
cloudy (or fibrinous) PD effluent, pain, and fever may 
occur at any stage, and according to culture may or may 
not be rescuable with antimicrobials. Presentation with 
an acute abdomen can complicate PD, and sometimes 
the differentials (including acute appendicitis) can be 
difficult to exclude.

Dialysis (clearance) may become ineffective, reflecting 
peritoneal failure, or the child may have symptoms or 
fail to drain in or out. Fibrin sheath formation can occur 
causing a flap-valve effect. The tip of the PD catheter can 
migrate, or become entangled with intestine and omen-
tum (if not excised) [13]. Occasionally, the subcutaneous 
cuff can erode through the skin.

Preventing and managing complications
Bleeding should be manageable by local control. One 
exception to this is the rare occurrence of visceral or blood 
vessel injury arising from closed technique puncture 
of the peritoneal cavity. Surgical exploration is mandatory if 
there is a suspected intra-abdominal injury. It is important 

Figure 31.2 Intraoperative view of peritoneal dialysis catheter, 
showing position of coil, and fixation by extraperitoneal tunnel.

Figure 31.3 Coiled PD catheters suitable for neonatal use. 
Marker shows 5 cm.
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to ensure that the field is relatively bloodless: clots may 
occlude the PD catheter and interfere with dialysis. Care 
needs to be taken when tunnelling the catheter, to ensure 
that the tube remains in the fat plane and does not trans-
gress muscle. Laparoscopy has the advantage of allowing 
a thorough peritoneal inspection after the catheter has 
been inserted. Bleeding of sufficient magnitude to need 
re-exploration should be rare.

At our institution, we have always undertaken omen-
tectomy. There is evidence regarding its efficacy [16], but 
in children, the greater omentum’s mobility and flimsi-
ness makes its removal a sensible step to obviate the risk 
of tube entanglement.

Dialysate leak is eminently manageable by lowering 
exchange volume, or suspending PD temporarily. A small 
volume leak may be inconsequential, especially if PD is 
crucial because of uremia or hyperkalemia. Our early 
experience mirrors that of others [17]: PD can be com-
menced satisfactorily within hours of insertion, rather 
than the traditional approach of allowing the catheter to 
“rest” for days.

Exit site, wound infection, or PD peritonitis should 
be managed conservatively in the first instance, accord-
ing to culture. Intraperitoneal heparin is sometimes use-
ful if the effluent is fibrinous. Rarely, fibrinolytics (e.g. 
urokinase) may be used. One important culture is fun-
gal. Almost without exception, a PD catheter must be 
removed in the presence of fungal infection: even pro-
longed antifungal treatment is very unlikely to clear the 
organism. Likewise, recurrent bacterial infection may 
indicate revision of the catheter. Ideally, if a PD catheter 
is removed as a consequence of infection, it is prudent to 
wait a number of weeks prior to reinsertion.

Clarifying tube position, and fixation is one real advan-
tage of the laparoscopic-assisted approach. It allows a 
thorough inspection of the peritoneum, and adhesiolysis 
if needs be, and the long extraperitoneal tunnel makes tip 
migration unlikely. It allows very accurate position, under 
direct vision, of the tip of the catheter in the true pelvis.

If PD becomes ineffective, or inflow and outflow are 
poor or symptomatic, a plain radiograph reveals the 
orientation and tip position. A contrast study may be 
helpful in demonstrating free flow (if a fibrin sheath 
or loculation is suspected). If the catheter has migrated 
or flipped out of the pelvis, under fluoroscopy the PD 
catheter can be manipulated by means of a guidewire. 
An unwell child, or one with abdominal symptoms and 
signs particularly those of intestinal obstruction, might 
indicate the presence of encapsulating sclerosing peri-
tonitis. This can occur even after the removal of the PD 

catheter, and can be associated with significant morbid-
ity of mortality [18].

Laparoscopic exploration of a malfunctioning cath-
eter can be helpful [19], certainly if there is no associ-
ated infection. The tube can be released if it has become 
entangled or encased with fibrin. If excessively mobile, it 
can be looped within a suture placed at the dome of the 
bladder to further fix the tube (we have not seen this in 
laparoscopically placed tubes on account of the fixation 
afforded by the extraperitoneal tunnel). If the catheter 
requires revision with a new catheter, it is straightfor-
ward to use the peel-away Seldinger technique to create a 
new extraperitoneal tunnel.

Extrusion of the cuff is uncommon, but may be 
expected if the cuff is at the exit site, or if the tract is 
just under the skin rather than in the fat plane (or if the 
fat plane is attenuated, as in a neonate). Occasionally, 
chronic infection is seen in association with the cuff, 
rarely overgranulation or a pyogenic granuloma. A con-
servative approach to preserve the tube is to shave the 
cuff down to the level of tube (done simply with a regu-
lar blade) although there is a risk of tube puncture. If the 
symptoms associated with the cuff are refractory, or the 
tube is breached, a revision is required.

Conclusion

While the gold standard of renal replacement therapy 
is a successful kidney transplant, dialysis is an impor-
tant mode of therapy, particularly in very small infants 
in whom a decision has been made to treat but renal 
replacement is required in the workup to transplanta-
tion. Many families opt for PD, and preservation of 
vascular access is one advantage en passant since these 
patients will almost inevitably require more interven-
tion later in life. Nonetheless, dialysis is limited by peri-
toneal failure and by loss of central veins. The concept of 
“end-stage access” is very real and a cause of significant 
morbidity, or death. This is a major driving force toward 
early transplantation.
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Kidney Transplantation
Alun Williams

Introduction

A successful kidney transplant is the gold standard renal 
replacement therapy independent of age. Although over 
time there has been a trend toward longer graft survival 
[1], a child who receives a transplant will almost inevita-
bly require further renal replacement in due course. This 
is an important factor in timing a transplant in child-
hood. Pre-emptive transplantation is the counsel of per-
fection: avoiding dialysis may confer a survival benefit 
to the graft [2,3], preserves access sites for dialysis, and 
if native function can be preserved to some extent can 
avoid metabolic, biochemical, and fluid balance prob-
lems, and psychosocial issues associated with chronic 
hospitalization. At present between 20% and 30% on 
average children receive a pre-emptive kidney transplant 
in the United Kingdom and North America [4].

There is inevitably a period of medical and surgical 
workup before transplantation, and these issues (includ-
ing HLA matching, virological and immunization 
protocols) are reviewed extensively elsewhere [5–10]. 

Uropathies constitute up to 20% of the pediatric kid-
ney transplant population [1] in sharp contrast to adult 
programs, and peritransplant urological issues are con-
sidered later in the chapter. Kidneys are sourced from 
deceased and living donors. The latter is an increas-
ing pool, particularly for the pediatric recipient where 
a donor is commonly a parent. Live donor programs 
introduce an additional element to work up in that 
stringent donor workup is necessary to ensure fitness for 
donation and assess in detail vascular anatomy. Organ 
allocation systems tend to prioritize children [1,11]. The 
median wait on the deceased donor list for a kidney in 
the United Kingdom in 2003 (all ages up to 18) was 164 
days [11], and in the USA for the same period [1] was 
360, 430, and 569 days (ages 1–5 years, 6–10 years, and 
11–17 years, respectively).

After a thorough medical, surgical, and psychological 
workup, children enter either or both living donor or 
deceased donor transplant programs.

Urological workup of the recipient

The effect of an abnormal lower urinary tract on the 
kidneys is well recognized, and to assess the potential 
effect of the lower tract on a transplanted kidney, some 

Key points

• Transplantation is the gold standard 
management of end-stage kidney 
disease.

• Pre-emptive transplantation is preferable: 
avoiding dialysis preserves access sites and may 
prolong graft life.

• Uropathies are disproportionally represented in 
the etiology of pediatric end-stage kidney 

 

 disease. Pretransplant urological workup is 
therefore mandatory.

• Living donor kidneys are preferable.

• An abnormal urinary tract demands vigilance, 
but can be a safe means of drainage.

• Nonadherance with medication is commonplace 
and contributes to graft failure: transition to 
adult care needs attention.
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baseline information is mandatory. A “safe” bladder can 
be regarded as one that fills and stores at low pressure, 
and can be emptied at will. A “safe” bladder pressure has 
been variously defined, but on its original description 
represents a leak point pressure of �40 cm water [12]. 
There is evidence to suggest that 30 cm might represent a 
more “normal” value in childhood [13]. Drainage is pref-
erably to completion, to lower the risk of infection in a 
residual volume of urine. Urodynamic studies are vital to 
demonstrate the bladder characteristics in children with 
uropathies. With the addition of radiographic screening 
(video-urodynamics), the presence of vesico-ureteric 
reflux (VUR) can be assessed. Appropriate measures to 
lower pressure, correct reflux if necessary and provide 
capacity and drainage can be instituted according to the 
urodynamic findings.

Several studies have demonstrated that transplanta-
tion into an abnormal urinary tract is safe if appropriate 
follow-up is in place, and is likewise safe into a recon-
structed urinary tract [14–20]. It is generally accepted 
that pretransplant surgery is preferable to obviate the 
potential influence of immunosuppression in infection 
and healing. Some authors have commented that a dry 
augmented bladder can be problematic, and that major 
surgery in severely compromised renal function can pre-
cipitate end stage [21]. Although post-transplant urinary 
reconstruction is feasible and safe, logic dictates however 
that it is probably safer to transplant into a urinary tract 
that has been made “safe” beforehand.

VUR and transplantation have undergone a resur-
gence of interest in recent years. Certainly, VUR is a 
risk factor for urinary tract infection (UTI) which is the 
single commonest infectious complication following a 
kidney transplant, commoner still in those transplanted 
because of an underlying uropathy [22]. Many children 
will have had antireflux surgery of their native urinary 
tract before transplantation. Consideration should be 
given to pretransplant treatment for VUR if recurrent 
UTI is a problem. Also the effect of high-grade VUR 
should be borne in mind when interpreting urodynam-
ics: much of the capacity may well be taken up into the 
upper tracts. Circumcision should also be borne in mind 
in boys with recurrent UTI [23].

Technique

There is some evidence to suggest that pediatric recipi-
ents fare better with pediatric donor kidneys [24]. Live 
donor kidneys undoubtedly fare better. Whether there 

is any difference in outcome between laparoscopically 
retrieved kidneys or otherwise remains to be seen in the 
long term, although early to medium term results are 
equivalent [1]. The remainder of this section assumes 
that a donor kidney has been retrieved and is potentially 
usable.

The kidney is prepared on the backbench before 
induction of anesthesia to the recipient, to ensure that 
the organ is usable. The vessels are dissected toward (but 
not into) the renal hilum, taking care to preserve perine-
phric tissue associated with ureter (the so-called golden 
triangle shown schematically in Figure 32.1). Multiple 
vessels need to be given particular attention, as there 
may be an increased risk of thrombosis, although one 
multivariate analysis implicates donor atheroma as a risk 
factor, rather than multiple vessels per se, and that recon-
struction does not necessarily disadvantage the graft 
[25,26]. Lower pole arteries are important to preserve 
because of the inevitable supply they give the trans-
plant ureter. Small upper polar vessels can be tied safely. 
Where multiple vessels have been retrieved on a com-
mon vessel patch (Carrell patch), this can be used for the 
donor–recipient anastomosis, or the donor vessels anas-
tomosed back-to-back or end-to-side (Figure 32.2) in a 
common anastomosis with the recipient vessel. It may be 
more convenient to do separate anastomoses of multiple 
vessels (e.g. using an inferior epigastric or internal iliac 
vessel), although this reintroduces the risk of thrombo-
sis. For the venous drainage, a single large donor renal 
vein is sufficient, and accessory veins may be tied safely. 
However, vascular reconstruction of the renal veins is 
reasonable if circumstances dictate.

Vessels

Ureter

Figure 32.1 Forbidden dissection.
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It is common practice to take a biopsy from the kid-
ney pre-implantation. This can be helpful in establishing 
a baseline histological appearance, particularly if there is 
any concern over donor vascular disease.

The recipient undergoes general anesthesia and 
has a central venous line and urinary catheter placed. 
Induction antibiotics, immunosuppressive agents and 
steroids may be given at this point. Antibody induction 
agents, if used, are usually given before transfer to the 
operating theater. There has been a tendency to increased 
use of antibody induction agents over the last few years, 
as evidenced by the recent NAPRTCS review [1].

The choice of incision and approach for kidney trans-
plantation is largely a matter of choice and experience. It 
has been commonplace to use a curved iliac fossa inci-
sion (modified Rutherford Morrison), approaching the 
iliac vessels in an extraperitoneal way. This is especially 
useful if the recipient is on peritoneal dialysis, since in 
the event of delayed graft function (DGF), dialysis can be 
continued. According to the habitus of the child, the inci-
sion can be elevated into a “hockey stick.” Some surgeons 
prefer a transperitoneal approach, via a midline incision, 
in infants. This affords space, but has the potential disad-
vantage of transgressing peritoneum and can make sub-
sequent access to the graft (e.g. for biopsy) difficult. In 
an extraperitoneal approach, the abdominal wall muscles 
may be cut, or mobilized in the pararectal plane, which we 
have found gives very good access to the retroperitoneum. 
The inferior epigastric pedicle is identified, and if it is not 
required for vascular anastomosis, is tied and divided. The 
spermatic cord in boys must be identified, preserved, and 

retracted. The round ligament in girls can be divided. In 
the transperitoneal approach, the right colon and terminal 
ileum are mobilized to give access to the inferior vena cava 
inferior vena cava (IVC) and aorta. A retraction device 
such as an Omnitract can be useful. In small children, a 
competent assistant is just as effective, however.

In infants and small children (up to approximately 
20 kg), the aorta and inferior vena cava are the preferred 
recipient vessels for anastomosis, and provide high-flow 
conduits. The common iliac veins are often of adequate 
caliber, the vein being the larger vessel. For ease of oper-
ation, the arterial and venous anastomoses are usually 
separated by a centimeter or two.

In recipients with vascular anomalies, or thrombosed 
venous drainage, the surgeon may need to be creative. A 
good “road map” of potential anastomotic sites is use-
ful, and in the author’s unit we have mandated that all 
recipients with previous “instrumentation” of the lower-
body circulation (lines, nephrectomy, etc.) have detailed 
vascular imaging. Doppler ultrasound is straightforward 
and relatively noninvasive. Reconstructed computed 
tomography (CT) is useful but has a radiation dose, 
and can require contrast which might affect native renal 
function. Experience with magnetic resonance is evolv-
ing. However, we have found, anecdotally, that where 
venous drainage is adequate (whether through native 
“anatomical” vena cava or via collaterals) the transplant 
renal vein drains adequately. Small published series have 
articulated these issues [27,28]. Prothrombotic states, or 
concerns of caval thrombosis, might make postoperative 
anticoagulation advisable.

Vascular anastomosis is achieved using a continuous 
5/0 or 6/0 nonabsorbable monofilament, taking care not 
to take the “back wall” of the recipient vessel inadvert-
ently. It is useful to place curved bulldog-type clamps to 
the donor renal vessels to test the vascular anastomoses 
for leaks and then repair before reperfusing the kidney. 
At the time of arterial anastomosis we give a bolus of 
mannitol and frusemide. The warm ischemic time for 
the kidney is noted when the clamps are released. It is 
important to note the characteristics of reperfusion (uni-
form/patchy/absent), and whether or not urine is seen 
from the open distal end of the graft’s ureter. Bleeding, 
not detected at the time of “anastomotic test,” can be 
investigated and dealt with at this point.

The commonest mode of urinary drainage is to trans-
plant ureter to native bladder (ureteroneocystostomy, 
UNC). Running in an irrigant through the bladder cath-
eter is useful to distend the bladder to make it more eas-
ily identified, and additional reassurance can be sought 

Figure 32.2 Side-to-side and end-to-side vessel reconstruction.
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by the use of dilute methylene blue. Particular care is 
needed in patients on peritoneal dialysis. The perito-
neum is often very thick, there is often clear fluid within, 
and distinguishing this from a urinary bladder needs 
care. There are many ways to perform UNC: extra- or 
intravesical, stented, or unstented [29–31]. Our unit’s 
preference is an extravesical anastomosis with a spatu-
lated distal ureter, with reconstitution of a short detrusor 
tunnel over the UNC (Figure 32.3). The use of a stent is 
debatable, but wound drainage advisable.

If the native ipsilateral ureter is easy to identify, or the 
bladder is hard to distend or mobilize, a ureteroureteros-
tomy may be used. Transplant ureters can be implanted 
safely into augmented or substituted systems, or into 
urinary diversions, although the risk of leak is higher 
[14–20,32].

After hemostasis has been assured, the wound is closed 
according to the surgeon’s preference. Occasionally, espe-
cially in very small infants, the abdominal wall can be 
difficult to close primarily without raising concerns for 
the transplant’s blood supply. In these children, it is rea-
sonable to return after a few days for secondary closure 
of the abdominal wall (having closed the skin at the first 
operation). Some experience is evolving with prosthetic 
patches at primary closure [33].

Adequate maintenance of the recipient’s central 
venous pressure and blood pressure makes high depend-
ency or intensive care mandatory. Hypovolemia and 
hypotension are risk factors for thrombosis and DGF. 
Hypovolemia and prolonged operative time have also 
been shown to be independent risk factors for “slow” 
graft function, represented by slower than expected fall 
in creatinine post-transplant [34].

Subsequent recipient management, including immu-
nosuppression, antibiotics, fluids and feeds are very 
individualized to units, and probably best managed on a 
protocol basis according to local preferences.

Outcome

Up to 95% of grafts function at one-year post-trans-
plant: living donor kidneys have marginally better 
survival than deceased donor organs at one year, a differ-
ence that increases as time progresses [1]. Graft survival 
has been poorer in the under-fives, with a plateau into 
the early teens, thereafter falling until the early twenties 
[35]. Overall, there has been a trend to increasing graft 
survival over successive five-year cohorts. These are pre-
cised in Table 32.1.

In the 2006 NAPRTCS review [1], 2.6% of grafts had 
primary nonfunction DGF (or ATN – acute tubular 
necrosis as defined by NAPRTCS), which specifies the 
need for dialysis within the first week post-transplant. 
There was a sharp difference noted in DGF when com-
paring living donor (5.2%) and deceased donor (17%) 
kidneys. DGF impacts adversely on graft longevity.

Up to 50% of graft failure is accounted for by rejection. 
Acute rejection was reported to account for 12.9% graft 
failure in the 2006 NAPRTCS review. Again, there has been 
an improvement in probability of first acute rejection 
by year since the late 1980s, data shown in Table 32.2. 
Chronic allograft nephropathy (CAN) is a diverse col-
lection of conditions, some of which are immunological, 
some drug-related, which requires monitoring when a 
“creeping creatinine” is noticed. Modulating the immu-
nosuppressive regimen is useful, such as withdrawing 
calcineurin inhibitors, can be useful.

Kidney recipients with underlying uropathies seem to 
fare as well, in general, as those without. A recent survey 
of units in the United Kingdom [36] returned a cohort 
of 74 children (a total of 78 transplanted kidneys) with 
a spectrum of underlying urological abnormalities (the 

Detrusor incision and
ureteroneocystostomy

Ureter spatulated
Detrusor
closure

and tunnel

Figure 32.3 External ureteroneocystostomy.

Table 32.1 Graft survival (%) at 1, 3, and 5 years post-
transplant according to year of transplant and organ source.

Cohort Years post-transplant

 1 (%) 3 (%) 5 (%)

LD 1987–1995 91 85 79
LD 1996–2005 95 90 85
DD 1987–1995 81 70 62
DD 1996–2005 93 84 77

LD, live donor; DD, deceased donor.
Source: NAPRTCS Annual Report 2006 [1].
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largest group being 39 boys with posterior urethral 
valves – PUVs) with a median follow-up of 36 months. 
Eleven were transplanted into a cystoplasty, 4 into a uri-
nary diversion. Intermittent catheterization in 26 was via 
a Mitrofanoff stoma in 14. Three grafts were lost early 
to thrombosis, four lost later predominantly because of 
nonadherance to medicines. There were three ureteric 
complications (4%). Of 57 grafts that could be followed, 
25/57 had recurrent UTI (44%). Thirty-nine of 57 had 
stable function (68%); of the 18 deteriorating grafts, 
15/18 were in boys with PUV. The cause of graft dete-
rioration in PUV children was multifactorial, although 
the survey highlighted the importance of pretransplant 
urodynamics in this group, as 9/39 boys with PUV had 
not had urodynamics. It is unlikely that any single factor 
can be amended to avoid graft failure in boys with PUV, 
although one study suggests that more conservative ini-
tial management of the boys with PUV as opposed to 
aggressive surgical intervention might be beneficial in 
terms of graft function [37].

A peculiarity of pediatric transplantation (in common 
with pediatric practice in most patients with chronic dis-
ease) is transition into adult medical care. Graft longev-
ity has been observed to drop during adolescence [35], 
and there is common consensus that transition is, at 
best, a difficult time [38].

Complications

Bleeding is usually an immediate or early event. Vascular 
thrombosis occurs in up to 12% of recipients [39]. 
Although thrombosis can be immediate, it may manifest 
after several days, with nonfunction, no urine output, or 
graft tenderness, pain, and fever. Occasionally, a venous 
thrombosis can present very dramatically with a graft 
rupture and torrential hemorrhage. Urgent assessment 
of graft perfusion (with Doppler ultrasound and/or 

isotope renography, e.g. MAG3) is mandatory if a vas-
cular event is suspected. Later on in the postoperative 
course, stenosis of the renal artery can occur giving 
deterioration in graft function, and usually hyperten-
sion. Immediate immunological complications (such as 
hyperacute or early acute rejection) are thankfully fairly 
rare with detailed immunological pretransplant workup, 
modern donor–recipient matching, and evolving immu-
nosuppression regimens.

Ureteric complications occur in up to 10% of trans-
plants [40–42]. Urinary leak may present early, with 
increasing or prolonged wound drainage, or swelling 
around the graft. It can be sufficient to cause obstruction 
(urinary and vascular: to the graft and ipsilateral leg). 
Lymphocele can also present thus, and ultrasound is a 
useful way of imaging. Ureteric stenosis may manifest 
as deteriorating graft function secondary to obstruction, 
and a hydronephrosis may be apparent. In one series of 
modified Lich-Gregoir ureteric implantation [41], 1% 
had obstruction at the level of the UNC, responding well 
to stenting for several weeks. In one series of uretero-
ureteric anastomoses [42], 8.4% had a ureteric compli-
cation (14/166). Ultrasound, excretion renography, or 
even antegrade pyelogram may be useful in the diagnosis 
of ureteric stricture. Reflux into the graft may manifest 
as dilatation, or progressive scarring and deteriorating 
function if associated with UTI. Stones may occur in 
the graft. Particular note need to be taken if a ureter has 
been stented, to ensure its timely removal: retained stents 
may become encrusted.

Infection is common in a transplant recipient, and UTI 
is particularly common. In uropaths, urinary prophyl-
axis is a reasonable step because of this. Other infec-
tions as a consequence of immunosuppression demand 
vigilance.

Although immediate immunological events are 
uncommon, acute rejection is common, with a fine bal-
ance to be made between the risk of this and the risk of 
overimmunosuppression. The diagnostic gold standard 
is transplant biopsy, but frequently in pediatric practice, 
an empirical course of high-dose steroids is often given 
for a deterioration in graft function.

Gradual deterioration in the graft is again common, 
but multifactorial, encompassing the diagnostic pot-
pourri that is CAN. Calcineurin inhibitors are well-
recognized culprits, and careful thought needs to be given 
to ongoing immunosuppression in CAN. Recurrent UTI 
and lower urinary tract dysfunction are important to con-
sider: this is the reason all children with urological ante-
cedants must undergo urodynamics as a pretransplant 

Table 32.2 Twelve-month probability of first rejection by 
transplant year.

 Live donor (%) Deceased donor (%)

1987–1990 54 69
1995–1998 33 41
2003–2005 13 16

Source : NAPRTCS Annual Report 2006 [1].
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baseline to document the “safety” of a recipient’s bladder 
[36]. One of the biggest challenges in pediatric trans-
plantation is the issue of nonadherance with medication.

Preventing and managing complications

As with all vascular anastomoses, technical problems 
with the anastomosis are the commonest cause of failure. 
Positioning the recipient arteriotomy and venotomy to 
allow comfortable anastomoses and allow the kidney the 
“sit” comfortably are important. “Fresh” vessel ends are 
important to avoid inclusion of adventitia within an anas-
tomosis, and to avoid an intimal flap. Postoperative antico-
agulation may be considered on the basis of a pre-existing 
prothrombotic state, if multiple vessels are present or if there 
has been perioperative hypotension. One recent report sug-
gests that graft thrombosis might be prevented to a degree 
by the administration of interleukin-2 antagonists [43].

Ongoing bleeding after implantation requires re-
exploration. Missed hilar vessels during bench prepa-
ration are common culprits and can be tied once 
identified. Loss of perfusion of a transplant kidney may 
be undetected for hours, although a sudden loss of urine 
output, or an acutely tender, swollen graft should alert 
to the possibility. Imaging may be helpful, but a vascu-
lar catastrophe requires re-exploration. Thrombectomy 
can be attempted but seldom seems to salvage the situ-
ation. Later deterioration in graft function (usually 
associated with hypertension) can be due to renal artery 
stenosis, which is usually just distal to the anastomosis. 
Interventional radiology with balloon dilatation is prob-
ably the method of choice in its management.

Lymphocele can manifest by prolonged wound drain-
age, perigraft or leg swelling, or deterioration in graft 
function. Small (or asymptomatic) lymphoceles can be 
managed expectantly. Symptomatic lymphoceles require 
drainage, either percutaneously, or fenestration into 
the peritoneum. Meticulous vascular dissection during 
preparation of the recipient vessels is to be commended 
to lower the risk of lymphocele.

Ureteric complications are usually a consequence of 
ischemia of the transplant ureter. Attention to the “golden 
triangle” of the ureter’s blood supply, during bench prepa-
ration of the kidney, has been described earlier, and at the 
time of UNC it is useful to demonstrate an active blood 
supply to the cut end of the transplant ureter. Diathermy 
should be used sparingly and with caution.

An early ureteric leak may manifest as wound drain-
age: the drain effluent should be analyzed to determine 

whether it is urine or serum (lymph). Adequate bladder 
drainage must be ensured, especially in small infants, and 
some early leaks can reasonably be watched for a day or 
two, as they may settle. The use of stents is debatable, and 
studies demonstrate advantages to both stenting and not 
stenting [29,30]. One factor in pediatric transplantation 
that may be important as a decision-maker is that a child 
almost certainly requires a general anesthetic for removal 
of a stent. The author’s preference is an unstented UNC.

A ureteric leak may be managed by early re-explora-
tion or by temporizing transplant nephrostomy and 
later planned exploration. The latter demands dissection 
through scarred tissue which in itself can be hazardous 
to the blood supply of the kidney. If there is sufficient 
viable donor ureter, a redo UNC can be fashioned. If 
there is not sufficient viable ureter, the recipient native 
ureter can be used in the form of a ureteropyelostomy 
or ureteroureterostomy. With a capacious recipient blad-
der, a lateral bladder flap can be tubularized (Boari), or 
elevated to anastomose onto the transplant pelvis or ure-
ter (similar in principle to the “bladder elongation psoas 
hitch” procedure [44]). Rarely an enteric interposition is 
required, or drainage into a cutaneous stoma.

Ureteric stenosis is again usually an ischemic phenom-
enon, although may present later in the post-transplant 
course. Stenting is a good option, although balloon dila-
tation has been reported with success [45]. Obstruction 
or stenosis refractory to stenting or dilatation requires 
revision as described earlier, or recourse to long-term 
stenting with intermittent stent changes.

Late operation for a ureteric complication is often dif-
ficult and hazardous, as the allograft becomes encased in 
scar tissue. 

Urinary infection is an important early problem 
with pediatric transplant recipients, particularly those 
with underlying uropathies, and strategies for the man-
agement of VUR in the native urinary tract have been 
outlined earlier in the chapter. There has been interest 
in graft VUR and its effect. One report, using baseline 
DMSA imaging establishes a strong link between VUR, 
infection, and the acquisition of graft scars, and recom-
mends initial UTI prophylaxis as well as vigilance for 
UTI [46]. Another suggestion of this study is antireflux 
urinary drainage. Many surgeons perform a modified 
Lich-Gregoir UNC as stated earlier. A traditional antire-
flux approach is the Leadbetter-Politano ureteric implan-
tation, although this has been reported to have a higher 
incidence of ureteric complications [40], as well as the 
potential effects of an open bladder procedure. Uretero-
ureterostomy is a potential consideration if the native 
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ureters do not reflux. A potential “minimally invasive” 
approach mirroring that of native VUR is subureteric 
injection (commonly now with dextranomer/hyaluronic 
acid copolymer). Anecdotally this has been a valuable 
approach although obstruction and graft dysfunction 
have been reported, mandating caution [47].

Post-transplant care is as much multidisciplinary as 
that of pretransplant. Longer term sequelae of immu-
nosuppression such as infection and malignancy, CAN, 
disease recurrence in an allograft, blood pressure control, 
lipid and glucose control, etc. require close collaboration 
between nephrologists, pediatricians, pathologists, radi-
ologists, and other allied professionals. Fundamental to 
pediatric practice is nutrition, growth, and development, 
which are paramount to pre- and post-transplant manage-
ment. Some of these long-term issues, and others includ-
ing quality of life, have been reviewed elsewhere [10].

Conclusion

Although a successful kidney transplant is the pinnacle of 
end-stage renal disease management, it remains merely a 
treatment rather than a cure. Graft survival is poorer at 
the “extremes of childhood” as well as the extremes of life, 
and the causes are multifactorial. Although the uropathies 
are represented disproportionally in the etiology of pedi-
atric renal failure, graft outcome overall is as good in this 
group, although particular attention is required in their 
pretransplant workup. Attention to detail in the opera-
tive procedure is a sine qua non. Transition into the adult 
services can be a trying time for patients and clinicians, 
and mandates particular vigilance of graft function. The 
transplanted child, with our current techniques of renal 
replacement therapy, becomes an adult who will require 
further renal replacement. Pre-emptive transplantation 
preserves venous access sites and probably allows for 
improved graft survival. Living donor kidneys currently 
have better outcomes than those from deceased donor 
kidneys. Therefore the “gold” standard for renal replace-
ment in childhood should be a pre-emptive live donor 
kidney transplant.
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Wilms Tumor and Other 
Renal Tumors
Michael Ritchey and Sarah Conley

Introduction

The prognosis of children with renal tumors is now 
excellent, primarily due to advances in modern chemo-
therapy. This is most notable for those patients with 
favorable histology Wilms tumor. Other renal tumors 
are not as responsive to adjuvant therapies and complete 
removal of the tumor remains the best chance for suc-
cess. Even with the remarkable advances in survival from 
adjuvant therapy, surgery remains an integral part of the 
multimodality treatment of Wilms tumor. The surgeon 
has an important role in assessing the extent of the pri-
mary tumor, and how the surgery is performed has an 
impact on the ultimate local tumor stage. This chapter 
will review the most common complications associated 
with surgery for renal tumors of childhood and discuss 
the management of these complications. The majority 
of literature available regarding complications of renal 
tumor surgery in children are from patients treated for 
Wilms tumor; however, the principles discussed below 
are applicable to other renal tumors.

Surgical technique: General principles

Primary nephrectomy is the procedure of choice for uni-
lateral tumors. Nephron-sparing surgery has a greater 
role in the treatment of bilateral Wilms tumor. Partial 
nephrectomy or tumor enucleation may benefit select 
cases of unilateral Wilms tumor, although this has been 
evaluated in a small number of patients [1,2].

All patients should undergo noninvasive imaging 
prior to surgery with either computed tomography (CT) 
or magnetic resonance imaging (MRI). These studies 
provide important information regarding local extent 
of tumor, such as extension into the inferior vena cava 
(IVC) and to exclude involvement of the contralateral 
kidney prior to nephrectomy [3]. Ultrasound is often 
the first imaging study obtained in a newly diagnosed 
abdominal mass. It can help differentiate between cystic 
and solid nature of the tumor, and can also exclude caval 
thrombus that may be present in 4% of patients [4]. If 
the IVC cannot be cleared with ultrasound or if there 
is concern for suprahepatic or intracardiac extension of 
tumor thrombus echocardiogram, MRI should be per-
formed [5]. Extrinsic compression of the vena cava by 
the renal mass may simulate intracaval extension [4,6]. 
CT may be helpful for staging purposes in terms of 
identifying enlarged lymph nodes, extension of tumor 

Key points

• Preoperative imaging and recognition of vena 
caval or intracardiac extension of tumor allows 
for safe surgical planning.

• Large tumors may distort vascular anatomy. 
Adequate exposure of the renal vessels is crucial 
to avoid injury to the aorta and its major vessels.

• The most common postoperative complication 
following surgery for renal tumors is small bowel 
obstruction.

• Preoperative chemotherapy may decrease the risk 
of hemorrhage and the incidence of postoperative 
bowel obstruction due to adhesions.
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into adjacent organs, or bilateral involvement. However, 
prospective correlation with imaging and surgical find-
ings has not been reported. Chest CT is recommended 
to identify pulmonary metastases and can identify some 
lesions not visible on plain chest radiographs [7].

There are a variety of surgical approaches for per-
forming nephrectomy. Extraperitoneal flank incision 
should be avoided as it does not allow for proper staging. 
A transabdominal transperitoneal approach allows for 
gross inspection and exploration of the abdominal cavity 
and a generous transverse upper abdominal is most often 
employed. The type of surgical incision has not been 
shown to make a difference in terms of operative spillage 
or incomplete removal of tumor [8]. However, Ritchey 
et al. demonstrated a higher risk for surgical compli-
cations with “other incisions” compared to a trans-
verse incision (OR � 5.3, p � 0.02) [9]. An increased 
complication rate has been noted with thoracoabdomi-
nal incisions, but this may reflect the selection of this 
approach for extremely large tumors that may have an 
inherent increased risk of removal. For patients with 
intracardiac extension of tumor, a midline abdominal 
incision with median sternotomy may be the best choice. 
Cardiopulmonary bypass is often needed in such cases.

Recently, the role of laparoscopic removal of renal 
tumors in children has been explored. Duarte et al. 
report on eight patients with unilateral nonmetastatic 
Wilms tumor who had received preoperative chemo-
therapy prior to laparoscopic nephrectomy [10]. In this 
small series, there were no conversions to open surgery, 
no tumor rupture, and no postoperative complications. 
For the present, it would appear that the role of laparos-
copy is for removal of tumors that have been pretreated 
with chemotherapy. The role of laparoscopic nephrec-
tomy in untreated Wilms tumors will be limited due to 
the large size of these tumors, risk of tumor spill dur-
ing removal, and the need for accurate surgical staging 
that requires removal of the tumor intact. It may find a 
role in other renal tumors, but differentiation of Wilms 
tumor from other childhood renal tumors by imaging 
alone is difficult.

Several aspects of surgical technique should be 
emphasized. Gentle manipulation of tissue is crucial to 
avoid tumor rupture with spillage of tumor because of 
an increased risk of local tumor recurrence when this 
occurs in children with Wilms tumor [11]. Adequate 
exposure facilitates staging and allows for inspection of 
the abdominal contents. Early ligation of the renal ves-
sels before manipulation is recommended and the renal 
artery should be ligated prior to the renal vein. This will 

avoid distension of the vein that can dislodge the liga-
ture. Also, early ligation of the artery may decrease the 
theoretically increased risk of tumor dissemination. 
However, in many patients early ligation is not feasible 
due to the large size of the tumor that obscures the hilar 
area and the great vessels.

Extension of Wilms tumor into the IVC or right 
atrium, occurring in 4% and 0.7%, respectively, poses 
a challenge to the surgeon [4,12]. Obstruction of the 
hepatic veins may lead to ascites, hepatomegaly, or 
hepatic dysfunction. Atrial thrombus may present with 
hypertension or congestive heart failure. Despite ade-
quate preoperative imaging, cases of intracaval or atrial 
tumor thrombus are still diagnosed intraoperatively. The 
difficulty of the operation is increased when the diagno-
sis is missed preoperatively.

In patients with IVC or atrial tumor extension, 
nephrectomy can be carried out prior to cardiopulmo-
nary bypass and removal of tumor thrombus. Luck et al. 
described their technique of performing median ster-
notomy and preparation for cardiopulmonary bypass 
followed by laparotomy and mobilization of the kidney 
and tumor, leaving the renal vein intact [6]. Atriotomy 
and removal of all gross tumor through the atriotomy and 
the renal vein is performed simultaneously. Removal of 
caval thrombus may be achieved by venacavotomy either 
with manual extraction or with a Fogarty or Foley balloon 
catheter. In rare cases of tumor, the thrombus invades the 
vena cava wall precluding thrombectomy. In this situation, 
cavectomy is a reasonable surgical alternative [4,13].

For many years, formal exploration of the contralat-
eral kidney was recommended in children with presumed 
unilateral Wilms tumor [3]. Data from National Wilms 
Tumor Study (NWTS-4) showed that 7% of contralat-
eral lesions were missed on preoperative imaging [14]. 
However, extended follow-up of this cohort showed that 
the overall good outcomes of small contralateral lesions 
missed on modern day imaging obviates the need for rou-
tine contralateral renal exploration [3]. Imaging modali-
ties have continued to improve and even very small lesions 
should be detected on the preoperative CT or MRI scans.

Complications

In this section we describe the recognition, management, 
and prevention of intraoperative and postoperative com-
plications of nephrectomy for renal tumors of childhood. 
Management of complications should be individualized 
for each child based on the clinical findings.
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The overall surgical complication rate of nephrectomy 
for Wilms tumor appears to have declined over time. In 
a comparison of the complication rates from NWTS-3 
(1979–1987) to NWTS-4 (1986 and 1994), NWTS inves-
tigators found the complication rate decreased from 
19.8% to 12.7% (p � 0.001) [9]. Small bowel obstruc-
tion (SBO) and hemorrhage were the most common 
surgical complications. Factors associated with increased 
risk of surgical complications included higher local 
tumor stage, tumor diameter �10 cm, and intravascular 
extension into the IVC or atrium.

Preoperative chemotherapy may influence surgical
complication rates by producing tumor shrinkage. A 
report from International Society of Pediatric Oncology 
(SIOP), where nephrectomy was performed after 4 or 8 
weeks of chemotherapy, was associated with an overall 
surgical complication rate of 5% [15]. The most common 
complication in the SIOP group was SBO. A recent pro-
spective comparison of complications in patients enrolled 
in the NWTS-5 and the SIOP-93-01 trials demonstrated 
overall complication rate for the SIOP patients was 6.4% 
compared to 9.8% in NWST patients (p � 0.12) [16] 
(Table 33.1).There was a decreased incidence of intraop-
erative tumor spill in the SIOP patients, 2.2%, compared 
to the NWSTG, 15.3% (p � 0.001). There was also a statis-
tically significant decreased incidence of stage III tumors 
in the SIOP group (14.2%) than in the NWST-5 (30.4%).

Intraoperative complications

Hemorrhage
The incidence of extensive intraoperative hemorrhage 
has decreased over time from NWTS-3 to NWTS-4 

[9]. In NWTS-4 only 1.9% of children had blood loss 
exceeding 50 ml/kg of body weight compared to 6.0% 
in NWTS-3 (p � 0.0003). Review of the SIOP-9 data 
showed a 0.33% hemorrhage rate (defined as blood loss 
over 50 ml/kg) during postchemotherapy nephrectomy 
[15]. In a prospective analysis comparing complication 
rates among patients enrolled in SIOP-93 and NWTS-5 
trials, there was a significant reduction in rates of intra-
operative hemorrhage in the group that received preop-
erative chemotherapy compared to the group who did 
not [16]. In addition to a reduction in tumor size follow-
ing chemotherapy, there is decreased tumor vascularity 
and thus a decreased risk of intraoperative bleeding.

It is important to recognize that up to 8% of patients 
with newly diagnosed Wilms tumor may have acquired 
von Willebrand’s disease and preoperative screening is 
needed [17].

Vascular injury
Iatrogenic injury to the aorta and its major vessels can 
occur during nephrectomy. Large tumors can distort 
the anatomy and the great vessels can easily be mistaken 
for the renal vessels. Vascular injury can be avoided by 
proper surgical exposure and identification of the aorta, 
IVC, superior mesenteric artery (SMA), celiac axis, and 
contralateral renal vessels. Inadvertent ligation of any 
of these structures could potentially lead to a devastat-
ing outcome. Mesenteric vessels may be adherent to the 
renal hilum. The renal artery should be carefully traced 
and seen entering the kidney prior to ligation. The sur-
geon may choose to forgo early ligation of the renal 
vessels until after mobilization of the tumor if it allows 
precise identification of the renal vessels.

There are several reports of injury to the SMA, how-
ever the actual incidence may be underreported [18]. 
All patients had left sided tumor where the aorta and 
its branches lie in close proximity to the tumor, and it 
occurred in children under 5 years old. In each reported 
case of iatrogenic SMA ligation, the injury was identified 
intraoperatively and repaired. None of these children 
experienced adverse events related to the bowel or vas-
cular anastomosis. The operative management of SMA 
injury depends on the type of injury. Options for repair 
include primary end-to-end anastomosis, anastomosis 
of the cut end of the SMA to the aorta in an end-to-side 
fashion, or possibly interposition graft if there is inad-
equate length for direct anastomosis.

Unexplained intraoperative hypotension or cardiac 
arrest should raise concern for unrecognized vena caval 
or intracardiac extension of tumor [12]. The tumor 

Table 33.1 Comparison of complication rates from SIOP 
and NWTSG trials.

 SIOP-93-01 NWTS-5 

Number of patients 360 326 
Complication rate 6.4% 9.8% (p � 0.12)
Intraoperative  2.2% 15.3% (p � 0.001)
 tumor spill
Small bowel  1.1% 4.3% (p � 0.002)
 obstruction
Stage III tumors 14.2% 30.4% (p � 0.001)
Resection of  6.9% 15.0% (p � 0.001)
 other organs
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thrombus can break off and embolize during the course 
of nephrectomy. The renal vein and IVC should be pal-
pated prior to manipulation of the tumor to evaluate for 
the presence of intravascular tumor.

Postoperative complications

Small bowel obstruction
The most common postoperative complication after 
nephrectomy for Wilms tumor is SBO, occurring in 3–
7% of patients [9,15,19]. The majority of cases of SBO 
occur within the first 100 days after surgery [19]. The 
most common cause of SBO is bowel adhesions, and 
less common is intussusception. Factors associated with 
increased risk of SBO include intravascular tumor exten-
sion, resection of other organs, preoperative tumor rup-
ture, residual disease, stage III, and possibly tumor spill. 
Interestingly, patients who underwent small bowel resec-
tion did not have an increased risk of SBO compared to 
those who underwent resection of other visceral organs. 
There was no statistically significant difference in the 
incidence of SBO in patients who received radiation 
therapy compared to those who did not.

As noted above, the incidence of postoperative SBO 
is lower when nephrectomy is performed after preop-
erative chemotherapy. The rate of intestinal intussus-
ceptions was similar between the two groups, but there 
was a higher rate of obstruction secondary to adhesions 
in children undergoing primary nephrectomy [16]. One 
explanation may be that nephrectomy after preoperative 
chemotherapy requires less extensive dissection.

Surgical techniques thought to reduce the incidence of 
SBO include gentle handling of the bowel, maintaining a 
moist serosal surface of the bowel, and avoiding foreign 
materials on the bowel [19]. Despite adherence to these 
surgical guidelines, adhesions are thought to form from 
both an inflammatory and an ischemic process.

Chylous ascites
Disruption or obstruction of lymphatic drainage can 
lead to chylous ascites. The actual incidence of chylous 
ascites is unknown [20]. Extended lymph node dissec-
tion is not recommended for Wilms tumor, although 
lymph node sampling is mandatory [11]. Avoiding 
extended lymphadenectomy may help prevent the for-
mation of chylous ascites. Intraoperatively, care should 
be taken to ligate any disrupted lymphatics.

Increased abdominal girth and poor feeding should 
lead to the suspicion of chylous ascites [21]. Diagnosis 

is confirmed by evaluation of the white milky fluid 
obtained during paracentesis or exploratory laparotomy 
which will reveal a high triglyceride content 2–8 times as 
great as plasma, specific gravity greater than serum, and 
protein content �3 gm/dl [22]. Radiographic imaging 
also plays a role in diagnosis of chylous ascites, however 
it may be difficult to differentiate chyle from hemorrhage 
on CT scan [21]. In the supine position, a fluid–fluid 
level may develop with the nondependent layer consis-
tent with fat density.

Several treatment algorithms for management of 
postoperative chylous ascites exist in the adult literature, 
but may not necessarily apply to the pediatric popula-
tion [22,23]. The initial management of chylous ascites 
should be conservative, including total parenteral nutri-
tion (TPN) or a medium chain triglyceride (MCT). 
Small lymphatic leaks usually resolve with conservative 
management. Occasionally chylous ascites may require 
surgical intervention, such as direct ligation of leaking 
lymphatic channels or placement of peritoneovenous 
shunt. Weiser et al. reported on nine children with chy-
lous ascites following surgical treatment for Wilms 
tumor [20]. Seven patients were treated conservatively 
and completely resolved in 6–68 days (mean 26). The 
remaining two patients underwent exploratory laparot-
omy, one after failed conservative treatment and the 
other after presenting with increased abdominal girth 
and signs of an acute abdomen.

Outcomes

Surgeon experience
Surgeon experience may influence complication rates. 
Results from the NWTS-4 suggested a lower incidence 
of surgical complications among pediatric surgeons and 
pediatric urologists than among nonspecialized gen-
eral surgeons [9]. The prospective study comparing the 
NWTS and SIOP found a trend toward a lower incidence 
of complications in more experienced surgeons who had 
performed �10 nephrectomies for tumor in the previ-
ous 2 years.

Bilateral Wilms tumor
Synchronous bilateral Wilms tumor occurs in 4–6% of 
all patients with Wilms tumor [24]. Surgery for bilateral 
Wilms tumor has its own unique set of complications. 
Horwitz et al. demonstrated a 15.3% complication rate in 
their series of 98 children undergoing renal sparing sur-
gery [24]. The most common postoperative complication 
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was SBO in 7 of the 15 patients. The second most com-
mon complication was urine leak in four children (4.1%), 
the result of cutting across the collecting system during 
partial nephrectomy. Urine leak has been successfully 
managed with cystoscopic placement of double J stent.

Conclusion

Surgery remains an integral part of the multimodal 
treatment of Wilms tumor and other non-Wilms tumors 
of childhood. How the surgery is conducted has a great 
impact on tumor stage and therefore patient survival. 
Increased awareness of surgical morbidity has resulted 
in a decreased overall incidence of complications. 
Prevention of surgical complications starts with adequate 
preoperative imaging and sound surgical technique.
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Rhabdomyosarcoma
Barbara Ercole, Michael Isakoff and Fernando A. Ferrer

Introduction

Rhabdomyosarcoma (RMS) is one of the most common 
soft tissue sarcomas in children and was first described 
in 1850 by Wiener [1]. In children younger than 15 
years, RMS comprises 4–8% of malignant tumors. About 
15–25% of all RMSs are genitourinary in origin [2,3]. 
The category of pelvic RMS describes tumors arising 
in the bladder, prostate, uterus, and vagina. It does not 
include the pelvic retroperitoneal space or paratesticu-
lar regions. More than 75% of pelvic RMSs involve the 
bladder/prostate (B/P) [4].

Treatment principles

Initially, management of B/P RMS involved pri-
mary resection and/or exenteration combined with 

chemotherapy and radiotherapy. Development of 
multimodal treatments comprising of chemotherapy, 
radiotherapy, and bladder preservation expanded and 
progressed with the aid of multicenter trials led by the 
Intergroup RMS Study. This approach shifted the treat-
ment paradigm to primary chemotherapy and radio-
therapy after initial biopsy followed by surgery.

Treatment protocols as delineated by Children’s 
Oncology Group (COG) protocols for RMS are based on 
risk stratification. Patients are categorized into low risk, 
intermediate risk, and high risk. Low-risk patients include 
those with embryonal RMS (including botryoid RMS) 
occurring at favorable sites (orbit/head/neck, nonpara-
meningeal/GU, nonbladder/prostate, and biliary tract), 
and embryonal RMS with either completely resected dis-
ease or microscopic residual disease at unfavorable sites. 
Therapy is divided into subsets 1 and 2 based on stage, 
location, and clinical group. Patients in both subsets 
receive vincristine, actinomycin D, and cyclophosphamide 
(VAC) for 4 cycles. Those in subset 1 receive extra 4 cycles 
of vincristine and actinomycin D, while those in subset 
2 continue on 12 weeks of actinomycin D and vincristine. 

Key points

• 15–25% of all rhabdomyosarcomas are 
genitourinary in origin.

• Up to 20% of the time it will be impossible to 
determine if site is prostate or bladder.

• The treatment paradigm includes primary 
chemotherapy and radiotherapy after initial 
biopsy followed by surgery.

• The 6-year overall survival has been reported at 
82% for patients with nonmetastatic cancers.

• Treatment complications include inadequate 
biopsy, postresection positive surgical 

 margins, rhabdomyoblasts on post-treatment 
biopsy, hemorrhagic cystitis, bladder 
dysfunction, general surgical complications, 
chemotherapy and radiation-related 
complications, and recurrence.

• Rhabdomyoblasts on post-treatment biopsy do 
not require exenterative surgery.

• A significant percentage of children may suffer 
from bladder dysfunction post-treatment.
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Radiation therapy is given at week 13 for those patients 
who require local control.

Intermediate risk RMS includes most B/P primar-
ies. It is defined as incompletely excised nonmetastatic 
embryonal, alveolar, or undifferentiated RMS occurring 
at any unfavorable site, and metastatic embryonal RMS 
in children <10 years old. In general, complete excision 
at the initial procedure is impossible. Intermediate risk 
patients undergo an increased number of second-look 
operations and exenterative procedures. The COG pro-
tocol for intermediate risk patients includes a randomi-
zation of standard VAC chemotherapy as used on prior 
IRS protocols versus VAC alternating with cycles of 
vincristine/irinotecan, a combination that has been 
shown to have efficacy in patients with relapsed RMS [5].

High-risk patients have metastatic embryonal tumors 
at presentation and are older than 10 years. It also includes 
patients with metastatic alveolar or undifferentiated 
tumors [6]. Up front complete resection of primary tumor 
is rarely indicated. Initial biopsy is undertaken to establish 
diagnosis. Surgical resection is undertaken if metastatic 
disease is controlled (3–6 months), if biopsy proven residual 
tumor exists after external beam radiation, or if early local 
failure occurs after radiation or chemotherapy treatment. 
Previously unresectable primary tumors may be resected 
with partial cystectomy after chemotherapy or radiotherapy 
has caused shrinkage. Consideration for radical exentera-
tion should be given if there is no metastatic disease present 
after treatment and only local disease remains. Outcome 
for this group of patients has historically been very 
poor with <50% of patients surviving 3 years [7]. Therefore, 
the COG protocol for high-risk patients includes the use of 
standard VAC in combination with additional multiagent 
intensive chemotherapy. Alternating dose-intensive com-
pression cycles of vincristine, doxorubicin, cyclophos-
phamide with ifosfamide, and etoposide are utilized, in 
addition to an up front window of vincristine and iri-
notecan. The feasibility and toxicity of the vincristine/iri-
notecan combination, when given together with radiation 
therapy, will also be assessed.

Surgical principles

One of the initial goals of early management is pres-
ervation of renal function. If the patient presents 
with obstruction, early decompression is important. 
Management differs with presentation. If bladder outlet 
obstruction is present, it is best managed with urethral 
catheterization. The use of suprapubic drainage has been 

associated with the potential for tract seeding. Should 
ureteral obstruction be present, the preferred manage-
ment is with internal stents. However, in the setting of 
tumor involvement of the trigone, percutaneous neph-
rostomy tubes may need to be placed. These may be sub-
sequently internalized.

One of the principal goals of therapy is bladder func-
tion preservation. Initial management is with biopsy, 
delaying definite surgery until after chemotherapy, or 
after radiation therapy has caused shrinkage of the tumor. 
However, should complete resection be feasible at time of 
biopsy with preservation of bladder function, the tumor 
should be resected in its entirety.

In certain cases initial biopsy is done before establish-
ing a malignant diagnosis. This may result in a situation 
where gross residual tumor, microscopically positive 
margins, or margin status is unclear. At this juncture 
it is recommended that the concept of pretreatment 
re-excision be applied. In these cases a wide envelope of 
tissue is removed that includes normal margins. This pro-
cedure is done prior to administration of chemotherapy 
or radiation therapy.

Second look operations are performed to confirm 
clinical response, evaluate pathological response to ther-
apy, and remove residual tumor in patients who achieve 
clinical complete or partial response after chemotherapy 
or radiation therapy. If residual tumor or early failure or 
progression of disease after therapy is present, anterior 
exenteration with preservation of the rectum should be 
considered.

Outcomes

Available literature from IRS I–III states that bladder 
preservation is possible in approximately 60% of patients 
[8]. However, it is important to bear in mind that blad-
der preservation is not synonymous with normal func-
tion. Formal urodynamic testing and questionnaires 
were not performed during this time period [9,10].

The goal of IRS IV (1993–1997) was to improve over-
all event free survival and bladder preservation rate. 
Outcomes in patients with B/P RMS were reported by 
Ardnt et al. in 2004. Records of 88 patients with B/P RMS 
were reviewed. The majority of these tumors arose from 
the bladder (70%) and had favorable histology (80%). 
Seventy-four patients received radiation therapy and all 
received alkylating-based chemotherapy. The event free 
survival rate was 77% at a mean of 6.1 years of follow-up. 
The 6-year overall survival was 82% for patients with 
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nonmetastatic cancers. Of the 55 patients who retained 
their bladder, 40% had normal function as determined by 
history [11]. This percentage is lower than that reported 
in previous IRS studies and suggests underestimation of 
treatment impact on bladder function [10–12].

Treatment complications/management

Inadequate biopsy
Endoscopic biopsy of the primary lesion is frequently 
attempted using a pediatric resectoscope or cold-cup 
biopsy forceps. Because the loop size of the pediatric 
resectoscope is small, multiple samples may be needed 
to make an accurate diagnosis. Cautery artifact can 
mimic spindle cell appearance to the inexperienced 
examiner or destroy the sample entirely. Low cutting 
current should therefore be used when taking a loop 
biopsy. Alternatively, the loop can be used to cut out a 
wedge of tissue that can subsequently be retrieved [13]. 
Biopsy should be performed with an experienced onsite 
pathologist that can evaluate frozen section specimens 
and guide the surgeon.

If endoscopy reveals no mucosal abnormality, or if 
endoscopic biopsy is inconclusive, the surgeon should 
convert to an open biopsy. If laparotomy is performed 
for biopsy, preliminary evaluation of the pelvic and 
retroperitoneal nodes at or below the level of the renal 
arteries should be performed.

Postresection positive surgical margins
Intraoperative frozen section at the time of definitive 
resection can be difficult to interpret. This becomes a 
significant issue if up front continent reconstruction is 
performed at the time of extirpative surgery. Landers 
et al. described the use of Le Bag continent reconstruc-
tions in three children one of whom was 26 months. 
Unfortunately, despite initially negative frozen section 
analysis, permanent sections revealed residual viable 
tumor requiring local radiation and chemotherapy [14]. 
Similarly, Merguerian et al. performed reconstruction at 
the time of cystectomy in their patients, but simultane-
ously cautioned readers that frozen section is an unreli-
able predictor of residual disease, several of their patients 
had residual disease requiring adjuvant therapy or reop-
eration [15]. In addition, early reconstruction of irradi-
ated tissues may lead to impaired healing and an increase 
in postoperative complications.

The authors’ preference is to delay reconstruction. In 
cases where positive margins are found on permanent 

section consideration must be given to re-excision (when 
deemed feasible) or local radiotherapy with extended 
systemic chemotherapy should be given. Estimated vol-
ume of residual disease is an important consideration.

Rhabdomyoblasts only on post-treatment 
biopsy
Maturation of rhabdomyoblasts after chemotherapy has 
been observed by various investigators, and their clinical 
significance has been called into question [16]. Atra et al. 
reported a group of patients with residual “rhabdomy-
oblast” that did not go on to relapse during observa-
tion [17]. Subsequently, Heyn reported on 2/14 patients 
that had maturing cells on post-treatment biopsy that 
remained in remission [18]. Analysis of postcystectomy 
specimens has also demonstrated rhabdomyoblasts 
along with a reduction in cellularity in patients treated 
with chemotherapy suggesting that this pattern may be 
indicative of response to therapy. More recently, Chertin 
and coauthors reported the long-term follow-up of a 
patient with residual atypical cells after treatment with 
bladder RMS that has not recurred after 5 years [19].

Ortega et al. followed 6 patients with post-treatment 
biopsy showing mature rhabdomyoblasts [20]. All 6 
patients remained free of disease after a follow-up period 
of 37–237 months. The authors emphasized the impor-
tance of correctly identifying mature cells as those with a 
large smooth solitary nucleus, no significant pleomorh-
phism, no mitotic activity, and the absence of clusters 
of cells suggestive of growth from a common precursor 
[20]. Finally, a report by the COG clearly supporting 
observation for rhabdomyoblasts only has recently been 
published. Failure after apparent tumor cell maturation 
on biopsy has been reported; therefore, careful observa-
tion of these patients is required [21].

Hemorrhagic cystitis
The risk of hemorrhagic cystitis is related to the use of 
cyclophosphamide and ifosfamide. These agents are 
metabolized to form the bladder toxic byproduct acro-
lein. Fortunately, aggressive hydration and adminis-
tration of mesna, a compound that binds acrolein, 
decreases the incidence and severity of this complication 
[22,23]. Hemorrhagic cystitis can also be due to radia-
tion treatment of the pelvis and may occur years from 
the time of treatment. Unlike the chemotherapy agents 
cyclophosphamide and ifosfamide, there are no preven-
tive measures to decrease the incidence of hemorrhagic 
cystitis from radiation therapy other than modification 
of the irradiation field and dose.
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Hemorrhagic cystitis has been treated successfully 
utilizing a variety of methods; however, no method has 
been used consistently or is known to be universally suc-
cessful. Cases of mild hematuria respond to hydration 
and diuresis. Should the hematuria be more substantial, 
the practitioner may have to perform a clot evacuation 
and initiate continuous bladder irrigation. It is impor-
tant that the patient be clot free prior to starting contin-
uous bladder irrigation to prevent further clot formation 
and bladder overdistention. Because of the small urethral 
diameter in children, clot evacuation may be difficult 
and alternative approaches utilizing a suprapubic tube or 
cutaneous vesicostomy have been used in some cases.

Conjugated estrogens, either IV or PO, have been suc-
cessfully used. Estrogens act by stabilizing the microvas-
culature [24,25]. Hyperbaric oxygen has also been used 
in the treatment of radiation-induced hemorrhagic cys-
titis with a reported response rate range of 78–100% 
[26,27]. The authors have had success using this modal-
ity in several children.

Intravesical installations include aminocaproic acid, 
alum (aluminum ammonium sulfate or aluminum potas-
sium sulfate), silver nitrate, phenol, and formaldehyde. 
These are not without side effects. Aminocaproic acid 
forms hard clots that are not easily flushed and should not 
exceed 12 g daily due to risk of thromboembolic events 
[28]. Alum, silver nitrate, phenol, and formaldehyde 
should be avoided in patients with ureteral reflux due to 
the possibility of renal failure. Alum acts as an astringent 
agent [29] and has been associated with systemic toxicity 
[30]. Some authors have reported limited success with this 
agent. Silver nitrate causes a chemical coagulation, phenol 
destroys the urothelium, and while touted as an alterna-
tive to formalin its use has been limited [31].

Instillation of formalin at concentrations from 2% to 
10% requires general anesthesia but has been reported 
to be fairly effective. The authors advocate beginning at 
lower concentrations such as 2–4% [32,33]. Embolization 
has been successfully used in refractory hemorrhagic cys-
titis. Side effect of gluteal pain due to occlusion of the 
superior gluteal artery has diminished with the use of 
super selective embolization [34–36]. Should all other 
treatements fail, surgery is reserved as the final option 
for these patients when hemorrhagic cystitis becomes 
life threatening. Options include urinary diversion, open 
packing of the bladder, and cystectomy [37–39]. Urinary 
diversions may include bilateral percutaneous nephros-
tomy tubes or ileal loop diversions. The goal of diverting 
urine from the bleeding mucosa is to decrease the con-
tact time with urokinase to allow hemostasis.

Bladder dysfunction
The true incidence of bladder dysfunction in patients 
treated for RMS is unknown. It was not until recently that 
validated questionnaires and urodynamic studies have 
been used to assess functionality of the bladder. Soler 
et al. reported on 11 patients who were evaluated with 
urodynamics. Four of the 11 had urodynamic findings of 
reduced bladder capacity, 2 had over-activity and sensory 
urgency, 1 patient had sensory urgency, and 1 patient 
experienced suprapubic pain on filling [10]. Raney et al. 
reported 31% of patients over 6 years had some urinary 
incontinence as well as 27% of patients undergoing par-
tial cystectomy [40]. Yeung et al. reported on a limited 
number of patients, while not all had urodynamics, it was 
noted that a significant number of the group studied had 
bladder dysfunction [12].

These patients are at high risk for bladder dysfunction 
and thus require close monitoring of both the upper 
tracts and lower urinary tracts. A sensitive and easy tool 
to detect bladder dysfunction is the frequency-volume 
voiding chart. Standardized voiding dysfunction ques-
tionnaires can also be helpful. Upper tract US can detect 
hydronephrosis and postvoid residual evaluation can aid 
in the assessment of lower tract function. Should any 
child exhibit an abnormal voiding pattern, they should 
undergo formal urodynamic testing [12].

Patients demonstrating frequency, urgency may be 
treated with anticholinergics to relieve symptoms and 
improve continence, but should have formal lower tract 
evaluation. For patients with intractable urinary fre-
quency or incontinence bladder augmentation with or 
without bladder neck reconstruction and catheterizable 
channel should be considered. In particular, evaluation 
of the bladder neck competence must be performed as 
treatment may have affected sphincteric function [41].

Surgical complications in general
Surgery performed for treatment of RMS is associated 
with early and late effects. Higher complication rates are 
to be expected in patients with previous radiation and 
chemotherapy [41]. Urinary diversion carries its own 
complications namely ureteral obstruction, pouch stones, 
and cutaneous fistulas. Careful consideration as to which 
bowel used in a patient with history of pelvic radiation is 
recommended. In some instances transverse or sigmoid 
colon may be used for the diversion to avoid irradiated 
bowl segments. Merguerian et al. advocated reconstruc-
tion at time of cystectomy, though this carries the possibil-
ity of residual disease and subsequently requiring adjuvant 
therapy or re-operation [15]. Some patients are candidates 
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for definitive continent reconstruction if long-term cure 
has been achieved, defined as at least 2 years disease-free 
period, and the patient is motivated and mature enough 
to perform self-catheterization [42].

Reports by Lerner et al. delineated major early com-
plications of pelvic exenteration to include wound infec-
tion (24%), abscess formation (12%), fistula (12%), and 
malnutrition (12%), whereas late complications include 
hydronephrosis (35%) and bowel obstruction (24%) 
[43,44]. Late effects of surgery include loss of sexual 
function, fertility, and bladder function. There is also 
the possibility of secondary procedures. The most com-
mon secondary procedure is revision of urinary conduit. 
They also include lysis of adhesions, repair of fistulae, 
total cystectomy for bleeding or fibrosis, intra-abdominal 
abscess drainage, colostomy for rectal stricture, augmen-
tation vesicocecoplasty for low-capacity bladder, and 
lysis of ureteral obstruction [45].

Chemotherapy and radiation-related 
complications
Multiagent combination chemotherapy continues to 
be a standard component in the treatment of RMS [6]. 
However, the utilization of intense chemotherapeutic 
regimens and radiation therapy carries potential serious 
acute and long-term toxicities (Tables 34.1 and 34.2). 

In general, all patients should be screened with peri-
odic physical exams and complete blood counts after 
completion of therapy. Radiation therapy independ-
ently impacts bladder function (low capacity, frequency, 
urgency) as summarized by Fryer [46] and management 
would include clean intermittent catheterization or blad-
der augmentation.

Recurrence
Management of early recurrence includes early local radi-
ation for patients with residual disease and involvement of 
lymph nodes [50]. Unfortunately, recurrence of RMS after 
treatment carries with it a poor prognosis. Most relapses 
occur within 3 years of initial diagnosis. Attempts at pro-
longing life have included exenteration after chemo/radia-
tion. The estimated 5-year survival rate after relapse is 
64% for botryoid embryonal, 26% for other embryonal, 
and 5% for alveolar or undifferentiated pathology [51].

Conclusion

Despite improved overall survival, children with RMS of 
the pelvic organs continue to suffer from a wide range 
of treatment-related side effects and complications. 
Meticulous follow-up including careful evaluation of 
bladder function is required to assess the sequela of cur-
rent therapies.
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Testicular Tumors
Jonathan H. Ross

Introduction

Testis tumors are rare in children and fall into two cat-
egories in the pediatric population – prepubertal and 
postpubertal tumors. Tumors occurring in adolescents 
are the same as those seen in older adults, with nonsemi-
nomatous mixed germ cell tumors (NSMGCT) predomi-
nating. Benign tumors are uncommon in this population. 
The incidence of testis tumors in prepubertal children is 
0.5–2.0 per 100,000 children, accounting for only 1–2% 
of all pediatric tumors [1]. Teratomas are benign in chil-
dren and nearly all malignant tumors in children are 
yolk sac tumors. Unlike testicular tumors occurring in 
adolescents and adults, a large proportion, perhaps even 
a majority, of prepubertal testis tumors are benign [2,3]. 
Therefore the management of testis tumors in prepuber-
tal and postpubertal boys differs significantly.

The initial radiographic evaluation of children with a 
suspected testis tumor is limited. Because many prepu-
bertal testis tumors are benign, a metastatic evaluation is 
usually deferred until tissue confirmation of the tumor’s 

histology is obtained. However, when a malignancy 
is suspected (e.g. in children with an elevated alpha-
fetoprotein (AFP) level or in adolescents) a computerized 
tomography (CT) scan of the abdomen may be obtained 
preoperatively. Imaging of the primary tumor is some-
times helpful. Ultrasonography is most often employed. 
It is able to distinguish a testicular tumor from a benign 
extratesticular lesion or from a paratesticular rhabdomy-
osarcoma. The extent of testicular involvement can also 
be determined, which is helpful if testis-sparing surgery 
is being considered. The ultrasonographic appearance of 
specific testis tumors has been described. Unfortunately, 
ultrasound findings are too inconsistent to allow a defin-
itive diagnosis.

Tumor markers play an important role in the evalua-
tion and follow-up of childhood testis tumors. AFP is the 
most important tumor marker in prepubertal patients. 
AFP levels are elevated in 80–90% of children with a yolk 
sac tumor, and AFP has a biological half-life of approxi-
mately 5 days [4]. It should be kept in mind that AFP 
levels are normally quite high in infancy. An “elevated” 
level in a boy less than 1 year of age does not rule out 
the possibility of a benign tumor, such as teratoma [5]. 
In addition to AFP, the beta subunit of human chorionic 
gonadotropin (HCG) is an important marker in adoles-
cent testis tumors, but this is rarely elevated in children 

Key points

• Inguinal orchiectomy is the standard approach 
to testicular tumors in adolescents and in 
children with an elevated AFP level.

• Testis-sparing surgery should be considered in 
prepubertal patients with a normal AFP level.

• Scrotal violations are probably not critical, 
but local tumor spillage may require adjuvant 
treatments.

• The complication of ejaculatory dysfunction 
following RPLND can be avoided in nearly all 
patients with a nerve-sparing technique.

• To avoid surgical complications, meticulous 
technique, protection of retracted viscera, 
and a working knowledge of vascular surgical 
techniques are important when undertaking an 
RPLND.
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because the histologic types that lead to elevated human 
chorionic gonadotropin levels are rarely encountered in 
prepubertal testis tumors.

Surgical approach

The standard approach to a malignant testis tumor or 
paratesticular rhabdomyosarcoma is an inguinal orchiec-
tomy. Through an inguinal incision, the spermatic cord 
is isolated and clamped with a noncrushing clamp. The 
testis is then delivered into the inguinal incision with the 
tunica vaginalis intact. Once a testis tumor is confirmed 
by direct palpation, the cord is ligated and divided at the 
internal ring.

Increasing consideration has been given to perform-
ing testis-sparing surgery for benign testicular tumors 
[2]. This is particularly attractive in prepubertal patients 
because more than one-third of tumors are benign in this 
population. The preoperative evaluation plays a significant 
role in patient selection for testis-sparing surgery. An ele-
vated AFP level in a child over 1 year of age virtually always 
reflects the presence of a yolk sac tumor and precludes a 
testis-sparing approach. However, in infants (who nor-
mally have high AFP levels) and older children with a nor-
mal AFP, the likelihood of a benign tumor is considerable. 
This is also true in boys presenting with and rogenization. 
For these patients an inguinal exploration should be con-
sidered so that testis-sparing surgery may be performed 
if a benign histology is confirmed. The initial approach is 
the same as for an inguinal orchiectomy. Once the testis is 
delivered into the inguinal incision (the cord having been 
clamped with a noncrushing clamp), the field is draped 
off with towels and the tunica vaginalis is opened. The 
tumor is excised with a margin of normal parenchyma or 
enucleated and sent for frozen section. If a benign histol-
ogy is confirmed, then the testicular defect is closed with 
absorbable suture and the testis is returned to the scrotum. 
Reports from small series suggest that testis-sparing is safe 
and effective in preserving testicular tissue with no reports 
of local recurrence of benign tumors managed in this fash-
ion [6]. If a malignancy is detected, or the frozen section is 
nondiagnostic, then an orchiectomy is performed.

After orchiectomy, children with malignant testicu-
lar tumors or paratesticular rhabdomyosarcoma require 
additional evaluation and therapy. The type of adjunc-
tive management selected will depend on the histology 
of the primary tumor and the results of radiographic 
and biochemical studies. The intensity of follow-up 
also depends on the malignant potential of the primary 

tumor. Prepubertal patients with stage 1 yolk sac tumor 
whose AFP normalizes postoperatively are managed 
with observation. Patients with radiographic or bio-
chemical evidence of metastatic disease, and those stage 
1 patients who recur on observation, are treated with 3 
or 4 cycles of platinum-based multiagent chemotherapy. 
Retroperitoneal surgery is undertaken only in the rare 
event of equivocal lymph node involvement on CT scan 
with normal markers or in the event of a persistent retro-
peritoneal mass following chemotherapy.  Retroperitoneal 
lymph node dissection (RPLND) is employed more fre-
quently in adolescents with NSMGCT. It may be under-
taken in select patients as a staging and therapeutic 
approach to clinical stage 1 disease or in stage 2 patients 
with limited retroperitoneal disease. It is also undertaken 
for patients with a persistent mass following chemother-
apy – a more common occurrence in adolescents than 
in prepubertal patients. RPLND also plays a role in the 
management of patients with paratesticular rhabdomy-
osarcoma. It is indicated as a staging procedure in adoles-
cents with clinical stage 1 disease and is also indicated in 
all patients (prepubertal or postpubertal) with apparent 
lymphatic involvement on CT scan. From a surgical point 
of view then, all patients with a testis tumor will undergo 
an orchiectomy or test-sparing tumor excision and a 
select group of patients will undergo an RPLND as well.

Orchiectomy: Outcomes and 
complications

Inguinal orchiectomy provides excellent local control 
for testicular cancer in prepubertal and postpubertal 
patients. Local recurrence is extremely rare and occurs 
almost exclusively in the context of local tumor spillage. 
Guidelines for the surgical management of testicular can-
cer have emphasized the importance of avoiding scrotal 
violation in removing these tumors. Despite this stand-
ard, a significant number of patients in single institution 
reports and in multicenter clinical trials have had scrotal 
violations occur. Studies in prepubertal and postpubertal 
patients suggest that these violations do not affect overall 
survival [7,8]. Scrotal violations occur in three settings. 
First, someone with a testicular cancer may have had pre-
vious unrelated scrotal surgery, such as an orchidopexy for 
an undescended testicle. These patients may be at risk for 
inguinal lymphatic spread. While inguinal lymphadenec-
tomy is not recommended, careful observation of the 
inguinal lymph nodes during evaluation and follow-up 
is prudent. A second type of scrotal violation involves 
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extracting the tumor intact through a scrotal incision. 
Finally, patients may have a scrotal violation with poten-
tial tumor spillage such as might occur with a transcrotal 
biopsy or violation of the tumor capsule during a tran-
scrotal excision. Local recurrence in the absence of tumor 
spillage or violation is exceedingly rare and can occur 
whether the approach is scrotal or inguinal. An inguinal 
approach is still recommended as a way to avoid tumor 
spillage or cutting across tumor that may involve the sper-
matic cord. However, a scrotal violation in the absence of 
tumor spillage probably does not require any additional 
local therapy, though once the error is recognized, a sepa-
rate inguinal incision should be made to remove that por-
tion of the spermatic cord. If tumor spillage does occur 
during a scrotal violation, then consideration should be 
given to hemiscrotectomy or other adjuvant therapy.

Complications following inguinal orchiectomy are rare. 
Bleeding occasionally occurs and is best prevented by close 
attention to hemostasis in the soft tissues of the scrotum 
and appropriate control of the spermatic cord at the inter-
nal ring. Bleeding from the spermatic cord can be difficult 
to control once the cord is divided and retracts into the 
retroperitoneum. This can be prevented by controlling the 
cord with a suture ligature and a more proximal free tie. 
The cord cannot retract from the suture ligature and the 
more proximal free tie will prevent tracking into the ret-
roperitoneum of any bleeding inadvertently caused by the 
suture ligature. Following the orchiectomy, the scrotum 
should be inverted into the inguinal incision for fulgura-
tion of any bleeding tissue or vessels. When postoperative 
bleeding does occur, whether in the scrotum or retroperi-
toneum, it is best managed conservatively without explo-
ration. In addition to the direct consequences of bleeding, 
a retroperitoneal hematoma can interfere with the inter-
pretation of staging CT scans since a retroperitoneal 
hematoma may be confused for adenopathy [9]. When a 
pelvic mass without higher retroperitoneal involvement 
is seen on a postorchiectomy CT scan, a retroperitoneal 
bleed is more likely than metastatic disease. Magnetic 
resonance imaging can sometimes make the distinction 
in difficult cases. However, to prevent this confusion it is 
best to obtain abdominal imaging prior to orchiectomy in 
cases suspicious for cancer.

RPLND: Outcomes and complications

In 1977, Donahue described the classic suprahilar bilat-
eral retroperitoneal lymph node dissection for testicular 
cancer [10]. The operation held significant morbidity, 

particularly loss of ejaculatory function due to disrup-
tion of the lumbar sympathetic chains and hypogastric 
plexus. However, in the era when chemotherapy and 
radiation were largely ineffective for metastatic disease, 
radical surgical clearance was of paramount impor-
tance and the associated morbidity was acceptable. 
Over the years both the effectiveness of chemotherapy 
and an increased understanding of retroperitoneal neu-
roanatomy have led to an evolution in the approach to 
RPLND [11]. Currently, the nerve-sparing technique is 
employed at most centers for patients with low-stage dis-
ease undergoing RPLND – whether unilateral or bilateral 
(Figure 35.1). Since RPLND is rarely indicated in prepu-
bertal patients, there is no data to support the feasibil-
ity of nerve-sparing for this group. For children with 
paratesticular rhabdomyosarcoma and limited positive 
retroperitoneal nodes, a modified unilateral template is 
appropriate. The same is true for children with yolk sac 
tumor and a persistent mass following chemotherapy. 
Whether children with more extensive lymphadenopa-
thy should undergo a more extensive bilateral dissection 
is unclear since there is no data delineating the onco-
logic benefit in these rare clinical situations. The uncer-
tain oncological benefit must be weighed against the 
increased morbidity of the more extensive operation. In 
prepubertal children with yolk sac tumor, normalization 
of AFP, and an equivocal node(s) on abdominal CT, an 
excisional node biopsy is adequate for staging purposes. 
The result of the biopsy will then determine whether 
adjuvant chemotherapy is indicated. Unless other-
wise noted, the discussion below reflects the results for 
RPLND primarily in adults, which should be similar to 
those for adolescents with NSMGCT.

The oncological effectiveness of RPLND is reflected 
in the very low incidence of retroperitoneal recurrence 
[11–13]. Surgical complication rates of primary RPLND 
for low-stage disease range from 11% to 32% with lower 
rates in more recent series [13–15]. In a series of 478 
patients treated at Indiana University the most common 
complication was a superficial wound infection account-
ing for nearly half of the patients with complications 
[14]. Most major complications were related to small 
bowel obstruction (SBO) or atelectasis. Complications 
were twice as common in patients undergoing a bilateral 
dissection as those undergoing a unilateral approach. 
Ejaculation was preserved in 98% of those undergoing a 
nerve-sparing approach. The more common complica-
tions following RPLND in a recent study from Germany 
are shown in Table 35.1. Other complications occur-
ring in fewer than 1% of patients included late bleeding, 
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pulmonary embolism, SBO, and deep vein thrombosis 
(DVT). In this study of nerve-sparing RPLND antegrade 
ejaculation was preserved in 93%.

Loss of ejaculation/infertility

The key to preserving ejaculation is maintenance of the 
sympathetic chains which arise behind the vena cava on 
the right side and dorsolateral to the aorta on the left side 
(Figures 35.2 and 35.3). The T12–L4 nerve fibers travel 
anterocaudally to decussate on the anterior surface of the 

aorta and form the hypogastric plexus as they course over 
the aortic bifurcation. The nerve roots should be identified 
early in the dissection in order to minimize this complica-
tion. With nerve-sparing techniques antegrade ejaculation 
is preserved in nearly all patients (Table 35.2). However, in 
patients with more advanced disease, this may not be pos-
sible. When retrograde ejaculation occurs, it can be treated 
with a short course of imipramine [16]. Electroejaculation 
or testis biopsy can also be employed to achieve a preg-
nancy [17,18].

While nerve-sparing modifications of the RPLND 
have preserved ejaculation, fertility rates among patients 
who have undergone an RPLND are affected by other 
aspects of their treatment and the underlying disease 
itself. Interestingly, fertility rates are higher among men 
with stage 1 disease who undergo nerve-sparing RPLND 
than among those managed on surveillance [19]. This is 
due to the fact that a higher percentage of men on surveil-
lance ultimately require more intense systemic therapy for 
recurrence. In men undergoing nerve-sparing RPLND 
for low-stage disease fertility rates of 75% and 84% have 
been reported [11,20]. Interpreting fertility results in tes-
tis tumor patients following RPLND is difficult since the 
causes are multifactorial. Following unilateral orchiec-
tomy alone, sperm cell count is highly impaired 1–4 weeks 

(a) (b)

Figure 35.1 (a) The right-sided modified unilateral template in which the interaortocaval lymph nodes are included while the left 
para-aortic lymphatic tissue remains undisturbed. (b) The left-sided modified unilateral template includes the upper interaortocaval 
group and left para-aortic lymphatic tissues. The lower right para-aortic region remains undisturbed. (Reproduced from Donohue 
JP and Foster RS, Urol Clin North Am 1998;25:461–78, with permission from Elsevier.)

Table 35.1 Complications of RPLND. 

Complication Incidence (%)

Superficial wound infection 5.4
Ileus 2.1
Chylous ascites 2.1
Lymphocele 1.7
Hydronephrosis 1.3

Source: Data from Heidenreich et al. [13].
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Figure 35.2 A schematic diagram of the lumbar sympathetic nervous system 
and its relation to the great vessels. Note the sympathetic ganglia L2–L4, the 
hypogastric plexus and terminal nerve trunks. (Reproduced from Donohue JP 
and Foster RS, Urol Clin North Am 1998;25:461–78, with permission from 
Elsevier.)
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Figure 35.3 The right postganglionic fibers L1–L4 arise from the right sympathetic trunk dorsal to the cava, emerge into the 
interaortocaval and preaortic area, where they commingle with splanchnic fibers in larger trunks. These are prospectively identified 
and isolated before lymphadenectomy. (Reproduced from Donohue JP and Foster RS, Urol Clin North Am 1998;25:461–78, with 
permission from Elsevier.)
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after surgery in 60–70% of patients, but improves over 
2–3 years. Recovery of spermatogenesis is delayed by a year 
for those receiving chemotherapy, and high-dose therapy 
reduces the chances of ultimate recovery [21]. Adults 
undergoing chemotherapy for testis tumor nearly all 
become azoospermic, though most recover spermatogen-
esis within 4 years [22]. Semen cryopreservation should 
be offered to all postpubertal patients undergoing treat-
ment for testis cancer. Long-term data in children under-
going therapy for testis cancer is sparse. The Intergroup 
Rhabdomyosarcoma Study Committee reported the long-
term health consequences of 86 children treated for para-
testicular rhabdomyosarcoma from 1972 to 1984, most 
of whom had some form of RPLND. Elevated follicle-
stimulating hormone or azoospermia occurred in more 
than half for whom data was available [23].

Bleeding

Major intraoperative bleeding is a rare, but significant 
problem when it occurs. Surgeons undertaking RPLND 
must be skilled at basic vascular surgery techniques as a 
significant percentage of patients will require repair of 
an intraoperative vascular injury. Repair of inadvertent 
injuries to the vena cava or aorta can be easily accom-
plished with fine vascular suture. Inadvertent injuries 
to the renal arteries can be more problematic occasion-
ally resulting in nephrectomy [24]. Rarely, resection and 
replacement of portions of the vena cava or aorta may be 
necessary in patients with advanced disease. Immediate 
availability of an experienced vascular surgeon is essen-
tial when undertaking these more complicated cases.

Ileus/small bowel obstruction

Some degree of ileus is inevitable following a major 
transperitoneal operation. The risk of prolonged ileus 

and SBO may be minimized by limiting manipulation of 
the bowel. Retractors that lift up and away from the field 
such as self-retaining Deaver or sweetheart retractors 
can be helpful. Minimizing the duration of bowel retrac-
tion is also important. Self-retaining retactors should be 
released on a regular basis (e.g. every 45 min) and the 
bowel examined for impending injury. Once the opera-
tion is complete, the bowel should be returned to its 
normal anatomic position. Some surgeons favor tacking 
the bowel back in place with absorbable sutures, though 
the efficacy of this approach is unproven. Prolonged 
nasogastric (NG) tube drainage has not been shown to 
be important for preventing prolonged ileus/SBO and 
the NG tube can be removed on the first postoperative 
day. Early ambulation may also stimulate bowel activity. 
SBO may be more common in children. Festen reported 
a 2.2% incidence of SBO following 1476 abdominal 
operations in infants and children [25]. Eighty percent 
of cases occurred within 3 months of surgery and 70% 
were due to a single adhesive band.

Patients who recover bowel function postoperatively 
and then re-present weeks or months later with com-
plete bowel obstruction with no flatus or stool should 
undergo immediate laparotomy. When partial SBO 
occurs, it can usually be managed conservatively with 
NG tube suction, intravenous fluids, aggressive monitor-
ing for and correction of electrolyte abnormalities, and 
serial radiographs [26]. Akgur et al. found that conserva-
tive management of SBO in children was successful in 
74% of cases. However, these patients were more likely to 
suffer future recurrent SBO than those managed initially 
with lysis of adhesions (36% versus 19%) [27]. An ele-
vated white blood cell count with a left shift and persist-
ent localized pain following NG decompression suggest 
possible compromise of the bowel and early exploration 
should be considered in those cases.

In addition to SBO, patients presenting with abdominal 
pain, nausea, and vomiting following RPLND may have 
pancreatitis. This is presumably secondary to elevation 

Table 35.2 Oncologic and ejaculatory results of RPLND.

Study Type of dissection Retroperitoneal recurrence (%) Ejaculation preserved (%)

Weissbach et al. [12] Bilateral 1.5  34
 Unilateral 2.4  74
Heidenreich et al. [13] Nerve-sparing (88% unilateral) 1.2  93
Donohue et al. [11] Unilateral nerve-sparing 0.6 100
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and retraction of the pancreas when obtaining exposure. 
Serum amylase and lipase should be obtained in patients 
with persistent symptoms postoperatively.

Deep vein thrombosis

While very rare in children, pulmonary embolism is a 
potentially fatal complication of RPLND in adults. Most 
surgeons prefer to avoid the prophylactic use of antico-
agulants because of concern for lymphatic leaks and lym-
phoceles. PAS stockings have been shown to be equally 
effective for preventing DVTs and should be considered 
for adolescent patients. For PAS stockings to be effective, it 
is crucial that the stockings be applied and activated before 
the induction of anesthesia. They should be maintained 
postoperatively and early ambulation is encouraged. 
Frequent physical examination and prompt radiographic 
evaluation of signs of DVT with early intervention are 
important for preventing pulmonary embolism.

Chylous ascites

Chylous ascites can be a debilitating complication of 
RPLND, which usually presents with abdominal disten-
sion. The diagnosis can be made by paracentesis. The aspi-
rated fluid will be high in triglyceride, total protein, and 
cholesterol concentrations and have a cellular differential 
that is primarily lymphocytes [28]. The complication can 
be prevented by meticulous attention to hemostasis and 
control of lymphatic channels. All significant lymphatic 
vessels should be ligated or clipped. Ligatures should also 
be applied at the superior and inferior limits of the dissec-
tion, particularly where the lymphatic tissue exits the field 
at the renal hilum. Chylous ascites most commonly occurs 
in patients with prolonged courses of preoperative che-
motherapy and in those with a large intraoperative blood 
loss – particularly during a postchemotherapy RPLND 
[29]. Most patients can be managed without surgery. 
Conservative therapy includes a combination of paracen-
teses, medium-chain triglycerides, and total parenteral 
nutrition with a selective use of abdominal drains [29,30]. 
While occasional patients will respond to observation or 
dietary changes, most require TPN. With conservative 
management the ascites will usually resolve within a few 
months. Use of somatostatins may also be helpful [31]. 
Those that fail conservative management will require 
placement of a peritoneovenous shunt. Occasionally early 
re-exploration and ligation of the offending leak can be 

accomplished [32]. Feeding the patient a high-fat diet up 
to 6 h before surgical exploration may facilitate intraop-
erative identification of the offending leak. There is little 
information regarding the management of chylous ascites 
in prepubertal patients, though the same approach used in 
adults seems reasonable [33].

Surgical approach and morbidity

While an anterior transperitoneal approach is still 
favored at most institutions, alternative approaches have 
been employed in an attempt to reduce morbidity. An 
extraperitoneal approach has been advocated for exci-
sion of residual masses following chemotherapy [34]. 
Reported advantages include the ability to excise coexist-
ing thoracic masses when a thoracoabdominal extraperi-
toneal approach is used, improved access to nodes above 
and behind the renal vessels, and a more rapid postop-
erative recovery. Increasingly popular has been a laparo-
scopic approach – particularly for primary RPLND in 
patients with low-stage disease. An initial report of 20 
patients in 1994 utilizing a modified unilateral template 
reported ejaculation in all patients and no retroperito-
neal recurrences [35]. However, significant complica-
tions, most commonly bleeding, occurred in 30% of 
patients. In contrast, a 2001 report of 125 patients under-
going laparoscopic RPLND reported only two conver-
sions for bleeding, no major complications, and only 13 
minor complications [36]. More recent reports suggest 
that laparoscopic RPLND utilizing a modified unilateral 
template and, in some cases, nerve-sparing, can be per-
formed with less morbidity and an improved quality of 
life compared to open techniques [37,38]. Laparoscopic 
RPLND has also been performed retroperitoneally 
[39–41]. Retroperitoneal recurrence is a serious problem 
and no compromise on the extent of dissection should 
be accepted to accommodate a laparoscopic approach.

Complications in postchemotherapy 
RPLND

Not surprisingly, complications are more common in 
patients undergoing RPLND following chemotherapy 
for disseminated disease. A report of such patients from 
Indiana University reported a 30–50% intraoperative 
complication rate and a 7–14% postoperative complica-
tion rate including ascites, wound infection, prolonged 
ileus, pancreatitis, acute renal failure, and atelectasis 
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[42]. Patients with higher stage disease had a higher rate 
of complications and more frequent need for additional 
intraoperative procedures including nephrectomy, IVC 
resection, bowel resection, hepatic resection/biopsy, arte-
rial grafting, caval thrombectomy, adrenalectomy, and 
cholecystecomy. Christmas et al. reported on 98 patients 
undergoing a postchemotherapy RPLND. Some type of 
vascular procedure was required in nearly all patients 
including 14 nephrectomies, 35 IMA ligations, 2 aortic 
grafts, and 2 IVC ligations [43]. Complete macroscopic 
resection of residual disease was possible in 97% of 
patients. In another series, 10 of 710 patients undergo-
ing postchemotherapy RPLND required intraopera-
tive or postoperative aortic grafting (for aortic rupture 
or aortoenteric fistula) [44]. Preemptive intraoperative 
grafting should be considered when there is extensive sub-
adventitial dissection, a duodenal enterotomy or extensive 
serosal bowel violation. A 7% rate of caval resection or 
thrombectomy has been reported in patients under-
going a postchemoterapy RPLND [45]. Not only are 
complications more common in those undergoing a 
postchemotherapy RPLND, but also the occurrence 
of complications in these patients has been shown 
to adversely affect their disease-free survival [46]. 
Ejaculatory dysfunction is also more common following 
postchemotherapy RPLND due to the difficulty in pre-
serving the sympathetic nerves in this group of patients. 
Among 472 patients undergoing postchemotherapy 
RPLND, Coogan et al. reported that 20% were amenable 
to a nerve-sparing approach [47]. Seventy-six percent of 
these patients reported normal ejaculation.

Summary

Orchiectomy and testis-sparing tumor excision are 
relatively straightforward procedures with low com-
plication rates. However, meticulous hemostasis and 
adherence to oncological surgical principles are impor-
tant. RPLND is the operation that carries the greatest 
risk of complications for patients with testicular can-
cer. Loss of ejaculation – an expected outcome decades 
ago – can now be avoided in nearly all patients with 
low-stage disease. Knowledge and implementation of 
sound vascular surgical techniques is crucial to anyone 
undertaking the operation. Chylous ascites, while rare, 
can be a major complication requiring prolonged man-
agement until resolution. Finally, efforts to avoid the 
complications of any major intraabdominal operation 
– atelectasis, ileus, SBO, DVT, and PE – should be made. 

These efforts include attention to all aspects of preop-
erative, intraoperative, and postoperative management. 
Fortunately most patients undergoing operations for 
testicular tumors are young and otherwise healthy. But 
complications still occur, particularly in patients under-
going postchemotherapy RPLND.
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Adrenal Tumors
Bruce Broecker and James Elmore

Introduction

Although adrenal tumors in children are rare, several of 
these tumors are of particular clinical importance. These 
tumors, which may be benign or malignant, can be hor-
monally active and infiltrative at times causing dramatic 
clinical presentations as well as lethal outcomes. As a 
result, surgery poses a distinct challenge. Removing them 
without complication requires a firm understanding of 
adrenal anatomy, with variations, and of adrenal hor-
monal biochemistry and physiology. Surgical techniques 
must be particularly meticulous, and recognition of the 
signs and symptoms of an excess or deficiency of the 
hormonal products of the adrenal cortex and medulla is 
essential knowledge. This chapter will summarize some 
of the important surgical considerations of the most 
common childhood adrenal tumors.

Adrenal anatomy

The adrenal glands (Figure 36.1) lie within Gerota’s 
fascia and are separated from kidney by a thin layer of 

connective tissue. The left adrenal gland is semilunar 
in shape and lies lateral to the aorta and posterior to 
the pancreas. The right adrenal gland is pyramidal in 
shape and lies posterior to the vena cava and superior 
and medial to the upper pole of the right kidney. Both 
glands are supplied by paired superior, middle, and infe-
rior adrenal arteries. The superior adrenal artery arises 
from the inferior phrenic artery, which is a branch of 
the aorta. The middle adrenal artery arises from the 
lateral aspect of the aorta near the superior mesenteric 
artery. The inferior adrenal artery is typically a branch of 
the main renal artery, though it may also arise from an 
upper pole renal artery. Venous drainage of each adrenal 
gland is typically a single vein. The right adrenal vein is 
short and passes directly into the posterior aspect of the 
inferior vena cava. Occasionally accessory right adrenal 
veins are present and join the inferior vena cava superior 
to the right adrenal vein. The left adrenal vein drains into 
the superior aspect of the left renal vein.

Adrenal physiology/biochemistry

The adrenal gland consists of a cortex and medulla, which 
function independently. The cortex makes up approxi-
mately 80% of the weight and volume of the adrenal gland 
and is composed of three distinct zones – an outer zona 

Key points

• Adrenal surgery in children consists of 
adrenalectomy, performed for removal of an 
adrenal tumor – benign or malignant.

• The tumors that are encountered in 
children include adrenal neuroblastoma, 
pheochromocytoma, and adrenal cortical 
carcinoma.

• Neuroblastoma is the most common adrenal 
tumor in children.

• Pheochromocytoma, which may be benign or 
malignant, and adrenal cortical carcinoma are 
extremely rare.

• Surgical complications consist of injuries 
to adjacent organs or structures and the 
untoward effects of stimulation or removal of a 
hormonally active gland and/or tumor.
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glomerulosa, a middle zona fasciculata, and an inner zona 
reticularis. These zones are responsible for the production 
of aldosterone, cortisol, and adrenal androgens, respec-
tively. Adrenal cortisol production is regulated primarily 
by the pituitary hormone adrenocorticotropic hormone 
(ACTH). Aldosterone is the major mineralocorticoid 
produced by the adrenal gland and regulates fluid and 
electrolyte balance by stimulating sodium retention and 
potassium and hydrogen ion secretion in the distal convo-
luted tubule of the kidney. The renin-angiotensin system 
and plasma potassium concentrations are the principal 
regulators of aldosterone secretion whereas ACTH and 
plasma sodium are minor contributors. The major hor-
mones produced by the zona reticularis are dehydroepi-
androsterone (DHEA) and androstenedione, both weakly 
androgenic hormones.

The medulla is composed of specialized neuroen-
docrine cells, the chromaffin cells, and is richly inner-
vated by preganglionic sympathetic nerves. The adrenal 
medulla produces the catecholamines epinephrine and 
norepinephrine from the metabolism of tyrosine. 
Excitation of the medulla stimulates a discharge of cat-
echolamines from intracellular granules and results in 
the classically described “fight or flight” response. The 
physiologic effects of catecholamine release are mediated 

by alpha- and beta-adrenergic receptors of target organs 
and tissues and include a rise in blood pressure, tachy-
cardia, sweating, and pupillary dilation.

Adrenal insufficiency: Symptoms

Adrenal insufficiency can occur following bilateral 
adrenalectomy or unilateral adrenalectomy if the con-
tralateral adrenal gland is absent or nonfunctional. 
Bilateral adrenalectomy is almost never necessary or 
performed in children, and adrenal insufficiency is easily 
avoided by appropriate hormonal replacement. However, 
unsuspected absence or nonfunction of the contralateral 
adrenal gland may give rise to acute adrenal insufficiency 
following unilateral adrenalectomy resulting in “adre-
nal crisis.” The symptoms are well defined and mainly 
attributable to mineralocorticoid deficiency. Symptoms 
include hypotension, fever, abdominal pain, nausea, and 
weakness. Laboratory findings include hyponatremia, 
hyperkalemia, hypoglycemia, and azotemia. Acute adre-
nal insufficiency may be difficult to distinguish from 
septic shock. In Waterhourse–Friderichsen syndrome 
the two coincide secondary to an overwhelming bacte-
rial infection, classically by Neisseria meningitidis, which 
results in massive bilateral adrenal hemorrhage.

Right inferior phrenic artery

Right inferior
pole adrenal

artery

Right adrenal artery

Left superior
adrenal artery

Left 
adrenal
vein
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adrenal
artery

Figure 36.1 Anatomy of the adrenal glands. (Adapted from Hohenfellner R, Fitzpatrick J, and McAninch J (eds), Advanced Urologic 
Surgery, 3rd edn. Oxford: Blackwell Publishing, 2005, with permission from Blackwell Publishing.)
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Adrenal hypersecretion: Symptoms

Adrenal hypersecretion as a complication of adrenal sur-
gery can occur during resection of pheochromocytoma 
and represents an outpouring of catecholamines during 
surgical manipulation. Symptoms include tachycardia 
and malignant hypertension.

Proper preoperative preparation of the patient with 
known pheochromocytoma will substantially reduce 
the occurrence of these potentially lethal symptoms (see 
section “Prevention of Complications”). Adrenal hyper-
secretion also occurs in patients with adrenocortical car-
cinoma. In children, 95% of these tumors are hormonally 
active. The most common products are the androgenic 
hormones leading to virilization. Less commonly they 
produce glucocorticoids leading to Cushing’s syndrome 
and very rarely aldosterone or estradiol (feminizing) pro-
ducing tumors have been reported in children.

Specific tumors

Neuroblastoma: Overview
Neuroblastoma is a malignant tumor of neural crest 
origin and is the most common extracranial solid 

neoplasm found in children. Most occur between birth 
and 4 years of age. It accounts for 8–10% of all child-
hood cancers [1]. The overall incidence of neuroblas-
toma is approximately 1 case per 10,000 persons, with 
approximately 525 newly diagnosed cases in the United 
States each year [2]. Neuroblastoma occurs wherever 
there are sympathetic ganglia – the neck, thorax, retro-
peritoneum (abdomen), and pelvis. Approximately 75% 
of neuroblastomas arise in the retroperitoneum, 50% in 
the adrenal, and 25% from the paravertebral ganglia [2].

The presenting signs and symptoms are variable and 
reflect the effect of the tumor, metastatic disease, and/
or tumor hormone production. An abdominal mass, 
malaise, bone pain due to metastasis and anemia reflect-
ing bone marrow involvement are common.

The most common current staging system is the 
International Neuroblastoma Staging System (INNS), 
which is based on resectability and has replaced the Evans’ 
system (Table 36.1). One of the significant features in the 
outcome of patients with neuroblastoma is the fact that 
the majority present with high-stage disease – 70% have 
metastatic disease at presentation [2].

Biology of the tumor determines the treatment given 
with a risk-based approach incorporating the following 
factors: age, stage, MYC status, histopathology (Shimada 

Table 36.1 International Neuroblastoma Staging System (INSS) and Evans’ staging system.

Evans’ classification International Neuroblastoma Staging System

Stage I: tumor confined to the organ or  Stage 1: localized tumor confined to the area of origin; complete gross excision with
structure of origin or without microscopic residual disease; ipsilateral or contralateral lymph nodes 
 are microscopically negative

Stage II: tumor extending in continuity  Stage 2a: unilateral tumor with incomplete gross excision; ipsilateral or
beyond the organ or structure of origin  contralateral lymph nodes are microscopically negative
but not crossing the midline; regional  Stage 2b: unilateral tumor with complete or incomplete gross excision; ipsilateral
lymph nodes on ipsilateral side may be  lymph nodes microscopically positive, contralateral lymph nodes microscopically
involved negative

Stage III: tumor extending in continuity  Stage 3: tumor infiltrating across the midline with or without regional lymph
beyond the midline; regional lymph  node involvement or unilateral tumor with contralateral lymph node involvement
nodes may be involved bilaterally or midline tumor with bilateral lymph nodes involvement

Stage IV: remote disease involving the  Stage 4: disseminated tumor to bone, bone marrow, liver, distant lymph nodes,
skeleton, bone marrow, soft tissue, or  and/or other organs
distant lymph nodes

Stage IVs: Stage I or II except for the  Stage 4s: localized primary tumor – stage 1 or 2 – with dissemination limited to
presence of remote disease confined to  liver, skin, or bone marrow
the liver, skin, or bone marrow
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classification), and DNA ploidy. Surgery is the founda-
tion of treatment for those with localized disease which, 
when completely excised, allows an excellent survival 
[3]. A number of multiagent chemotherapy regimens 
have been developed to treat high-risk patients. Survival 
in these patients remains poor, and there is an ongoing 
search for more effective agents. The role of aggressive 
surgery in patients with advanced disease is not clear [4].

Neuroblastoma: Surgical complications
There are no studies that systematically and specifi-
cally measure the risk of adrenal surgery in children 
with neuroblastoma. The available literature, however, 
suggests that a significant degree of morbidity can be 
expected. Neuroblastoma is an infiltrative tumor aris-
ing adjacent to major vascular structures and resection 
of the tumor inevitably involves significant risk of injury 
to those structures. Complication rates reported vary 
widely reflecting not only biologic features such as age, 
stage, and location of the tumor but also very much the 
aggressiveness of the surgeon’s efforts to achieve a com-
plete resection in advanced tumors and the criteria or 
definition of a surgical complication. A report by Cantos 
noted a 67% overall surgical complication rate associ-
ated with an intensive treatment protocol for high-risk 
neuroblastoma but included hypertension, the use of 
total parenteral nutrition, and the need for pain manage-
ment consultation among the postoperative complica-
tions [5]. The most common complication in this series 
was hemorrhage requiring transfusion which occurred 
in 86% patients. Von Schwienitz reported “clinically rele-
vant” surgical complications occurring in 19.2% of 2112 
operations for neuroblastoma (all sites), which included 
hemorrhage (3%), intestinal obstruction (3%), and renal 
complications (2.3%) [6]. No difference was noted in the 
incidence of complications when stratified by stage, age, 
site (abdominal versus thoracic), or initial versus delayed 
resection. Also of note, 20 surgical complications (1% of 
all operations) contributed directly to the patient’s death. 
In several smaller series major vascular injury (4%), 
intestinal infarction, splenic injury (requiring splenec-
tomy), intussusception, and chylous ascites have been 
reported in the early perioperative period [7].

The kidney appears to be at particular risk in patients 
with abdominal neuroblastoma, though probably more 
so with those arising from the sympathetic plexus rather 
than the adrenal gland itself. Shamberger reported 
nephrectomy in 52 of 349 (15%) patients who underwent 
resection of an abdominal neuroblastoma between 1981 
and 1991 as part of Pediatric Oncology Group protocols 

[8]. In most cases this represented direct involvement of 
the kidney and/or renal hilum by the tumor but in five 
cases a preserved kidney was later removed for renal 
infarction or atrophy. Tanabe et al. reported renal 
impairment in six cases in which an apparently viable 
kidney remained at the conclusion of surgical removal 
of an abdominal neuroblastoma [9]. In one of these 
cases early recognition of impaired blood flow by color 
Doppler ultrasound was followed by intra-arterial instil-
lation of lipo-prostaglandin E1 with subsequent preser-
vation of the kidney. In the remaining five recognition 
was delayed and the kidney atrophied though it was not 
removed. Ogita also reported a case of renal artery spasm 
in the solitary remaining kidney following tumor resec-
tion, ipsilateral nephrectomy, and para-aortic lymph 
node dissection (celiac to iliac bifurcation) [10]. This 
patient developed oliguria and renal failure in the imme-
diate postoperative hours. Angiography at 10 h following 
surgery revealed complete renal artery obstruction which 
resolved with intra-arterial administration of lidocaine. 
Monclair has advocated avoidance of twisting or trac-
tion of the renal vessels and prophylactic application of 
local anesthetic to the renal artery during surgery as well 
as nephropexy of the fully mobilized kidney as intraop-
erative methods to minimize risk to the kidney [11].

Long-term complications of both surgical and chemo-
therapeutic treatments of neuroblastoma may also occur. 
Koyle et al. reported three cases of retroperitoneal fibro-
sis and four cases of renal cell carcinoma occurring dur-
ing long-term follow-up of survivors of advanced stage 
abdominal neuroblastoma [12]. Other reported second-
ary tumors include pheochromocytoma, leukemia, bone 
tumors, brain tumors, and thyroid cancer [13–16]. Kiely 
reported prolonged diarrhea in 30% (23 of 77) patients 
after excision of advanced abdominal neuroblastoma 
[17]. The need to do extensive dissection around the 
celiac and superior mesenteric artery to remove the 
tumor appeared to increase this risk.

Pheochromocytoma: Overview
Pheochromocytoma is a neuroendocrine tumor that 
arises from chromaffin cells of the adrenal medulla or 
other sites where small clusters of chromaffin cells set-
tle embryologically. These extra-adrenal tumors, termed 
paragangliomas, occur in sympathetic ganglia anywhere 
between the neck (carotid artery) and pelvis (organ of 
Zuckerkandl) and even (rarely) in the wall of the urinary 
bladder and prostate. Only 10% of these tumors occur 
in childhood but these are characterized by an increased 
incidence of bilaterality (25–50%), extra-adrenal site 
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(25–30%), familial pattern (10%), and sustained rather 
than paroxysmal hypertension (90%). They have a lesser 
risk of malignancy (3%). Pediatric pheochromocytoma 
can be found in association with several conditions, 
including neurofibromatosis, von Hipple–Lindau dis-
ease, Sturge–Weber syndrome, and multiple endocrine 
neoplasia, type 2 (MEN-2).

The clinical symptoms of pheochromocytoma are 
those due to its elaboration of catecholamines – epine-
phrine and norepinephrine – which is most commonly 
sustained and severe hypertension. Treatment of pheo-
chromocytoma is surgical excision of the tumor. This 
includes the adrenal gland for those arising in this organ.

Pheochromocytoma: Surgical 
complications
Pheochromocytoma is a rare tumor in children. Conse-
quently there is no large series from which a meaningful 
estimate of the complications specific to this tumor in 
childhood can be derived. The adequacy of the preop-
erative preparation of the patient (see later), the size and 
vascularity of the tumor as well as the surgical approach 
will be significant factors in the expected morbidity of the 
surgical procedure.

Adrenocortical tumors: Overview
Adrenal cortical tumors – adrenal cortical adenoma and 
adrenal cortical carcinoma – comprise 0.2% of childhood 
neoplasms and only 6% of tumors arising in the adrenal 
gland [18]. Most of these tumors are malignant carcino-
mas but between one-quarter and one-third are adeno-
mas. The mean age of presentation in a review of 209 cases 
in childhood was 4.63 years [19]. Females predominate by 
a ratio of between 2:1 and 9:1. In contrast to adult tumors 
those in children are almost all functional, primarily viri-
lizing. A lesser number have Cushing’s syndrome or are 
mixed. Surprisingly in older studies the diagnosis was fre-
quently delayed and historically the survival has been poor. 
Hayles et al. reported a survival of only 10% among 222 
children with tumors of the adrenal cortex [20]. Recent 
studies have reported survival of approximately 50% [21]. 
Stage is the most important determining factor in survival. 
Small (�5 cm, 200 g) have a survival of 90–100% while 
those with nodal or distant metastasis have �20% sur-
vival. Patients �5 years and tumors �9 cm appear to have 
a better survival than patients who are older or have larger 
tumors [21]. In the pediatric literature, two series have 
reported a 30% and 38% tumor response rate to mito-
tane [22]. Complete surgical removal if possible, however, 
remains the best hope for cure [21–23].

Adrenocortical carcinoma: Surgical 
complications
Adrenocortical carcinoma is a very rare tumor in child-
hood and, as with pheochromocytoma, there is no large 
series from which to estimate an incidence of compli-
cations. Tumor extension into the vena cava occurs in 
approximately 15% increasing the risk of hemorrhage 
during surgery. In one series nephrectomy was per-
formed in almost 25% as part of an en bloc resection of 
the tumor [21]. However excision of an adrenocortical 
tumor does not carry the risk of catecholamine release 
and severe hypertension which may be seen with pheo-
chromocytoma, reducing those associated risks.

Adrenal surgery: Surgical approach

The surgical approach to the adrenal gland, whether 
endoscopic or open, should be chosen based on the size 
of tumor and the degree of local invasion. Several open 
approaches to resection have been described, each with 
their own advantages and disadvantages. Classically, 
a transverse abdominal or chevron incision is used. A 
longer left adrenal vein which drains into the left renal 
vein as well as the slightly anterior lie of the left adrenal 
gland in relation to the kidney makes left adrenalectomy 
somewhat easier than right adrenalectomy. Regardless 
of the side, the colon is first mobilized and reflected 
medially. A right-sided tumor also requires an incision 
in the posterior peritoneum to reflect the liver crani-
ally. Gerota’s fascia is then exposed and the adrenal veins 
identified. These are doubly ligated and divided. Venous 
control may be more difficult and hazardous on the right 
since that adrenal vein is shorter and drains directly into 
the vena cava. Accessory hepatic veins may also enter 
the cava in this area. Great care must be taken to pre-
vent avulsion of these vessels and if necessary they may 
be ligated. Medial and cephalad attachments are then 
divided to allow greater mobility of the adrenal gland. 
Lateral attachments are then divided and the gland is 
dissected from the kidney.

Laparoscopic approaches to the adrenal gland have 
been utilized for more than a decade in adults and in this 
population have largely supplanted open surgery. Recent 
reviews of laparoscopic adrenalectomy performed in 
adults (various diagnoses) suggests a complication rate 
of 1–3% for major complications – myocardial events, 
pneumonia, excess hemorrhage with reoperation – and 
15–20% for minor complications [24,25]. Children may 
be less vulnerable though not immune to the myocardial 
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and cerebral-vascular consequences of severe hyperten-
sion which may occur during excision of a pheochro-
mocytoma. However, there are fewer series describing 
laparoscopic adrenalectomy in children. Most reports 
are feasibility studies with small numbers with limited 
follow-up. The largest review of laparoscopic adrenalec-
tomy in children included 20 children who underwent 
21 adrenalectomies [26]. Nine of these patients had neu-
roblastoma and other diagnoses included adrenal hyper-
plasia, adenomas, and pheochromocytoma. In this series 
postoperative hospital stay averaged 1.5 days. In addition 
to a shorter convalescence, laparoscopic approaches are 
less painful and may allow more rapid delivery of adju-
vant chemotherapy [27]. Tumor seeding of trocar sites 
has been reported and intact removal of the specimen 
can be done by extending the umbilical trocar site [28]. 
It should be emphasized that tumor size or the degree of 
local invasion may prohibit safe laparoscopic excision.

Prevention of complications

Neuroblastoma: Preoperative 
chemotherapy
Survival in patients with localized neuroblastoma, 
where complete tumor resection is possible, is good. 
Unfortunately many patients present with advanced and 
seemingly unresectable tumors.

Preresection chemotherapy can significantly reduce 
the size of the tumor and render it resectable. Canete 
reported shrinkage in 88% of 63 tumors treated with 
chemotherapy before tumor resection [29]. In another 
study, gross complete surgical resection was possible in 
only 24% patients who underwent initial exploration 
but in 64% patients who underwent delayed explora-
tion [30]. Preresection chemotherapy may also reduce 
surgical complications. Shamberger reported surgical 
complications in 8 of 20 patients who underwent initial 
surgical resection for Evans’ stages III and IV neuroblas-
toma and 0 of 22 in those having delayed resection fol-
lowing multiagent chemotherapy [31]. He also noted 
that the risk of nephrectomy was significantly higher in 
those having initial tumor resection (29/116, 25%) com-
pared with those undergoing surgery following induction 
chemotherapy (23/233, 10%). The larger study by von 
Schweinitz [6] however demonstrated no difference in 
the complication rate and Canete [29] found a higher 
complication rate in those who received preresec-
tion chemotherapy versus initial resection. The higher 
complication rate was attributed to patient/tumor 
selection – larger and more extensive tumors being those 

that were pretreated and subjected to delayed resec-
tion. Since none of these studies are randomized the 
issue is unresolved as is the issue of whether survival is 
improved by aggressive surgery aimed at complete exci-
sion in advanced neuroblastoma.

Based on current available evidence, it seems unwise 
to sacrifice vital structures at the first exploration, par-
ticularly in those with otherwise favorable tumor charac-
teristics. An aggressive effort at complete tumor excision 
may lead to devascularization and atrophy of the kidney, 
injury to other organs, and increased blood loss with-
out proven long-term benefit. In these cases an attempt 
at complete resection can be delayed and addressed at 
a second or even third exploration with similar survival 
rates [32–34].

Pheochromocytoma: Preoperative 
catecholamine blockade
Blockade of the production and effects of catecho-
lamines is an essential step in reducing the metabolic 
complications of surgery for pheochromocytoma (Table 
36.2). As a result of the hemodynamic instability that 
can be encountered intraoperatively, arterial and cen-
tral venous lines are crucial for monitoring blood pres-
sure and fluid status. Agents with short half-lives are 
ideal for correcting acute variations in blood pressure. 
Sodium nitroprusside is an excellent agent for intraop-
erative hypertensive episodes given its rapid onset and 
dissipation.

Preoperatively alpha-adrenergic blockade will lower 
blood pressure and produce vasodilation allowing plasma 
volume re-expansion. The long-acting, nonselective alpha-
blocker phenoxybenzamine has been the drug of choice 
[35]. It has significant side effects including somno-
lence, orthostasis, and stuffy nose. If phenoxybenzamine 

Table 36.2 Pharmacologic agents used preoperatively with 
pheochromocytoma.

Hypertension Phenoxybenzamine: 10 mg BID up to 
 40 mg QID (maximum) as needed to 
 normalize BP
 Metyrosine: 250 mg QID up to 1 g
 QID (maximum) as needed to 
 normalize BP

Tachycardia Propranolol (started after alpha-
 blockade): 10 mg TID up to 80 mg TID 
 (maximum) to control heart rate
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is not tolerated, the selective alpha 1 receptor blockers 
like prazosin, doxazosin, or terazosin can be used [36]. 
Alpha-blockade not only mutes the intraoperative risk 
of hypertension but decreases postoperative hypoten-
sion which can result from the precipitous removal 
of alpha-adrenergic stimulation in a severely volume 
contracted patient. After alpha-blockers are initiated, 
beta-blockers (propranolol or metoprolol) are added 
to prevent the reflex tachycardia associated with alpha-
receptor blockade. Other authors favor the preopera-
tive use of calcium channel blockers for its myocardial 
protective effects [37]. The use of alpha-methy-L-tyrosine 
(metryrosine) which is a competitive inhibitor of 
tyrosine hydroxylase, the rate limiting enzyme in 
catecholamine synthesis, has been advocated by others 
[38,39]. Preoperative use will result in a 50–80% reduc-
tion in catecholamine formation.

The preoperative pharmacologic preparation of the 
patient should be as long as is necessary to achieve a nor-
mal blood pressure, pulse, and volume status – generally 
a minimum of 3–5 days and often 1–2 weeks. Adequate 
blockade is heralded by the decrease in blood pressure 
to normal levels and a fall in the hematocrit indicating 
adequate expansion of blood volume. Because norepine-
phrine and epinephrine contribute to insulin resistance, 
patients should be monitored for the development of 
hypoglycemia in the 48 h after surgery [36].

Conclusion

Given their anatomy and complex physiology, adrenal 
tumors pose unique surgical challenges. Neuroblastoma, 
the most common adrenal tumor in children, is typi-
cally infiltrative and may involve other major organs and 
structures. Care must be used in both patient selection 
and during surgery to prevent injury to these structures 
and significant blood loss. Pheochromocytomas, with 
their potential for liberation of excess catecholamines, 
require unique preoperative and operative considera-
tions. Laparoscopy has replaced open surgery for the 
management of most adrenal tumors in adults, and in 
the coming years it can be expected that laparoscopic 
and robotic techniques will be increasingly applied to 
childhood adrenal tumors.
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Genital Trauma
Vijaya Vemulakonda and Richard W. Grady

Introduction

Trauma is the leading cause of death in children. 
However, genitourinary tract injuries are present in 
�3% of trauma cases [1]. The majority of these injuries 
are due to blunt trauma resulting from motor vehicle 
collisions or sports-related injuries [2]. Iatrogenic inju-
ries are especially prominent in the neonatal period. 
When evaluating isolated genital trauma, physicians 
should have a high index of suspicion for sexual abuse. 
This chapter will review common etiologies for trau-
matic genital injuries and evaluate current diagnostic 
and treatment options. We will also discuss potential risk 
factors and presenting signs of sexual abuse.

Penile injuries

Penile injuries in the neonate are most commonly iatro-
genic in nature [2]. Circumcision-related injuries are 
often due to clamp (e.g. Mogen or Gomco) circumci-
sions and may range from a mild loss of penile skin 
(Figure 37.1) to more significant glans, distal urethral, 
and penile shaft injuries.

Self-inflicted or noniatrogenic pediatric penile injuries 
are less common. Traumatic injuries include degloving 
of the penis or penile amputations. Etiologies for injuries 
include zipper-related injuries, which may result in con-
tusion or pressure necrosis of the prepuce [3]. Tourniquet 
injuries result from hair wrapping around the penis (“hair 
tourniquet”) [2]. These often lead to preputial edema or 
inflammation or less commonly causing more significant 
injury to the corpora or the urethra. In toddlers, falling 
from toilet seats during toilet training may lead to prepu-
tial, glans, or distal shaft contusions or lacerations. These 

Key points

• Genital trauma is rare in the pediatric 
population.

• Penile trauma is most commonly iatrogenic.

• Ultrasonography is valuable in the evaluation 
of scrotal trauma when physical exam is 
nondiagnostic.

• Examination under anesthesia should be used 
to fully assess the extent of injury and allow for 
surgical intervention when necessary.

• Sexual abuse should be considered, especially in 
cases where the extent of injury is greater than 
expected from the mechanism of injury.

37

Figure 37.1 Penile degloving injury after Gomco clamp 
circumcision.
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same injuries may also occur secondary to rubber band 
powered toys used during bathtub playtime. Rarely, penile 
amputations may result from dog or other animal bites 
[4]. Finally, blunt perineal trauma may result in associ-
ated high-flow priapism secondary to a traumatic arterio-
venous fistula in rare cases [5].

Treatment
Superficial contusions and lacerations are generally man-
aged nonoperatively with topical antibiotic ointments 
and icepacks where indicated. Empiric antibiotics are 
commonly used in this situation, including first genera-
tions cephalosporins such as cephalexin, to decrease the 
chance of a secondary cellulitis, although there is little 
empiric data to support this practice. Where significant 
penile skin is lost due to neonatal circumcision, full 
thickness skin grafting of the excised prepuce or shaft 
skin may be performed in the immediate postinjury 
period [6]. In cases where the prepuce is not available, 
healing by secondary intention may result in a satisfac-
tory outcome, although it can involve frequent, often 
painful, dressing changes [7]. Late complications of 
these injuries include penile trapping, distal urethral or 
meatal stenosis, and cosmetic deformities. However, it 
is remarkable to note how well postcircumcision inju-
ries heal when they occur in the neonatal period and are 
treated soon after the injuries occur.

Zipper injuries to the uncircumcised penis may be 
treated with mineral oil to slip the trapped skin from the 
zipper [3] or by cutting of the median bar of the zipper 
with bone cutters [8]. These procedures may be per-
formed in the emergency room under local anesthesia, 
although the use of sedation (typically using an oral ben-
zodiazepine such as midazolam) aids in examination and 
treatment. Formal conscious sedation is not generally 
required [2]. In cases of delayed presentation or if less 
invasive methods are unsuccessful, operative interven-
tion may be required. Devitalized skin should be excised 
with primary reapproximation of the preputial skin or 
healing by secondary intention in cases of delayed pre-
sentation where contamination is of concern [9].

Although tourniquet injuries are generally superficial, 
these injuries can extend to the corporal bodies or urethra. 
Often the initial diagnosis is balanitis or paraphimosis 
due to associated preputial edema. Examination under 
anesthesia and removal of the constricting band should 
be performed immediately upon diagnosis. Localizing the 
hair can be difficult especially in the case of blond hairs; 
loupe magnification helps considerably in this situation. 
Local wound care may be used for isolated skin necrosis. 

In more severe cases, early primary repair of corpora cav-
ernosal injuries should be performed to minimize risk of 
fibrosis and preserve erectile function [2].

Amputation injuries may be managed with 
reanastomosis up to 8 h after injury [10]. Cook et al. have 
suggested the use of buccal mucosa grafting to reap-
proximate the coronal sulcus and provide an improved 
cosmetic result in cases of glans amputation [11]. Partial 
amputation injuries may be treated nonoperatively with 
intermittent application of epinephrine-soaked sponges 
to control hemorrhage in the absence of associated ure-
thral injury. If urethral involvement is present, formal 
hypospadias repair may be required [6]. As with any 
amputated body part, the amputated penis should be 
cooled as quickly as possible (i.e. placing in crushed ice) 
to reduce ischemic injury.

In cases of genital injury due to dog bite, examination 
under anesthesia is generally necessary to fully assess the 
extent of trauma. Broad spectrum antibiotics and tetanus 
prophylaxis should be administered prior to treatment 
[4]. Debridement of devitalized tissue and aggressive 
irrigation of the wound have been shown to reduce the 
risk of wound infection from 59% to 12% [12]. Split 
thickness skin grafts should be applied to denuded areas 
to minimize wound contraction. Investigation for poten-
tial abuse or neglect should be initiated in these cases to 
reduce the risk of future injury [4].

High-flow priapism may be managed nonoperatively, 
with spontaneous resolution reported within days to 
weeks after injury [5]. Alternatively, if definitive therapy 
is desired or conservative measures fail, embolization with 
autologous clot is the treatment of choice, with preserva-
tion of erectile function in 80–100% of patients. However, 
up to 44% of patients may recur. In cases of recurrence, 
repeat embolization with nonabsorbable materials may 
be utilized [13]. Open surgical ligation is a measure of last 
resort due to the high risk of erectile dysfunction [5].

Scrotal/testicular injuries

Injury of the testis may be associated with straddle 
injury, including bicycle handlebar injuries, where the 
testis is forced against the pubic ramus, causing tearing 
of the tunica albuginea. Injuries may also result from 
hits or kicks to the scrotum during sporting events or 
roughhousing. Due to its higher position, the right tes-
tis is more prone to injury than the left [14]. Injuries 
tend to be less common in infants due to the smaller size 
and increased mobility of the testes during infancy. As a 
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result, significant testicular injury associated with minor 
trauma in these patients should raise the possibility of 
intrinsic testicular pathology, including malignancy.

Trauma to the scrotum without underlying testicular 
injury tends to resolve within a short time. In patients 
with pain that initially resolves after a short period but 
recurs after several days, traumatic epididymitis should be 
considered [15]. However, pain persisting greater than 2 h 
after trauma is suspicious for more significant testicular 
injuries, such as testicular torsion or rupture [15,16].

Several case reports have suggested that testicular 
torsion may be associated with scrotal injury. Cases of 
delayed testicular torsion following blunt scrotal trauma, 
sports-related injuries, and bicycle riding have also been 
reported [17,18]. A history of trauma is the present-
ing symptom in 4–8% of all cases of testicular torsion 
[15,19].

Acute scrotal swelling may also be associated with 
intraperitoneal pathology, such as appendicitis, peritoni-
tis, liver laceration, or splenic rupture [20–22]. Especially 
in the child with a history of abdominal trauma, scrotal 
pathology in the absence of scrotal trauma should prompt 
a more thorough evaluation [22]. In the newborn period, 
adrenal hemorrhage should also be considered in cases of 
scrotal swelling and ecchymosis. Retroperitoneal imaging 
with ultrasonography aids in differentiating this diagnosis 
from other possible etiologies.

Treatment
If physical examination and/or ultrasound are indeter-
minate or suggest significant testicular injury, early scro-
tal exploration is mandatory (Figure 37.2). Early scrotal 

exploration significantly increases the rate of salvage of the 
injured testis. Rates of salvage in cases of testicular rupture 
have been reported as high as 90% if performed within 
72 h [23]. Early exploration may also lead to decreased 
convalescent times and reduced risk of infection.

In cases of suspected torsion, early exploration is 
also recommended. Schuster suggests that testicular sal-
vage rates for torsion increase with earlier exploration, 
with little benefit seen after 3 days [14]. In contrast, 
nonoperative management has been associated with 
an orchiectomy rate of approximately 45% [1]. Animal 
studies suggest that early application of ice to the scro-
tum may aid in the preservation of seminiferous tubules 
in patients with testicular torsion [24].

Cases of isolated hematocele may be followed non-
operatively in the absence of impaired testicular flow. 
Isolated epididymitis may also be treated with supportive 
care including scrotal elevation and nonsteroidal medi-
cations. In the absence of ischemic changes, testicular 
fracture without disruption of the tunica albuginea may 
be observed. If nonoperative management is selected, 
follow-up with both physical exam and ultrasonography 
should be used to monitor resolution of the injury.

Vaginal injuries

Vaginal injuries are relatively rare in the pediatric popu-
lation [25]. The majority of injuries are due to straddle 
injuries [25]. Straddle injuries may be associated with 
falls from bicycles, monkey bars, tree limbs, or ladders. 
Injuries may also be due to foreign body insertion or 
blunt trauma associated with motor vehicle collision. 
More rare causes of injury include vaginal hydro-disten-
sion during water skiing or jet skiing [26]. Pelvic frac-
tures may result in both penetrating injury due to bone 
spicules and traction injury due to shear forces [27]. 
Due to the proximity of the urethra and vagina and the 
susceptibility of the urethrovaginal septum to injury, 
traumatic urethral injuries in girls should prompt an 
evaluation for associated vaginal injuries [28].

Diagnosis
Prompt diagnosis is essential to avoid fistulae, stenosis, 
or other long-term complications of unrecognized vagi-
nal injuries [29,30]. Physical exam may show evidence of 
labial bruising, bleeding at the introitus, vulvar edema, or 
hematuria. Patients associated with pelvic fractures should 
also be evaluated for urethral injury [25]. Examination in 
the prone position with the knees to the chest allows for 

Figure 37.2 Scrotal laceration after falling from a bunk bed 
without associated testicular injury.
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adequate examination of the hymen, vagina, and anus 
without significant patient discomfort. It may also allow 
for noninvasive visualization of the cervix [31].

Examination in the emergency room can underesti-
mate the extent of injuries due to several factors. First, 
lighting is often inadequate. Second, the patient is often 
unable to relax and fully cooperate with exam. Finally, 
the discomfort associated with an awake exam may lead 
to an incomplete evaluation [32]. As a result, although an 
examination may be attempted with oral or intravenous 
sedation in the emergency department, an examination 
under anesthesia is generally necessary to fully evaluate 
injuries. In their series of 22 patients who had a history 
of blunt urogenital trauma, Lynch et al. found that 76% 
had significantly greater injuries on EUA than diagnosed 
in the emergency department. Six patients had associ-
ated perianal lacerations, while three had periurethral 
injuries requiring repair [32]. Based on these findings, 
exam under anesthesia should be performed when any 
doubt exists as to the extent of injury.

Treatment
During examination under anesthesia, cystoscopy, vagi-
noscopy, and rectal exam are performed to fully evaluate 
associated injuries [1]. Continuous flow of vaginoscopy 
aids in complete evaluation of the vagina, allows for 
removal of foreign bodies and for coagulation of isolated 
mucosal bleeding [33]. Gentle coaptation of the introitus 
during endoscopic examination with irrigation allows for 
better distention and visualization of the vaginal vault.

For more extensive vaginal lacerations, primary repair 
should be performed if possible, as primary repair reduces 

the rate of vaginal stenosis and urethrovaginal fistulae 
[28]. Perioperative use of antibiotics may help reduce 
the risk of secondary infection and wound dehiscence. 
Vaginal lacerations should be closed in layers with absorb-
able sutures (Figure 37.3). Postoperative care includes 
the avoidance of extremely lower extremity abduction, 
sitz bathing, and the use of topical antibiotic ointments. 
For injuries that extend into the introitus, the use of per-
manent monofilament sutures in an interrupted fash-
ion is recommended to reduce the chance of postrepair 
dehiscence. Long-term follow-up is essential to rule out 
postpubertal development of vaginal stenosis or hemato-
colpos, especially in patients with extensive urethrovaginal 
injuries [34].

Associated rectal injuries

Although rectal injuries are associated with increased 
morbidity in the adult population, they tend to be rare 
and less severe in children. In their study of 116 patients 
ranging from 3 to 13 years old, Onen et al. found that 
prolonged delay in diagnosis and presence of associ-
ated anorectal injury significantly increased their post-
operative complication rates in patients with traumatic 
genital injuries. Frequent complications in these patients 
included wound infection, dehiscence, and fistulae [35]. 
To minimize these risks, patients with a delayed diagnosis 
of genital injury with concomitant anorectal injury may 
require temporary diverting colostomy instead of pri-
mary repair of their rectal injury [36].

(a) (b)

Figure 37.3 (a) Perineal laceration without associated rectal or hymenal involvement after straddle injury. (b) Postoperative image 
after multilayered closure with deep vicryl and superficial chromic sutures.
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Sexual abuse

Sexual abuse has been defined as “the engaging of a child 
in sexual activities that the child cannot comprehend, for 
which the child is developmentally unprepared and can-
not give informed consent, and/or that violate the social 
and legal taboos of society” [37]. It is the most common 
etiology for genital trauma in the pediatric population 
[38]. Approximately 10% of all reported child abuse is 
associated with sexual abuse. It is estimated that 25% of 
girls and 10% of boys will undergo some form of sexual 
abuse by the age of 18 years [31]. However, studies sug-
gest that less than 6% of sexual child abuse is reported 
[39]. Although most victims are female, approximately 
15% of reported cases are in boys [1].

Risk factors for abuse include children living without 
one or both of their natural parents, those living with a 
stepfather, those with mothers who are disabled or ill, 
and those whose parents have a significant amount of 
conflict in their relationship. Paternal violence may also 
be a risk factor for abuse. However, socioeconomic sta-
tus, parental education level, and ethnicity are not sig-
nificant risk factors for abuse [40].

A thorough patient history is essential in evaluating 
potential abuse. Separate accounts should be obtained 
from the victim as well as any witnesses and family mem-
bers present. Children are often reluctant to discuss their 
experience due to a sense of fear, shame, or guilt [41]. In 
interviewing the child, a supportive environment should 
be created, and a thorough history should be obtained 
using simple, open-ended, nonleading questions. Any 
spontaneous admission of abuse should be documented 
using the child’s exact words, as these statements may be 
later accessed in legal proceedings [42]. Once abuse is sus-
pected, child protection services should be contacted to 
assure protection of the child from potential future abuse. 
If more intense investigation is required, an individual 
with experience in this area should be designated to avoid 
repetitive questioning of the child [31]. Many medical 
centers have designated health care providers who are part 
of a child protection program. Their input and expertise 
can be invaluable in these situations especially in regard to 
the medicolegal implications in this setting.

Physical exam should include a general physical exam 
as well as a thorough genital and anal exam. The reliability 
of the physical exam is dependent on the experience 
of the physician performing the exam [43]. The exam 
should include inspection of the thighs, labia, clitoris, 
urethra, hymen, and posterior fourchette in girls. In 
boys, the thighs, scrotum, penis, and urethral meatus 

should be evaluated [31]. Cultures for sexually transmit-
ted diseases should be obtained at time of examination.

All findings should be carefully documented with pho-
tographs or drawings if necessary. Thorough documenta-
tion is critical and cannot be overemphasized. The use of 
colposcopy allows for magnification and improved light-
ing to detect subtle abnormalities [31,44]. It may also 
allow for simultaneous recording of the examination for 
documentation purposes. Although most children will 
tolerate examination in the emergency department, exam-
ination under anesthesia should be used if a speculum 
examination or more invasive evaluation of the urinary 
tract, vagina, or rectum is required [31,41]. The use of a 
Wood’s lamp to aid in semen detection by UV fluores-
cence has been described, but is unreliable as a screening 
tool due to the variability of semen fluorescence with time 
and the inability to distinguish semen from urine, sur-
gilube, and other commonly used products [45,46].

Findings suspicious for abuse in girls include vaginal 
discharge and hymenal abnormalities, including attenu-
ation, irregularity, scarring, mounding, or absence [43]. 
Also suspicious are vulvar and perihymenal erythema, 
friability or adhesions of the posterior fourchette, and 
vaginal synechiae. Of note, hymenal bumps, rounding, 
and notching may be normal variants and are not an 
indication of abuse in the absence of other findings [44].

In boys, suggestive findings include asymmetric rectal 
scars or tags, asymmetric rectal folds, venous engorge-
ment, and perineal bruises or abrasions. Isolated rectal 
injuries, particularly those occurring at the twelve or six 
o’clock positions, are significantly more common in vic-
tims of abuse as compared to those with accidental inju-
ries [38]. However, the majority of children under the 
age of 10 years who have suffered sexual abuse will have 
a normal genital examination [44].

Treatment should include management of any physi-
cal injuries identified on exam. In addition, social sup-
port services and psychiatric treatment should be made 
available to both the patient and family members.

Conclusion

Because pediatric genital trauma occurs less frequently 
than adult genital trauma, the involvement of experienced 
health care providers and subspecialists in the care of 
these patients is needed to optimize care. The use of 
adjunct imaging studies such as ultrasonography has 
greatly improved our ability to accurately diagnose under-
lying conditions in this group of patients. However, at this 
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time, the standard of care remains examination under 
anesthesia and surgical exploration when any doubt exists 
as to the underlying diagnosis, and certainly when surgi-
cal intervention will reduce post-trauma morbidity, lead 
to organ preservation, and reduce long-term complica-
tions from these injuries. Although trauma classification 
systems and algorithms have been developed for urinary 
tract injuries, few classification systems have been pro-
posed for pediatric genital trauma [35]. Multicenter stud-
ies and evaluation of trauma registries are therefore the 
next logical steps to better elucidate the etiologies and best 
treatment practices for pediatric genital trauma.
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Urinary Tract Trauma
Ashok Rijhwani, W. Robert DeFoor, Jr, and Eugene Minevich

Introduction

Traumatic accidents are responsible for almost half of 
childhood deaths between the ages of 1 and 14 years. 
Motor vehicles are most commonly involved, with pedes-
trian accidents being a leading cause in the 5–9 year age 
group [1,2]. Injuries to the urinary tract and associated 
complications remain a source of significant morbidity 
following trauma in the pediatric age group. The kidney 
is also the most commonly injured abdominal organ in 
children.

Renal trauma

The majority (85–97%) of injuries to the kidney are blunt 
in nature. Penetrating trauma causes 3–15% of renal 
injury and is responsible for the majority of kidney trauma 
that requires surgery in children [3]. Some common 

causes of renal trauma in childhood are presented in 
Figure 38.1. Organized sports are an uncommon cause of 
serious renal injury in childhood.

When compared to adults, children are less frequently 
affected by penetrating injuries. However, the incidence 
is on the rise, and reviews of firearm injuries in children 
show a significant rise in deaths due to firearms in recent 
decades [4]. Gunshot wounds are peculiar because they 
result in a “blast effect” with widespread damage away 
from the tract of the projectile. This may result in delayed 

Key points

• The majority of injuries to the kidney are blunt 
in nature.

• Over the last 20 years, management of most 
pediatric renal trauma has shifted to a more 
conservative initial approach.

• Accurate staging is necessary by means 
of a computed tomography (CT) scan for 
nonoperative management to be feasible.

• Management goals are to preserve renal tissue 
and kidney function without significantly 
increasing morbidity and mortality risks to the 
child.

• Early complications of renal injury include 
bleeding, urinoma, infection, devitalized tissue, 
and renovascular compromise.

• Late complications include hypertension and loss 
of renal function.

38

Figure 38.1 Etiology of childhood renal injury.
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tissue necrosis in areas that initially appear viable at the 
time of surgery. These patients can later present with 
bleeding, urinary extravasation, and abscess formation.

Imaging and staging

Radiographic imaging must be done efficiently and with 
accuracy so that important resuscitation measures are 
not interfered with in any way. Accurate staging is neces-
sary, preferably by means of a spiral computed tomogra-
phy (CT) scan in major renal injuries for nonoperative 
management to be feasible. A renal protocol CT scan 
consisting of noncontrast, contrast, and delayed phases 
makes it possible to evaluate the renal blood vessels, 
parenchyma, and the pelvicalyceal system, respectively. 
Table 38.1 shows the widely accepted grading scale for 
traumatic renal injuries.

All patients who sustain a penetrating injury to the 
abdomen, flank, or torso must have further imaging to 
rule out significant renal injury. Previously, it was rec-
ommended that any child with a history of blunt trauma 
with any amount of hematuria should undergo further 
imaging. Recently it has been noted that major injuries 
to the kidney are rare in children following blunt trauma 
in the absence of multisystem trauma, gross hematuria, 
or substantial microscopic hematuria (�50 RBC/hpf) at 
presentation [5,6,7].

If the CT scan cannot be done because the child needs 
immediate exploration, then a single-shot intravenous 
pyelogram (IVP) is recommended. It serves to iden-
tify and document a normally functioning contralateral 
kidney if a situation arises where the involved kidney 
needs to be removed. A single-shot IVP can also provide 
important information about the anatomy and function 
of the involved kidney and limit the amount of explo-
ration necessary. Sonography can also be valuable in the 
bedside evaluation of the severely injured child.

Initial management and outcomes

Management goals are to preserve renal tissue and kid-
ney function without significantly increasing morbid-
ity and mortality risks to the child. The initial emphasis 
is on a prompt assessment of the condition concurrent 
with respiratory and hemodynamic stabilization of the 
patient.

Blunt injuries are mostly minor in nature and ana-
tomically represented by contusions, minor perirenal 
fluid collections, and uncomplicated lacerations (grades 
I–III). They comprise 70–85% of pediatric renal injuries 
[3]. Management is usually conservative and involves 
bed rest and observation until gross hematuria clears 
and limited activity until microhematuria clears. The 
length of convalescence is from 2 to 6 weeks and is usu-
ally free of complications such as loss of renal function, 
hypertension, or hydronephrosis [8].

The management of major renal injuries (grades 
IV and V) is controversial and needs to be individual-
ized. Over the last 20 years, management of most pedi-
atric renal trauma has shifted to a more conservative 
initial approach. Early surgical intervention may lead 
to increased nephrectomy rates (up to 89%) and subse-
quent complications [9]. It has been noted that the com-
plication rates are higher for conservative management 
of parenchymal lacerations of the kidney with significant 
(�25%) devitalized renal tissue [10,11]. The challenge 
lies in the early detection and prompt evaluation of the 
severity of injury. Selective nonoperative management 
may be appropriate in the hemodynamically stable child, 
but only after accurate staging of the injury by a CT scan. 
Most centers have adopted an ICU protocol for children 
with a severe renal injury undergoing initial conservative 
management. Bed rest for the first 24–48 h is mandatory 
as well as continual monitoring of hematocrit, blood 
pressure, and clinical signs. The risk of bleeding is high-
est during this time period. Nonoperative management 

Table 38.1 Grading of renal traumatic injuries.

I Renal contusion or subcapsular hematoma

II Non-expanding perirenal hematoma, �1 cm 
 parenchymal laceration, no urinary extravasation, all 
 renal fragments viable

III Non-expanding perirenal hematoma, �1 cm 
 parenchymal laceration, no urinary extravasation, 
 renal fragments may be viable or devitalized

IV Laceration extending into the collecting system with 
 urinary extravasation, renal fragments may be 
 viable or devitalized or injury to the main renal 
 vasculature with contained hemorrhage

V  Completely shattered kidney, multiple major 
lacerations of �1cm associated with multiple 
devitalized fragments or injury to the main renal 
vasculature with uncontrolled hemorrhage, renal 
hilar avulsion
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may lead to surgery in up to 50% of patients for compli-
cations of trauma such as bleeding, renal infarction, or 
segmental hydronephrosis [2].

The nephrectomy rate increases if surgery is necessary 
on other intra-abdominal organs, suggesting that the 
kidney may be removed as a damage control measure 
or due to insufficient experience with renal recon-
structive techniques. Possibly, under these conditions, 
potentially salvageable kidneys are sacrificed to control 
hemorrhage.

Relative indications for exploration are significant uri-
nary extravasation, nonviable renal tissue, arterial injury, 
and incomplete staging of the injury or significant extra-
renal injuries. Partial nephrectomy is the operation of 
choice in this condition. Surgical management involves 
the preliminary control of the vessels of the kidney as 
well as the aorta. This is followed by debridement of 
devitalized tissue, hemostasis, closure of the collecting 
system, and repair or coverage of tears in the renal paren-
chyma. Initial trial of a double-J stent or a nephrostomy 
tube may be used in children with significant urinary 
extravasation. Initial conservative management of stable 
children with grade IV renal injuries has been reported 
with close CT follow-up to rule out urinoma [3,8].

It is generally accepted that those with major renal 
injuries such as a vascular pedicle injury or a shattered 
kidney will require surgery. In most cases these injuries 
are severe enough to warrant a nephrectomy, particu-
larly considering the high incidence of life-threatening 
extrarenal injuries that these patients suffer. Results of 
emergency vascular repair for a pedicle injury or throm-
bosis in children are usually poor, particularly with the 
amount of warm ischemia that the kidney undergoes 
during the resuscitation and evaluation. An attempt at 
repair is generally limited to extreme situations such as a 
solitary kidney or bilateral injuries.

The outcome differs between blunt and penetrating 
injuries. Overall, patients in the penetrating injury group 
are more severely injured, have a higher 24-h transfusion 
requirement, and have a higher nephrectomy rate. The 
rate of surgery is higher in penetrating injury, around 
36%, and in contrast to blunt trauma, approximately half 
of these result in operative repair of the kidney [3,9,12]. 
Recent large series quote renal salvage rates of more than 
98% in pediatric blunt kidney injuries with conservative 
management and selective surgical exploration when 
indicated. The expected exploration rate is under 10% 
[1,3,8]. It is almost universal in grade V injuries and the 
renal salvage rate in this group of patients is around 30% 
in the long term [13,14].

Early complications

Bleeding
The risk of bleeding is highest in the first 48 h after the 
trauma and close observation is necessary during this 
phase. Strict bed rest and serial hematocrit monitor-
ing is imperative. Observation may be continued if the 
child is clinically stable and the CT scan shows a stable 
hematoma (or stable amount of urine extravasation). 
Bleeding can recur even later and grade IV–V injuries 
generally need to have a follow-up imaging at around 
3–6 months to document complete healing.

If at any time during the course of treatment the child 
shows signs of hemodynamic instability (hypovolemia 
with severe hypotension or is unresponsive to packed red 
cells), then consideration should be given to either surgi-
cal exploration or to angiography and embolization. On 
exploration, expanding pulsatile or uncontained ret-
roperitoneal hemorrhage indicates persistent bleeding. 
Primary angioembolization has been found to be useful 
in the treatment of isolated grade IV renal injuries with 
segmental artery bleeding. It also has a role to play in 
delayed hemorrhage in grades II–IV renal injuries. It can 
be done only in a nonrenal failure patient with a defin-
able segmental artery injury.

Urinary extravasation/urinoma
Extravasation of urine is a pointer to major renal injury 
resulting from a laceration of the renal pelvis, a paren-
chymal tear extending into the collecting system, a for-
niceal rupture, or an avulsion of the UPJ. Persistent 
urine extravasation can lead to urinoma formation, 
perinephric infection, and renal loss. UPJ disruption is 
very rare, being associated with forces of rapid decel-
eration involved in motor vehicle trauma and falls from 
heights. It is detected when there is major contrast leak 
in the medial and perirenal areas and the ipsilateral ure-
ter is not visualized. Complete disruption needs immedi-
ate operative intervention.

It has been reported that almost 75% of children even 
with a severe grade IV laceration had spontaneous reso-
lution of the urinoma, therefore a conservative approach 
has been suggested in these patients [14–16]. Possible 
long-term complications of a large urinoma include 
retroperitoneal fibrosis, pelviureteral and infundibular 
obstruction, infection, and hypertension. Initially chil-
dren are treated with parenteral antibiotics followed by 
the appropriate oral antibiotic. Monitoring by CT scan is 
essential. Symptomatic or worsening urinary extravasa-
tion can be managed either by percutaneous drainage of 
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the collecting system or internal (double-J) stenting. It 
has been recommended that if resolution of extravasation 
does not occur within 2 weeks of conservative manage-
ment, then ureteral stenting may be done. These measures 
have been found to be helpful in this scenario, more than 
percutaneous drainage of the urinoma itself. Stents may 
need to be maintained for as long as 10 weeks and bladder 
drainage for as long as 2–3 weeks. Patients who failed con-
servative approach with or without endoscopic drainage 
(less than 10%) require open operative intervention. Half 
of these operations result in nephrectomy [14,17].

Infection
Perinephric abscess can result from a hematoma, uri-
noma, or devitalized fragment of kidney. The incidence 
may be increased by concomitant pancreatic or bowel 
injuries. It may need intervention either by the per-
cutaneous or open routes to achieve drainage. Sepsis 
commonly affects those with multiorgan trauma and 
judicious initial use of antibiotics is advised.

Nonviable tissue
Large devitalized fragments (involvement of 25–50% of 
affected kidney) are associated with significant complica-
tions when managed nonoperatively. Nonviable tissue can 
result from both blunt and penetrating trauma, and it can 
lead to short-term complications such as persistent urine 
leak and abscess (that might require surgical interven-
tion), and in the long term, hypertension [10,11,14,17,18]. 
Immediate surgery has been shown to reduce the morbid-
ity in these patients. Therefore, it is suggested that renal 
injuries with large devitalized fragments and associated 
urine extravasation or a retroperitoneal hematoma to 
undergo surgical exploration [19]. The surgical proce-
dure of choice is a partial or polar nephrectomy. Delayed 
necrosis with possible fistula formation is more likely to 
happen in penetrating trauma especially if it is due to a 
gunshot. The blast effect may lead to delayed tissue necro-
sis resulting in bleeding, urine leak, or an abscess in areas 
which may be viable at time initial presentation.

Renovascular complications
Renal vascular injury has been reported in 9–31% of chil-
dren with renal trauma, the incidence being nearly twice 
that seen in adults [20]. Detection of pedicle injuries is 
generally delayed and repair beyond 14 h reduces the 
chances of renal salvage. These injuries can involve either 
main or segmental renal vessels and are classified as avul-
sions, lacerations, or occlusions (secondary to thrombo-
sis or dissection).

Traumatic occlusion of the main 
renal artery
Deceleration injuries cause the intima of the main renal 
artery to rupture, since it is low in elastic fiber content 
(the muscularis and the adventitia are more flexible). 
Intimal disruption may create a subintimal false lumen, 
resulting in decreased renal blood flow, renal ischemia 
or infarction, hypertension, or arterial occlusion due to 
a thrombus. This can be diagnosed by prompt CT scan 
or arteriography. Surgical revascularization may be con-
sidered only in hemodynamically stable patients with a 
warm ischemia time of �5 h [20]. These patients fre-
quently have multiple injuries and the mortality rates 
are high. Therefore, doing a revascularization procedure 
is not often practical and a nephrectomy is usually done 
due to time constraints and to control hemorrhage.

Late complications

Renin-mediated hypertension
Hypertension (early or late) in children with renal injury 
is rare. It is through activation of the renin angiotensin 
system from renal ischemia. Overall incidence has been 
reported 1–2% in large series [20–21, 27–29]. A restric-
tive fibrous capsule may develop around the injured kid-
ney reducing the renal blood flow by compression of the 
parenchyma (Page kidney). This is usually due to a pro-
longed urine leak or an inadequately treated urinoma. 
Other mechanisms are stenosis or occlusion of the main 
renal artery or one of its branches or the development of 
a posttraumatic arteriovenous fistula. Medical manage-
ment is usually successful but surgery may be necessary. 
Surgical options include vascular or endovascular recon-
structions, capsulotomy, or nephrectomy. Long-term 
monitoring of blood pressure is recommended.

Loss of renal function
The goal of management of renal injury in children 
is to preserve functioning renal parenchyma. Renal 
nuclear scans (DMSA) may be done to document and 
track recovery. Preservation of renal tissue is less suc-
cessful in children with renovascular trauma as well as 
severe concomitant injuries with shock and extensive 
blood loss. Conservative management of minor renal 
injuries (grades I–III) usually result in almost complete 
healing. Grades IV and V show some evidence of vol-
ume loss (22% and 50%, respectively) [22,28]. Surgical 
reconstruction after major blunt or penetrating trauma 
preserves more than one-third of the kidney in 81% of 
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cases [21]. The incidence of posttraumatic renal failure 
is low [28]. It has been reported in 6.4% of patients with 
renal injury who also have associated renovascular 
injury [22].

Morphological abnormalities
Conservative management of high-grade renal injuries in 
children can result in residual morphological changes such 
as single or multiple scars, cystic lesions with septae or 
segmental hydronephrosis. Figure 38.2 shows a follow-up 
ultrasound 5 years after a grade IV renal injury managed 

conservatively with urinary diversion by percutaneous 
nephrostomy.

Ureteral injuries

Ureteral injuries constitute around 3% of genitourinary 
trauma [22]. Blunt traumatic disruption of the upper 
ureter and ureteropelvic junction, though very rare, is 
more common in children than in adults by a ratio of 

Figure 38.2 (a) Computed tomography scan of right high grade renal laceration with retroperitoneal hematoma in 7 year old boy 
(left image). Delayed images of same kidney (right image). (b) Ultrasound showing cystic changes in the upper pole of the right 
kidney 5 years after conservative management of the injury shown above.
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3:1. They should always be suspected after severe blunt 
trauma or penetrating injury.

Penetrating injuries are extremely rare in children 
and are almost always accompanied by injuries to other 
organs. Gunshot wounds are also rare in children, but 
the mechanism of injury makes the ureter a target even 
if it is not in the path of the bullet. Iatrogenic injuries 
to the ureter have increased since the advent of laparos-
copic and ureteroscopic interventions in childhood. 
They also happen during pelvic surgical procedures. 
Common injuries are mucosal injury during ureteros-
copy with possible ureteral perforation, false passages, 
complete avulsion, or loss of a ureteral segment.

Diagnosis and management

Initially, these injuries may be unrecognized and a high 
index of suspicion is required in their evaluation. It is 
essential to evaluate for ureteral injury in any child with 
significant blunt abdominal trauma and multiple associ-
ated injuries. Though rare in the child, any penetrating 
injury should be suspected of injuring the ureter as well.

CT scan is the primary method of evaluation in these 
patients with multiple injuries. Extravasation of con-
trast may be confined to the medial perirenal space. If 
a rapid sequence spiral CT is done, then delayed films 
must be performed. On delayed images there is absence 
of contrast material in the distal ureter if there is com-
plete ureteral transection. A complete high-dose intrave-
nous urogram can be done in the resuscitation suite. The 
findings include contrast extravasation, delayed func-
tion, or mild ureteral dilation or deviation (Figure 38.3). 
Retrograde ureterography is probably the most accu-
rate method of assessment of ureteral integrity, but is 
sometimes not practical in acute trauma. Intraoperative 
evaluation by inspection of the ureter, with the aid of 
injection of methylene blue into the collecting system or 
intravenous indigocarmine can be used.

The timing and type of the intervention depends on 
proper injury staging, the patient’s overall condition, 
and timing of diagnosis. When recognized early, the 
ureter should be repaired immediately. Repair should 
be by means of a tension free, spatulated, anastomosis. 
If possible, the repair should be wrapped with omen-
tum or retroperitoneal fat. Stent or nephrostomy place-
ment is advised in most cases. Surgical options are 
direct reanastomosis, ureteral reimplantation (with pos-
sible vesico-psoas hitch or Boari flap), transposition 
of ileum or appendix, transuretero-ureterostomy, and 

autotransplantation of the kidney. Nephrectomy may be 
done only in a life-threatening situation with a normal 
contralateral kidney.

If immediate definitive repair is not possible, then one 
should wait for several months before attempting recon-
struction. In case of an unstable patient or if there has 
been a delay in diagnosis, a temporary diversion may be 
done. Percutaneous nephrostomy with or without liga-
tion of the ureter or a cutaneous ureterostomy may be 
done initially for damage control.

Most iatrogenic injuries are diagnosed intraoperatively. 
Identification of the ureters by passing ureteric cath-
eters prior to a difficult abdominal or pelvic dissection 
is a valuable aid to prevent these injuries. Passing a safety 
guidewire prior to ureteroscopy is an essential step, 
which if omitted, can lead to disaster. Trying to retrieve 
large fragments of stones without breaking them up can 
lead to avulsion of the ureter. Most ureteroscopic iatro-
genic injuries and their complications can be managed 
by double-J stenting for a short period of time.

Complications

Urinary extravasation can present as an enlarging 
flank mass in the absence of signs of bleeding. The initial 
management of a double-J stent or a percutaneous neph-
rostomy is appropriate. Urinoma or abscess may be drained 
percutaneously. Most patients heal without stricturing.

Ureteral injuries especially its delayed diagnosis may 
be complicated by ureteral strictures. Usually they can 

Figure 38.3 Computed tomography scan of right ureteral injury 
from penetrating trauma in an 11-year-old boy.
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be managed by balloon dilatation, internal stenting, or 
endoureterotomy. Stricture length and duration deter-
mine whether conservative management is going to be 
successful. These methods have a higher failure rate with 
longer strictures. Previous infection, urine extravasation, 
and poor blood supply may be factors causing longer 
strictures. Open or laparoscopic repair if required should 
be delayed for 1–3 months while infection and inflam-
mation subside.

Hydronephrosis is due to transient obstruction due 
to contusion or a stricture. Ureteral stenting is usu-
ally adequate treatment unless there is a long stricture. 
Ureterocutaneous and ureterogenital fistulae can occur 
later in the course of illness and may respond to a period of 
stenting during which the fistula undergoes spontaneous 
healing. If stenting with or without proximal diversion is 
unsuccessful, open repair is needed. Renal failure and anu-
ria may occur in children with bilateral injuries or when a 
ureter of a solitary kidney is affected. Temporary dialysis 
with the appropriate drainage procedure may be done.

Bladder injuries

Pediatric bladder injuries are rare and are usually associ-
ated with other severe injuries and a high mortality rate. 
Blunt trauma is the most common cause of bladder injury 
in children. Inappropriately fastened lap belts increase the 
risk of this injury. Iatrogenic injury is also known, espe-
cially with the increasing use of laparoscopic surgery. 
Augmented bladders and children with previous pelvic 
surgery are also at a greater risk. An augmented bladder 
may perforate spontaneously or with trauma [23].

Bladder rupture may be intraperitoneal or extra-
peritoneal or a combination of the two. The bladder in 
a child occupies a more abdominal position when full, in 
comparison to adults. It is therefore more susceptible to 
external injury and intraperitoneal rupture accounts for 
one-third of bladder injuries [24]. Extraperitoneal rup-
ture almost always occurs due to pelvic fracture. It has 
been reported that bladder injury in children with a pel-
vic fracture is rare and occurs 1% of the time [25]. This 
lower incidence in children has been attributed to the 
elastic nature of a child’s pelvis and its attachments.

Diagnosis and management

Diagnosis depends on precise studies including CT scan, 
cystography, and IVP. The bladder must be adequately 

filled and oblique as well as post-drainage films should 
be taken. Currently CT cystography is a very sensitive 
and specific test. Children with intraperitoneal rupture 
develop hyponatremia, hypokalemia, elevated serum 
urea, and creatinine (urea nitrogen rises out of propor-
tion when compared to creatinine), whereas those with 
extraperitoneal rupture do not do so. Hematuria is a car-
dinal sign and the patient may be unable to void.

The majority of injuries that present solely with 
hematuria are bladder contusions and require no specific 
treatment. Most extraperitoneal injuries may be treated 
by bladder drainage, either urethral or suprapubic, for 
7–10 days. If bladder drainage is not efficient in the first 
48 h, then open repair should be done and a suprapubic 
tube placed. It has been recommended that these tears 
may be treated by catheter drainage if the urine clears of 
blood promptly, the catheter drains well, and the bladder 
neck is not involved in the laceration.

Major extraperitoneal injuries and intraperitoneal 
injuries are usually treated by primary operative repair. 
Prophylactic antibiotics need to be started on the day 
of the injury to prevent infection of the associated pel-
vic hematoma and continued till 3 days after catheter 
removal. Major extraperitoneal injuries include open 
pelvic fracture, rectal perforation (both of which have a 
high risk of infection when treated conservatively), and 
bone fragment projecting into the bladder, which is rare. 
When a laparotomy is done for other associated injuries, 
it is advised that the bladder be opened and repaired 
if a bladder injury is suspected. Massive injuries of the 
bladder and lower ureter are best drained by a tempo-
rary diversion. Occasionally nonoperative treatment can 
be successful in cases of small intraperitoneal bladder 
tears in children [26]. The treatment consists of bladder 
drainage, percutaneous intraperitoneal tube drain, and 
antibiotics in children who present early. Surgery is done 
in these children if bladder drainage is inadequate, there 
is prolonged drainage from the peritoneal drain, or if the 
clinical situation deteriorates. A follow-up cystogram 
must be obtained 10–14 days after the injury in case of 
conservative management or 7–10 days after bladder 
repair. Only then the bladder catheter is removed.

If there is involvement of the bladder neck, trigone, 
prostate, or vagina in the injury, immediate formal repair 
of all these structures is necessary. This type of injury is 
more common in children and early repair prevents 
complications. A small vaginal injury may be left open. 
A large laceration may need repair through the opening 
in the bladder. The bladder is then drained by both ure-
thral and suprapubic tubes. Placing omentum between 
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the bladder and vaginal repairs may reduce the risk of 
fistula formation.

Complications

Complications of bladder perforations include clot 
retention, ileus, pelvic abscess, and urinary fistula. 
Other complications are urge incontinence and areflexic 
bladder that might require intermittent catheteriza-
tion. Bladder stones may occur from retained sutures. 
Pseudodiverticulum can occur due to a bony spike. 
Acute complication of intraperitoneal rupture is perito-
nitis, which can be fatal. Late complications of bladder 
repair are rare. Acute, self-limiting urinary frequency 
is common. Bladder neck injuries can result in bladder 
neck stricture and urinary incontinence. In females they 
can also result in stress incontinence, sexual dysfunction, 
and vesicovaginal fistula. Impotence in males is related 
to wide separation of the pubic bones.
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Augmentation Cystoplasty
Prasad P. Godbole

Introduction

Augmentation cystoplasty is aimed at achieving a low-
pressure reservoir of adequate capacity primarily to 
protect the upper tracts and secondarily to achieve con-
tinence [1]. This technique finds use predominantly in 
children with a neurogenic bladder due to spinal dysra-
phism, anorectal malformation, tumors, or spinal cord 
injury as well as in children with nonneurogenic bladder 
dysfunction (Hinman bladder). Emptying of the reser-
voir is by clean intermittent catheterization urethrally 
or via a continent catheterizable conduit. This chapter 
deals with the preoperative workup, surgical techniques, 
complications, and management of augmentation 
cystoplasty.

Surgical techniques

Various segments of the gastrointestinal tract have been 
used to augment the bladder from stomach, ileum, colon, 

and composite grafts [2]. The principal drawback of 
this is the close contact of urothelium and urine to 
gastrointestinal mucosa and its consequences [3]. A 
dilated ureter may be used in the form of a uretero-
cystoplasty in selected cases [4]. Autoaugmentation or 
detrusor myotomy alone has also been described [5]. 
The various techniques and their outcomes are discussed 
below.

Outcomes

The main aim of an augmentation cystoplasty is to pro-
vide a capacious reservoir that can store urine at low 
pressures (compliant), thereby preventing deterioration 
of the upper tracts. The other aim is to achieve conti-
nence. Hence, the outcome measures by which the vari-
ous techniques can be compared are directly related to 
the above. Further outcome measures include long-term 
effects of augmentation cystoplasty including mucus for-
mation, urinary tract sepsis, stone formation, and devel-
opment of malignancy. Although bladder neck surgery 
is closely related to augmentation cystoplasty and the 
continence mechanism, this is described in subsequent 
chapters and is excluded from this discussion. The out-
comes are tabulated in Table 39.1.

Key points

• Preoperative workup and a multidisciplinary 
approach is key to the success of an 
augmentation cystoplasty.

• The timing of surgery should be dictated by the 
compliance and understanding of the child and 
carers.

• In case of deteriorating upper tracts and 
unfavorable child and social situation, alternative 
urinary diversion procedures may be considered.

• Bowel preparation is not always necessary.

• The main complications are related to the 
reservoir; namely, mucus and stone formation, 
urinary tract infections, rupture, metabolic, and 
development of malignancy.

• Lifelong surveillance and support of children 
with an augmentation cystoplasty is essential.
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Complications

Complications may occur at any stage following an aug-
mentation cystoplasty and are discussed below.

Intestinal obstruction
This may occur in up to 10% of children following an 
augmentation cystoplasty [12]. Several series have 

demonstrated an incidence of approximately 3% of 
mechanical bowel obstruction following augmenta-
tion cystoplasty with a higher incidence of up to 10% 
after gastrocystoplasty [13–16]. It may occur early or 
late. The author has noted that in some children an ileus  
may develop approximately 4–5 days after surgery after 
a period of relatively normal enteral intake (unpub-
lished observations). The cause of this phenomenon is 

Table 39.1 Outcomes of augmentation cystoplasty.

Technique Ileo/colocystoplasty Gastrocystoplasty Ureterocystoplasty Autoaugmentation

Outcome
Mucus [6] Common problem Decreased mucus  No No
  production

Stone [7] Up to 20% Lower incidence  

UTI [8] Up to 20% Up to 20%

Metabolic [9] Hyperchloremic  Decreased chloride No No
 metabolic acidosis. Not  absorption
 significant if normal 
 kidneys at outset.

Malignancy [10] Currently rare.  Not documented No No
 Histological changes at  although DNA-
 anastomotic line noted  ploidy abnormalities
 in experimental studies. noted along 
  anastomotic line on 
  flow cytometry.

Rupture [11] 10% in one series Can occur Can occur Can occur

Capacity of reservoir [8] Significant increase Significant increase Improvement in  Up to 93% no
   carefully selected  improvement in
   cases urodynamic parameters

Compliance [8] Significant improvement Significant  Improvement in Poor on long-term
  improvement carefully selected  follow-up
   cases

Continence [8] Up to 96% improvement/ Up to 89% continence Good medium-term Poor in long term
 resolution in one series  results in up to 90%

Upper tracts [8] As above Stable in up to 91% Stable Deterioration in over 50%

Other  Patch contraction,  High reaugmentation Not shown to be
  ureteral obstruction.  rate of 82–91% where useful with respect to
  Hematuria dysuria  case selection is continence and
  syndrome in up to  inappropriate, ureteral urodynamic parameters.
  25%. Long-term  necrosis.
  complications greater 
  than enterocystoplasty 
  in one series.
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not known. Comparing the incidence of intestinal com-
plications after augmentation cystoplasty with an ileal 
conduit, it is apparent that the comparative incidence is 
significantly lower in the former (10% versus up to 70%) 
[17]. There are dangers during relaparotomy as failure to 
identify the vascular pedicle may result in its inadverdent 
division.

Mucus production
Mucus production can be problematic for years after 
an augmentation cystoplasty. Experimental studies sug-
gest maximal mucus production with a colocystoplasty 
and to a lesser degree by the ileum and minimal mucus 
production by the stomach [18,19]. Mucus production 
may prevent adequate drainage of the neobladder via 
the catheter thereby predisposing to infections and stone 
formation.

Urinary tract infection
This occurs in approximately 20% of children with an 
augmentation cystoplasty [8,20]. Rink and colleagues 
report an incidence of symptomatic lower urinary tract 
infections in 22.7% of ileocystoplasties, 17.3% of sigmoid 
cystoplasties, and 8% of gastrocystoplasties [8]. The inci-
dence of febrile UTIs has been reported in upto 10–15% 
of children [8]. Urinary stasis secondary to inadequate 
drainage, mucus production, and intermittent catheteri-
zation predispose to Urinary tract infections (UTIs) [21]. 
True UTIs needing treatment need to be differentiated 
from bacteruria without symptoms which is almost inev-
itable following an augmentation cystoplasty in patients 
performing intermittent catheterization.

Stone formation
Urinary stasis, mucus production, UTIs, foreign bodies 
such as a suture or staple may predispose to stone forma-
tion. This may occur in 18–50% patients in several large 
series [7,22–25]. The incidence of stone formation is 
much less with gastrocystoplasty presumably due to the 
acid millieu compared to ileocystoplasty [26]. The risk 
may be increased by the addition of a bladder neck pro-
cedure or a catheterizing abdominal wall conduit [24].

Metabolic
The metabolic consequences of an augmentation 
cystoplasty depend on the segment of bowel used and 
the duration of contact between urine and the bowel 
mucosa. This occurs as a result of the bowel segment 
maintaining its physiological absorptive and secretory 
properties. With an ileocystoplasty or colocystoplasty, 

chloride ions from the urine are absorbed in exchange 
for bicarbonate ions from the bowel lumen. Other ions 
such as ammonium, hydrogen, and organic acids are 
also readily absorbed by the bowel mucosa. This results 
in a hyperchloremic metabolic acidosis [27] which is 
compensated by hyperventilation. Where the renal func-
tion is normal at the outset, patients do not generally 
have a problem with these metabolic changes. In cases 
of an acute acid load, hydrogen ions are secreted in the 
distal tubule. Normally, chronic acid loads are dealt with 
by secretion of large amounts of ammonium in the dis-
tal tubule. However in cases of an augmentation cysto-
plasty, the ammonium is reabsorbed thereby negating 
this effect. Inorganic salts or bony buffers may therefore 
be released to handle this chronic acid load. Hence, bone 
demineralization and impaired linear growth could 
occur and has been demonstrated in experimental stud-
ies [28,29]. While there are several series that support 
this concept [30,31], other authors have not shown any 
difference in linear growth with or without an augmen-
tation cystoplasty [32].

Other substances may also be reabsorbed across the 
intestinal mucosa. Phenytoin absorption may need an 
alteration in dosage schedule [33]. Glucose absorption 
across the mucosa may give misleading results on a urine 
glucose analysis [34]. False positive pregnancy tests have 
also been reported [35].

With a gastrocystoplasty, the gastric mucosa secretes 
chloride and hydrogen ions thereby potentially leading 
to a hypochloremic metabolic alkalosis [36]. The gastric 
segment has therefore been recommended in children 
with renal impairment [37,38]. Discontinuation of alka-
linization therapy following a gastrocystoplasty has been 
reported [16] although recent studies have demonstrated 
no beneficial effect of a gastrocystoplasty in the face of 
an acute acid load [39].

The aciduria and hematuria dysuria syndrome can 
affect up to 25% of patients with a range of 9–70% in 
various series [16,40,41]. The incidence is higher in chil-
dren with a sensate urethra as opposed to insensate ure-
thra [41]. The symptoms are as a result of the irritation 
of the native urothelium by acidic urine.

Malignancy
Much of the work regarding malignancy developing at 
the suture line has been done in ureterosigmoidostomies 
with a mean latency period of over 20 years from surgery 
to development of malignancy. As follow-up after aug-
mentation cystoplasty is comparatively short, it is difficult 
to predict the potential for development of malignancy in 
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this group. There have been numerous reports of malig-
nancy developing along the suture line following cysto-
plasty [42–45], the earliest being at 4 years following 
surgery [43]. Dysplasia and metaplasia along the suture 
line has also been noted in experimental studies [46].

Rupture
Perforation of an augmented bladder is a well recog-
nized complication [11,20,47,48]. In our institute, we 
have seen this mainly in the adolescent age group who 
have not catheterized for a significant period of time and 
then have sustained relatively innocuous trauma. Other 
postulated contributing mechanisms include ischemia, 
overdistention, poorly compliant hyperreflexic bladder, 
and sepsis [49,50]. A leak may occur early following an 
enterocystoplasty and may be due to a technical error 
or delayed healing. The reported incidence of rupture 
is up to 10% [11]. In one series, it has been shown that 
sigmoid cystoplasties had a higher incidence of rupture 
compared to gastrocystoplasty or ileocystoplasty [51]. 
However, this has not been seen in other series where ile-
ocystoplasties had a higher incidence of perforation [52].

Redo augmentation
The aims of an augmentation cystoplasty are to achieve a 
low pressure compliant capacious reservoir with limited 
contractility. Detubularization of the bowel segment to 
be used has been standard practice. Several studies have 
demonstrated that ileum is the most compliant segment 
of bowel [53–55]. Despite detubularization, persistent 
contractions generating high pressures may occur. In 
our experience, this has been more in the sigmoid cysto-
plasties compared to ileocystoplasties. Other series have 
shown less contractility with ileum as compared to sig-
moid or cecum [56,57]. Gastric patch also demonstrates 
similar contractility [58,59]. Secondary augmentations 
as a result of this persistent contractility have been done 
in order of decreasing frequency in colocystoplasties, 
gastrocystoplasties with ileocystoplasty requiring the 
least in the way of redo augmentation [60].

Ventriculoperitoneal shunt complications
An augmentation cystoplasty is commonly performed 
in the myelodyplasia population who have a function-
ing ventriculoperitoneal shunt in situ. Recent series have 
shown a shunt infection rate varying between 0% and
20% following augmentation cystoplasty [61,62]. Revision
shunt surgery for distal end blockage has been recorded, 
but the incidence of this is not higher in those children 
who have not had an augmentation cystoplasty [61]. The 

Indiana experience [61] suggests that the rate of shunt 
infection is low (2% in this series) provided meticulous 
attention is paid to the intraoperative and perioperative 
details.

Prevention of complications

An augmentation cystoplasty is a major reconstructive 
procedure that should only be performed if and when 
the patient (where applicable) and carers are fully con-
versant and compliant with the postoperative and long-
term management. Preventing complications of this 
procedure starts well before contemplating surgery.

Preoperative evaluation
Thorough evaluation by a specialist nurse who is part of 
a multidisciplinary team is essential. This evaluation con-
sists of assessing current management of the bladder (CIC 
or diapers/pads), possibility of performing clean inter-
mittent catheterization (CIC) by the patient/carers, dex-
terity of the patient, body habitus of the patient etc. The 
assessment should also include a subjective impression of 
the compliance and understanding of the patient/carers 
toward this procedure. In our institute, the specialist nurs-
ing team would carry out this assessment and also use 
audiovisual aids to help in understanding of the patient/
carers. The families are then invited to a meeting with the 
surgeon and the rest of the multidisciplinary team to dis-
cuss the technicalities of the surgery, the risks and compli-
cations, and reinforce the postoperative management. An 
augmentation is performed only when the multidiscipli-
nary team feel that the patient/carers will be able to fol-
low the postoperative regime. Other urinary diversions as 
alternatives to an augmentation are also discussed so that 
a fully informed decision can be made.

Imaging techniques
Full formal urodynamic assessment including appear-
ances of the bladder neck, leak point pressures , maxi-
mum cystometric capacity, detrusor activity, and 
maximum pressure is essential to determine the optimum 
procedure to be performed. At this time, presence or 
absence of vesicoureteric reflux can also be documented 
as well as its grade. We perform the videourodynamics off 
anticholinergics such as oxybutinin/tolterodine to give 
an accurate picture of the bladder dynamics. A baseline 
urinary tract ultrasound is also necessary as is functional 
imaging Dimercaptosuccinic acid (DMSA)/ Mercapto 
acetyl triglycine 3 (MAG 3) for baseline function.



Chapter 39 Augmentation Cystoplasty 311

Other investigations
Where renal function is compromised, a recent glomer-
ular filtration rate (GFR) is essential. Renal biochemis-
try and hematology is checked preoperatively and blood 
is made available for the day of surgery. A preoperative 
urine is checked for culture/sensitivity and any active 
infection treated appropriately.

Marking the site
Where a concomitant catheterizable conduit (Mitrofanoff/
Monti) or an Antegrade continental enemat (ACE) con-
duit is to be created, the site for either/both these stomas 
should be marked to ensure that they are appropriately 
placed and easily accessible. This is more so for patients 
who are in wheelchairs or those whose body habitus pre-
cludes them from having the stomas sited in the usual 
position.

Preoperative preparation
There is no standardized preoperative preparation for an 
augmentation cystoplasty. All patients are starved appro-
priately. In our institute, we advise a low residue diet 48 h 
prior to surgery and clear fluids the day before surgery. 
Where ileum (the author’s preference) is to be used, 
no specific bowel preparation is used. In a recent study 
of the role of bowel preparation prior to augmentation 
cystoplasty, it was demonstrated that there was no signif-
icant difference in outcome measures such as time to full 
feeds, incidence of sepsis, and UTI with or without bowel 
preparation [63]. If colon/ileocecum is to be used, bowel 
preparation with Golitely/Kleen Prep or Oral Picolax 
may be used. Oral antibacterials commencing 24 h prior 
to surgery are used in some centers. We use a combina-
tion of Cefuroxime and Metronidazole at induction 
of anesthesia. If there is an active UTI, it is aggressively 
treated and surgery delayed until it is controlled. 

Intraoperative management
The principles underlying a successful augmentation 
are good exposure, careful and delicate handling of tis-
sues, a secure anastomosis (both bowel and the entero-
cystoplasty), choice of appropriate segment of bowel, 
prevention of potential internal herniae, and good post-
operative drainage. The first step is the extraperitoneal 
mobilization of the bladder down to the level of the ure-
teric orifices. The bladder may be opened in the coronal 
or sagittal plane from one ureteric orifice to the other. 
Failure to do so may result in an hourglass constriction 
of the neobladder. The patch or reconfigured segment 
is sutured on with absorbable sutures. The peritoneal 

opening is closed to extraperitonealize the neobladder, the 
theoretical advantage being that of a leak being isolated
to the extraperitoneal space if it should occur. This is not 
mandatory. The ureters are not routinely stented in our 
institute unless they have been reimplanted. Good drain-
age is obtained by one or two large bore catheters (the 
author uses a 16F Foley catheter along with a second 14F 
catheter via the Mitrofanoff conduit if present). Some 
surgeons use perivesical drain/s.

Postoperative management
Early postoperative management
Intravenous antibiotics are continued for 48 h or longer 
if enteral intake has not resumed. With an ileocysto-
plasty, in the author’s experience, normal enteral intake 
is resumed in 48 h. To prevent blockage of catheters 
with blood or mucus, some authors advocate a continu-
ous bladder irrigation for 24–48 h. In our institute, we 
maintain adequate hydration or even overhydration to 
maintain the urine output at 2 ml/kg/h for at least 48 h. 
In cases of children with compromised renal function, 
close attention to fluid balance and input from a pedi-
atric nephrologist is essential. Both Foley catheters are 
periodically flushed to ensure patency. If a catheter is not 
draining, the smaller bore catheter is flushed (usually the 
Mitrofanoff) allowing the effluent to drain out along the 
gradient through the larger bore catheter. Patients are 
usually discharged by the end of a week with all catheters 
on free drainage. Prior to discharge, carers are taught the 
technique of flushing of catheters and have open access 
to the wards/specialist nurses in case of problems.

Further postoperative management
Bladder washouts are continued at a variable frequency 
depending on the amount of troublesome mucus. The 
author continues oral chemoprophylaxis till the first 
office visit at 3 months with an ultrasound scan. Further 
management depends on routine evaluation of the upper 
tracts, close liasion between the families and the multi-
disciplinary team via the specialist nurses with appropri-
ate and proactive intervention if complications arise.

Management of complications

Intestinal obstruction
There should be a low threshold for surgical interven-
tion after a period of conservative management with nil 
per orally (NPO), intravenous fluids, nasogastric decom-
pression, and intravenous antibiotics. The appropriate 



312 Part X Surgery for Urinary and Fecal Incontinence

surgical procedure may be carried out depending on the 
findings at laparotomy.

Mucus/UTI/stones
Bacteruria itself does not require treatment as this is inev-
itable. A pure growth of an organism in an unwell child 
should prompt aggressive treatment with intravenous 
antibiotics. Bladder drainage should be by an indwelling 
catheter with frequent washouts/irrigation if necessary. 
Hyaluronic acid has been used with some success in chil-
dren with recurrent UTIs following augmentation cysto-
plasty (author, unpublished observations). Stones in the 
augmented bladder may be tackled by several techniques 
including open surgery or minimally invasive techniques 
[64,65]. Complete stone clearance is the aim whichever 
technique is chosen.

Metabolic
Acidosis may be managed by oral bicarbonate supple-
ments. Regular monitoring of growth parameters and 
cooperation with a pediatric nephrologist is helpful 
in managing the metabolic sequelae of augmentation 
cystoplasty.

Rupture
This is usually a dramatic occurrence. Initial manage-
ment should include full resuscitation and stabilization 
of the child prior to transfer to a tertiary unit. Imaging 
techniques in the form of an ultrasound and CT with 
contrast will confirm the diagnosis. Alternatively, an 
ultrasound scan finding of free fluid in the abdomen 
and pelvis combined with the history and clinical find-
ings may be sufficient to make a presumptive diagnosis. 
A small amount of free fluid in the pelvis in an otherwise 
stable patient without features of peritonism may allow 
for conservative management with an indwelling cath-
eter and intravenous antibiotics. A cystogram may be 
considered for confirmation of the diagnosis although 
the author has not always found this helpful. In perito-
nitic patients, a laparotomy is required with closure of 
the perforation.

Ventriculoperitoneal shunt sepsis
This may be manifest by neurological signs only or 
associated with or without a pyrexia or pyrexia alone. 
Confirmation is by culture of the cerebrospinal fluid 
(CSF) from a shunt tap. If shunt sepsis is confirmed, exte-
riorization of the shunt is necessary and treatment with 
culture sensitive antibiotics. In our institute, the shunt is 

reinteriorized after three successive negative CSF cultures. 
In cases of shunt malfunction secondary to a CSF collec-
tion in the abdomen, relocation of the shunt is required.

Conclusion

An augmentation cystoplasty is a major undertaking 
with potential risks and complications. All families and 
carers should be made aware of these before proceeding 
to surgery. Surgery should be performed after adequate 
preoperative preparation and with attention to detail. 
A multidisciplinary approach is essential throughout the 
child’s journey.
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Appendicovesicostomy and 
Ileovesicostomy
Martin Kaefer

Introduction

The initial concept of a continent catheterizable channel 
and the subsequent utilization of this technique has dra-
matically improved the quality of life of many children with 
bladder dysfunction [1]. Following Mitrofanoff ’s initial 
experience, in which the appendix was implanted to create a 
flap-valve mechanism in the bladder, many other structures 
have been utilized as the efferent channel [2]. Advances in 
our knowledge of bladder function and structural charac-
teristics of the channel have led to a better understanding 
of the complications that can result from this technique. 
Success of the procedure appears to be largely indepen-
dent of underlying urologic disease, age of the patient, 
and specific configuration of the urinary storage reservoir.

Ideally, all patients should be able to achieve social 
continence using modern methods of continent uri-
nary reconstruction. However, not all patients have the 
physical or cognitive ability to perform clean intermit-
tent catheterization (CIC). Additionally, patients who 
have undergone reconstruction may fail to demonstrate 
the adequate compliance with CIC required to maintain 

healthy intravesical pressures. In these patients the 
incontinent ileovesicostomy (i.e. ileal chimney) can 
prove invaluable.

This chapter will focus on the most common prob-
lems that arise following creation of both continent 
catheterizable and incontinent channels and provide an 
approach to the management of these complications. 

Surgical techniques

General
There are several factors that appear to be critical to the 
success of the continent catheterizable channel. From a 
mechanical standpoint, continence depends on a flap-
valve mechanism in which there is maintenance of a posi-
tive pressure gradient between the lumen of the efferent 
limb and the reservoir [3]. To achieve this, the channel 
should consist of a supple tube which is tunnelled submu-
cosally and achieves an intravesical length to tube diam-
eter of between 4:1 and 5:1 [4]. A urodynamic assessment 
of the efferent limb in 21 patients revealed that continence 
was generally achieved if the functional profile length 
(i.e. distance over which conduit pressure exceeds reser-
voir pressure) was greater than 2.0 cm [5]. The wall of the 
reservoir should be of adequate thickness to provide 

Key points

• The success of a continent catheterizable 
channel depends on a flap-valve mechanism, a 
low-pressure storage of urine in the reservoir, 
adequate backing to the channel, and an 
intravesical length to tube diameter of 4:1 to 5:1.

• The appendix is the most commonly 
used channel followed by the transverse 

 tubularized ileal segment with similar continence 
outcomes.

• Difficulties in catheterizing the conduit due to 
kinking or stomal stenosis, stomal incontinence, 
and stones are the commonest complications 
needing surgical intervention.

40

Pediatric Urology: Surgical Complications and Management
Edited by Duncan T. Wilcox, Prasad P. Godbole and Martin A. Koyle

© 2008 Blackwell Publishing Ltd.  ISBN: 978-1-405-16268-5



316 Part X Surgery for Urinary and Fecal Incontinence

adequate support of the tube as it is compressed by intra-
vesical forces (Figure 40.1). The ability to store an ade-
quate volume of urine at low intravesical pressure is a 
necessity due to the fact that excessively high intravesical 
pressures can cause a technically adequate channel to leak 
(just as high intravesical pressures can cause an otherwise 
adequate ureterovesical junction to reflux) [6].

Anatomic characteristics of the tube are predictive of 
whether the channel will function adequately. The con-
duit should have a constant diameter throughout its 
length (at least 10 French) and have a predictable, healthy 
blood supply. It must be of sufficient size to achieve ade-
quate tunnel length and traverse the abdominal wall. The 
appendix and transversely tubularized bowel segments 
(TTBS, otherwise known as Yang–Monti channels) 
appear to be the best substrates due to the fact that they 
meet these criteria [2,7,8]. Other conduits including ure-
ter, vas deferens, Meckel’s diverticulum, Fallopian tube, 
tubularized stomach, and foreskin are either frequently 
unavailable (in the case of ureter) or have proven far less 
reliable for various reasons and therefore will not be dis-
cussed further in the context of this chapter [9–13]. The 
geometric relationships that exist between the conduit, 
reservoir, fascia, and skin also play an important roles in 
determining the success of the channel and will be dis-
cussed further in the appropriate sections of the text.

Continent channels

The conduit
When a healthy appendix exists, care must be taken to 
preserve its mesenteric blood supply. If the appendix is 

not deemed of adequate length, methods for cecal exten-
sion/tubularization can be utilized [14,15]. If a suitable 
appendix is not available or a decision has been made to 
use it for a concomitant MACE procedure then the TTBS 
technique can provide a uniformly suitable conduit for 
the efferent limb mechanism. For this procedure a 2.5 cm 
segment of ileum (or colon) is subtracted from the fecal 
stream [7]. The bowel segment is then opened along the 
antimesenteric boarder and subsequently tubularized in 
a transverse fashion over a catheter. This technique pro-
vides a tube with a centralized mesentery (Figure 40.2a). 
Anatomic considerations may dictate the need for a con-
duit with an offset mesentery. In these cases the bowel 
segment is opened closer to one side of the mesentery 
than the other (Figure 40.2b). Two techniques have been 
described to create a longer channel for individuals with 
a thick abdominal wall. Monti described the use of a 
tandem tube in which two conduits were anastomosed 
to each other with interrupted absorbable sutures [7] 
(Figure 40.2c). Irregularities at the anastomotic site may 
result in difficulties with catheterization. The alterna-
tive technique of the Spiral Monti as described by Casale 
allows for the construction of a long tube with a more 
uniform, smooth lumen [16] (Figure 40.3).

Implantation
As previously noted, a firm reservoir wall is needed to 
provide adequate support of the channel so that intravesi-
cal pressure can compress the conduit [3]. The preferred 
site for implantation is therefore the native bladder wall. If 
native bladder wall is not available then tunnelling into a 
tenia of the colon or the wall of a gastric augmentation is 

CONTINENT STOMAS
FLAP-VALVE

1) Compressible tube
2) Adequate length
3) Muscular backing
4) Easily catheterizable

Figure 40.1 The flap-valve 
mechanism.
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can be implanted into the reservoir using either an intra-
vesical or extravesical technique as long as the submucosal 
tunnel is of adequate length.

Once the conduit is implanted into the reservoir an 
appropriate location for its exit from the abdomen is 
determined. Many factors help determine the optimal 
location for stoma creation in a given individual. First, a 
location must be chosen that will allow for a straight tra-
jectory through the abdominal wall. Second, the reservoir 

(a)

(b)

(c)

(d)

Figure 40.2  (a) Transverse tubularized bowel segment, 
incision; (b) transverse tubularized bowel segment, central 
mesentery; (c) transverse tubularized bowel segment, incision 
for off center mesentery; and (d) transverse tubularized bowel 
segment, off center mesentery. (© IUSM Visual Media.)

the next best option. Although an antireflux technique can 
be created between the conduit and the ileum, the thinness 
of the ileal muscle wall may result in suboptimal trans-
mission of intravesical pressure to the tube. The conduit 

3.5 cm

(a)

(b)

12–14 cm

(c)

Figure 40.3 (a) Casale Spiral Monti, initial incision; (b) Casale 
Spiral Monti, subsequent incisions; and (c) Casale Spiral Monti, 
completed. (© IUSM Visual Media.)
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must be fixed with permanent sutures at the point of exit 
of the conduit from the reservoir to the anterior abdomi-
nal wall (Figure 40.4). Failure to achieve these two goals 
will result in kinking of the tube at various degrees of 
bladder filling. Thickness of the abdominal wall relative 
to the length of the conduit may also play a role in decid-
ing the stoma site. The umbilicus, because it is the short-
est course between the abdominal skin and peritoneum, 
is a unique location for catheterizable stoma placement. 
A stoma placed in this site is appealing, as it allows the 
cosmetic (and possibly image) advantage of hiding the 
stoma more readily than in other abdominal locations. 
Finally, manual dexterity, patient preference, and gen-
der must be considered when choosing the stoma loca-
tion. Mitrofanoff himself raised a concern regarding the 
stretching/kinking of an umbilical-based conduit during 
pregnancy [17]. Anchoring of the appendix at the umbili-
cus also has the potential to tether the bladder making it 
more difficult to safely retract away from the uterus dur-
ing a C-section delivery.

Stoma
The stoma itself can be created using a number of tech-
niques. The anastomosis at the skin level should be per-
formed in the absence of tension so as to avoid any 
compromise to the conduit’s blood supply. Early descrip-
tions of the technique proposed excising a circular skin 
segment, slightly wider than the conduit itself, and anas-
tamosing it flush to the skin [1,2]. Various techniques 
have subsequently been championed which are believed 
to decrease subsequent stomal stenosis rates. Each 
method consists of developing a skin flap that maximizes 
the diameter of the junction between the skin and con-
duit. Included among these are the V- or U-shaped flap 
advancement into a spatulated conduit, VQZ-plasty and 

VQ-plasty [17–22]. Another potentially useful method for 
minimizing stomal stenosis with appendicovesicostomies 
is to harvest the appendix with a small cecal cuff [23].

Incontinent ileovesicostomy: The ileal 
chimney
The incontinent ileovesicostomy is an excellent surgical 
option that provides safe evacuation of urine from the 
bladder in patients who are not suitable candidates for 
continent urinary reconstruction [24,25]. This operation 
can dramatically simplify the care of patients with poor 
dexterity, impaired cognitive function and individuals who 
prove to be poorly compliant with catheterization schemes 
required to maintain low intravesical pressures. In contrast 
to ileal loop diversion, this technique does not require 
construction of uretero-ileal anastomoses and preserves 
the antirefluxing mechanism by leaving the ureters within 
the bladder. For this procedure a segment of ileum with 
adequate mobility to reach the bladder and the abdominal
wall is subtracted from the fecal stream. The proximal 
end is anastomosed widely to the dome of the bladder and 
the distal end brought out as a budded stoma [26].

Outcomes

Continent catheterizable channels
Continence achieved with a Mitrofanoff tube is greater 
than 90% in most published series. Continence results 
appear to be independent of whether appendix or a seg-
ment of transverse tubularized bowel is utilized for 
the conduit. In Mitrofanoff ’s original series of patients 
treated between 1976 and 1984, 23 patients underwent 
creation of a continent catheterizable conduit (20 con-
structed from appendix). Mean patient age at surgery was 
8 years and 4 months (range 3–16) and mean follow-up
was 20 years (range 15–23). Bilateral upper tract deteriora-
tion was found in 10 cases secondary to elevated intravesi-
cal pressures. Bladder stones were found in 5 patients while 
complications directly related to the conduit included 
stomal stenosis or persistent leakage in 11 cases [17].

In Monti’s series of 55 conduits (7 tandem channels: 
48 single Yang–Monti channels) created using the TTBS 
technique, 91% continence was reported. After an aver-
age follow-up of �7 months, only one patient required 
a revision for stomal stenosis. Five patients experienced 
incontinence. One patient was rendered dry by adjust-
ment of the catheterization routine, while the four others
required two open revisions and two endoscopic proce-
dures [4].

Figure 40.4 Proper anatomic relationships of conduit to 
bladder and abdominal wall. (© IUSM Visual Media.)
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Castellan et al. reported three experiences with 45 
Monti urinary channels (4 tandem, 41 single), with 
mean follow-up of 38 months. Overall, stoma-related 
problems were noted in approximately 20% of patients. 
Three patients developed complete fibrosis of the chan-
nel while another three experienced stomal inconti-
nence. Difficulties with catheterization were noted in 
four patients with one undergoing stomal revision [27].

Narayanaswamy et al. reported their results with 94 
continent catheterizable conduits, of which 25 were 
Monti channels (tandem/single 17:8). Mean follow-up 
was 2.1 years. Fifteen (60%) patients had problems with 
catheterization, with stenosis of the conduit, diverticu-
lar pouch formation, or both occurring in 13 of these 
patients. Out of six to seven patients with pouch for-
mation had a double Monti. The authors reported no 
difference in stomal stenosis rates between appendiceal 
channels and Monti channels [19].

Finally, a recent study from Indiana University compar-
ing the Monti Procedure to the Spiral Monti Procedure 
revealed a 98% continence rate. Surgical revision of the 
conduit was required in 19% of patients (9% stomal revi-
sions, 10% subfascial revisions). The only significant dif-
ference noted between the two procedures was a higher 
incidence of subfascial revisions for umbilical stomas in 
both groups. The need for subfascial revision was highest 
in the spiral Monti channels placed in the umbilicus. 

Incontinent ileovesicostomy
Leng et al. reviewed their experience in 25 men and 13 
women with a mean age of 44.9 years who underwent 
incontinent ileovesicostomy. Mean follow-up was 52 
months. Before ileovesicostomy the incidence of seri-
ous complications associated with an indwelling catheter 
was significant, including poor bladder compliance in 
50% of cases, urosepsis in 45%, hydronephrosis in 21%, 
renal struvite calculi in 18%, urethrocutaneous fistula in 
18%, autonomic dysreflexia in 13%, and bladder calculi 
in 2%. After conversion �80% of this high-risk popula-
tion maintained a normal upper urinary tract and nor-
mal bladder storage compliance. Other complications 
including stomal stenosis, loop stricture, and bladder 
calculi were noted in up to 5% of patients [25].

Recently, this technique has been described in a cohort 
of 17 children [26]. Average age at time of operation was 
14.1 years. Average follow-up was �2 years, seven chil-
dren underwent the procedure due to a primary inability 
to perform CIC while 10 required the procedure second-
ary to poor compliance with CIC following continent 
urinary reconstruction. Renal function stabilized in 

all patients. No patient had developed intravesical cal-
culi. Despite its apparent high success rate, others have 
reported that subsequent excessive weight gain can result 
in angulation of the channel resulting in reduced effi-
ciency of drainage. 

Complications

General
Complications can generally be minimized if proper 
catheterization techniques are utilized. Although the 
mucosa of the bowel makes lubrication theoretically 
unnecessary, generous utilization of lubricant is rec-
ommended. The author will have his patients fill a 5 ml 
syringe with lubricant and gently instill this directly into 
the stoma prior to catheterization to maximally lubricate 
the channel. 

When difficulty with catheterization is encountered 
families are told to contact their physician immediately so 
that a catheter can be placed across the channel. Failure to 
place a catheter across the site may allow the traumatized 
site to fibrose. The surgeon should have a low threshold 
for utilizing flexible endoscopy to evaluate the channel in 
these cases. Multiple unsuccessful attempts to place a cath-
eter may simply extend the area of trauma. Our recom-
mendation is to then leave the catheter secured in place 
for 1 week. This will allow most false passages or edema 
to resolve before catheterization resumes and hence mini-
mizes the chance of exacerbating the injury.

Stomal stenosis
Stomal stenosis is the most common complication of 
the Mitrofanoff procedure with reported rates ranging 
between 8% and 40% [9,23,27–31]. Stenosis generally 
appears to occur within the first 2 years following the 
initial surgery [23,28,32]. However, one report has dem-
onstrated that this complication can occur as late as 15 
years following the procedure emphasizing the contin-
ued need for close follow-up of this patient population 
[17]. Initially it was felt that the well-constructed TTBS 
may have a theoretical advantage over the appendix in 
that the luminal diameter could be determined by the 
surgeon. This is in contrast to the appendix in which 
the luminal diameter is fixed and generally between 10 
and 12 Fr. However, most studies have shown that the 
incidence of stomal stenosis does not differ significantly 
between TTBS and appendiceal conduits.

The use of a hydrophilic catheter can allow for con-
tinued use of the stoma that has experienced a degree of 
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stenosis. Simple dilation can be enough but often recurrence
will require surgical revision. Injections of triamcinolone 
around the stoma or topical steroid application have 
been used in an attempt to limit the local inflammatory 
response that likely plays a role in stenosis [33]. Definitive 
treatment of stomal stenosis involves the creation of a 
new laterally based V- or U-shaped flap, division of the 
stomal cicatrix along its most lateral edge, and creation of 
a widely spatulated anastomosis (Figure 40.5). A catheter 
is generally left in place for 3 weeks before catheterization 
is restarted. 

Subfascial conduit complications
If one is able to pass a catheter at the level of the stoma 
yet unable to advance the catheter into the reservoir, one 
of several conduit-based complications may exist either 
individually or in combination.

Kinking of the channel is one of the more common 
subfascial problems. This most commonly occurs when 
there has been poor fixation of the reservoir to the pos-
terior rectus sheath. As a result the bladder moves during 
filling, altering the angle at which the channel enters into 
the conduit (Figure 40.6). This problem can initially be 
overcome if one can decompress the bladder by placing 

a urethral catheter. In patients with an altered or obliter-
ated bladder neck who experience acute urinary retention 
secondary to difficulty catheterizing the channel, an 18 
ga needle can be placed suprapubically to decompress 
the reservoir. After the bladder has been decompressed 
the angulation of the channel relative to the reservoir is 
often reduced and a catheter can be placed easily across 
the conduit. The long-term solution to the problem 
of conduit kinking may be to catheterize more often 
and not allow the reservoir to overfill. Persistence of 
the problem may require reoperation to more securely 
anchor the bladder to the fascia.

Conduit redundancy is another common etiology for 
catheterization difficulties. This generally occurs when 
the surgeon has left a portion of the catheterizable chan-
nel unsupported during the original procedure (Figure 
40.7a). As a result of cumulative minor difficulties with 
catheterization, the channel becomes stretched and tor-
tuous making future catheterizations progressively more 
challenging. For this reason we have generally advocated 
bringing the conduit to a right lower quadrant loca-
tion unless the reservoir is of sufficient size to extend 
up to the umbilicus. Conduit redundancy can often be 
resolved by freeing-up the channel and putting it on 

(b)

Figure 40.5 (a) Stomal stenosis and 
(b) technique of repair of stomal stenosis. 
(© IUSM Visual Media.)

(a)
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additional stretch to straighten its course (Figure 40.7b). 
However, the continued presence of an unsupported free 
intraperitoneal segment of the conduit leaves the patient 
vulnerable to recurrence of difficulties with conduit 
redundancy.

False passages can occur in combination with kinking 
and/or conduit redundancy or in a well-supported con-
duit. In either case the management is to place a cath-
eter across the site and allow the tube ample time to heal 
before future attempts at catheterization are attempted. 
Even full thickness perforations can be successfully man-
aged conservatively if no gross periconduit contamina-
tion has occurred. 

Stomal incontinence
Incontinence through the efferent conduit may be the 
result of an inadequate flap-valve mechanism, high intra-
vesical pressures or a combination of these two factors. 
Proper determination of cause is essential in determining 
the appropriate surgical treatment. Urodynamic evalua-
tion with the catheter preferentially placed through the 
native bladder neck will establish bladder compliance 

and determine the conduit leak point pressure. A poorly 
compliant reservoir should be properly addressed with 
anticholinergic medication and/or bladder augmenta-
tion. An inadequate tunnel can be corrected by sub-
mucosal injection of biomaterial [34]. The biomaterial 
can be injected transvesically in the same fashion as the 

(a)

(b)

Figure 40.6 (a) Channel course in unanchored bladder and 
(b) channel angulation with bladder filling as a result. (© IUSM 
Visual Media.)

(a)

(b)

(c)

Figure 40.7 (a) Channel redundancy – long extravesical 
course of channel to the abdominal wall; (b) kinking of the 
redundant channel; and (c) technique for repair of channel 
redundancy. (© IUSM Visual Media.)
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STING procedure is carried out. If the urethra has been 
surgically modified, the material can be injected via the 
conduit with the bulking agent delivered submucosally 
at the 6 o’clock position. When this minimally invasive 
technique is utilized, the bladder should be drained by a 
route other than the channel so as to avoid the catheter 
molding the polymer. If the bulking agent is unsuccess-
ful in resolving the incontinence then an open surgical 
procedure to re-establish a proper valve mechanism is 
indicated.

Stones
Urinary stasis is a well-known etiologic factor for stone 
formation throughout the urinary tract. Most patients 
with neuropathic bladder dysfunction and many patients 
with anatomic abnormalities of the bladder or blad-
der outlet (i.e. bladder exstrophy and posterior urethral 
valves, respectively) do not have the ability to spontane-
ously empty their bladder to completion. These patients 
are hence more prone to urinary stasis with subsequent 
precipitation of urinary solutes and creation of an envi-
ronment amenable to bacterial overgrowth. Bladder 
stones have been reported with increased frequency in 
augments with coexistent bladder outlet resistant pro-
cedures and/or catheterizable abdominal wall stomas 
[35–37]. In one series patients with an abdominal stoma 
had a �4-fold higher risk of developing reservoir calculi if 
the patient emptied via and abdominal wall stoma versus 
the native urethra (66% versus 15%). The incorporation
of a gastric segment when an abdominal stoma is created 
may decrease the risk of calculus formation [35]. Leng 
et al. reported the development of stones in approximately
5% of patients following creation of an ileal chimney. In 
contrast, Kaefer et al. found no cases of stone formation 
in patients who irrigated their conduit daily using a cath-
eter placed via the ileal segment into the bladder [26].

Methods for bladder stone removal include open cysto-
lithotomy, percutaneous cystolithotomy and endoscopic
cystolithotomy via the efferent conduit. Evacuation of 
stones from the bladder that is drained by the ileal chim-
ney is straightforward. The large diameter of the conduit 
allows for easy passage of endoscopic equipment into the 
bladder and removal of stones intact from the bladder. In 
contrast, although it may be tempting to attempt stone 
removal via a continent efferent conduit, any manipula-
tion of the conduit does carry with it the potential for 
injury and other options should be strongly considered, 
if there is any difficulty passing endoscopic equipment 
or the stone is of significant size. 

Perhaps the most important aspect of managing blad-
der calculi in patients following genitourinary recon-
struction is the prevention of further stones. The patient 
and parents must clearly understand that there is a high 
probability of stone recurrence if measures are not taken 
to reduce risk factors. A number of series have demon-
strated a clear reduction in bladder calculi when a post-
augmentation bladder irrigation protocol is instituted 
following bladder augmentation or creation of an ileal 
chimney [35,37,38]. Hensle et al. compared the incidence 
of stone formation in two distinct patient groups follow-
ing bladder augmentation. Of 91 patients who did not 
perform postaugmentation irrigation, 39 (41%) devel-
oped bladder calculi with a mean time to presentation of 
30 months. In contrast, only 3 of 42 (7%) patients who 
did perform postaugmentation irrigation developed 
reservoir calculi with a mean time to presentation of 26 
months. 

Therefore, lifelong daily bladder irrigation of the blad-
der is imperative to evacuate all mucous. Mitrofanoff 
emphasized the importance of creating a continent cath-
eterizable channel of large caliber so as to allow more 
rapid drainage and minimize the chances of leaving 
residual urine within the bladder. In patients with con-
tinent catheterizable stomas mucous may build up in the 
most dependent portion of the bladder. If the bladder 
neck is still accessible, it may be of benefit to periodically 
irrigate via the more gravity-dependent bladder neck to 
minimize buildup of mucous.
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Surgical Management of the 
Sphincter Mechanism
Juan C. Prieto and Linda A. Baker

Introduction

Urinary incontinence in children is common, affecting 
approximately 20% of 4–6 year old children [1]. Several 
factors participate in the dynamic process of urinary 
continence, including urine volume, bladder physiology 
(capacity, compliance, stability, and evacuation), and 
bladder outlet physiology (pelvic floor support and a 
coordinated sphincter mechanism). Sphincter resistance 
should be higher than intravesical pressure to achieve 
continence, thus management of the sphincter mecha-
nism is only one component of the equation. Pediatric 
urologists often treat challenging congenital defects with 

sphincter incompetence, such as neurogenic bladder, 
cloacal exstrophy, classic bladder exstrophy (BE), epis-
padias, cecoureterocele, urethral duplication, ectopic 
ureters, or common cloaca. Multiple medical and surgi-
cal treatment options exist to cure outlet incompetence, 
indicating that one simple solution does not cure all. The 
timing, indications, approach and management of these 
interventions are controversial. This chapter will focus 
upon the outcomes and complications of surgical tech-
niques to increase bladder outlet resistance.

Surgical techniques 

Four surgical strategies that enhance sphincter mecha-
nism resistance without complete obstruction include 
bladder neck bulking agents, bladder neck sling, artificial 
urinary sphincter (AUS), and bladder neck reconstruction

Key points

• Outcome analyses are confounded by the 
lack of randomized, controlled trials, limited 
preoperative/postoperative assessment of 
bladder physiology, and poor standardization 
of outcomes measures, given the multifactorial 
nature of the problem.

• The highest urinary continence rate (85–96%) 
is achieved with the artificial urinary sphincter 
(AUS) in long-term studies. However, significant 
rates of AUS removal, AUS revision, and bladder 
deterioration dampens enthusiasm.

• Minimally invasive outpatient bulking agent 
injection achieves dryness or improvement in 
40–50% at �1.5-year follow-up with very few 
complications.

• In long-term follow-up, bladder neck sling 
procedures have 70–80% success rates in 
neurogenics.

• In long-term follow-up, Young–Dees–Leadbetter 
(YDL) bladder neck reconstructions have 
70–80% success rates in exstrophy–epispadias 
patients.

• Continence can be achieved surgically; however, 
it may be at the expense of augmentation 
cystoplasty and multiple procedures.

• Proper preoperative patient selection and 
meticulous surgical technique can decrease 
complications and improve outcomes.

• Close urodynamic follow-up is required in all 
patients to monitor for detrusor and upper tract 
deterioration. This deterioration may not be 
associated with incontinence.
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(BNR). Criteria for surgical enhancement of bladder 
outlet resistance are controversial but some include low 
detrusor leak point pressures (�25–45 cm H2O), an open 
bladder neck during filling at low detrusor pressures, 
striated sphincter denervation, and clinical evidence of 
stress urinary incontinence. In general, when the patient 
has diminished bladder capacity (�50–60% of expected 
bladder capacity), impaired compliance, or severe detru-
sor instability, concomitant augmentation cystoplasty 
should be considered (as discussed in Chapter 39). In 
contrast, bladder neck closure may be performed when 
there is no hope for the bladder neck and urethra as a 
controllable conduit for urine egress.

In all series, the primary outcome is urinary conti-
nence. However, the evaluation of surgical outcomes of 
therapy for sphincter mechanism incompetence is con-
founded by the lack of randomized, controlled trials, 
limited preoperative/postoperative assessment of blad-
der physiology, and poor standardization of outcomes 
measures. Published series have varied reporting, includ-
ing outcomes as dry/improved/wet, minutes of dryness, 
stress incontinence, or nocturnal wetness. Thus, the defi-
nition of success must be critically assessed in each series. 
Meta-analyses from published series are even impos-
sible since individual patient details, such as pathology, 
adjunctive medical, or surgical therapy, are not traceable 
in most published series. In essence, we are limited to 
assessing outcomes from the largest patient series with 
multiple etiologies for their urinary incontinence.

Bladder neck bulking agents
Berg and Politano first reported periurethral injections of 
polytetrafluoroethylene (PTFE) (Teflon®) for the treat-
ment of pediatric urinary incontinence in 1973 [2,3]. 
Since then, other bulking agents, including glutaralde-
hyde cross-linked bovine collagen (Contigen®, Zyplast®) 
[4], polydimethylsiloxane (PDMS, Macroplastique®) [5], 
and dextranomer/hyaluronic acid copolymer (Dx/HA, 

Deflux®) [6] have been used transurethrally. The ideal 
bulking agent is nonmigratory, nonallergenic, nonmuta-
genic, nonimmunogenic, and easily injected. Due to safety 
concerns (Table 41.1) and decreased long-term success 
rates, most of the first bulking agents used are currently 
obsolete. Presently, the most frequent agents used in uri-
nary incontinence in children are PDMS and Dx/HA.

Bulking agents could be considered as initial therapy 
for sphincter incompetence since they are less invasive, 
carry lower morbidity, generate lower costs, and can be 
performed as an ambulatory procedure. For transurethral 
leak, the cystoscope can be inserted retrograde transure-
thrally or antegrade via continent catheterizable channel 
or suprapubic access, permitting multiple injections until 
bladder neck/urethral coaptation is achieved [13].

Outcomes
Outcomes by duration of follow-up
Long-term follow-up of 49 patients who received PDMS 
injections demonstrated that the initial 68% success 
rate at 6 months deteriorated to 47% (33% complete 
continence rate and 14% significant improvement 
rate) at a mean follow-up of 6 years [14]. Similarly, 
long-term follow-up of Dx/HA bladder neck injec-
tion in 61 children by Lottmann et al. demonstrated 
a decrease in the continence rate (dryness or signifi-
cant improvement) from 70% at 6 months to 50% 
during the first 18 months. The success rate stabilizes 
approximately 40% at up to 7 years of follow-up [12]. 
In summary, most studies show that as the duration of 
follow-up lengthens after injection therapy, early good 
continence rates exhibit a slow continuous loss down 
to �40% at approximately 18 months follow-up.

Outcomes by sex
At 1 month follow-up of 61 patients with mixed patholo-
gies, Lottmann et al. observed 54% of males and 60% of 
females treated with Dx/HA were dry or improved. Two 

Table 41.1 Complications specific to bulking agent used.

Agent Complication Current status Reference

PTFE Particle migration (lung, brain) Abandoned [7,8]
PDMS (silicone) Teratogenicity; particle migration;  Limited use [9,10]
  nonbiodegradable
Collagen Volume loss; allergenic;  Abandoned; requires preoperative [11]
  not latex-free  hypersensitivity testing
Dextranomer/HA None currently reported Used [12]
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males with improved continence became dry at puberty 
[12]. Similarly, even at 6 years mean follow-up, Guys 
et al. found gender to have no influence on continence in 
49 children treated with PDMS [14]. Thus, gender has no 
significant effect on short- or long-term outcome [15].

Outcomes by pathology (neurogenic versus 
nonneurogenic/structural)
Outcomes by pathology are somewhat difficult to assess, 
given published series are not well controlled for blad-
der functional parameters. Early short-term series with 
small patient numbers suggested a poorer outcome in 
neurogenic patients. In one of the largest series to date 
with mean follow-up of 28 months, Lottmann et al. 
reported 48% and 53% dryness or improvement rates 
in neurogenic and BE patients, respectively [12]. Burki 
et al. reviewed 52 patients with exstrophy–epispadias at 
mean follow-up of 4.6 years, finding epispadic patients 
were more likely to benefit from PDMS injection than 
exstrophy patients. However, Dyer found 100% failure 
rate in BE patients treated with Teflon or Dx/HA [16]. At 
3 years mean follow-up on 19 neurogenic children who 
received collagen injection, no patients were dry and 
only 37% remained improved [11]. In 2006, Guys et al. 
reported on 41 neurogenics treated with PDMS, finding 
that bladder hyperactivity has no influence on long-term 
results if medically controlled. Thus patient selection 
will impact outcomes analyses, as patients with uncon-
trolled detrusor overactivity and poor bladder compli-
ance would be poor candidates for bulking agents.

Outcomes by bulking agent employed
As seen in Table 41.2, long-term success rates with PDMS 
and Dx/HA, the two most commonly employed bulking 
agents, are comparable at 40–50%.

Outcomes of repeat bulking agent injections
Multiple injections of bulking agents have yielded dry-
ness or improvement in 37% at best [12,18] with three 
injections predicting outcome [15]. Theoretical concerns 
with the formation of bladder neck scar tissue compli-
cating future BNRs has not been substantiated [16].

Outcomes by timing of open bladder neck 
reconstructive surgery:
By pooling data from six published series with vari-
ous pathologies and bulking agents, Nelson and Park 
observed no difference in dryness or improvement 
whether injection therapy was administered before or 
after open bladder neck surgery [19].

A secondary outcome measure of bulking agent injec-
tion therapy has been increase in bladder capacity in small 
bladders. Some have reported it ineffective in 5 neuro-
genics [20] and in 13 BE [16]. However, a mean capacity 
increase of �50% at �2 years follow-up was observed in 5 
of 6 exstrophy–epispadias patients after collagen injection 
[21] and in 12 of 18 patients after Dx/HA injection [12].

In conclusion, long-term studies of patients without 
uncontrolled detrusor overactivity and poor bladder com-
pliance show 40–50% dryness or improvement [12,14,15]. 
While dry is infrequently achieved, bulking agent injection 
may provide a better dry interval. Hopefully as experience 
grows, future studies will identify patient subgroups most 
likely to benefit from bulking agent treatment. Preoperative 
counseling should include realistic expectations.

Complications
As previously mentioned, some reported complica-
tions are specific to the bulking agent used (Table 41.1). 
Complications reported from bulking agent general use 
of bulking agent are unusual but can include temporary 
dysuria, cystitis, pyelonephritis, and epididymo-orchitis 

Table 41.2 Long-term outcomes of the use of bulking injectable materials for urinary incontinence in children.

Author Material  Number of Complete  Improved  Overall  Mean
 used patients continence  continence  continence  follow-up
   rate (%) rate (%) rate (%) duration (years)

Burki et al. PDMS 52 17 33 50 4.6 
 (2006) [17]
Guys et al.  PDMS 49 33 14 47 6
 (2006) [14]
Lottmann et al. Dx/HA 61 Not described Not described 40 7 
 (2006) [12]
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[12]. Collagen injection calcification has been noted in 
13% at 8.8 years postinjection [22]. More serious com-
plications include single reports of bladder perforation, 
bladder stone, perineal abscess (Figure 41.1), and glu-
teal hematoma, urinary retention [12,23], and detrusor 
deterioration (decreased capacity and compliance) with 
or without vesicoureteral reflux (VUR) hydroureterone-
phrosis in 10–27% [12,20,24]. Lottmann observed this 
despite all patients being on clean interhittent catheriza-
tion (CIC)  and anticholinergics. Thus, long-term close 
urodynamic follow-up is mandated.

As most of these complications are rare, no stud-
ies exist which compare surgical methods to minimize 
complications. However, various authors have made 
recommendations. In order to prevent infections, pro-
phylactic antibiotics should be used and sterile urine 
cultures should be documented prior to any procedure. 
Formal antibiotic treatment is advisable up to 5–7 days 
postinjection. To avoid catheterization at the implant site 
and to prevent urinary retention, some place a suprapu-
bic catheter for at least 5 days postoperatively [12,14].

Bladder neck sling
In 1982, Woodside and Borden initially reported the 
bladder neck sling for the treatment of urinary inconti-
nence in children [25]. Since then, various types of tissue 
or material have been used to create bladder neck wraps 
or slings, including autologous materials (gracilis mus-
cle, tensor fascia lata, rectus fascia, detrusor muscle, etc.), 
synthetic products (PTFE membrane (Gore-tex), vicryl 
mesh, silicon elastomers, porcine-derived small intestinal 
submucosa (SIS)), and cadaveric fascias. Via retropubic, 
posterior or transvaginal approaches, slings, and wraps 

are surgically placed around the urethra at the bladder 
neck with suspension to the ventral abdominal wall.

Outcomes
Outcomes by duration of follow-up
The continence rates of sling procedures do not seem 
to demonstrate a severe duration of follow-up effect. 
Castellan and Gosalbez have reported on their cohort 
of neurogenics with augmentation cystoplasty, report-
ing 93% continence at 3 years and 88% continence at 4.6 
years mean follow-up [26,27].

Outcomes by sex
Early reports had noted poor sling success in males; how-
ever, a meta-analysis and a recent report note an 78–87% 
continence rate in a mixed population of males studied 
[26,28]. In a limited study, ambulatory neuropathics 
males may have less success than nonambulatory males 
or females irrespective of ambulatory status [29].

Outcomes by pathology (neurogenic versus 
nonneurogenic/structural)
Fascial sling procedure is more commonly performed over 
AUS on patients with low outlet resistance and neurogenic 
bladder, who will undergo bladder augmentation and in 
whom volitional voiding is not expected. In this context, 
most pediatric urologists agree that the goal of the bladder 
neck sling is to achieve bladder neck suspension along with 
obstructive coaptation. Thus, the patient empties his blad-
der only by CIC either per urethra or through a continent 
stoma. No studies have reported continence outcomes in 
other patient subgroup populations than neurogenics.

Outcomes by sling/wrap material employed
At 5 years follow-up, 13 of 14 patients were dry after 
bladder wall wraparound sling with augmentation [30]. 
SIS has demonstrated success rates equivalent to autolo-
gous fascia in short-term follow-up [29,31]. PTFE sling 
in 19 patients had good early success but erosion neces-
sitated sling removal in 14 [32].

Outcomes by sling/wrap technique performed
Some series suggest that circumferential wrap with sus-
pension improves outcomes [33]; however series are 
small. Currently no head-to-head comparisons exist of 
the various methods.

Outcomes with or without simultaneous bladder 
augmentation
Meta-analysis of multiple series shows that simultaneous 
bladder augmentation has been reported in 55–100%

Figure 41.1 Perineal abscess formation after bladder neck 
Deflux injection. (Photograph courtesy of Dr. Rafael Gosalbez.)
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of patients who achieve urinary continence after sling 
procedure [34]. The most extensive follow-up series of 
bladder neck sling with bladder augmentation was pre-
sented by Castellan et al. in 2005 [26]. They followed 58 
patients for mean 4 years with neurogenic bladder who 
all underwent bladder augmentation over a period of 4 
years (mean � 4.16 years). They achieved good opera-
tive results (complete passive continence for periods of 
4–6 h during the day and 6–8 h at night) in 51 (88%) 

patients. Since bladder neck slings only increase blad-
der outlet resistance up to 20 cm H2O, it is possible that 
the concomitant bladder augmentation may count for a 
considerable part on this high continence rate.

A recent report by Snodgrass addresses this by per-
forming sling and appendicovesicostomy without aug-
mentation in 30 neurogenic patients. Eighty-three 
percent achieved satisfactory continence (�2 damp 
pads/day) at mean 22 months follow-up. Twenty-seven 

Table 41.3 Reported complications from bladder neck sling/wrap procedures.

Complication Most susceptible Treatment Prevention Reference

Wound dehiscence/infection Obese Antibiotics, wound care Antibiotics, nutritional [34]
   support

Sling slippage Females Reoperation Suture fixation [26,34]

Sling erosion Males and females If synthetic, sling removal Meticulous surgical  [32]
    dissection and correct 

sling tension; antibiotics;
minimal catheter trauma

Retracted urethral meatus Females Create continent Close attention to [27]
complicating self-urethral  catheterizable channel severity of suspension
catheterization  at surgery

Bladder neck occlusion Males and Continent catheterizable Minimize bladder neck [26]
 females channel dissection at sling 
   placement

Organ perforation (ureter, Males and females; Repair and diversion Meticulous surgical [34]
vagina, rectum) prior surgical if needed technique
 patients

Pelvic abscess  Postoperative  Preoperative [34]
  antibiotics; drainage antibiotics

Difficulty with endoscopic Females Endoscopic manipulation Close attention [34]
 manipulations  via percutaneous to severity of
  bladder access suspension

Intraoperative bleeding from Males and females Surgical hemostasis Properly place incisions [27]
the venous plexus of   in the endopelvic fascia.
Santorini   Do not place them too
   close to the bladder neck 
   or too distal on the 
   urethra/prostate

Erectile dysfunction  Males Erectile dysfunction Preserve Denonvillier’s [28,39]
 secondary to   treatment alternatives fascia; pass sling lateral
periprostatic nerve injury

Bladder and/or upper Males and females CIC � anticholinergics Proper preoperative [34,35]
 tract deterioration  versus bladder patient selection and
  augmentation management; close 
   monitoring
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percent developed worsening bladder urodynamics 
which was successfully medically treated in seven and 
required augmentation in one [35].

Sling/wrap conclusion
In conclusion, large series of bladder neck slings are 
sparse. Unfortunately, most lack long-term follow-up, 
which is crucial to assess morbidity such as bladder and 
upper tract deterioration. Overall, urinary continence 
rates oscillate from 40% to 100% [29,33,34,36–39].

Complications
Overall, sling/wrap complications occur at a relatively 
low rate but some are associated with significant mor-
bidity (Table 41.3). The revision rate of sling procedures 
is 15–73%, depending on the material used [32,34].

Artificial urinary sphincter
AUS was first successfully used in correcting neuro-
genic urinary incontinence in 1973 by Scott et al. [40]. 
Technical improvements have been made and the cur-
rently used AMS 800 model (American Medical Systems, 
Minnetonka, MN) was introduced in 1983. A limited 
number of centers have experience with the surgical 
placement of the AUS in pediatric patients, who advise 
implanting the cuff at the bladder neck since the pre-
pubertal male corpus spongiosum is thin. Implantation 
requires meticulous adherence to surgical protocol. 
To minimize intraoperative blood loss, Gonzalez et al. 
encourages male AUS placement at prepuberal age since 
Santorini’s plexus is not very prominent [41]. Some 
groups [27,42] prefer the posterior approach to the blad-
der neck area, as described by Lottmann et al. [43], while 
others prefer the anterior approach [44].

All surgeons agree that proper patient selection is 
crucial to achieve success with the AUS without danger. 
The ideal AUS patient has neurogenic sphincteric incom-
petence with preserved normal bladder capacity and 
compliance. Compared to the other surgical options for 
sphincteric incompetence, AUS offers the major advan-
tage of potentially preserving volitional voiding, noted 
in 25–68% of implanted patients [45–47].

Outcomes
When reporting urinary continence rates, authors will 
report overall continence and continence in patients 
with an intact AUS. This refers to the fact that 9–23% of 
patients implanted will need to have the AUS removed 
(Table 41.4). Thus, this outcome is best reported in both 
ways so there is no over inflation of the perceived benefit.

Outcomes by duration of follow-up
Intact AUS continence rates seem basically stable over 
time despite improvements in the AUS device implanted. 
Continence rates in series with shorter follow-up are 
85–97% in children with intact AUS, while series 
with �5 years of follow-up report continence rates of 
84–100% in the same category of patients and over-
all continence rate of 80–90% [34,41,45–49]. However, 
overall continence rates do decrease with duration of fol-
low-up primarily due to the fact that most AUS removals 
occur in the first 3 years after implantation.

Outcomes by sex or age at implantation
Some have found superior outcomes in males when 
compared to females. However, at 7.6 years mean follow-
up, Castera and Podesta found 83% of 23 females had 
a functioning original device and were dry (�4 h) [50]. 
Similarly, the Indiana group found the AUS to be equally 
versatile in 93 males and 41 females [51]. Concerning 
age at implantation, Kryger et al. found no difference in 
the number of AUS removals, continence, revision rate, 
augmentations, complications, or upper tract changes 
when 21 prepubertal versus 11 postpubertal patients 
were compared at 15.4 years mean follow-up [52].

Outcomes by pathology (neurogenic versus 
nonneurogenic/structural)
As seen in Table 41.4, overall continence and continence 
with an intact AUS was 75% and 96%, respectively in 
series consisting primarily of neuropathics (n � 383). 
Comparing this to the only series of 23 pure nonneu-
ropathics [47], rates appeared lower in this group (70% 
and 80%, respectively).

In all five patients with traumatic posterior urethral 
disruption causing sphincteric incompetence, the AUS 
eroded into the bladder neck and/or rectum at mean of 
3 years [53]. Four of five BE patients implanted developed 
cuff erosion [49]. In contrast, erosion occurred in only 
3 of 23 (13%) nonneurogenic patients with prior bladder 
neck surgery in Ruiz’s series [47]. Thus, further evidence 
is needed to assess whether prior bladder neck surgery is 
associated with poor AUS outcomes.

Outcomes with or without simultaneous bladder 
augmentation
Published series have not separately reported urinary 
continence rates with or without bladder augmenta-
tion. This is likely due to the high continence rates 
with intact AUS. However, the fact that �25% of 
unaugmented patients require post-AUS augmentation 
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(Table 41.4)highlights the contribution of bladder insta-
bility to incontinence.

Complications
Intraoperative complications
Bladder or vaginal perforations can be primarily closed 
but urethral perforations can lead to early cuff erosion 
and incontinence. AUS implantation must be abandoned 
if bowel injury occurs. All particulate matter should be 
flushed from the connecting tubing to minimize the 
chance of AUS malfunction.

Postoperative complications
Mechanical and nonmechanical complications equally 
contribute to the need for surgical revision.

Mechanical complications
AUS component malfunctions (defective or ruptured pump, 
pressure-balloon reservoir rupture, cuff leak) and surgical 
problems (pump migration, cuff migration, improper cuff 
size) require reoperation to revise the AUS (Figure 41.2). 
Fluid leakage, abdominal or perineal trauma, or deterio-
rated areas of the silicone walls may cause AUS malfunc-
tioning [47]. Activation/deactivation system problems 
are less frequent and could also lead to AUS replacement. 
Patient growth may require AUS resizing, requiring sur-
gical revision, but this has not been uniformly noted 
[34,45]. Overall mechanical malfunctions necessitate 
revision in 20–30% of implanted patients [42,47].

Nonmechanical complications
AUS infection can present early or late and necessitates 
AUS removal. Early infections of Staphylococcus are 
primarily caused by intraoperative infection. Thus, to 
help achieve sterile urine, skin and sphincter placement, 

prophylactic antibiotics, mechanical bowel preparation, 
and postoperative 24 h intravenous antibiotics have been 
recommended in order to diminish the risk of infection. 
Late infections are from uropathogens. Fortunately infec-
tion rates are �5% in pediatric series [34] and do not 
seem to be increased by CIC. When AUS and augmenta-
tion cystoplasty are done simultaneously, some but not 
all groups have seen increased frequency of urinary tract 
infections (UTIs) from 20% to 50% [55–57]. However, 
there are other groups that find it safe [34,42,58]. The 
former groups advocate for the use of strict selection cri-
teria to minimize the use of concomitant bladder aug-
mentation with AUS placement, reducing morbidity and 
infection rates.

Cuff erosion occurs in 5–25% of all implants [47] and may 
be increased in patients who have had prior bladder neck 
surgery. However, this is not a strict contraindication to 
AUS implantation. CIC is not a risk factor for erosion.

Difficult CIC via urethra may necessitate surgical crea-
tion of a Mitrofanoff channel.

Bladder calculi can form whether AUS placement is asso-
ciated or not with bladder augmentation and require 
surgical or endoscopic removal [41].

Loss of bladder compliance and/or increased bladder insta-
bility has been found in 20% of AUS patients in long-term 
follow-up [49,51]. Possible theories to explain this phe-
nomenon are: dynamic natural history of the meningo- 
myelocele (MMC), spinal cord tethering, non adherence 
to CIC, recurrent UTI, patient selection bias (failure to 
exclude severe detrusor hyperreflexia or low bladder com-
pliance), and no systematic urodynamic evaluation pre 
and postoperatively [34,42,59]. Despite a detailed analy-
sis, Lopez Pereira and colleagues were unable to preopera-
tively identify urodynamic criteria that predicted bladder 
function behavior after AUS placement [42].

Upper tract deterioration After AUS implantation, hydrone-
phrosis (10–20% [41,49]), pyelonephritis, and renal failure 
(0–11% [45]) have been observed. Upper urinary tract 
deterioration may be part of the natural history of MMC; 
however, AUS may impose a significant fixed low out-
let resistance that can predispose the upper urinary tract 
to deterioration if bladder compliance worsens, or if the 
patient fails to adhere to CIC. Furthermore, Credé maneu-
ver to void may generate a tremendous high intravesical 
pressure that could potentially be transmitted to the upper 
urinary tract as well. Therefore, life-long evaluation every 
6–12 months with renal and bladder ultrasound, urody-
namics, and renal function tests should be performed in 

Figure 41.2 Erosion of AUS control pump from the right labia. 
(Photograph courtesy of Dr. Rafael Gosalbez.)
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order to identify bladder dynamic changes and/or dete-
rioration of the upper urinary tract [42]. Management 
of bladder compliance deterioration and/or instability 
includes: anticholinergics, spinal cord de-tethering, or aug-
mentation cystoplasty as needed [49]. Overall augmenta-
tion rate in patients receiving AUS is 44%, of which 43% 
are performed after the AUS (Table 41.4). Unfortunately, 
Herndon noted 12 bladder perforations in 10 augmented 
patients after AUS implantation [51] thus augmentation is 
not a cure-all.

AUS revision or removal
Mechanical and nonmechanical complications lead to 
the need for AUS surgical revision or AUS removal, the 
greatest downside to the AUS. Several factors have been 
associated with a high AUS removal/revision rate, includ-
ing prior AUS erosion, previous bladder neck surgery, 
positive urine culture within 24 h of the AUS placement, 
intraoperative bladder or urethral injury, difficult cath-
eterization, previous radiation therapy, placement of the 
sphincter around the bulbous urethra, and balloon pres-
sure of �70 cm H2O [34,41,45,60,61]. Surgical revision 
rates have decreased, when older models are compared 
with the AS 800, decreasing from 20–30% to 16–23% 
of patients [34,51]. With the AS 800, revision was per-
formed every 44.3 patient-years [52]. By our meta-anal-
ysis, 22% of AUS devices require removal (Table 41.4). 
Overall 10-year survival of the AUS was 70–80% [45,49].

In summary, advancements in the design of AUS, bet-
ter patient selection criteria, and meticulous aseptic sur-
gical technique have lowered the AUS revision/removal 
rate [51]. Despite reoperation rates at 17–35% and 
removal rates at 9–23%, the continence rate (85–95%) 
for AUS operations is high and patient satisfaction excel-
lent. While the opportunity for volitional voiding is a 
major advantage, bladder deterioration with upper tract 
sequelae is a significant threat (20–30%) which requires 
close life-long monitoring.

Bladder neck reconstruction
Surgeries for BNR either (1) increase the length and 
reduce the caliber of the urethra (Young–Dees–Leadbetter 
(YDL) procedure) or (2) create a flap valve mechanism 
(e.g. Kropp procedure, Pippi Salle procedure). Theoreti-
cally, the first surgical principle preserves the ability to 
void spontaneously while the second one does not.

YDL BNR
In 1919, Young described a surgical technique in which 
posterior bladder neck tissue was dissected, and its caliber

reduced to the size of the silver probe to enhance low 
urinary outlet resistance. Later, Dees (1949) [62] and 
Leadbetter (1964) [63] revised this technique by excising 
more tissue up to the level of the trigone and perform-
ing higher ureteral reimplantations, tubularization of the 
trigone, and BNR suspension. Several authors have added 
modifications to the original technique, including Tanagho 
(1969) [64], Mollard et al. (1980) [65], Koff (1990) [66], 
Jones et al. (1993) [67], Surer et al. (2001) [68], and 
Gosalbez et al. (2001). Use of a silicone sheath about the 
bladder neck has been abandoned due to high erosion rates 
[34]. The YDL technique was initially conceived with the 
idea of reconstructing the bladder neck in bladder exstro-
phy–epispadias patients who theoretically have normal 
innervated bladders and potential for voiding. However, 
the YDL BNR requires sufficient bladder capacity and 
compliance, as some capacity will be lost with the BNR.

Kropp and Pippi Salle BNR
The two most common flap valve operations that require 
CIC for bladder emptying are the Kropp procedure 
(1986) [69] and the Pippi Salle procedure (1994) [70]. In 
flap valve operations, a rectangular anterior bladder wall 
flap is based on the bladder neck. The Kropp tubularizes 
it and tunnels it submucosally on the trigone. In order 
to avoid difficult catheterizations encountered with the 
Kropp tube, Belman and Kaplan (1989) [71], Snodgrass 
(1997) 72, and Koyle (1998) have proposed important 
modifications to the original technique. The Pippi Salle 
requires cephalad bilateral ureteral reimplantation. Then, 
the untubularized anterior bladder wall flap is sewn to 
a rectangular trigonal strip, creating the bladder tube. 
Since a considerable amount of the anterior bladder wall 
is used for urethral lengthening, it is generally necessary 
to perform concomitant augmentation cystoplasty.

Outcomes
Outcomes by BNR type and by pathology (exstrophy–
epispadias complex (EEC) versus neurogenic)
YDL BNR � EEC
YDL has achieved success rates of 30–80% in BE patients. 
Some authors state that approximately 40–79% of 
patients will undergo an additional procedure to achieve 
satisfactory dryness in a long-term follow-up [15]. It is 
important to emphasize that early successful initial blad-
der closure of BE reduces the chances of bladder augmen-
tation in the future and favors the possibility of volitional 
voiding. Jeffs’ staged reconstruction of BE patients (blad-
der closure – first 48 h of life, epispadias repair – 9–18 
months old, and BNR at 3–4 years old) has achieved 
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continence rates of 36–90% [15]. Surer et al. reported 
83% continence rate in 68 classic BE patients who under-
went YDL. All of them were voiding per urethra without 
the need for bladder augmentation or CIC [68]. On the 
other hand, Mouriquand et al. reported lower continence 
rates (dryness �3 h) in 105 BE (45%) and epispadias 
(52%) patients who underwent YDL modified by Mollard 
(mean follow-up of 11 years) [73]. Baka-Jabubiak et al. 
analyzed 73 boys with bladder exstrophy/epispadias com-
plex who underwent simultaneous bladder neck and epis-
padias repair, resulting in better continence rates (classic 
exstrophy, 75%; epispadias, 89%) [74].

YDL BNR � neurogenics
In comparison, Leadbetter and Tanagho and Donnahoo 
et al. found lower success (68%) when YDL procedure is 
performed in neurogenic bladder patients [34,75].

Kropp BNR � neurogenics
Regarding the Kropp procedure, several authors have 
published consistent continence rates between 77% 
and 81% in up to 5 years of follow-up [34]. Snodgrass 
found 91% continence rate (dryness for at least 3 h) in 
23 patients who underwent the simplified Kropp proce-
dure described by Belman and Kaplan (mean follow-up 
23 months) [72].

Pippi Salle BNR � neurogenics
Several series using the Pippi Salle procedure (Rink et al.,
[76] Mouriquand et al., [73] Koyle et al., Hayes et al., 
[77] Pippi Salle et al., [78]) have shown 77% overall 
continence rate defined as dryness �4 h. However, high 
proportion of patients in these series underwent con-
comitant augmentation cystoplasty which in fact con-
tribute to a higher successful continence rate.

Complications
Loss of bladder capacity and compliance
For all BNR, one of the greatest concerns is the reduction 
of bladder capacity secondary to the use of bladder tis-
sue to build flaps or tubes and reduction of bladder com-
pliance if the bladder outlet is sufficient. A minimum of 
20 ml of bladder capacity is used to perform BNR. Only 
about a quarter of patients with BE may maintain normal 
detrusor function after BNR [79]. Some techniques have 
been developed as modifications of the original YDL to 
preserve bladder capacity by using less bladder wall.

YDL
The most common complication after YDL is elevated 
post void residuals �/� urinary retention. Surgical 

BNR may result in scar tissue formation and/or trigo-
nal innervation damage, resulting in voiding difficul-
ties. This can cause overflow incontinence, especially 
if the bladder capacity/compliance is reduced for age. 
Thus, some patients will need to perform CIC via the 
YDL BNR, which can be difficult due to tortuosity or 
stricturing. Other reported complications include recur-
rent UTIs, epididymo-orchitis, referred pain to the glans 
penis, and complete bladder outlet obstruction.

Kropp
Complications described after Kropp procedure are: dif-
ficult catheterization (28–45%), new onset vesicoureteral 
reflux (22–42%), peritonitis secondary to bladder rup-
ture (38%), febrile UTI (38%), and struvite calculi 
(33%). In Snodgrass series, postoperative VUR was quite 
high (50%), so he recommended to leave the posterior 
bladder wall open and flat when receiving the bowel seg-
ment in order to prevent lateral retraction of the ureters 
from closure of the bladder edges over the detrusor mus-
cle [72]. A rare complication is necrosis of the Kropp 
tube, presumably secondary to ischemia [34].

Pippi Salle
Complications with the Pippi Salle procedure are ure-
throvesical fistula (12–17%), new onset VUR (12–17%), 
bladder calculi (12%), and difficult catheterization 
(15%) [34].

Conclusions

Currently, there is no “ideal” surgical technique for sphinc-
teric incompetence in children, given their life-long needs. 
Management of the sphincteric mechanism will remain a 
surgical challenge as long as complication rates, reopera-
tion rates, and bladder augmentation rates remain high.
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Surgery for Fecal
Incontinence
W. Robert DeFoor, Jr, Eugene Minevich, 
Curtis A. Sheldon and Martin A. Koyle

Introduction

Management of the neuropathic bladder in children with 
complex urologic abnormalities such as myelomenin-
gocele involves addressing coexistent bowel dysfunction. 
Thus, fecal incontinence in this population is often left to 
the pediatric urologist to manage. Therefore it is incum-
bent for reconstructive surgeons to understand and be 
aware of the medical as well as surgical management 
options and their complications.

The Malone antegrade continence enema (MACE) is 
a surgical procedure that has been widely utilized since 
its first description in 1990 [1]. Its simplicity is based on 
three well-established surgical principles as summarized 
by Malone and Koyle [2]:
1 The Mitrofanoff principle to afford a continent 
catheterizable conduit.
2 Complete colonic emptying can produce fecal 
continence.

3 Complete colonic emptying can be achieved by ante-
grade colonic irrigation.

After an MACE is created, patients perform inter-
mittent catheterization through a continent catheteriz-
able channel to administer antegrade enemas to facilitate 
colonic washout and improve or achieve fecal continence. 
The simplicity of the procedure and its high success rates 
have led to high patient satisfaction and improved quality 
of life. However, as with any reconstructive procedure, 
patient selection is important and awareness of potential 
complications and their management is paramount.

Surgical indications and patient selection

Patients may be offered the MACE procedure after all 
conservative measures at fecal continence have been 
initiated and found unsuccessful. In patients with reten-
tive pathology from a neuropathic etiology, this may 
include a combination of oral laxatives as well as a high 
retrograde enema program. In general, the procedure 
is performed in conjunction with reconstruction of the 
urinary tract but it may also be performed as an isolated 
surgical procedure if the patient is stable from a urinary 

Key points

• Fecal incontinence and constipation must be 
addressed concurrently with management of the 
neuropathic bladder.

• All medical options including combinations of 
laxatives and high retrograde enemas must be 
exhausted before offering the MACE procedure.

• In general, the MACE procedure is performed 
concurrently with urinary tract reconstruction, 

 but may be considered as an isolated procedure 
if urinary continence and the upper urinary 
tracts are stable on medical therapy.

• Stomal-related complications are the most 
common postoperative problems.

• Serious complications are rare but when present 
can lead to life-threatening clinical situations.
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continence and upper urinary tract standpoint. Patient 
selection is important as it has been shown previously 
that patients with chronic idiopathic constipation have 
worse outcomes with the MACE procedure [3]. In gen-
eral, patients with neuropathic bowel or anorectal mal-
formations are those most likely to have a successful 
outcome following the procedure, although recent series 
have reported improved outcomes in functional slow-
transit constipation [4]. Another important consider-
ation is the age of the patient. It has been recommended 
that only patients over 5 years old be considered candi-
dates for the procedure due to the difficulty in having 
younger children sit on the toilet for up to 1 h before 
complete emptying has occurred [5].

Operative technique

Once the decision has been made to proceed with the 
MACE procedure, a careful discussion of the procedure, 
site of the stoma, and recovery is necessary. A review of 
the complications as well as the expectations regard-
ing the success rates of the procedure is also imperative. 
An aggressive bowel preparation including polyethyl-
ene glycol and retrograde enemas is performed gener-
ally as an inpatient on the day prior to the procedure. 
Often patients with severe retentive pathology from 
myelomeningocele will benefit from starting clear liquids 
and high-dose laxatives and enemas in the 2 days prior 
to coming to the hospital. Broad spectrum antibiotics 
to cover bowel flora are administered on call to the 
operating room.

The initial operative technique included a dismem-
berment of the appendix from the cecum and revers-
ing it prior to implantation into the submucosa of the 
cecum to create a flap valve [1]. Current techniques 
leave the appendix in situ and construct the continence 
mechanism by applying a cecal wrap or by laying the 
appendix in a submucosal tunnel along one of the tenia 
[6]. The free end of the appendix is then brought to the 
abdominal wall either in the right lower quadrant or 
to the umbilicus. If the appendix is sufficiently  long, 
it can be split to perform a Mitrofanoff neourethra for 
concomitant urinary tract reconstruction. If the major-
ity of appendiceal length is necessary for the neourethra, 
then it may be lengthened using a stapling device (Figure 
42.1) [7]. If the appendix is not available, a Monti tech-
nique may be necessary to create a conduit from either 
small or large bowel [8]. Our preference is to create the 
channel using an antireflux procedure but the literature 
is not conclusive that this is necessary.

Postoperatively, a catheter is maintained within the 
conduit for 4 weeks if the native appendix was used and 
6 weeks if a Monti conduit was required. Irrigations with 
mineral oil and saline are begun in the hospital once 
the patient’s bowel function returns. Our preference is 
to perform an exam under anesthesia with endoscopy 
of the channel prior to removal of the indwelling tube 
to ensure adequate healing. This also helps assess the 
proper size and type of catheter needed for intermit-
tent cannulation. The patients then generally stay in the 
hospital for a period of observation for catheterization 
teaching and monitoring.

Newer techniques have been described using a purely 
laparoscopic approach when concomitant urinary 

Figure 42.1 Split appendix technique 
for concomitant MACE and Mitrofanoff 
neourethra.
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reconstruction is not indicated [9]. This can be performed 
with or without a continence mechanism, although 
the long-term durability of using the native appendico-
cecal valve for continence is unknown. Laparoscopic 
mobilization of the cecum, appendix, and ascending 
colon are performed and the spatulated free end of the 
appendix is brought to a rounded or V-shaped skin flap. 
The proximal appendix can be imbricated for a conti-
nence mechanism either extra- or intracorporeal, but 
may be technically easier and faster extracorporeally by 
bringing the cecum up through the fascial incision below 
the skin flap [10]. A modified laparoscopic approach can 
also be employed using a small Gibson incision in the 
right lower quadrant after laparoscopic localization and 
mobilization (Figure 42.2a and 42.2b).

An additional option is a percutaneous cecostomy with 
exchange to a cecostomy button once the tract has matured 
[11]. This can be performed in interventional radiol-
ogy under fluoroscopic or computed tomography guid-
ance or during colonoscopy similar to the technique for 
inserting a percutaneous endoscopic gastrostomy (PEG). 
If the procedure is successful in achieving fecal conti-
nence and the patient desires a more definitive option, 
then the patient can be converted to a formal catheteri-
zable conduit.

Outcomes

Since the first description of the procedure in 1990 by 
Malone and colleagues, outcomes from more than a dozen 
pediatric series have been published in the literature. Most 
investigators report a highly successful procedure that 

improves fecal continence and enhances the quality of life 
in most patients [12]. A classification system for assess-
ing surgical outcomes has been proposed (Table 42.1) [5]. 
The overall success rate for achieving fecal continence in 
neuropathic bowel and anorectal malformations is almost 
80% (Table 42.2) [6]. Partial success will occasionally be 
seen with complete daytime continence but mild leakage 
overnight. There may be some rectal leakage a few hours 
after irrigation but this is rarely a major problem. It is 
quite rare to have no improvement after an MACE proce-
dure, but a salvage diverting colostomy in these cases has 
occasionally been necessary [13].

It is important, however, to discuss with the patient 
and family preoperatively that the irrigation regimen 
and composition may require some fine-tuning post-
operatively to obtain the optimum results and often this 
involves a period of several months. This discussion early 
in the counseling process helps to manage expectations 

Table 42.1 Classification of results of the MACE procedure.

Full success Totally clean or minor rectal leakage on    
  the night of the washout

Partial success Clean but significant rectal leakage,  
 occasional major leak, still wearing 
 protection, but perceived by the parent
 or child to be improved

Failure Regular soiling or constipation persisted, 
 no perceived  improvement, procedure 
 abandoned, usually to a colostomy

Source: Adapted from Curry et al. [5].

Figure 42.2 (a) Extracorporeal construction of a continence mechanism for an isolated MACE procedure. (b) Completed right 
lower quadrant MACE stoma through small Gibson incision.

(a) (b)
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to avoid early disappointment and resultant noncompli-
ance. The dwell time between beginning the irrigation 
and colonic emptying initially may be as long as an hour 
but as the bowel dilatation improves with better manage-
ment, this time may decrease slowly over time. In some 
cases it may be possible to ultimately decrease the fre-
quency of irrigations to every other day with mainte-
nance of continence.

Various irrigation regimens have been described using 
saline as well as tap water with equally good results [14]. 
Our initial routine is 1.5 teaspoons of table salt in 1 l of 
tap water with an initial volume of 30 ml/kg up to a max-
imum of 1  l. Sometimes patients will need an additional 
component to their regimen including stool softeners 
and cathartics. The diet may also need to be addressed 
by increasing bulking agents and fiber to optimize the 
success rate.

Complications

Reports of surgical complications have been low. These 
include short-term postoperative complications inherent 
in all abdominal surgery such as wound infections and 
adhesive small bowel obstruction. Long-term, chronic 
problems mainly involve stomal and catheterization dif-
ficulties. Isolated case reports of major morbidity and 
mortality secondary to metabolic abnormalities have 
been published but are considered quite rare.

Stomal complications
A commonly reported long-term complication in pub-
lished series has been stenosis of the conduit at the level 
of the skin [15–23]. A review of the experience of 12 
institutions as well as the results of a United Kingdom 
questionnaire (Table 42. 3) revealed a range 6–50% 

(mean 22%) [24]. The etiology of stomal stenosis is 
most likely multifactorial. Factors such as obesity and 
vascular compromise have been suggested. The rate 
is higher than for similarly constructed Mitrofanoff 
neourethral conduits perhaps due to the fact that it is 
cannulated much less often. Older patients with presum-
ably less parental supervision were felt to be at a higher 
risk in a review from Barqawi et al. [25]. A significant dif-
ference in stenosis rates by type of channel (appendiceal 
versus re-configured ileum) has not been shown [13].

Initial treatment options for patients having difficulty 
with catheterization include dilatation either in the office 
with sequential soft catheters or in the operating room with 
rigid sounds or a balloon. An indwelling catheter is 
then maintained for a short period before allowing the 
re-institution of catheterization. Patients will occasion-
ally report some mild crusting around the stoma site that 
appears to narrow the opening and make catheterization 
difficult or painful. We instruct the parents to moisten the 
stoma with a warm washcloth for a few moments prior to 
catheterization to facilitate initial entry of a well-lubricated 
catheter.

On occasion, it may be necessary to change the 
catheter to an olive tip or coudée catheter to help in 
initial navigation of the stoma. Hydrophilic catheters 

Table 42.3 ACE stomal stenosis rates.

Series Year Patients Follow-up Stomal 
   (N) (years) stenosis 
      N (%)

Barqawi  2004  53 4.0  14 (26)
Cascio 2004  37 NR   4 (11)
Herndon 2004 168 2.3  10 (6)
Tackett  2002  45 2.2  10 (22)
Marshall 2001  32 1.5  16 (50)
Curry 1999 273 2.4  82 (30)
Driver 1998  29 2.3  11 (38)
Hensle 1998  27 NR   5 (19)
Wilcox 1998  36 3.3   8 (22)
Levitt  1997  20 NR   2 (10)
Ellsworth  1996  18 0.5   2 (11)
Griffiths 1995  21 NR   5 (24)
Koyle 1995  22 NR   3 (14)
Squire 1993  25 1.1   5 (20)

Total   806  177 (22)

Source: Adapted from DeFoor [24].

Table 42.2 Surgical outcomes based on primary diagnosis.

Diagnosis Full Partial  Failure
 success response

Myelomeningocele 63 21 16
Anorectal malformation 72 17 11
Hirschsprung’s Disease 82  9  9
Constipation 52 10 38
Miscellaneous 44 25 31

Source: Adapted from Curry et al. (1999).
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(Lo-Fric®, Astra-Tech) can be helpful in patients with 
recurrent problems cannulating the stoma. These 
catheters are expensive, however, and letters of medical 
necessity are often required for third-party payors. One 
caution that has been raised with hydrophilic catheters 
is that they tend to dry after being left inside a conduit 
for an extended period and may be somewhat difficult to 
remove. In general, parents are instructed to remove the 
catheter after instillation (usually �10–15 min) so this 
has not been a major concern.

If dilatation either in the office or under anesthesia is 
unsuccessful in managing stenosis then formal opera-
tive revision can be performed as an outpatient proce-
dure. The technique we employ most commonly has 
been to create a rounded skin flap adjacent to the stoma 
and incise the stoma down to healthier-appearing tissue. 
The skin flap is then anastomosed to the conduit with 
interrupted absorbable 4-0 polyglactic acid suture. An 
indwelling catheter is maintained for approximately 
4 weeks and removed in the office. Patients with recurrent 
stenosis are asked to calibrate the stoma more frequently. 
This often can be coordinated with their clean intermittent 
catheterization schedule. We have found triamcinolone 
cream (0.1%) applied to the stoma can be helpful in mild 
stenosis and for preventing recurrence after dilatation.

For intractable stomal stenosis that recurs despite the 
above measures, an indwelling gastrostomy button held 
in place with a Foley type balloon is an alternative to fur-
ther surgery and allows the continuation of the enema 
regimen. Discomfort from the appliance can be prob-
lematic if it is in the path of the waistband. The buildup 
of granulation tissue as well as local skin irritation and 
infection may need to be occasionally addressed. In older 
children with  myelomeningocele and obesity, the button 
may need to be specially ordered to a specific size and 
also up-sized when significant weight changes occur to 
avoid skin breakdown. 

Metabolic abnormalities
Iatrogenic metabolic complications of enema admin-
istration in children have been well described. Most 
are associated with hypertonic phosphate enemas [26]. 
The majority seems to be recognized and treated with-
out subsequent major morbidity. Risk factors include 
children on long-term therapy due to atonic or neurogenic 
colonic abnormalities, as well as those with chronic renal 
insufficiency, although complications have been seen in 
otherwise normal children. Water toxicity from high 
colonic tap water enemas has been reported, although a 
large series from Indiana has been published regarding the 

safety of tap water for ACE irrigations [14]. The authors 
warned that periodic electrolyte evaluation is warranted 
and that patients using a home water softening system 
should be alerted to only utilize untreated water. A case 
of fatal hypernatremia was reported in a 4-year-old boy 
with VATER syndrome by Schreiber and Stone that was 
felt to be due to variations in the amount of table salt 
used for the enema solution combined with recurrent 
anal stenosis [27].

As mentioned above, our practice has been to use 
isotonic saline (approximately 1.5 teaspoons table salt 
in 1 l of tap water) for irrigations with an initial vol-
ume of 30 ml/kg up to a maximum of 1 l. The regimen 
is then adjusted individually based on clinical response. 
Patients with anorectal malformations should be moni-
tored closely for anal stenosis. Acute viral illnesses such 
as gastroenteritis with dehydration should prompt 
clinical and electrolyte evaluation in patients using an 
MACE with deferment of the irrigations while ill. Patients 
experiencing abdominal cramping with irrigation should 
be first evaluated for impaction but the composition of 
the irrigant should be re-evaluated, particularly if addi-
tional ingredients such as phosphate have been added to 
the regimen.

Rare complications
Isolated reports in the literature have presented patients 
with rare but devastating complications. Tackett et al. 
described a patient with anal stenosis who developed 
peritonitis and lower extremity vascular compromise 
from severe constipation and required emergency total 
colectomy due to colonic vascular congestion [13]. A cecal 
volvulus in one patient requiring a hemi-colectomy was 
reported by Herndon et al. [28]. Other investigators have 
reported cecal-flap necrosis and gangrenous channels 
[29]. Perforation of the channel with intra-abdominal 
instillation of irrigant has been reported as a rare compli-
cation with potentially morbid sequelae [30]. Seven cases 
were identified out of 187 consecutive MACE procedures. 
Figure 42.3a shows free air after a traumatic perforation 
of the channel and Figure 42.3b shows a contrast study of 
the MACE documenting no extravasation from the colon. 
Most were seen within the first few months after the pro-
cedure, and endoscopic management with placement of 
a catheter over a guidewire was a successful treatment if 
recognized early. Once endoscopic access is obtained, a 
contrast study is helpful to evaluate for bowel perforation. 
Wide spectrum antibiotics and inpatient observation with 
bowel rest is recommended until the patient is clinically 
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asymptomatic but immediate exploration may be war-
ranted if peritoneal signs are present.

Conclusion

MACE procedures are successful procedures for improv-
ing or resolving intractable fecal incontinence in complex 
pediatric urologic patients. The procedure can be per-
formed in conjunction with urinary tract reconstruction 
or as an isolated procedure with low morbidity. The main 
complications are stomal-related problems and difficulty 
with catheterization. However, major life-threatening issues 
can arise and must be recognized and promptly treated.

An organized infrastructure employing experienced 
nurse practitioners is vital to maintain close contact 
with these patients while providing families with ready 
access for questions and problems. At each clinic visit, 
reinforcement of proper technique and documentation 
of the irrigation solution and catheterization schedule 
should be performed. It should not need to be stressed 
that these patients require lifelong meticulous follow-up 
with continuous re-evaluation of the home routine and 
the clinical results.
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hypersecretion, 280
insufficiency, 279
laparoscopic approaches, 282
physiology/biochemistry of, 278–279
surgery, complications of, 279–280
surgical approach to, 282–283

adrenal tumors
adrenocortical, 282
neuroblastoma, 280–281
pheochromocytoma, 281–282

adrenocortical carcinoma, 282
adrenocorticotropic hormone (ACTH), 279
adults

airway complications during anesthesia in, 37
botulinum-A toxin benefits in detrusor 

hyperactivity in, 109
ESWL in, 125
euvolemic hyponatremia in, 31
incidence of conscious awareness in, 38
incidence of malignant hyperthermia (MH) 

in, 38
intraoperative bleeding in, 55
laparoscopy of, 27
orchidopexy results, 172
PCNL complications in, 128
peripheral nerve injury during anesthesia 

in, 38
protein metabolism after trauma in, 26
testis size in, 194
thermoregulation in, 26

AFP, see alphafetoprotein (AFP)
AIS, see androgen insensitivity syndrome (AIS)
aldosterone, 24–25, 279
allantois, 93
alpha-adrenergic blockade, 283–284
alphafetoprotein (AFP) levels, 269
alpha-methy-L-tyrosine (metryrosine), 284

ambiguous genitalia, 218
genital surgery for, 221–222

aminocaproic acid, 265
Amplatz wire, 121
amputation, see traumatic amputation
analgesia, 39–40, 126
anastomosis, 69, 311

arterial, 249
donor-recipient, 248
endoscopic stapled, 135
extravesical, 250
nephrostogram for, 78
in RAP, 146, 149
recipient ureter distal in patient, 75
series of ureteroureteric, 251
in TUU, 73–74, 77
urethral and venous, 214
urethroplasty, 103, 106
in U-U, 73, 77
vascular, 249, 252

Anderson–Hynes dismembered pyeloplasty, 
58, 61

modern presentations and outcomes of, 60
androgen insensitivity syndrome (AIS), 218, 219
anejaculation, 215
anesthesia

caudal, 164
complications, 37–38
general, 117, 125, 132
local, 39–40, 118

angiotensin converting enzyme (ACE), 24
conduit, 311
stomal stenosis rates, 339

ANP, see atrial natriuretic peptide (ANP)
anterior urethral valves (AUV), 105–106

see also urethral valves
antibiotics

perioperative use of, 292
prophylactic, 327, 330

antibody induction agents, 249
anticholinergics, 109, 113, 157, 327

for hematuria and bladder spasms, 70
antidiuretic hormone (ADH), 41

and water balance, 25, 29–30
antireflux technique, 317
anuria, 69, 70

obstructive, 103, 104
appendicectomy, laparoscopic, 132, 135
appendicovesicostomy, 146, 158
appendix

dismemberment of, 337
implantation, 315

appendix technique, split, 337
arteriovenous fistula (AVF), 241

establishment of, 242
artificial urinary sphincter (AUS)

component malfunctions, 330

implantation, 329, 330
intraoperative complications of, 330
postoperative complications of, 330, 332
revision or removal, 332
in treatment of neurogenic urinary 

incontinence, 329
atelectasis, 50
atrial natriuretic peptide (ANP), 25
AUS, see artificial urinary sphincter (AUS)
Automated Endoscopic System for Optimal 

Positioning (AESOP), 145
autonomic nervous system (ANS), 23
AUV, see anterior urethral valves (AUV)
AVF, see arteriovenous fistula (AVF)
azoospermia, 172

B
Bailez technique, 184
Balanitis xerotica obliterans (BXO), 202, 207
biopsy

in B/P RMS, 262, 263
cold-cup forceps of, 264
endoscopic, 264
inadequate, 264
intraoperative, 207
from kidney pre-implantation, 249
laparotomy for, 264
open, 264
rhabdomyoblasts only on post-treatment, 264
transcrotal, 271

bladder
see also bladder neck bulking agents; bladder 

neck slings
augmentation, 84, 85, 86, 87, 327, 328, 

329–330
calculi, 129, 330
capacity and compliance in BNR, loss of, 333
characteristics, 248
compliance, loss of, 330
compliance deterioration, management of, 332
decompression procedures, 113
dehiscence, 85
drainage, 56
dysfunctions, 104, 105, 109, 153, 154, 234, 265
enlargement surgery, 109
flap-valve mechanism in, see flap-valve 

mechanism in bladder
injuries, 157, 190, 302, 303
leaks, 153, 154, 155, 157
malignancy, 87
neck surgery, 102, 104, 108
neoplasia, 83
neurogenic, 68, 75, 76
pathology, 74, 75
perforation of, 310
preservation, 262, 263
prolapse, 94
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spasms, 69, 108
stomal narrowing in, 159
stones, 303

bladder exstrophy
see also epispadias-exstrophy complex 

(EEC)
classic, 324
repairing of, 83–84
untreated, 84

bladder-level surgery, 52–53
bladder neck (BN), 53, 86

endoscopic injection of, 86
bladder neck bulking agents, 325–327
bladder neck reconstruction (BNR), 86, 332–333
bladder neck slings, 327–329
bladder neck surgery, 307
bladder outlet obstruction (BOO), 94
blind balloon insufflation, 133
blind-ending testicular vessels, 183, 184
blood

screening tests, 42
transfusion complications of, 41–42
vessels perforation, 134

blunt renal injuries, 297
outcomes of, 298

BMA, see British Medical Association (BMA)
BNR, see bladder neck reconstruction (BNR)
bowel

injuries, 49–50, 188
ischemia, 167
perforation, 134, 142
segments, 33–34, 310

brachial plexus, 38
British Medical Association (BMA), 13
buccal grafting, 208–209
buccal mucosa, in phalloplasty, 215
bugbee electrodes, 101, 102, 103
bulking agents, 112, 113, 114, 325, 326
bupivacaine, 118
BXO, see Balanitis xerotica obliterans (BXO)
Byar’s flaps, 205

C
CAH, see congenital adrenal hyperplasia (CAH)
calcium, 33, 34

hydroxyapatite, 111, 112
calcium oxalate monohydrate, 126
canalicular testes, 173, 184

see also testes
Cantwell-Ransley repairing technique, 84, 88
carbon dioxide (CO2)

insufflation pressure, 140
pneumoperitoneum, 133–134

cardiac surgery, 8–10
cardiopulmonary bypass, 258
carrell patch, see common vessel patch
Carter–Thompson fascial closure device, 189
Casale spiral Monti, 316, 317, 319
catecholamines, 22–23, 279, 280, 283–284
catheterizable channel, continent, see continent 

catheterizable channel
catheterization, 113, 251, 263, 307, 309, 336, 339
catheters, 302, 309, 337

see also transurethral catheter
blockage of, 311
central venous, 133, 241
complications of central venous, 242
drainage, 122, 123
drainage of bladder, 155, 159
dual lumen hemodialysis, 242
Foley, 124, 152–153, 157, 185, 311

holders, adhesive, 118
hydrophilic, 319, 339–340
indwelling, 319, 339, 340
for intermittent cannulation, 337
Navarre, 118–119
nephrostomy, 128, 129
for PD, 243
PD, problems with, 244, 245
percutaneous nephrostomy, 119, 123
snare, 121, 122, 123
soft, 339
torque on, 242
ureteral, 153, 154, 155, 159
ureteric, 301
urethral, 154, 155, 157
urinary, 190, 249
used in diagnostic imaging, 206
used in intraoperative evaluation, 206
watertight closure for removal of, 157
well-lubricated, 339
whistle tip ureteric, 141

caudal analgesia, 40
caudal anesthesia, 164
caudal migration of the implant, 114
caudal regression syndrome, 109
cefuroxime, 311
central pontine myelinolysis (CPM), 30
central venous catheter, 133, 241

complications of, 242
cephalexin, 290
Chagas disease, 41
chemotherapy, 262

complication rates in patients with, 265
complications in post, RPLND, 275–276
effectiveness of, 271
maturation of rhabdomyoblasts, 264
modern in Wilms tumor, 257
modern preoperative, 258, 259
modern preoperative, incidence of SBO after, 

260
multiagent, 281
platinum-based multiagent, 270
preoperative, 283
preoperative and chylous ascites, 275
and radiation-related complications, 266
randomization of standard VAC, 263
recovery of spermatogenesis, 274
systemic, 264

chevron incision, 282
Chiba needles, 118, 122, 124
chloride ions, 309
cholinesterase, 38–39
CHPE, see Council for Healthcare Regulatory 

Excellence (CHPE)
chronic allograft nephropathy (CAN), 250, 251
chylous ascites, 260, 275
CIC, see clean intermittent catheterization (CIC)
circumcision-related injuries, 289

treatment of, 290
CJD, see Creutzfeldt-Jakob disease (CJD)
clean intermittent catheterization (CIC), 84, 315, 

327, 330, 332, 333
management of, 310
urinary continence by, 233, 234

clinical audit
data used for, 4–5
good practices in, 6
reasons for, 3–4
and research, 3

clitoral surgery, 222
clitoroplasty, 224, 225, 227

cloaca, 93
see also persistent cloaca

cloacal exstrophy, 120, 213
CMO, see Chief Medical Officer (CMO)
coagulating diathermy current, 102, 104
Cohen cross-trigonal technique, 67, 68, 114
cold-cup forceps of biopsy, 264
cold knife resection, 102, 103, 104
Colling’s Knife, 103, 104
colocystoplasty, metabolic consequence of, 309
color Doppler ultrasonography (CDU), 193–194
compartment syndrome, 89
complete primary repair of bladder exstrophy 

(CPRE), 84, 86, 87
compressive perirenal hematomas, 141
computed tomography (CT), 122, 269

cystography, 302
for fluid collection diagnosis, 122
follow-up, 298
reconstructed, 249
for staging purposes, 257–258
in testicular tumors, 270, 271
for urachal anomaly, 93
in ureteral injuries diagnosis, 301

Congenital adrenal hyperplasia (CAH)
clitoral surgery for, 226
vaginoplasty for, 226, 227

continent catheterizable channel, 315–316, 318, 
336

complications of, 319–322
continent urinary diversions, 84
contralateral reflux, 53

postoperative, 70–71
contrast materials, 118, 121
controlateral de novo reflex, 115
cord lipomas, 166
corneal abrasion, 38
corpus spongiosum, 105
corticotrophin-releasing factor (CRF), 22
costospinal angle, 140
Council for Healthcare Regulatory Excellence 

(CHPE), 15–16
Cowper’s glands, 105
CPM, see central pontine myelinolysis (CPM)
CPRE, see complete primary repair of bladder 

exstrophy (CPRE)
Creutzfeldt-Jakob disease (CJD), 41, 42
CRF, see corticotrophin-releasing factor (CRF)
Crushing’s syndrome, 282
cryptorchidism, 170, 171, 177, 183

see also testes
cutanous ureterostomy, 69
cyclophosphamide, 264
cystectomy, time of, 264
cystic dilatation, 105
cystine, 126
cystogram, 128

posoperative, 71
cystoplasty

aim of, 307, 310
complications of, 308–310
management of complications of, 311–312
metabolic consequences of, 309
in myelodyplasia population, 310
outcome measures of, 307–308
prevention of complications of, 310–311
surgical techniques of, 307

cystoscopy, 73, 77, 94
cystourethrogram, voiding, 112, 115, 155
cystourethroscope, 102
cysts, renal, 54–55
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D
Dartos flaps, 202
da Vinci surgical system, 145, 146, 147, 148
Davis ureterotomy, 58, 59
Davydov procedure, see laparoscopic procedures
dehiscence, glans, 202, 205, 207
dehydroepiandrosterone (DHEA), 279
delayed graft function (DGF), 249

risk factors for, 250
demyelination, 30
detrusorrhaphy, 153
detrusors

botulinum-A toxin benefits for, 109
defect closure, 155
fibrosis, 113
overactivity, 109
sphincter dysynergia, 109
tunnel formation, 153

devascularization, of distal ureter, 69, 70
dextranomer, subureteral injection of, 71
dextranomer/hyaluronic acid copolymer (Dx/

HA), 325
long-term follow-up of, 325

dextranomer/hyaluronic acid injections, 111, 
114, 153

see also subureteric injections
complications with, 115

diathermy
hook electrode, 102
in inguinal herniotomy, 165
injury during laparoscopy, 134

diathermy valve ablation, 102
urethral strictures from, 103, 104

dicalcium phosphate dihydrate, 126
dilators, 220
see also vaginal dilation

dissection during laparoscopy, 139, 140
operative incidents related to, 142

distal hydroceles, 164
diuresis, postobstructive, 33, 104
diverticulectomy, 105
diverticulum, 202, 205, 207
DMSA nuclear renograms, 55
donor kidneys, 248
donor-recipient anastomosis, 248
Doppler ultrasound, 242, 249, 281
dormia basket, 149
double-J stent, 298, 299, 301

see also stents
placement, 120, 121, 122
placement during PCNL, 129
removal, 123

drainage catheters, 122, 123
see also catheters

dumbbell hernias, 164, 165
duplex kidneys, 52, 53, 54–55
dupytren, 164
DVT, preventing, 275
Dx/HA, see dextranomer/hyaluronic acid 

copolymer (Dx/HA)
dysplasia, renal, 53, 103

E
edema, 164

mild dilation due to transient, 72
preputial, 289
prevention from, 69

EEC, see epispadias-exstrophy complex (EEC)
ejaculation, 88
ejaculation/infertility, loss of

key to preserving, 272
and nerve-sparing technique, 272
and RPLND, 271

elective conversion to open surgery, 136–137
electrodes

bugbee, 101, 102, 103
diathermy hook, 102
insulated wire, 102
loop, 101

electrohydraulic lithotripters, 127
electrolyte therapy, 29
electrosurgery risks during laparoscopy, 134
embolization, 265

percutaneous, 195
emergency conversion to open surgery, 136–137
emphysema, subcutaneous, 134
endoscopes

8F, 102
McCarthy panendoscope, 101, 102
staples, 135
suturing, 135, 136

endoscopic ablation, see endoscopy
endoscopic therapy, 112, 113

failures of, 114
outcomes for persisting reflux after ureteral 

reimplantation, 114
reflux resolution rate after, 115

endoscopy
ablation of posterior urethral valves, 101–105
management of ureterocele, 107–108
puncture, 107
ureterocele incision, 107

end-stage renal disease (ESRD), 103
enemas, 225

hypertonic phosphate, 340
iatrogenic metabolic complications of, 340
retrograde, 336, 337

energy sources during laparoscopy, risks from, 
134

enteric wall hematomas, 126
enterocystoplasty, 158, 310
enterotomy sites closure, 135
epididymitis, traumatic, 291
epidural analgesia

complications incidence in UK, 39–40
epigastric arteries, 165, 166
epispadias, repairing of, 84
epispadias–exstrophy complex (EEC)

anatomical reconstruction of, 83–84
complications, 84–89

epithelium, 93, 94
erectile implants, 216
erectile tissue, of corpora, 229
ergonomics alignment in laparoscopy, 

132–133
erythema, 93, 96
Esposito, C., 187, 197
ESRD, see end-stage renal disease (ESRD)
estrogens, conjugated, 265
ESWL, see extracorporeal shockwave lithotripsy 

(ESWL)
EuroSCORE, 5, 8–9
euvolemic hyponatremia, 31
extirpative surgery, time of, 264
extracorporeal shockwave lithotripsy (ESWL), 

125–126
extraperitoneal flank incision, 258
extrarenal fluid collection, 128
extratesticular lesion, 269
extrusion of cuff, 245
exufflation, laparoscopic, 141

F
fascia, 93
fascial abnormalities, 88–89
fecal continence, 233

conservative measures at, 336
MACE for management of, see malone 

antegrade continence enema (MACE)
overall success rate for achieving, 338

fecundity, in female patients, 88
feeding tubes, 154
femoral hernia, 164–165

see also hernia
8F endoscope, 102

see also endoscopes
Fenger technique, 58
fertility outcomes

after orchidopexy, 171–172, 175, 177
varicoceles, 193, 194

fibrin glue, 135, 177, 244
fibrosis, 128

of urachus during embryonic development, 93
firearm injuries, 296
fistulas

cause and origin of, 202
diagnosis of, 205
reoperation of, 206
ureterovesical, 70

fistulogram, 95
fixed neck positions, 136
flank incisions, 60, 61
flap valve mechanism, 315, 316

inadequate, 321
fluid balance, 24–25
fluid collections

complication of PCNL, 128
requiring percutaneous drainage, 122–123

fluoroscopy, 73, 242
C-arm fluoroscopy, 124
for fluid collection diagnosis, 122
for precutaneous nephrostomy, 118

Fogarty balloon catheter ablation technique, 102
Foley catheter, 124, 152–153, 185, 311

see also catheters
drainage, 70, 157
transurethral, 53

Foley Y-plasty, 58
formalin installations, 265
Fowler–Stephens orchidopexy, 170, 172, 173–174, 

177, 184, 185, 190
see also orchidopexy
success rates for, 186, 187

frusemide, 249
fungal infections of urinary tract, 108

see also urinary tract infections
funnel plots, 9

G
gadolinium (Gd)-enhanced MRI, 176
gait abnormalities, 89
gas embolism, 133
gastric inhibitory peptide (GIP), 24
gastrocystoplasty, 33, 308, 309, 310
gastrointestinal complications, 37–38
general anesthesia, 117, 125, 132

see also anesthesia
General Medical Council (GMC), 15

guidance for doctors, 13
genital complications, 87–88
genital injuries

degloving of penis, 289
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due to dog bite, treatment of, 290
penile amputations, 289
penile amputations, treatment of, 289
sexual abuse as etiology for, 293

genital skin, 202
genital surgery, reconstructive, 218

see also vaginoplasty
genitography, 225
genitoplasty, 88
genitourinary RMS, 262
genitourinary tract injuries, 289
germ cells maturation, 171, 172
Gerota’s fascia, 147, 148, 278, 282
GFR, see glomerular filtration rate (GFR)
GH, see growth hormone (GH)
GHRH, see growth hormone releasing hormone 

(GHRH)
GHRIP, see growth hormone releasing inhibitory 

peptide (GHRIP)
GIP, see gastric inhibitory peptide (GIP)
glansplasty, 205, 206–207
Glans wings, 205

see also glansplasty
Glenn-Anderson technique, 67, 114, 154
glomerular filtration rate (GFR), 29, 33
glomerulosa, outer zona, 278–279
glucagon, 23
gluconeogenesis, 23, 26
glutaraldehyde cross-linked bovine collagen, 325
GMC, see General Medical Council (GMC)
GnRH tests, 194
gonadal vessels

injuries, 189–190
transaction, 173–174

graft function, deterioration in, 252
graft perfusion, assessment of, 251
graft survival in kidney transplant, 250–251
graphical techniques for audit data analysis, 9
groin incision, 178
growth hormone (GH), 24
growth hormone releasing hormone (GHRH), 24
growth hormone releasing inhibitory peptide 

(GHRIP), 24
gubernaculum, 184, 189
guide wires placement, 127

H
Harmonic Scalpel, 55, 141
Hasson’s technique, 147
health care regulators, 4
Health Service Commissioner, 14
Heineke–Mikulicz technique, 58
hematocele, cases of isolated, 291
hematomas, 122, 126, 298, 299

compressive perirenal, 141
in inguinal herniotomy, 165
scrotal, 172, 173, 178

hematuria, 109, 126, 127, 135, 185, 297, 302
cases of mild, 265
in ureteral reimplantation, 69

hematuria dysuria syndrome, 309
heminephrectomy

see also nephrectomy
basic surgical principles of, 55
in duplicated collecting system, 54
ischemic changes during, 56
laparoscopic, 54, 55
retroperitoneoscopic, 54
upper pole, 52–53

retroperitoneoscopic, 146
heminephroureterectomy, 146, 155

hemodialysis, 241–243
hemolysis, 32
hemolytic incompatibility, 42
hemolytic reactions, severe acute, 42
hemoptysis, 126
hemorrhage, 141, 259, 281
abdominal wall, 188

during nephrectomy, 49
during partial nephrectomy, 55

hemorrhagic cystitis, 264–265
hemostasis, 134, 250

during laparoscopy, 140–141, 142
hernia

dumbbell, 164, 165
femoral, 164–165
incarcerated, 163, 164, 166
incisional, 51, 159
inguinal, 88
inguinal, after laparoscopic orchidopexy, 191
inguinal, repair of, see inguinal hernia repair
missed, 165, 166
sliding, 164

herniotomy
inguinal, see inguinal hernia repair
laparoscopic, 163, 164, 165, 167

hindgut, 93
hinman bladder, see nonneurogenic bladder
homemade dilating balloon catheters, 147
hormone manipulation, 170
human chorionic gonadotropin (HCG), 269
hyaluronic acid, 312

subureteral injection of, 71
hyaluronic acid injections, 153
hydroceles

abdominoscrotal, 164
formation in varicocele repair surgery, 

196–198
during inguinal herniotomy, 164, 166
residual, 166–167

hydrodistension implantation technique, 
111–112, 114

see also subureteric injections
hydrogen ions, 309
hydronephrosis, 119, 126, 139, 142, 149, 265, 302

moderate, 71
patients improvement in, 61
progressive, 68
severe, 71
stents fo worse, 61

hydrophilic catheters, 319, 339–340
hydrophilic guidewire, 242
hydrothorax, 129
hydroureteral nephrosis, 70
hydroureteronephrosis, 68
hyperbaric oxygen, 265
hyperchloremic metabolic acidosis, 309
hyperkalemia, 32–33
hypernatremia, 31
hypertension, 299
hypertonic phosphate enemas, 340
hypervolemic hyponatremia, 31
hypogastric artery, 93
hypokalemia, 32
hyponatremia, 30, 40–41
hypospadias repair, 106

see also urethroplasty
hypotension, 250

intraoperative, 259
hypothalamus

and ADH, 25
and GHRH, 22

impulses, 22
release of CRF from, 22

hypothermia, 133–134
hypotonic fluid, 29

for hyponatremia, 30
hypotrophy, testicular, 194, 197
hypovolemia, 250

I
iatrogenic injuries, 259, 289, 301, 302
iatrogenic trauma, 308
idiopathic strictures, 106
ifosfamide, 264
ileal chimney, see incontinent ileovesicostomy
ileal cystoplasty, 158
ileocystoplasty, 309, 310
ileus, 159

after laparoscopic orchidopexy, 191
after nephrectomy, 50

ilioinguinal blocks, 55
ilioinguinal nerve, 174, 176

in inguinal herniotomy, 166
immune response, postsurgery, 26
immunosuppression, 248, 251
immunosuppressive steroids, 249
impalpable testes, 170, 176

see also testes
outcomes for, 173–174

incarcerated hernia, 163, 164, 166
incisional hernia, 51
incomplete valve ablation, 103
incontinence, 86–87, 102

urinary, 103–104, 107
incontinent ileovesicostomy

mean follow-up in, 319
outcomes of, 319
surgical techniques for, 318

incontinent urinary diversions, 84
Indiana pouch, 84
indigo carmine, 93
inferior mesenteric artery, 74, 78
inferior vena cava (IVC), 257, 258, 259
informed consent in laparoscopy, 138
infundibulum, 128
inguinal hernia, 88

after laparoscopic orchidopexy, 191
inguinal hernia repair, 163–167
inguinal herniotomy, see inguinal hernia repair
inguinal orchidopexy, 172, 173

see also orchidopexy
inlay grafting, 208
inrad needles, 118
insufflation complication in laparoscopy, 

133–134, 140
insulated wires

ablation, complications in, 103
electrode, 102

insulin-like growth factor-1 (IGF-1), 24
intergroup RMS Study, trials by, 262
interleukin-2 antagonists, 252
intermittent catheterization, 251
International Neuroblastoma Staging System 

(INSS), 280
International Normalized Ratio, 117
International Society of Pediatric Oncology 

(SIOP), 259
interventional radiology, 117–124
intestinal obstruction, 308–309

management of, 311–312
Intestinal vaginoplasty, 220

see also vaginoplasty
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intra-abdominal testes, 170, 171, 173
see also testes
surgical techniques for orchidopexy of, 177
vanished, 176

intraoperative complications in nephrectomy for 
Wilms tumor, 259–260

intraureteral injections, with hydrodistension, 
112, 115

intravenous fluids, 40–41
intravenous pyelogram (IVP), 77, 297
intravesical installations, 265
intravesical ureteroceles, 107
introitus, coaptation of, 292
inversion, testicular, 174
ipsilateral incisions, 184, 185
ipsilateral testes, 193
ipsilateral ureteral system, 155
ipsilateral ureteroureterostomy (U-U), 73, 74–78
IRS, I-III states, literature from, 263
IRS, IV goal of, 263
IRS, protocols versus VAC, 263
ischemia, 167

male genital, 87
ureteral trunk, 75

ischemic complications, vaginal, 235–236
ischemic necrosis, 75
ISNA (Intersex Society of North America), 224, 

228
isosulfan blue, 196
Ivanissevich, 196
IVC, see inferior vena cava (IVC)
IVP, see intravenous pyelogram (IVP)

J
Jackson-Pratt drains, 74
JJ-catheter complications, 149
JJ stenting for primary obstructive megaureters, 

108
Jones incisions, 183
jugular vein, circulation in right internal, 242
jugular vein stenosis, 243

K
kayexalate, see sodium polystyrene sulfonate
Keith needles, 189
keloids, 165
ketamine, 135
kidney infections, 86
kidneys, 247–250

multicystic dysplastic, 139, 191
percutaneous access of, 145
transplant, see kidney transplant

kidney transplant
complications of, 251–253
curved iliac fossa incision in, 249
graft survival in, 250–251
medical and surgical workup, 247
outcome of, 250–251
pre-emptive, 247
pretransplant surgery in, 248
techniques of, 248–250
transperitoneal approach, 249
urological workup of, 247–248

kidney trauma, see renal trauma
kinking ureters, 150
Kropp procedure for BNR, 332, 333
KTP laser ablation, 102
kyphosis, 159

L
labia minora, 228
labioplasty, 228

lacerations, vaginal, 292
LAP, see laparoscopic pyeloplasty (LAP)
laparoscopically retrieved kidneys, 248
laparoscopic herniotomy, 163, 164, 165

see also inguinal hernia repair
complications of, 167

laparoscopic/laparoscopic assisted techniques, 
243–244

advantages of, 245
laparoscopic orchidopexy

see also orchidopexy
complications in, 187–189
diagnostic, 183–184, 191
pelvic visualization during, 189
success rates for, 186–187
surgical techniques for, 184–185
timing of, 186

laparoscopic percutaneous extraperitoneal 
closure (LPEC), 167

laparoscopic pyeloplasty (LAP), 146–147
laparoscopic surgery

vs. open surgery, 27
laparoscopy, 138–142

appendicectomy, 132, 135
conversion to open nephrectomy, 48
herniotomy, see laparoscopic herniotomy
history of, 132
inadvertent injuries during, 134–135
injury and trauma to surgeon, 135–136
insufflation during, 133–134
for lower urinary tract, 152–159
in lower urinary tract, see laparoscopy in lower 

urinary tract
optimizing performance, 136–137
orchidopexy, see laparoscopic orchidopexy
port site herniation during, 133
procedures, 132–133
pyeloplasty, 135
retroperitoneal complications in, 135, 136
rules for safe, 137
testicular autotransplantation, 174, 175
testicular mobility, 177
tissue approximation during, 135
for urachal remnant, 94
varicocele ligation, 197, 198
vascular clamp, 140

laparotomy, 133, 134, 183, 188
for biopsy, 264

laryngospasm, 37
laser ablation, 102
laser fiber lithotripters, 127, 128
latency period, 309
latex allergy, 89
laxatives, 336, 337
leak point pressure, 248
le bag continent reconstructions, 264
Leydig cell function, 172, 194, 196
Lichen sclerosis, 106
Lich Gregoir laparoscopy, 153
Lich-Gregoir technique, 68
Lich-Gregoir UNC, modified, 251, 252
lidocaine, 118
lipoma of cord, 166
lithotomy, dorsal, 73
lithotripsy, 127

transurethral, 129
lithotripters, 125, 127, 128
litigation

for poor surgical outcomes, 14–15
local anesthesia, 39–40, 118
loin incisions, 48, 51
loop electrodes, 101
Lords method, 164

lumbar veins, 49
lumbodorsal fascia, 147
lumbotomy, dorsal, 48, 61
Lyme disease, 41
lymphatic sparing approach, 196, 197, 198
lymphoceles, 122, 251, 252

drainage, 123

M
MACE, see malone antegrade continence enema 

(MACE) procedure
magnetic resonance imaging (MRI), 176, 257
maladaptive behavior, 38
malaria, 41
malfunctions of AUS components, 330
malignancy, 309–310
malignant hyperthermia (MH), 38
Malone antegrade continence enema (MACE) 

procedure, 316, 336–339
management golas, in renal injury, 297–298
mannitol, 249
master–slave telerobotic systems, 145
Mathieu flip-flap, 207
McCarthy panendoscopes, 101, 102
McEvedy technique, 165
McIndoe-Reed procedure, 220–221
McVey repair, 167
meatal stenosis, 202, 205, 206–207
Meckel’s diverticulectomy, 135
medial instrument ports, 147
median umbilical ligament, 93
media response, in surgical outcomes, 16
medium chain triglyceride (MCT), 260
medulla, 278–279
megaureters, 68–69

primary obstructive, 108, 154
menarche, 235
mesenteric artery, inferior, 74, 78
metabolic response to surgery, 22–24
metabolism, of protein, 26
metastasis, 135
methylene blue, 93, 141
metronidazole, 311
metryrosine, see alpha-methy-L-tyrosine 

(metryrosine)
micromosquito forceps, 178
micropuncture techniques, 118, 119
microscopic hematuria, 126
microsurgical subinguinal ligation for 

varicoceles, 196
microsurgical vasovasostomy, 178
microvascular orchidopexy, 172, 174, 175, 177

see also orchidopexy
voiding cystourethrogram (VCUG), 

102
syringocele diagnosis by, 105

micturation
due to hypospadias surgery, 209

midline incisions
in patients with narrow subcostal angle, 48

Mitchell BNR, 86
Mitrofanoff, P., 315, 318
Mitrofanoff channel, 86, 87, 235, 319, 339
modern staged repair of bladder exstrophy 

(MSRE), 84
modified venous valvulotome, 102
monofilament absorbable sutures, 165
monopolar cautery, 149
monorchia, 175
Monti conduits, 318, 337
Monti sigmoid vesicostomy, 158
Monti technique for MACE, 337
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Monti urinary channels, 318–319
morphological abnormalities in renal trauma, 

300
MRI, see magnetic resonance imaging (MRI)
MSRE, see modern staged repair of bladder 

exstrophy (MSRE)
mucus production after cystoplasty, 

augmentation, 309
management of, 312

multicystic dysplastic kidneys, 139, 191
multidisciplinary team, for clinical audit, 6
myelomeningocele, 68

N
naloxone, 39
NAPRTCS review, 250
narcotic infusions following laparoscopy, 135
National Health Service (NHS), 13, 14, 16

of UK, 5, 6
national Wilms tumor study (NWTS), 258–259
Navarre catheters, 118–119
Nd-YAG laser ablation, 102
necrosis

ischemic, 75
testicular, 196, 198

needled conduits in small children, 241
Neisseria meningitidis, 279
neobladders, 120
neoinguinal hiatus, 185, 189
neomeatus, see meatal stenosis
neonatal period, iatrogenic injuries in, 289

treatment of, 290
neophallus, 214
neoplasia, bladder, 83
neourethral stricture, 86
neovagina, creation of, 219–220
nephrectomy

complications, in open, 49–51
conversion from laparoscopic approach to, 48
drainage, percutaneous, 142
partial, 138, 139, 141
primary, 257–259
rates in renal trauma, 297, 298
surgical approaches to kidney, 47–49
total, 138, 139, 140–141
in ureteral injuries, 301
for ureteral stumps, 155

nephrolithotomy, 123–124
catheters, 128, 129
percutaneous (PCNL), 127, 128–129

nephron-sparing surgery
treatment of bilateral Wilms tumor, 257

nephroscopes, flexible, 128
nephrosis, hydroureteral, 70
nephrostogram, antegrade

for patency of anastomosis., 78
nephrostomy

percutaneous, 117–120
tube placement, 118, 119, 121

nephrostomy tubes, 62, 69, 70
use in Anderson–Hynes technique, 60

nephroureterectomy, 139, 155
partial, 53
see also partial nephrectomy

nephroureterostomy tubes, 124
Nerve damage, iatrogenic, 236
nerve-sparing surgery, see testis-sparing surgery
neural tube defects, 109
neuroblastoma, 280–283
neurogenic bladder, 68, 75, 76, 109, 307
neurological complications, 38
neurovascular bundle, 225, 229
neurovesical dysfunction, in cloaca, 233

Nissen’s fundoplication, 27
nonabsorbable sutures, 165, 167
noninvasive imaging in renal tumors, 257
nonionic contrast materials, 118
nonmechanical complications of AUS, 330, 332
nonneurogenic bladder, 307
nonpalpable testes, 175–176

see also testes
laparoscopic orchidopexy for, 183–184

nonseminomatous mixed germ cell tumors 
(NSMGCT), 269

retroperitoneal lymph node dissection 
(RPLND), 270

nonsteroidal anti-inflammatory drugs (NSAID), 
39

NPSA, see National Patient Safety Authority 
(NPSA)

NWTSG trials, comparison of complication rates 
from SIOP and, 259

O
obstetric complications

in females with EEC, 88
obstructive anuria, 103

prevention of, 104
oliguria, 69, 70

obstructive, 103, 104
omental herniation, 189
omental ischemia, 167
omentectomy, 243, 245
omentum, 133
omnitract, 249
omphalomesenteric duct, 94
onlay prepucial flap, 203
open surgery, 129, 134, 151, 153, 154

conversion to, 127, 128
elective versus emergency conversions to, 

136–137
excision of urachal remnants, 156
irrigation in, 159
versus laparoscopic surgery, 27
therapy, 111

open ureteroneocystostomy, 114
opioids, 30, 39
optical urethrostomy, 207
optic trocars, 132
orchidectomy, 170, 177, 178
orchidopexy, 170

complications of, 174–178
Fowler-Stephens, 170, 172, 173–174, 177, 184, 

185, 186, 187, 190
inguinal, 172, 173
laparoscopic, see laparoscopic orchidopexy
microvascular, 172, 174, 175, 177
outcomes for, 170–172
preperitoneal, 173
redo, 178, 179
scrotal, 170, 172, 173
staged, 170, 172, 173, 174, 184, 187
success rates for different types of, 172
surgical techniques for, 176–177
for undescended testicle, 270

orchiectomy, inguinal, 270–271
organic acids, 309

P
pain management, complications of, 39–40
Palomo procedure, 196, 197, 198
palpable testes, 170

see also testes
orchidopexy for, 172

palpable varicoceles, 193
pampiniform plexus, 193, 196

pancreatic fistula, 50
papaverine, 141
paracetamol, 39
paragangliomas, 281
paratesticular rhabdomyosarcoma, 269

orchiectomy, inguinal in, 270–271
role of RPLND in management of patients 

with, 270
RPLND for, 271

parenchyma
localized ischemia in, 56
renal, 55
transected, 54, 55, 56
upper moiety function to, 53
upper pole, 77

partial nephrectomy, 52–55, 257
partial nephroureterectomy, 53
Passerini-Glazel genitoplasty, 227, 228
PAS stockings, 275
patch graft, 106
patency of the central veins, 242
patent processus vaginalis (PPV), 163, 164, 172, 

176
patent urachus, 92, 93, 94, 95, 156
patient–controlled analgesia, 39
patient preparation before surgery, 117
patients in RMS, 262–263
PCNL, see percutaneous nephrolithotomy 

(PCNL)
PD, see peritoneal dialysis (PD)
Pediatric Perioperative Cardiac Arrest Registry 

(POCA), 37
PEEP, see positive end expiratory pressure 

(PEEP)
peeping testes, 184
pelvic diaphragm, 93
pelvic osteotomy, 89
pelvis drainage in RAP, 149
penile degloving, 88
Penile ejaculation complications, 215
Penile inadequacy, 213
penile injuries, 289–290
penile nerves, dorsal, 214
penile prosthesis, 214
penile reattachment, 213

see also Phalloplasty
penile shaft, 213
penile skin, loss of, 289
penile stiffener, for sexual penetration, 214
penile stump, tailoring of, 213
penrose drain, 59, 62, 73, 74, 75
percutaneoulsy placed lines in hemodialysis, 

241–242
percutaneous embolization/sclerotherapy, 195
percutaneous fluid collection drainage, 122–123
percutaneous nephrolithotomy (PCNL), 127, 

128–129
percutaneous nephrostomy, 117–120, 123
Perez-Castro irrigation pump, 127, 128
perineal urethrostomy, 102
perinephric abscess, 299
perinephric tissue, 248
perirenal retroperitoneal fluid collections, 128
perirenal (subcapsular) hematoma, 126
peritoneal dialysis (PD), 243–245, 249
peritoneal incisions, 189–190
peritoneal perforation, 140, 142
peritoneum, 93
periurethral injections of polytetrafluoroethylene 

(PTFE), 325
Persistent cloaca

anatomy of cloaca channel, 232
fecal continence in, 233
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Persistent cloaca (Contd.)
gynecological problems in, 234
ischemic complications in, 235–236
MRI scan of, 235
nerve damage due to, 234–235
neurovesical dysfunction in, 233
renal abnormalities in, 233
stenosis in, 235
urinary continence in, 233–234

Phallic reconstruction, see phalloplasty
Phalloplasty

benefits of, 216
complication rate of, 215
cosmetic and functional requirements for, 213
fistulas due to, 215
sexual functions due to, 214–215
stenosis due to, 215
use of buccal mucosa in, 214
use of penile stiffener in, 214
use of radial forearm flap in, 213, 214
use of skin grafts in, 214
use of transurethral catheter in, 214

Phallus, see neophallus
pheochromocytoma, 280, 281–284
pigtail stents, 155
Pippi Salle procedure for BNR, 332–333
pneumoperitoneum, 132, 140, 159, 184

insufflation complication in laparoscopy, 
133–134

pneumothorax, 134, 140, 242
during nephrectomy, 50

pneumovesical ureter reimplantation, 146
pneumovesicum, 154
POCA, see Pediatric Perioperative Cardiac Arrest 

Registry (POCA)
Politano-Leadbetter ureteroneocystostomy, 67, 

68
polydimethylsiloxane, 111, 115, 325

long-term follow-up of, 325
polytetrafluoroethylene, 111

complications with, 115
subureteric injections of, 112, 113

polyuria, 104
port site herniation, 133, 142
positioning-related injuries, 187
posterior urethral valves (PUV), 101–105, 251

see also urethral valves
postobstructive diuresis, 33, 104
postoperative complications in nephrectomy for 

Wilms tumor, 259–260
postoperative management, 311
postpubertal testis tumors

human chorionic gonadotropin (HCG) as 
markers in, 269

management of, 269
role of inguinal orchiectomy, 270
studies in patients of, 270

postresection positive surgical margins, 264
potassium balance, disorders, 31–32
potassium ions (K�), 25
pre-ESWL inserted J-stents, 126
Prentiss maneuver in orchidopexy, 177, 178

see also orchidopexy
preoperative evaluation, 310–311
preoperative preparation for augmentation 

cystoplasty, 311
preperitoneal approach to hernia repair, 163, 164
preperitoneal insufflation, 187
prepubertal testis tumors, 269–270
preputial edema, see edema, preputial
pressure, intravesical, 315, 316, 321

pressure, leak point, 248
pressure injuries, 147, 148
pressure sores, 89
priapism, high-flow, 290
primary nephrectomy, see nephrectomy, primary
primary obstructive megaureters, 108, 154
primary resection, 262
Prince–Scardino vertical flaps, 58, 59
prophylactic ureteral stenting, 125, 126

see also stenting
prophylaxis, 88
prostate biopsies, 145
protein metabolism, 26
prune belly syndrome, 93, 96, 174
PSARVUP, see posterior sagittal anorecto 

vaginourethroplasty (PSARVUP)
pseudodiverticulum, 303
psoas muscles, 149
psychosocial problems

in children with exstrophy, 89
PTFE, see periurethral injections of 

polytetrafluoroethylene (PTFE)
Pudendal nerve, 225
PUJ, see pyeloureteric junction (PUJ)
PUJ obstruction, 135
PUM procedure, see urogenital mobilization
purse-string sutures, 164, 167
PUV, see posterior urethral valves (PUV)
pyelonephritis, 126, 127, 152

xanthogranulomatosis, 139
pyeloplasty, 120, 139

see also robotic assisted pyeloplasty (RAP)
dismembered, 141
laparoscopic, 135
procedure-related complications, 148–149
redopyeloplasty, 150
for ureteropelvic junction obstruction, 58–65

pyeloureteric junction (PUJ), 52

R
Radial forearm flap, for phalloplasty, 213, 214
radially dilating ports, 133
radially dilating trocar systems, 184, 185
radial nerve injury, 135–136
radiation therapy, 262, 263, 264

and chemotherapy complications, 266
complication rates in patients with, 265

radionuclide scan, 59
radiopaque ruler, 121
radio therapy, see radiation therapy
RAP, see robotic assisted pyeloplasty (RAP)
RBUS, see renal/bladder ultrasound (RBUS)
reconstructive bladder surgery, laparoscopic, 139, 

141, 157–159
complications, 159
surgical outcomes, 158

rectal injuries, 292
in adults and morbidity, 292
intraoperative, 228

rectum, 93
recurrence in RMS, management of, 266
redo lines in hemodialysis, 242
redo orchidopexy, 178, 179

see also orchidopexy
redopyeloplasty, 150
“refluo” technique, 174
reimplantations

open techniques of, 113
ureteral, 114

“relaxing” incisions, 189

renal abnormalities in cloaca patients, 233
renal artery, traumatic occlusion of, 299
renal biochemistry, checking, 311
renal/bladder ultrasound (RBUS), 77
renal colic, 126
renal cysts, 54–55
renal damage, 86
renal dilation, 124
renal dysplasia, 103
renal failure, 103

after nephrectomy, 50
incidence, 105
prevention of, 104

renal function, 55
developmental changes in, 29
effect of ESWL on, 126
loss of, 299–300
postoperative improvement in, 59
stabilization of, 59

renal hilum, 248
renal moiety, 53, 55
renal nuclear scans (DMSA), 299
renal pelvis, 118, 119, 128
renal reconstructive techniques, 298
renal replacement therapy, see kidney transplant
renal sparing surgery, complication rate in, 260
renal transplantation, 103
renal trauma, 296

causes of, 296
early complications of, 298–299
etiology of childhood, 296
grading of scales of, 297
hypertension, 299
ICU protocol for management of, 297
imaging and staging in, 296
late complications of, 299–300
major, 298
management goals of, 297–298
morphological abnormalities in, 300
nephrectomy rates, 297, 298
outcomes of, 297–298
penetrating trauma, 296
renal function in, loss of, 299–300
renal vascular injury in, 299
surgical complication rates, 297

renal tumors
cystic and solid nature of, 257
inferior vena cava (IVC), 257
laparoscopic removal of, 258
outcomes of, 260–261
prognosis of children with, 257
responsive to adjuvant therapies, 257
role of imaging study in, 257–258
role of noninvasive imaging, 257
role of surgeon in, 257
surgical techniques for removal of, 257–258
surgical techniques for removal of, 

complications associated with, 258–261
renal vein

lumbar veins drain into, 49
retraction during nephrectomy, 48

renal vein misidentification, 141
renin–angiotensin system, 24, 279
renovascular complications, 299
resection, primary, 262
resectoscope, 264

loops, 103, 104
reticularis, inner zona, 279
retractile testes, 175
retrocatheters, ureteral, 153
retrograde stents, 120, 121
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see also stents
retroperitoneal approach

to nephrectomy, 47–48
to RAP, 147, 148, 149, 150

retroperitoneal hematoma, 271
retroperitoneal inflammation, 139
retroperitoneal laparoscopic access, 132, 133
retroperitoneal ligation, 196–197, 198
retroperitoneal lymph node dissection (RPLND)

in adolescents with NSGCT, 270
bilateral, 271, 272
and bleeding, 274
chylous ascites following, 275
complications in postchemotherapy, 275–276
complications of, 271–272
fertility rates in patients undergoing, 272
and loss of ejaculatory function, 271
oncological effectiveness of, 271
oncologic and ejaculatory results of, 274
outcomes of, 271–272
pulmonary embolism in adults undergoing, 

275
role in management of patients with 

paratesticular rhabdomyosarcoma, 270
small bowel obstruction (SBO) in, 271
unilateral, 271, 272

retroperitoneoscopy, 139
complications after, 135, 136, 142
conversion in, 48
heminephrectomy, 146
redo, 141–142

Retzius space, 93, 94
rhabdomyoblasts, 264
rhabdomyosarcoma (RMS)

biopsy in, 262, 263
B/P, see bladder/prostate(B/P) RMS
category of pelvic, 262
chemotherapy and radiation-related 

complications in, 266
embryonal, 262–263
and genitourinary, 262
goals of management of, 263
and malignant tumors, 262
management of recurrence in, 266
outcomes of, 263–264
paratesticular, see paratesticular 

rhabdomyosarcoma
patients with relapsed, 263
principal goals of therapy in, 263
surgical complications in, 265–266
surgical principles, 263
treatment complications, 264–266
treatment complications, management of, 

264–266
treatment principles of, 262–263
treatment protocols from children’s oncology 

group (COG), 262–263
risk-adjustment algorithm, 8
risk averse behavior, 9
risk differentiation in patients, 9
RMS, see rhabdomyosarcoma (RMS)
robotic arms movements, 147, 148
robotic-assisted laparoscopy

see also robotic surgery
extravesical ureteral reimplantation, 152–154

robotic assisted pyeloplasty (RAP), 146–147
see also robotic surgery; pyeloplasty
complications, 148–149, 150
surgical outcomes, 149–150

robotic surgery
see also robotic assisted pyeloplasty (RAP)

history of, 145
less-reported applications of, 146
master–slave telerobotic systems, 145
procedure-related complications, 148–149
robotic-assisted laparoscopy, 152–154
robot-related complications, 147–148

robot-related complications, 147–148
Rokitansky syndrome, 218, 219
rotator cuff injury, 136
routine fluid, 29
routine stenting in ureteroscopy, 128
RPLND, see retroperitoneal lymph node 

dissection (RPLND)
rupture, incidence of, 310

management of, 312

S
sacrocolpopexy

for uterine prolapse, 88
sclerotherapy for varicoceles

see also varicoceles
antegrade scrotal, 195–196, 198
percutaneous, 195

scrotal “Bianchi” approach, 163, 164
scrotal/testicular injuries, 290

causes of, 290
rate of salvage of, 291
and testicular torsion, 291
treatment of, 291

scrotal violations in removing testis tumors, 
270–271

scrotum
exploration, initial, 175
hematomas, 172, 173, 178
nubbins, 175
orchidopexy, 170, 172, 173

see also orchidopexy
orthotopic position, 184
puncture, 197
sclerotherapy for varicoceles, antegrade, 

195–196, 198
testicle delivery into, 185, 190, 191
trauma to, 291

scrotum-first approach, 175, 178
secondary vaginoplasty, for stenosis, 226–227

see also vaginoplasty
seldinger technique, 241–242
sepsis, 94, 127

intraperitoneal, 142
serosal tears, 188, 198
Sertoli cell function, 172

impairment, 194
serum sodium, 30, 31
sevoflurane, 38
sexual abuse, 293
sexual dysfunction, 88
Sexual function, 209
sheath reimplant, 74
shock wave energy, 125, 126
shock wave lithotripsy (SWL), 124
shoulder strain injury, 136
shunt infection rates, 310
sigmoid cystoplasties, incidence of rapture, 310
silk sutures, 165
sinus, urogenital, 93
skin flaps, 207, 208, 229, 236
skin grafts, 214

for neovaginal creation, 220
sliding hernia, 164
small bowel obstruction (SBO), 259, 260, 261, 

271, 274–275

snake wrist technology, 148
snare catheters, 121, 122, 123

see also catheters
sodium, regulation of, 24–25
sodium and water balance, disorders, 29–30
sodium concentration in urine, 30
sodium deficit, 30
sodium polystyrene sulfonate, 32–33
spermatic pedicle injuries, 190
spermatogenesis, recovery of, 274
sphincteric incontinence, 104
sphincter mechanism incompetence

artificial urinary sphincter (AUS) to enhance 
resistance of, 324, 329–332

bladder neck bulking agents to enhance 
resistance of, 324, 325–327

bladder neck sling to enhance resistance of, 
324, 327–329

BNR to enhance resistance of, 324, 
332–333

bulking agents as initial therapy for, 325
spontaneous vaginal deliveries, 88
staged orchidopexy, 170, 172, 173, 174, 

184, 187
see also orchidopexy

staghorn stone cases, 125, 126, 128
staging in renal trauma, 297
staphylococcus, infections of, 330
staphylococcus aureus, 95
stay sutures, 150
steinstrasse, 126
stenosis

see also vaginal stenosis
of conduit, 339–340
juglar vein, 243
renal artery, 251
renal artery, effect on deterioration in graft 

function, 252
secondary vaginoplasty for, 226–227
stomal, 69
ureteric, 251
ureteric, management of, 252

stenotic area coverage, 121
stents, 121

double-J, 298, 299, 301
migration during ureteroscopy, 127
pigtail, 155
placement during RAP, 149
retrieval of, 121–122, 123
ureteric, placement of, 120–121
urethral, 202

stereoscopic video imagery, 148
steroids, 225
STING procedure, 321
stoma, 318

in MACE procedure, site of, 337
stomal complications, 339–340
stomal incontinence, 321–322
stomal narrowing in bladder, 159
stomal stenosis, 69, 319–320
stoma-related problems, 318–319
stone disease

see also stones
bladder stones, 129
in developing countries, 129
ESWL for, 125–126, 129
open surgery for, 129
PCNL for, 127, 128–129
ureteroscopy for, 126–128

stone formation, 309
management of, 312
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stone-free rates
see also stone disease; stones
after ESWL, 125, 126, 129
after PCNL, 126
after ureteroscopy, 126

stones, 322
see also stone disease
bladder, 129
burden, 128
composition, 126, 129
location, 126
migration, 126, 127
size, 125

stone-street, 126
straddle injuries, 291
strangulation for inguinal hernia repair, 164
stranguria, 205, 206
stricture, neourethral, 86
stricturotomy, 106
subcutaneous cuff, 244
subcutaneous emphysema, 134
subdartos pouch, 176, 177, 178, 185
subfascial conduit complications, 320–321
subinguinal microsurgical ligation for 

varicoceles, 196
submucosal tunnel, 67, 68.69
subureteric injections, 111, 253

comparison with hydrodistension technique, 
112

complications in, 114–115
in duplicated ureteral systems, outcomes 

after, 113
initial treatment failure, outcomes after, 114
in neuropathic bladders, outcomes after, 

113–114
for patients with VUR, 76, 78, 94
in single ureteral systems, outcomes after, 

112–113
for VUR, 78

superior mesenteric artery (SMA), 259
suprainguinal ligation for varicoceles, 196–197
surgeon, target organ, and monitor alignment, 

132–133
surgeon-controlled systems, automatized, 145
surgeons

experience, 260
litigation against, 14–15
perspective of poor surgical outcomes, 15–16

surgical exploration in PD, 244
surgical indications and patient selection in 

MACE procedure, 336–337
surgical ligation, 195
surgical outcomes

disclosure of, 12–14
hospital’s perspective, 16
information to patients for clinical audit, 3
patient’s perspective, 14–15
surgeon’s perspective, 15–16

surgical team training, laparoscopy, 138–139
surgical techniques, 67–68

for orchidopexy, 176–177
outcomes of, 68

suture fixation at orchidopexy, 177
sutures

absorbable, 155, 165, 167
endoscopic, 135, 136
fixation at orchidopexy, 177
interrupted vicryl, 166
laparoscopic, 140, 141
mattress, 177
nonabsorbable, 165, 167
purse-string, 164, 167

in RAP, 146, 150
transfixion, 164

suxamethonium, 38–39
syringocele, 105
system troubleshooting in robotic 

surgery, 148

T
tandem tube, 316
teflon, subureteric injections of, 112, 113, 114
telepresence surgery, 145
telerobotic systems, master-slave, 145
teratoma tumors in children, 269
testes

ascending, 176
atretic, 184
atrophy, see testicular atrophy
atrophy in, 193, 194
blind-ending vessels, 183, 184
canalicular, 173, 184
cryptorchid, 171, 177
ectopic, 191
growth arrest in, 194
hypotrophy in, 194, 197
impalpable, 170, 173–174, 176
injuries, 194
intra-abdominal, 170, 171, 173, 176, 177
ipsilateral, 193
necrosis, 196, 198
nonpalpable, 175–176
nonpalpable, laparoscopic orchidopexy for, 

183–184
palpable, 170, 172
peeping, 184
position, role in orchidopexy, 171
prosthesis, 178
retractile, 175
size, 194
torsion, 178
torsion during laparoscopic orchidopexy, 191

testicle delivery into scrotum, 185, 190, 191
testicular atrophy

in inguinal herniotomy, 167
in laparoscopic orchidopexy, 186, 187, 189
in scrotal orchidopexy, 173, 179
varicoceles related, 193, 194

testis-sparing surgery, 269
for benign testis tumors, 270
fertility rates in, 272
and loss of ejaculation, 272
role of preoperative evaluation in, 270

testis tumors, 269–271
testosterone stimulation, preoperative, 206
tetrafluoroethylene paste, 111
thermoregulation, 26–27
thoracoabdominal approach, 48
thoracoabdominal incisions, complications rate 

in, 258
thrombosis, 55, 248

deep vein, 275
graft, 252
risk factors for, 250
vascular, 251

thrombus, removal of, 258
TIP, see tubularized incised plate (TIP)
tissue engineering, 213
tissue retrieval bags, 135
TNF, see tumor necrosis factor (TNF)
Toilet training, 205
torque, 242
total body water (TBW), 30
total nephroureterectomy, 139

total parenteral nutrition (TPN), 260
total urogenital sinus mobilization (TUM), 233, 

234
tourniquet injuries, 289

treatment of, 290
transabdominal approaches to nephrectomy, 48
transabdominal transperitoneal approach, 258
transient hydroureteronephrosis (HUN), 86
transperitoneal approach, 249

to RAP, 147, 148, 149
transperitoneal laparoscopy, 139, 140, 153
transperitoneal ring closure, 163, 164
transplantation, renal, 103
transureteroureterostomy, 71, 73–74

outcomes for, 74–76
transurethral catheter, 214
transurethral cystoscopy, 68
transurethral incision, 105
transurethral lithotripsy, 129
transurethral prostatic resection, 145
transurethral subureteric injection, 111
transversalis fascia, 93
transversely tubularized bowel segments (TTBS) 

technique, 316, 317
traumatic amputation, 213
traumatic genital injuries, see genital injuries, 

traumatic
Trendelenburg position, 184, 191
triamcinolone, injections of, 319, 320
trigone, 107, 109
trocars, 132, 140, 147

obturators, 185
placement in abdomen, 188
radially dilating, 184, 185

tubed drainage, complications in, 62–63
tubularized incised plate (TIP), 202–203

reoperation, modification for, 207
tubularized prepucial flap, 203–205
TUM, see total urogenital sinus mobilization 

(TUM)
tumor enucleation, see partial nephrectomy
tunica albuginea calcification, 177
Tunica vaginalis, 206, 207, 209
TUU, see transureteroureterostomy

U
UK Transplant Registry 2005, 103
ultrasonic scalpel, 141

renal/pelvic, 225
for urachal anomaly, 93

ultrasound, Doppler, 242, 249
ultrasound guidance

for fluid collection diagnosis, 122
for percutaneous nephrostomy, 118
for Whitaker test, 124

ultrasound localization of veins, 242
umbilical arteries, 93
umbilical cord, 94

patent opening inferior to, 945
umbilical erythema, 96
umbilical fluids, analysis of, 93–94
umbilical ports, 133
umbilicovesical fascia, 93
unilateral adrenalectomy, 279
UPJ, see ureteropelvic junction (UPJ)
UPJ, avulsion of, 298
UPJ obstruction, see ureteropelvic junction 

(UPJ) obstruction
upper respiratory tract infection (URI), 37
urachal abscess, 95
urachal anomalies

clinical, 93
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complications of, 94
diagnosis of, 93–94
historical incidence of, 92
management of, 94–96
outcomes of, 94
prevalence of, 92–93

urachal cyst, 92, 156
CT scan evaluation of, 96
diagnosis of, 93, 94–95
treatment of, 95
ultrasound image of, 96

urachal remnant
asymptomatic, 94
excision, 156
laparoscopic management of, 156–157

urachal sinus, 92, 93, 95–96
urachus, 93, 156
ureteral avulsion, 127
ureteral catheters, 153, 154, 155, 159
ureteral duplication, 113
ureteral excision, 154
ureteral injuries, 301–302
ureteral leaks, 155
ureteral obstruction, 70, 129, 175

due to subureteric injections, 115
ureteral perforation, 127
ureteral peristalsis, 114
ureteral reflux, patients with, 265
ureteral reimplantation

early postoperative complications, 69–70
failed, 75
laparoscopic, 152–155
late postoperative complications, 70
outcomes of endoscopic treatment for 

persisting reflux after, 114
in patients with, 74
persistence of VUR after, 68
postoperative reflux, 70–71
postreimplantation follow-up, 71
surgical intervention in, 67
techniques for, 67–68

ureteral retrocatheters, 153
ureteral stenosis, 115
ureteral stents, 68, 69
ureteral strictures, 155
ureteral stumps, 53–54

endoscopic management of, 155–156
ureteral success after subureteric injections, 114
ureteral trauma, 127, 128, 129
ureterectomy, 155
ureteric catheters, 301
ureteric complications, 251

management of, 252
ureteric leak, management of, 252
ureteric stent placement, 120–121

see also stents
uretero-hydronephrosis, 55
ureteroneocystostomy (UNC), 249

external, 250
level of, 251
methods to perform, 250
modified Lich-Gregoir, 251, 252
open, 114

ureteroneocystotomy, 71
ureteropelvic junction (UPJ)

obstruction, 58, 64, 65, 118, 119, 146
reconstruction of traumatic disruption in, 146

ureteroplasty, balloon, 121, 122
uretero-pyeloneostomy, 58
ureteroscopy, 124, 126–128
ureterosigmoidostomies, 309
ureterosigmoidostomy (USO), 84

ureterostomy, cutanous, 69
ureteroureteric anastomoses, 251
uretero–vesical junction obstruction, 103

JJ stenting for, 108
ureter reimplantation, 120, 121, 123
urethra, 53, 213

catheter, 105
dilatation, 106
fistula, 105
stenting, 108
strictures, see urethral strictures
valves, see urethral valves

urethral catheterization, 263
urethral catheters, 154, 155, 157
urethral dilation, 207
urethralgia posterior, 106
urethral strictures

as complication in PUV ablation, 102, 103, 104
etiology of, 106
surgical techniques and outcomes, 106

urethral valves, 105–106
advancements in treatment, 101

urethrocutaneous fistula, formation, 85–86
urethroplasty, 105, 106

anastomotic, 106
causes and origins of complications in, 

201–202
diagnosis of complications in, 205–206
outcome of surgery due to, 209
reoperation, principles and techniques of, 

206–209
surgical complications of, 202–205

urethroscopic interventions, 126
urethrotomy, 106

perineal, 102
visual internal, 103, 106

urethrovaginal fistula, 229, 235
urethrovaginal septum, loss of, 88
URI, see upper respiratory tract infection (URI)
urinalysis, 70, 71
urinary tract infections

as complication of ESWL, 126
as complication of ureteroscopy, 127

urinary bladder, 93
urinary catheter, 190, 249
urinary complications, during repairing of EEC, 

85–87
urinary diversion, 84, 117, 119
urinary extravasation, 105

in renal trauma, 298–299
urinary incontinence, 107

see also incontinence
AUS in treating neurogenic, 329
bladder neck sling for treatment of, 327
bulking agents in treatment of, 325
due to urethral valve ablation, 103–104
Dx/HA for treatment of, 325
factors responsible for, 324
long-term outcomes of the use of bulking 

injectable materials for, 326
PTFE for treatment of, 325

urinary leakage
from anastomosis, 74
during partial nephrectomy, 54
prevention of, 55–56
prolonged, 129
at U-U site, 78

urinary obstruction, 86, 153
urinary retention, 109
urinary sodium concentration, 30
urinary stasis, 322
urinary tract

effects of an abnormal lower, 247, 248–251
upper deterioration, 330, 332

urinary tract infections, 85, 86, 103, 309
due to subureteral injections, 115
frequency of, 330
fungal, 108
management of, 312
prevention of, 104
recurrent, 251
risk factor for, 248
ureteral stumps management in, 155
with VUR, 152

urinary tract outflow obstruction, lower, 101
urine bladder, 221–222
urine leak, 142, 299
urine sterilization, preoperative, 126
urinomas, 54, 105, 119, 142

drainage of, 122–123
due to ischemic necrosis, 75
formation of, 77
postoperative, 122
prevention of, 55
transient postoperative, 74

urodynamics, 234
evaluation, 87

urodynamic studies, 248
uroflowometry, 205–206
urogenital mobilization, 228–229
urogenital sinus (UGS)

anomalies of, 224
length of, 225
separation of vagina from, 229

urologist, 123, 124
communication between radiologist and, 121

uropathies, 247, 250
bladder characteristics in children, 248

uterine prolapse, 88
Uterus, obstructed, 234, 235
UTI, see urinary tract infections
U-U, see ipsilateral ureteroureterostomy (U-U)

V
vaginal agenesis, congenital

diagnostic complications of, 219
vaginal dilation for, 219–220

vaginal dilation, nonsurgical, 219–220
vaginal injuries, 291–292
vaginal stenosis

complications due to genital surgery, 222
due to McIndoe-Reed procedure, 221

vaginoplasty
see also neovagina
for ambiguous genitalia, 221–222
assessment of, 219
complications of, 219
cosmetic appearance after, 221
intestinal, 220
pregnancy and delivery after, 235

preventing complications of, 229
psychological outcomes of, 222
psychosocial aspects of, 227, 228
sexual function due to, 222
surgical outcomes and complications due to, 

226–228
urinary complications due to, 221–222

vaginoscopy, continuous flow of, 292
valsalva maneuver, 193, 194
valves, urethral, see urethral valves
valvotomes, 102
vanishing testis syndrome, 175, 176
variable life-adjusted display plots, 9
varicocelectomy, 193, 196
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varicoceles, 193
classification of, 193
classification of intervention methods, 195
comparison of intervention methods, 199
complications in repair, 197–198
diagnosis of, 193–194
indications for repair of, 194
prevalence with age, 193
recurrent, 198, 199
surgical techniques for, 164, 195–197
testicular hypotrophy incidences in, 194, 197
testicular injuries in, 194

vasal injury, 167
vasal mobilization, 174
vascular anastomosis, 249
vascular anatomy, 48, 247
vascular control in laparoscopy, 140–141
vascular injuries during laparoscopic 

orchidopexy, 188
vascular injury, 259–260
vas deferens injuries, 190
vasospasm, 141
vasovasostomy, microsurgical, 178
VATER syndrome, 340
V-18 control wires, 121, 123
VCUG, see voiding cystourethrogram (VCUG)
Vecchietti procedure, see laparoscopic 

procedures
vena cava, 48, 49a
venous bleeding in intraoperative hemorrhage, 49
venous catheter, central, 241
venous drainage, 248
venous hemorrhage, 49
ventriculoperitoneal shunt, 158, 159
ventriculoperitoneal shunt complications, 310

confirmation of, 312
management of, 312

Veress needles, 132, 133, 140, 184, 187
verumontanum, 102
vesicostomy, 101, 102, 235

for bladder drainage, 68

Monti sigmoid, 158
vesicourachal diverticulum, 92, 94, 96
vesicoureteric reflux (VUR), 52, 67, 73, 77, 

112–114, 128, 152, 248
after surgery, 76, 78
as complication in AUV, 105
as complication in endoscopic ureteroceles 

management, 107
management of, 155, 252

Vibratory sensation, complications in, 226
video-urodynamics, see radiographic screening
vincristine, actinomycin d, and 

cyclophosphamide (VAC)
chemotherapy, 263
cycles of, 262–263

VCUG, see Voiding cystourethrogram (VCUG)
voiding cystourethrogram, 112, 115, 155
voiding cystourethrogram (VCUG), 77

for urachal anomaly, 93
voiding dysfunction, 68

transient, 70
voiding dysfunctions, 107

in laparoscopic ureteral reimplantation, 153, 
154

vomiting
during anesthesia, 37–38
opioids for, 39

VQZ-plasty, 318
VUR, see vesicoureteral reflux (VUR); 

vesicoureteric reflux (VUR)

W
water balance and sodium, disorders, 29–30
waterhourse-friderichsen syndrome, 279
whistle tip ureteric catheter, 140–141
Whitaker test, 124
Wilms tumor

bilateral, complication rate in surgery of, 
260–261

extended lymph node dissection for, 260
extension into IVC, 258

laparoscopic removal of unilateral 
nonmetastatic, 258

modern chemotherapy in, 257
nephrectomy for, 258
nephrectomy surgical complication rates, 

259–261
nephron-sparing surgery in treatment of 

bilateral, 257
role of partial nephrectomy in unilateral, 257

wound, after nephrectomy
bulge, 51
infection and dehiscence, 50

wound cellulitis, 172, 173
wounds in inguinal herniotomy

cosmesis, 164
infections, 165, 166

X
xanthogranulomatosis pyelonephritis, 139
XGP nephrectomy, 49

see also nephrectomy

Y
Yang-Monti channels, see transversely 

tubularized bowel segments (TTBS)
yolk sac tumors, 269, 270

AFP levels in, 269
RPLND for, 271

Young-Dees-Leadbetter, procedure for BNR, 
86, 332

outcomes by exstrophy-episadias complex 
(EEC) and, 332–333

outcomes by neurogenica and, 333

Z
 zero-point movement system, 148
ZEUS telemanipulators, 145
zipper-related injuries, 289

treatment of, 290
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