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The history of external ventricular drainage
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External ventricular drainage (EVD) is one of the most commonly performed neurosurgical procedures. It was

first performed as early as 1744 by Claude-Nicholas Le Cat. Since then, there have been numerous changes in tech-
nique, materials used, indications for the procedure, and safety. The history of EVD is best appreciated in 4 eras of
progress: development of the technique (1850-1908), technological advancements (1927-1950), expansion of indi-
cations (1960-1995), and accuracy, training, and infection control (1995—present). While EVD was first attempted in
the 18th century, it was not until 1890 that the first thorough report of EVD technique and outcomes was published
by William Williams Keen. He was followed by H. Tillmanns, who described the technique that would be used for
many years. Following this, many improvements were made to the EVD apparatus itself, including the addition of
manometry by Adson and Lillie in 1927, and continued experimentation in cannulation/drainage materials. Techno-
logical advancements allowed a great expansion of indications for EVD, sparked by Nils Lundberg, who published
a thorough analysis of the use of intracranial pressure (ICP) monitoring in patients with brain tumors in 1960. This
led to the application of EVD and ICP monitoring in subarachnoid hemorrhage, Reye syndrome, and traumatic brain
injury. Recent research in EVD has focused on improving the overall safety of the procedure, which has included the
development of guidance-based systems, virtual reality simulators for trainees, and antibiotic-impregnated catheters.

(http://thejns.org/doilabs/10.3171/2013.6 JNS121577)

KEy WorDs ¢

ventriculostomy ¢  history

the pathology of increased ICP has been intermit-

tently studied for several centuries.** The earliest
recorded mention of CSF appears in the Edwin Smith Pa-
pyrus, an ancient Egyptian text from approximately 1500
BCE, which described the “spillage of clear fluid from the
interior of the brain.”® In 1664, Thomas Willis first pos-
tulated that the production of CSF came from the choroid
plexuses and that the fluid was contained within the ven-
tricles.* Antonio Pacchioni produced one of the next ma-
jor advances, describing his “Pacchioni granulations” in
1705 .3 Key and Retzius put these previous studies togeth-
er, proving that CSF is secreted by the choroid plexus,
flows through the ventricular system, and is reabsorbed
via subarachnoid villi and Pacchonian granulations.># In
1765, Alexander Monro secundus (Fig. 1) described the
connection between the lateral and third ventricles that

THE ventricles of the brain and their relationship to

Abbreviations used in this paper: EVD = external ventricular
drainage; ICP = intracranial pressure.
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now bears his name. However, it was not until the hy-
potheses by George Burrows and Harvey Cushing that
the role of CSF in ICP was understood.

The histories of hydrocephalus® and third ventriculos-
tomy™® have been recently reviewed. External ventricular
drainage, one of the most common neurosurgical proce-
dures, has a long and rich history that has not been pre-
viously examined. External ventricular drainage was first
documented by Claude-Nicolas Le Cat (1700-1768) in
October 1744.% He performed a ventricular puncture and
left a wick in place for some time."* Robert Whytt (1714—
1766) expressed grave trepidation when commenting on
ventricular drainage in his Observations on Dropsy in the
Brain,%° published in 1768. Whytt considered “dropsy” to
be analogous to ascites of the abdominal cavity. He warned
of high morbidity and death if hydrocephalus was not
treated, but also wrote that “any such attempt to draw off
the water [CSF], could have no other effect than to hasten
death.” In fact, he was so sure of this that he said that any-
one who believed to have successfully treated the condition
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Fic. 1. lllustration of Alexander Monro secundus. Monro’s under-
standing of CSF dynamics and flow paved the way for the explorations
of CSF drainage in the following century. Image courtesy of the NIH/
National Library of Medicine.

must have had the incorrect diagnosis.®® However, from
his publication, it is unclear whether Whytt ever attempted
ventricular drainage himself; he comments on his medical
management, which was to no avail.

Development of EVD Technique (1850-1908)

Benjamin Hill, a professor of surgery and anatomy
at the Cincinnati Eclectic Institute, was among the first
to comment at some length on the procedure of ventricu-
lar puncture, although apparently not the first to attempt
it. His procedure consisted of puncturing the lateral ven-
tricles of hydrocephalic infants through the fontanelle. In
his Lectures on the American Eclectic System of Surgery,
published in 1850, Hill notes the dismal results of this
procedure to date.'” “This is one of the questionable oper-
ations, which though resorted to from the earliest records
of surgery, has been followed with so little success that
it is not generally recommended - even as a last resort.”
Hill does close his comments on ventricular puncture
with faint optimism for the procedure: “...there is reason
to believe that better results would follow. Other opera-
tions and wounds on the parts show that the opening of
the brain is not necessarily fatal.”

Carl Wernicke performed the inaugural sterile ven-
tricular puncture and EVD in 1881.2 William Williams
Keen (W. W. Keen, 1837-1932; Fig. 2) relayed credit for
this accomplishment in his 1890 lecture; Wernicke wrote:
“When performed with aseptic precautions, this opera-
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Fic. 2. Photograph of William Williams Keen. Keen's paper in 1890
was the first comprehensive review of EVD techniques. Image courtesy
of the NIH/National Library of Medicine.

tion is intrinsically perfectly safe.” Others of this era also
attempted prolonged ventricular drainage, including Pol-
lock (1884), Zenner (1886), von Bergmann (1887), and
Broca.'® In these early days, various catheter-like devices
were used, including catgut wicks, silk, and horsehair.?
W. W. Keen published the next report on ventricu-
lar drainage in “Surgery of the lateral ventricles of the
brain.”?® Keen was one of the pioneers in American neu-
rosurgery. Cushing commented on Keen, “When that
most unpromising of all specialties, surgery of the ner-
vous system, needed an optimistic pioneer, [Keen] was
called upon...”® Keen graduated from Jefferson Medical
College in Philadelphia and practiced there for most of his
illustrious career. He collaborated with and studied under
many well-known surgeons and physicians, including Jo-
seph Pancoast, Rudolf Virchow, and Joseph Lister. Lister
delivered a lecture in Philadelphia in September 1876
on antiseptic techniques, which Keen attended. Having
followed the development of bacteriology and Pasteur’s
work during some years he spent in France, Keen was im-
mediately impressed by the value of Lister’s techniques.>
Keen was thus one of the first Americans to fully adopt
antisepsis, initiating its use in his St. Mary’s Hospital in
October 1876. His attention to this procedure is evident in
his technical description of ventricular drainage in 1888;
however, his execution of aseptic technique falls far short
of modern standards. After trephination, “three stout
double horse hairs were then passed into the ventricle”
and left there so that CSF could flow out into the bedding.
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Keen’s paper published the details of trephination
with prolonged ventricular drainage in 7 cases performed
by 4 separate surgeons.”?> Some serious consequences of
excessive drainage were reported, namely seizure, synco-
pe, and death. One of the more promising cases included
in Keen’s report was from Mr. Mayo Robson. A 10-year-
old girl with a history suggesting meningitis following
otitis media underwent ventricular drainage: “Even half
an ounce of fluid seemed to have imperiled life by pres-
sure, and the operation undoubtedly saved her life — a
most important and encouraging lesson for the future.”
The full case series of 7 patients, including those of oth-
ers, showed a mortality rate of 71%. Keen concluded that
hydrocephalus, whether acute or chronic, is usually a fatal
disease: “Surgical procedures for tapping the ventricles
for their relief are easy and certainly do not involve great
danger per se. Whether these procedures will cure the
disease is as yet not determined.”

Keen advocated external drainage of the ventricles
for hemorrhage and abscess. The site of puncture he ad-
vocated bears his name and continues to be used today:
3 cm superior to the pinna and 3 cm posterior, “Keen’s
point.”'>>7 He later listed 12 conclusions on the procedure,
2 of which remain very applicable:>

5) Surgical procedures for tapping the ventricles for its relief
are easy, and certainly do not per se involve great danger

6) In acute effusions, tapping, with or without drainage, as
may be thought best, will certainly save some lives otherwise
doomed to be lost, and in the chronic form long-continued slow
drainage at an early period is at least worthy of a trial, with a
reasonable hope of success in a few cases

Despite being best known as a thyroid surgeon, Ko-
cher is known to have collaborated with several neuro-
surgeons, including Harvey Cushing. He advocated ven-
tricular puncture through a point in the midpupillary line
10-cm posterior to the nasion. Kocher’s description of his
eponymous point appears in his 1894 Textbook of Opera-
tive Surgery.®

The next significant advancement in the EVD tech-
nique was by H. Tillmanns, as detailed in 1908. He re-
ported a technique that closely resembled that of modern
practice.’’ There was no consensus on the optimal point of
trephination. Tillmanns advocated using Kocher’s point
but discussed several other approaches, including Keen’s
lateral approach and von Bergmann’s frontal approach, in
which the catheter was passed through a forehead inci-
sion (later described by Kaufmann and Clark,?? without
reference to Tillmans or von Bergmann, for emergency,
no-shave use). The less commonly used Dandy’s point, 2
cm from midline and 3 ¢cm above the inion, was described
a few years later.!! Tillmanns also referenced a German
book titled Mitteilungen aus den Grenzgebieten der Med-
izin und Chirugie (Releases from the Frontier of Medi-
cine and Surgery), by Neisser and Pollack. In the book,
Neisser and Pollack cite 36 patients in whom ventricular
puncture was performed 136 times. Based on his reading
of their treatise, he states, “we certainly gather from their
observations that in suitable cases excellent results may
be obtained from puncture of the brain, both from the
diagnostic and therapeutic point of view.”

Other aspects of modern technique described by
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Tillmanns included the use of local anesthetic and both
anterior and posterior approaches. His description was
quite close to that of modern neurosurgical practices. In
fact, the only major difference between modern practice
and Tillmanns’ method is the use of subcutaneous tun-
neling, introduced in 1979 by Saunders and Lyons."*#
The introduction of the flexible Silastic catheter in 1969
facilitated tunneling. Saunders and Lyons reported on 174
ventriculostomy procedures using Silastic catheters and
tunneling. They found that despite prolonged usage, in-
fection rates could be as low as 2%.* This technique was
reported on in greater detail by Friedman and Vries in
1980 and then became standardized (Fig. 3).

Fedor Krause (1857-1937) was one of the pioneering
German neurosurgeons. He performed EVD in patients
with hydrocephalus for as long as 8 weeks without infec-
tion.2 He developed this technique for perioperative use
in posterior fossa surgery, a field in which he made major
contributions.*

For some years following Keen’s and Tillmanns’
studies in EVD technique, there was a relative lull in
technical progress as techniques such as third ventricu-
lostomy were under active development.!" Ventricular
puncture for indications other than CSF drainage such as
air ventriculography (described by Walter Dandy in 1918)
brought the technique of ventricular puncture (though not
necessarily external drainage) into wider use.?

Up to this period, EVD had been used for congenital
pediatric hydrocephalus.!'® Le Cat’s first case report was
that of a 5-year-old boy, and Keen cited some pediatric
cases as well. However, from the next section onward, the
focus of this paper will shift away from this indication, as
shunting was found to be a more viable therapeutic option
for these patients.

Technological Advancements (1927-1950)

Following the initial studies of the viability of ven-
tricular drainage and establishment of the technique, the
next significant step was the development and use of new
materials for drainage. Over the first half of the twentieth
century, a wide variety of materials were used, from met-
al cannulas to the eventual development of the modern
Silastic catheter (Table 1). Developments also included
the addition of various elements to the standard drainage
setup, including manometers and flow control.

An early, significant addition to the drainage setup
used by Tillmanns was ICP monitoring. In 1927, Adson
and Lillie, a neurosurgeon and ophthalmologist, respec-
tively, published a landmark paper relating ICP and in-
traocular tension, focusing on manometry and the related
signs and symptoms.' These investigators sought to better
understand what pressures caused various presentations.
They used an elbowed system involving a silver cannula,
rubber tubing, stopcock, and manometer attached to the
head of the bed. Most interesting was their locking de-
vice, a “beef bone washer threaded into the trephine hole”
that allowed good control of the rigid catheter at the point
of drainage, the posterior horn of the lateral ventricle.
Even without the benefit of a historical perspective, their
work was described in commentary by Walter R. Parker
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Fic. 3. lllustration of the technique of Friedman and Vries. This tunneling technique, described in a seminal 1980 paper, is one
of the most frequently cited and used in modern-day EVD placement. Reproduced with permission from Friedman and Vries: J

Neurosurg 53:662-665, 1980.

as “colossal... they are going to the bottom of some very
perplexing problems.”!

The 1940s brought on an era of small changes in
materials and drainage systems to increase ease of use,
stability, and control of EVD. Common in the publica-
tions of this period was the inclusion of sketches of vari-
ous instruments and tubing circuitry. Beginning with a
widely cited paper by Ingraham (Fig. 4) and Campbell
in 1941,%° a standardization of the apparatus followed.
Their paper in the Annals of Surgery described the first
closed drainage system. Their system enhanced steril-
ity compared with CSF egress into the patient’s bed, and
their device included a stopcock system to offer slow,
controlled drainage, avoiding rapid pressure fluctuations
and overdrainage. Ingraham’s system overcame 2 of the
major causes of death in previous case series,”* but they
still advised against long-term drainage applied for more
than 72 hours.?-¥

James Poppen indicated in his 1943 paper that al-
though ventriculostomy was most frequently used periop-
eratively, it should and could be applied more broadly. He
noted its use in “well over 500 patients, without known

TABLE 1: Summary of the many materials used over the years in
EVD, prior to the modern Silastic catheter

Material Used First Published Description

horsehairs Keen, 1890

catgut wick 1899

metal cannula 1911

silver cannula secured by beef bone  Adson & Lillie, 1927
washer

flanged silver cannula Ingraham & Campbell, 1941

rubber tubing Crawford & Munslow, 1943

silk urethral catheter
Silastic catheter

Robinson, 1948
White et al., 1969
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untoward effects.”™! This was achieved without any novel
techniques, but he carefully controlled drainage duration
and sterility. Most importantly, he focused on using a
closed drainage system to avoid infection.>*

Albert Crawford and Ralph Munslow also showed
some interest in “prolonged” ventricular drainage in
1943.1° They were the first to employ a rubber catheter
that allowed placement to variable depths, an impossibil-
ity with Ingraham’s flanged silver catheter. They identi-
fied risk of infection as the greatest barrier to extensive
use of the technique, a problem that they helped overcome
by use of a drip chamber to prevent backflow of stagnant,
potentially contaminated CSF to the brain.

The plastics revolution also brought advances to
EVD, as polyethylene was found to be “of pure composi-
tion, well tolerated by tissues, which can be made into
flexible tubes and thin, pliable sheets.” In an article in
JAMA about widespread applications for surgery, Frank
Ingraham commented that “the use of the tubing for con-
stant drainage of ventricular or subarachnoid fluid im-
mediately suggests itself.”!” Bering first reported his use
of polyethylene tubing in a case series of 26 patients in
1951.5 Polyethylene tubing remained in vogue until Silas-
tic catheters were developed in 1969.%

The change in materials has shown great stepwise
evolution, from Keen’s horse hairs, Adson’s metal can-
nula,! Robinson’s woven silk urethral catheter,* Ingra-
ham’s silver cannula,’” Crawford and Munslow’s rubber
catheter,'* to the modern Silastic catheter'® (Table 1). In
addition to the development of catheter materials, chang-
es to the drainage system improved the safety and func-
tionality of EVD. In 1948, Franklin Robinson published
a paper in which he described a manometer-based system
for measuring ventricular pressure in conjunction with
the drainage.* His method allowed constant drainage and
manometry to be performed at any time, via a double-
stopcock system (Fig. 5).

Robert White and colleagues presented an external-
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Fic. 4. Photograph of Franc D. Ingraham, AANS President 1944—
1946. Ingraham and Campbell published the first use of a closed-drain-
age system. Reproduced with permission from Matson: J Neurosurg
24:945-948, 1966.

ized system that included a Spitz-Holter valve and Silastic
tubing in their 1969 case series of 33 patients.” Following
the standardization of Silastic catheters and manometry
as part of the ventriculostomy apparatus, various dispos-
able, prefabricated drainage systems became available.
With a greater perceived safety, experience, and ease of
use, drainage times could be increased and the indications
for ventricular drainage progressively expanded (Table 2).

Expansion of EVD Indications (1960-1995)

By the 1950s, virtually all of the modern EVD place-
ment techniques had been described and the drainage
systems were nearly equivalent to current technology in
materials and monitoring capability; despite this, EVD
was rarely employed. Over the ensuing decades, careful
study of the value of ventricular drainage and ICP mea-
surement in various conditions expanded the indications
for EVD.

In 1960, Nils Lundberg (Fig. 6) published an exhaus-
tive study of his use of EVD in patients with brain tu-
mors. He introduced the work with a summation of the
state of EVD usage in 1960: “Single measurements of the
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ventricular fluid pressure or continuous recording of this
pressure via an indwelling ventricular cannula have been
used by a few authors for special research purposes, but,
judging from the available literature, these measures have
not been applied routinely in clinical practice.” In his
landmark study that totaled more than 200 pages, Lund-
berg meticulously recorded observations of prolonged
ventricular drainage in 143 patients, the vast majority
with brain tumors. The work provided minute-by-minute
analysis of ICP and waveforms that firmly established the
feasibility of prolonged drainage and the link between el-
evated ICP and neurological decline.?' Intracranial pres-
sure waveforms are eponymously named for Lundberg’s
contribution to the correlation between heartbeat, respira-
tions, and ICP.

Following Lundberg’s study, the indications for EVD
slowly but steadily expanded. Despite the magnitude
and implications of his paper, usage of therapeutic EVD
and ventricular-based ICP monitoring changed little in
the following decade. In attempting to develop a dispos-
able and easily established system, Shapiro et al. praised
Lundberg’s work but provided some critique: “Despite
Lundberg’s work more than a decade ago, ICP measure-
ment has not been widely used on neurosurgical wards,
although his methods for measuring and recording ICP
proved safe and reliable. ... Lundberg’s system is compli-
cated and costly.”>

Reye Syndrome

In 1978, Richard Saunders from Dartmouth sent a
survey regarding ventricular monitoring to all 100 neu-
rosurgical training programs in the US: “The respond-
ing neurosurgeons were usually quite selective in who
was monitored, and even those few neurosurgeons with a
great deal of experience with monitoring declared that it
was not a routine. Some program directors clearly felt that
this was just another cause of iatrogenic disease. Present
techniques were viewed as crude.” *® Despite the resis-
tance against monitoring in general, Reye syndrome was
frequently cited in this survey as an ideal situation for
monitoring.” Because the most common cause of death
in Reye syndrome is diffuse cerebral edema, ICP moni-
toring via ventriculostomy proved essential in advancing
treatment.®

Subarachnoid Hemorrhage

In a case-control series of 20 patients with Hunt and
Hess Grade IV and V subarachnoid hemorrhage, 8 of 11
patients receiving ventriculostomy improved, compared
with 1 of 9 controls.”” These observations by Kusske et
al. made a strong case for the use of ventriculostomy in
the treatment of subarachnoid hemorrhage. Acute hy-
drocephalus is a common complication of subarachnoid
hemorrhage, with an incidence nearing 20%.** As the
pathophysiology of acute hydrocephalus after subarach-
noid hemorrhage was understood in the 1980s, ventricu-
lostomy came to be routinely used for this indication.*?
Modern reports show that subarachnoid hemorrhage is
the most common indication for EVD.>!3
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Fie. 5. lllustration of Robinson’s EVD apparatus. This sketch includes a fixation to the wall and manometry, all in a closed
system. Inset shows various combinations of stopcock positions. Reproduced with permission from Robinson: J Neurosurg

5:320-323, 1948.

Traumatic Brain Injury

The use of EVD was further expanded to traumatic
brain injury in the 1980s.*% This expansion began with
Lawrence Marshall’s 2-part paper, with Part 1 focusing on
the significance of ICP monitoring via a ventricular cath-
eter.? Thomas Saul and Thomas Ducker followed in 1982
with an analysis of mortality rate stratified by ICP. They
concluded that early aggressive treatment based on ICP re-
duced the mortality rate of severe head injury.*’” A more
definitive and lengthy study was published later in 1982
by Narayan et al.*® With the correlation between outcome
and ICP established, this study showed that, with some
guidelines for judicious use, continuous ICP monitoring

TABLE 2: A selection of studies summarizing variable EVD
times*

Mean Drainage

Authors & Year Time (days) Maximum Drain Time
Smith & Alksne, 1976 4 9 days
Saunders & Lyons, 1979 6 3 wks
Bering, 1951 6 18 days
White et al., 1969 215 176 days
Chan & Mann, 1988 16 44 days

* While not all authors reported this information, several mentioned
how long patients remained with drainage and the longest in their se-
ries. When not explicitly provided, mean drainage was calculated from
available data.
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and control significantly improved outcomes.*® In 1995, the
Brain Trauma Foundation guidelines provided some con-
sensus, with recommendations for [CP monitoring in any
trauma patient with Glasgow Coma Scale scores of 3-8

Training, Accuracy, and Infection Control

Today, external ventricular drain placement is among
the most common neurosurgical procedures, often per-
formed in the intensive care unit. Nearly 25,000 ventricu-
lostomies are performed annually. The ease of the prac-
tice and ability to confirm accurate placement with CT
has helped to propagate EVD use. In academic centers,
EVD is frequently the first independent procedure per-
formed by junior neurosurgical residents.?!

A few novel techniques have been developed in the
recent past to improve accuracy and limit morbidity of
external ventricular drain placement.® In 1985, Jamshid
Ghajar put forth a novel instrument, the “Ghajar guide,” to
improve accuracy. The guide consisted of a plastic-mold-
ed tripod applied to the patient’s scalp, which would di-
rect the ventricular catheter perpendicularly. When most
recently studied in a prospective trial, placement with a
Ghajar guide was found to be closer to the target; how-
ever, successful cannulation was often achieved without it
as well.’” Despite its efficacy, it is infrequently used, with
only 5% of practicing neurosurgeons and 0% of residents
reporting usage.’® The same study by O’Neill et al. found
marked resistance to methodological change, with most
respondents reporting they would not accept a 10-minute
increase in procedural time for 100% accuracy.®®
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Fic. 6. Photograph of Nils Lundberg. Lundberg’s 1960 paper de-
scribing ICP changes in patients with tumors was essential in the ex-

pansion of indications for EVDs. Image courtesy of the NIH/National
Library of Medicine, unknown copyright.

Many neurosurgical procedures have been enhanced
by the application of computer-assisted navigation, using
a combination of imaging and patient anatomy. This tech-
nology has been applied to the placement of external ven-
tricular drains, especially for those with variant anatomy
or ventricular shift. However, due to the time and resourc-
es required to use these imaging systems, they are rarely
applied. Due to the relative resistance to guidance-based
systems,*® combined with the fact that external ventricu-
lar drains are often placed by postgraduate Year 1 and
Year 2 residents,” many authors have focused on better
methods of teaching the procedure. This instruction has
been conducted through multiple means, including the
Society of Neurological Surgeons Boot Camp courses>
and virtual reality simulators.*!826-28

Since the advent of the procedure, infection control

H. Tillmanns, 1908: successiul drainage
and technical review

Ingraham and Campbell, 1941: stan-
dardized closed drainage system

Hill, 1850: “neither difficult nor dangerous™
L
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has been a major concern. The use of prophylactic an-
tibiotics has been debated and well reviewed.*® In 1972,
Wyler and Kelly presented a retrospective study of 70
patients with and without prophylaxis.®> Infection rate in
the prophylaxis group was 9%, compared with 27% with-
out. Currently, there is no consensus on the use of pro-
phylactic antibiotics.>* For the last decade, research has
involved the use and efficacy of antibiotic-impregnated
catheters*% and even silver.>

Conclusions

The history of EVD is a great example of technical
innovation and evolution in the field of neurosurgery. It
can be considered in 4 eras of progress: development of
the technique (1850-1908), technological advancements
(1927-1950), expansion of indications (1960-1995), and
accuracy, training, and infection control (1995—present).
The contributions of W. W. Keen, Nils Lundberg, and
many more have been vital to the development, refine-
ment, and application of this very common procedure
(Fig. 7).
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