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Abstract

Background Surgical intervention has traditionally been reserved as the last management option for pain in chronic pancreatitis.
Recently, there has been a call for surgery to be offered earlier in the disease process. The objectives of this review were to
evaluate the effect of early surgery on postoperative pain, pancreatic function, and re-intervention rates in chronic pancreatitis.

Methods A systematic literature search through EMBASE, Cochrane Review, and PubMed from January 1950 to January 2014
was conducted. Citations found in relevant papers are hand-searched. Data which could be pooled were analyzed using Revman
(v5.2). Risk of bias analysis was conducted.

Results Of the 2,886 potentially eligible studies identified, 11 studies met the inclusion criteria. There was large heterogeneity in
the study designs, and studies were conducted over a lengthy time span. Seven studies examined pain, three studies examined
pancreatic function, and three studies examined rates of re-intervention. Meta-analysis of the three studies with comparative raw
data regarding complete pain relief showed that early surgery was associated with an increased likelihood of complete
postoperative pain relief (RR=1.67, 95 % CI 1.09-2.56, p=0.02). Early surgery was also associated with reduced risk of
pancreatic insufficiency and low re-intervention rates.

Conclusions Data from this study supports considering early surgery for pain management in patients with chronic pancreatitis,
with the potential of a reduced risk of pancreatic insufficiency and the need for further intervention. Further prospective
randomized studies are warranted comparing early surgery against conservative step-up approaches.

Keywords Surgery - Surgical management - Chronic Introduction
pancreatitis - Pain - Pain management - Pancreatic function -
Diabetes - Steatorrhea - Re-intervention Chronic pancreatitis (CP) is a debilitating inflammatory dis-
ease characterized by recurrent episodes of pain, progression
to pancreatic insufficiency, and increased risk of pancreatic
cancer.” Most patients are eventually incapacitated by unre-

lenting pain and become heavy opioid users without satisfac-
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tory pain relief.® Achieving satisfactory pain relief in patients
with chronic pancreatitis remains a challenge.”

Current management strategies have been based on a step-
up approach, where conservative management, lifestyle mod-
ifications, and endoscopy are offered prior to surgery. Surgery,
which has recognized morbidity and mortality, has been re-
served as a last resort in this schema. Several, newer recent
theories have been proposed describing the mechanisms of
pain in chronic pancreatitis. These include ductal hypertension
and the ensuing changes to peripancreatic nerves and cortical
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plasticity secondary to chronic inflammation.>> Ductal hy-
pertension may be caused by chronic inflammation which
leads to fibrosis and stricture of ducts, progressing to ductal
obstruction which in turn further exacerbates the ductal
hypertension.® Compartment syndrome, abnormal prolifera-
tion of peripancreatic nerves, activation of neurons containing
pro-inflammatory peptides, and hypersensitization of these
nerve endings further contribute to the intractable pain.’

In light of these scientific developments and growing clin-
ical evidence, there has been a push for definitive surgical
therapy early in the disease process.” ? There remains signif-
icant debates as to whether early surgery mitigates disease
progression, preserving pancreatic function and reducing the
risk of long-term opioid dependency.”'? The aim of this
review was to examine the available evidence regarding the
impact of early surgery on postoperative pain, pancreatic
function, and need for re-intervention in chronic pancreatitis.

Methods
Study Identification

A systematic literature search was conducted through
EMBASE, Cochrane Review, and PubMed from January
1950 to January 2014 inclusively. The search string included
“chronic pancreatitis” and surgery.mp or surgical.mp or
operative.mp or surgical treatment.mp or resection.mp.
Studies were limited to humans and adults (defined
as>18 years old). Language restrictions were not ap-
plied. Studies written in languages other than English
were translated by a native speaker of that language
who also holds a medical degree and with familiarity
in surgery or in gastroenterology. Secondary searching
was performed in which citations found in relevant papers
were hand-searched for additional papers not captured by the
above searches.

Inclusion Criteria

Inclusion criteria were human, adults defined as aged 18 years
or older. Comparisons were performed between patients in the
early course of their disease who received surgery against
those who did not and patients who received surgery early in
their disease against those who received surgery later in the
disease process, including studies in which initial manage-
ment with surgery was compared with initial manage-
ment of endoscopy or with conservative therapy. These
studies listed subsequent surgical operations performed
on the patients during the follow-up period, and those
who initially received non-surgical intervention and then
went on to have surgical intervention were used as the com-
parison group.
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Exclusion Criteria

Studies including patients who had surgery for indications
other than CP including hepatopancreatobiliary malignancy,
pancreas divisum, pancreatic hemorrhage or pancreatic infec-
tion, or had previous definitive pancreatic surgery were ex-
cluded. Studies pertaining only to drainage of cysts or
pseudocysts and pancreatic transplant were excluded.
Review papers were also excluded.

Definitions

Re-intervention after surgery was defined as any surgical or
endoscopic procedure to relieve pain after initial surgery. All-
cause mortality was defined as any mortality during the
follow-up period.

Statistical Analysis

Data were analysed using RevMan version 5.2 (The Nordic
Cochrane Centre, The Cochrane Collaboration, 2008). Studies
reporting numerical values were aggregated to give pooled
relative risks (RRs) and odds ratios (ORs) with 95 % confi-
dence intervals (CI).

Results

Of the 2,886 potentially eligible studies identified, 11 studies
met the inclusion criteria. Figure 1 outlines the selection
process using a PRISMA diagram. There were eight prospec-
tive and three retrospective studies. Table 1 presents key
characteristics of each study. Two studies examined outcomes
after surgery early and late in the course of the disease.'”°
One study used preoperative opioid use as a proxy for symp-
tom duration prior to surgery.'® Five studies compared initial
treatment with surgery against treatment with endoscopy and/
or conservative therapy.'®'>'%222% Three studies followed
patients after surgery and identified risk factors for not
attaining postoperative pain relief using multivariable regres-
sion analysis.""'*! Table 2 outlines key design features of
each study. Table 3 shows the follow-up times for each study,
proportion of patients who attained pain relief after surgery,
re-intervention rate after surgery, and proportion of all-cause
mortality during the follow-up period.

Postoperative Pain Relief

Raw individual patient (n=406) data were available from
three papers allowing a meta-analysis with regard in deter-
mining complete postoperative pain relief at follow-up. The
included papers described single-center experiences in both
observational and randomized patient populations. Follow-up
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Fig. 1 PRISMA diagram for
study selection
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periods are listed in Table 3. For meta-analysis of complete
postoperative pain relief, two papers with raw data included

for complete pain relief for a total of 406 patients were
analyzed.'*?* Early surgery was associated with an increased

Table 1 Characteristics of included studies

Paper Year Country Study design Risk of bias
Mannell et al."? 1988 USA Prospective observational High risk of bias
Dite et al."* 2003 Czech Republic Prospective RCT Unclear risk of bias
Maartense et al.'® 2004 Netherlands Prospective observational High risk of bias
Alexakis et al.'® 2004 UK. Retrospective Unclear risk of bias
Riediger et al.'” 2007 Germany Prospective observational Low risk of bias
Rutter et al.'® 2010 Austria Retrospective High risk of bias
Cahen et al."’ 2011 Netherlands Prospective RCT Low risk of bias
Ahmed Al et al.>° 2012 Netherlands Prospective observational Unclear risk of bias
van der Gaag et al.' 2012 Netherlands Prospective observational Unclear risk of bias
Clarke et al.”! 2012 USA Retrospective High risk of bias
Negi et al.”? 2012 India Prospective observational Unclear risk of bias

RCT randomized controlled trial, US4 United States of America, UK United Kingdom
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Table 2 Designs of included studies

Paper Comparison Control Numbers
Intervention Control Total
Ricdiger et al.'’ Duration of CP <3 years Duration of CP >3 years 102 122 224
Ahmed Ali et al.* Duration of CP <3 years Duration of CP >3 years 121 124 245
Cahen et al."’ Endoscopy Surgery 19 20 39
Maartense et al.'® Conservative treatment PJ and DPPHR 18 39 57
Dite et al.'* Endoscopy Surgery 64 76 140
Mannell et al." N/A Surgery N/A 141 141
Alexakis et al.'® Preoperative opioid use No preoperative opioid use 46 66 112
Rutter et al.'® 1. Endoscopy Surgery 1. 150 99 292
2. Conservative therapy 2.43

van der Gaag et al.' N/A Surgery N/A 223 223
Clarke et al.”! N/A Surgery N/A 24 24
Negi et al.> N/A Surgery N/A 60 60

CP chronic pancreatitis, P.J pancreatojejunostomy, DPPHR duodenum-preserving pancreatic head resection, N/4 not applicable

likelihood of complete postoperative pain relief (RR=1.67,
95 % CI 1.09-2.56, p=0.02). Figure 2 presents a forest plot
showing the distribution of relative risks. For analysis
of partial or complete postoperative pain relief, one
paper with 245 patients was analyzed. Early surgery
was associated with an increased likelihood of partial or
complete postoperative pain relief (RR=1.32, 95 % CI 1.06—
1.66, p=0.01).*°

Four other papers reported postoperative pain relief in ways
which could not be incorporated into the meta-analysis, as
they did not provide raw individual patient data or did not
assess complete pain relief as outcome. A study based at the
Mayo Clinic examined outcomes in patients operated on
between 1958 and 1979."° This study found no statistical
significance in length of preoperative history, but did not give
any more detail."”* A study describing a single institution
experience of 11 years including 224 patients found a higher
proportion of pain relief with early surgery (66 of 102)

compared with late surgery (57 of 122). Another retrospective
analysis of patients receiving surgery, this time after failed
endoscopy, found that a shorter duration of CP (54 vs.
87 months) trended towards better rates of pain relief though
this did not reach statistical significance (p=0.19).?"

The other, more contemporary study conducted in the UK
used preoperative opioid use as a risk factor for outcomes.'®
Patients who used opioids prior to surgery had statistically
longer duration of preoperative symptoms (mean, 2.0 vs.
5.9 years) and larger number of hospitalizations prior to
surgery (mean, 3 vs. 10).'® The postoperative pain scores on
the Visual Analogue Scale (VAS) was significantly higher in
the patients with preoperative opioid use (9 vs. 8, p=0.001)."°

Pancreatic Function

Three papers studied the influence of early surgery on post-
operative pancreatic insufficiency.'>'”*° One study found on

Table 3 Outcomes of included

studies Paper Follow-up Attained pain relief Re-intervention rate All-cause
(months) after surgery (%) after surgery (%) mortality (%)
Riediger et al.'” Median 56.3 87 7 14
Ahmed Ali et al.*° Median 62.0 58 12 0
Cahen et al."’ All 60.0 80 5 18
Maartense et al.'® All 18.0 NS NS 0
Dite et al."* All 60.0 86 26 0
Mannell et al.'? Mean 102.0 NS NS 1
Alexakis et al.'® Median 16.9 86 24 6
Rutter et al.'® Mean 58.0 NS 2 5
van der Gaag et al.! Mean 63.0 68 12 20
Clarke et al.”! Mean 51.6 50 NS NS
Negi et al.*> Median 76.8 75 NS 3

NS not stated

@ Springer




J Gastrointest Surg

Early Surgery  Late Surgery

Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M.-H, Fixed, 95% CI
Cahenetal. 2011 0 0 0 0 Not estimable

Dite et al. 2003 28 76 3 64 100.0%  3.56([1.53,8.30] ——
Total (95% Cl) 76 64 100.0%  3.56 [1.53, 8.30] el
Total events 28 9

Heterogeneity: Not applicable VY rVa— ¥ 4

Test for overall effect: Z= 2.95 (P = 0.003)

Fig. 2 Relative risk of attaining complete postoperative pain relief

multivariate regression that early surgery lowered the odds of
developing de novo pancreatic endocrine insufficiency (ad-
justed OR 0.57, 95 % CI, 0.33-0.96), but did not report its
effect on exocrine insufficiency.”’ Another study found, after
multivariate regression, that late surgery was associated
with a higher likelihood of de novo postoperative exocrine
pancreatic insufficiency (OR 2.47, p=0.002)."” In the same
study, there was a trend towards a higher rate of de novo
diabetes mellitus after late surgery, but this was not a
significant finding (21 vs. 30 %, p=0.12). The third study
compared surgery with conservative therapy in patients
with a comparable duration of CP'? reported an improvement
in endocrine function, but not exocrine function measured by
fecal fat and urinary p-aminobenzoic acid (PABA) recovery
18 months after surgery.

Re-intervention Rates

Four of the 11 studies reported on re-intervention rates on 583
patients. In the long-term follow-up of a randomized con-
trolled trial, there was a significant difference in re-
intervention rates after initial endoscopy compared with initial
surgical treatment (68 vs. 5 %).'” These findings are consis-
tent with an earlier randomized study that compared initial
endoscopic to surgical treatment in terms of re-intervention
rates (52 vs. 0 %) during the 5-year follow-up.'* In contrast,
only two (2.6 %) of the 76 patients who initially received
surgery required further intervention during this time period,
both for complications related to the operation.'*

A study comparing surgery, endoscopy, or conserva-
tive management showed patients who initially received
surgery had significantly less re-interventions than those
who received endoscopy or conservative treatment to
begin with (p<0.05) despite the longest follow-up peri-
od for the surgery group (mean follow-up in months:
surgery 98.1, endoscopy 33.3, conservative management
51.6).'8

In the study using preoperative opioid use as a marker for
duration of chronic pancreatitis, the opioid use group had
higher preoperative symptom duration (87 vs. 54 months)
than the non-opioid use group. The opioid use group demon-
strated an over threefold increase in reoperation rate (11 vs.
3 %, p=0.003)."°

Favours Early Surgery Favours Late Surgery

Discussion

This review suggests that early surgery may increase the
likelihood of achieving postoperative pain relief and may
prevent the development of pancreatic insufficiency. Further,
early surgery appears to reduce the risk of repeated interven-
tion. Nearly half of patients who undergo initial endoscopy in
this series received further intervention, and almost half even-
tually required surgery.'*'’

This has important clinical implications. Patients should be
informed about the risk of re-intervention with both endo-
scopic and surgical approaches including cumulative risk.*’
There have been significant recent developments in the endo-
scopic management of CP, including the introduction of more
effective extracorporeal shockwave lithotripsy for calculi and
multiple plastic stents and removable self-expanding stents for
strictures.”* There is also literature to suggest that an increas-
ing number of endoscopic procedures are being performed in
lieu of surgery.”'? Higher powered, longer duration, well-
timed prospective randomized controlled trials comparing
state-of-the-art endoscopic and surgical treatment in well-
selected patients are necessary.

The literature suggests that 40-75 % patients will eventu-
ally require surgery for painful CP.? Thirty-four to fifty-two
percent patients attain pain relief after resection.”> The ulti-
mate goal of surgery is to resolve the intractable pain, restore
patients’ quality of lives and independence, retain as much
endocrine and exocrine pancreatic function as possible, and
prevent further hypersensitization and damage to structures
surrounding the pancreas.'” Thus, definitive surgery focuses
on ductal decompression to alleviate pain from obstruction
and to prevent inflammatory consequences on surrounding
tissues.”® >® These can be broadly classified as either resection
procedures, especially for disease involving the head of the
pancreas (including Whipple procedure and pylorus-
preserving pancreatoduodenectomy, and distal and total pan-
createctomy), drainage procedures (including Puestow proce-
dure), and/or resection with drainage including Frey and
Beger procedures. Studies, thus, far have focused on compar-
ing the efficacy of these procedures, but the optimal timing to
definitive surgery still remains elusive.” This study did not
specifically compare the effects of early surgery by type of
procedure as studies either did not list procedures performed
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or classified procedures into groups which could not be com-
pared with other groupings.

Extensive decompression of the ductal system with preser-
vation of parenchyma is likely to be effective due to its timing
prior to the progression of fibrosis and atrophy with progres-
sion of disease. As early as 1993, there was a realization that
drainage should be performed prior to progression to irrevers-
ible dysfunction.” In this regard, early surgery may be
regarded as prophylactic: simultaneously removing the cause
of pain and ongoing injury. The fibrotic and damaged paren-
chyma is removed, along with intra-pancreatic and
peripancreatic nociceptive stimuli and its associated pan-
creatic tachykinins which trigger pain.”’ Animal studies
have demonstrated clear benefits of early surgery.
Pancreatic exocrine function could be restored in 14
dogs if obstruction was reversed within a short duration.*
Longitudinal pancreaticojejunostomy in 21 piglets demonstrat-
ed surgery at 3 weeks led to restoration of pancreatic secretion
of lipase and amylase, while surgery at 6 weeks did not.®
Histopathology showed reversal of fibrosis, inflammatory cell
infiltration, and destruction of acinar organization in the group
operated on earlier.

There are several limitations to this study. The quality of
studies, heterogeneity of endpoints, and study design and the
wide time span of the studies precluded formal meta-analysis.
While it would have been useful to include quality of life data,
it was not possible for similar reasons. However, there is a
close correlation between pain and quality of life and it is
reasonable to expect that quality of life measures will track the
response to pain. Other areas that warrant study is the impact
ofalcohol abstinence and smoking cessation on the efficacy of
early surgery. This review included several non-randomized
controlled trials. In this setting, the benefits seen in patients
undergoing early surgery may merely reflect patient selection
biases.

Another aspect not covered by this review is the surgical
option of total pancreatectomy (with or without autoislet
transplantation). It is now becoming a more viable option, at
least in North America, for both the adult and pediatric
populations.®' Although further studies are required to better
define the optimal timing and the subgroup for whom this is
best indicated,’’ it is an attractive option because it removes
the pancreas as the local source of the pain and addresses the
functional consequences by providing autoislet transplanta-
tion and pancreatic enzyme replacement therapy. If TP/AIT is
a potential option, then it should be considered before alter-
native surgical approaches since prior surgery has been shown
to reduce islet cell yield and increase post-transplantation
insulin requirements®®**** and increase postoperative
pain scores.”’

This literature review is the first, to our knowledge, that
specifically examines the impact of early surgical treatment
for CP on pain, pancreatic function, and re-intervention rates.
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While the limitations of the available literature reduce the
strength of the conclusions, there is sufficient evidence to
say that early surgery appears to be effective in reducing
postoperative pain, maintaining pancreatic function, and re-
ducing the need for further intervention when compared with
other conservative and/or endoscopic treatments. This review
also highlights the importance of undertaking further prospec-
tive studies that may resurrect surgery from a last resort option
to one that has important prophylactic benefits if offered early
in the disease course. The results of the ESCAPE trial (ISRCT
N45877994) that compares early surgery with a step-up ap-
proach are eagerly awaited.”

Funding Catherine Yang received a fund from Fulbright New Zealand
Scholarship, Lindsay Bliss was funded by the Pyrtek Fund Research
Scholarship, and Jennifer Tseng was funded by Howard Hughes
Medical Institute Early Career Grant.

Conflict of interest The authors declare no conflicts of interest.

References

1. van der Gaag NA, van Gulik TM, Busch OR, Sprangers MA, Bruno
MIJ, Zevenbergen C, et al. Functional and medical outcomes after
tailored surgery for pain due to chronic pancreatitis. Ann Surg 2012;
255(4):763-70.

2. Issa Y, van Santvoort HC, van Goor H, Cahen DL, Bruno MJ,
Boermeester MA. Surgical and endoscopic treatment of pain in chronic
pancreatitis: a multidisciplinary update. Dig Surg 2013; 30(1):35-50.

3. Andersen DK, Frey CF. The evolution of the surgical treatment of
chronic pancreatitis. Ann Surg 2010; 251(1):18-32.

4. Hartel M, Tempia-Caliera AA, Wente MN, Z'graggen K, Friess H,
Buchler MW. Evidence-based surgery in chronic pancreatitis.
Langenbecks Arch Surg 2003; 388(2):132-9.

5. Fregni F, Lenkinski R, Freedman SD, and Pascual-Leone A. Clinical
effects and brain metabolic correlates in noninvasive cortical
neuromodulation for visceral pain. European Journal of Pain 2011;
15:53-60.

6. Deviere J, Bell RH, Beger HG, Traverso LW. Treatment of chronic
pancreatitis with endotherapy or surgery: critical review of random-
ized control trials. J Gastrointest Surg 2008; 12(4):640-4.

7. Tiscornia OM, Dreiling DA. Recovery of pancreatic exocrine secre-
tory capacity following prolonged ductal obstruction. Bicarbonate
and amylase response to hormonal stimulation. Ann Surg.
1966;164(2):267-70.

8. Lamme B, Boermeester MA, Straatsburg IH, van Buijtenen JM,
Boerma D, Offerhaus GJA, et al. Early versus late surgical drainage
for obstructive pancreatitis in an experimental model. Br J Surg 2007,
94:849-854.

9. Nealon WH, Thompson JC. Progressive loss of pancreatic function
in chronic pancreatitis is delayed by main pancreatic duct decom-
pression. A longitudinal prospective analysis of the modified
puestow procedure. Ann Surg 1993; 217(5): 458-468.

10. Thse I, Borch K, Larsson J. Chronic pancreatitis: results of operations
for relief of pain. World J Surg 1990;14(1):53-8.

11. American Gastroenterological Association. American
Gastroenterological Association medical position statement: treatment
of pain in chronic pancreatitis. Gastroenterology 1998; 115(3):763-
764.



J Gastrointest Surg

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bachmann K, Izbicki JR, Yekebas EF. Chronic pancreatitis: modern
surgical management. Langenbecks Arch Surg 2011; 396(2):139-49.

. Mannell A, Adson MA, Mcllrath DC, Ilstrup DM. Surgical manage-

ment of chronic pancreatitis: long-term results in 141 patients. Br J
Surg 1988;75(5):467-72.

. Dite P, Ruzicka M, Zboril V, Novotny I. A prospective, randomized

trial comparing endoscopic and surgical therapy for chronic pancre-
atitis. Endoscopy 2003; 35(7):553-8.

Maartense S, Ledeboer M, Bemelman WA, Ringers J, Frolich M,
Masclee AA. Effect of surgery for chronic pancreatitis on pancreatic
function: pancreatico-jejunostomy and duodenum-preserving resec-
tion of the head of the pancreas. Surgery 2004;135(2):125-30.
Alexakis N, Connor S, Ghaneh P, Raraty M, Lombard M, Smart H,
Evans J, Hughes M, Garvey CJ, Goulden M, Parker C, Sutton R,
Neoptolemos JP. Influence of opioid use on surgical and long-term
outcome after resection for chronic pancreatitis. Surgery 2004;136(3):
600-8.

Riediger H, Adam U, Fischer E, Keck T, Pfeffer F, Hopt UT,
Makowiec F.Long-term outcome after resection for chronic pancre-
atitis in 224 patients. J Gastrointest Surg 2007;11(8):949-59.

Rutter K, Ferlitsch A, Sautner T, Piispok A, Gotzinger P, Gangl A,
et al. Hospitalization, frequency of interventions, and quality of life
after endoscopic, surgical, or conservative treatment in patients with
chronic pancreatitis. World J Surg 2010;34(11):2642-7.

Cahen DL, Gouma DJ, Laramee P, Nio Y, Rauws EA, Boermeester MA,
et al. Long-term outcomes of endoscopic vs surgical drainage of the
pancreatic duct in patients with chronic pancreatitis. Gastroenterology
2011;141(5):1690-5.

Ahmed Ali U, Nieuwenhuijs VB, van Eijck CH, Gooszen HG, van
Dam RM, Busch OR, Dijkgraaf MG, Mauritz FA, Jens S, Mast J, van
Goor H, Boermeester MA; Dutch Pancreatitis Study Group. Clinical
outcome in relation to timing of surgery in chronic pancreatitis: a
nomogram to predict pain relief. Arch Surg 2012;147(10):925-32.
Clarke B, Slivka A, Tomizawa Y, Sanders M, Papachristou GI,
Whitcomb DC, Yadav D. Endoscopic therapy is effective for patients
with chronic pancreatitis. Clin Gastroenterol Hepatol 2012;10(7):
795-802.

Negi S, Singh A, Chaudhary A. Pain relief after Frey's procedure for
chronic pancreatitis. Br J Surg 2010;97(7):1087-95.

Cahen DL, Gouma DJ, Nio Y, Rauws EAJ, Boermeester MA, Busch
OR, et al. Endoscopic versus surgical drainage of the pancreatic duct
in chronic pancreatitis. N Engl J Med 2007; 356:676-684

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Seven G, Schreiner MA, Ross AS, Lin OS, Gluck M, Gan SI, et al.
Long-term outcomes associated with pancreatic extracorporeal shock
wave lithotripsy for chronic calcific pancreatitis. Gastrointest Endosc
2012;75(5):997-1004.

Dumonceau JM, Deviére J, Le Moine O, Delhaye M, Vandermeeren
A, Baize M, Van Gansbeke D, Cremer M. Endoscopic pancreatic
drainage in chronic pancreatitis associated with ductal stones: long-
term results. Gastrointest Endosc 1996;43(6):547-55.

Beger HG, Schlosser W, Friess H, Biichler MW. Duodenum-
Preserving head resection in chronic pancreatitis changes the natural
course of the disease: a single-center 26-year experience. Annals of
Surgery 1999; 230(4):512

Farkas G, Leindler L, Daroczi M, Farkas G. Long-term Follow-up
after organ-preserving pancreatic head resection in patients with
chronic pancreatitis. J Gastrointest Surg 2008; 12:308-312.

Frey C, Anderson D. Surgery of chronic pancreatitis. American
Journal of Surgery 2007; 194: S53-S60.

Tiscornia OM, Dreiling DA. Recovery of Pancreatic exocrine secre-
tory capacity following prolonged ductal obstruction. Annals of
Surgery 1966; 164: 267-270.

Michalski CW, Shi X, Reiser C, Fachinger P, Zimmermann A,
Buchler MW, et al. Neurokinin-2 receptor levels correlate with in-
tensity, frequency, and duration of pain in chronic pancreatitis. Ann
Surg. 2007 Nov;246(5):786-93.

Chinnakotla S, Bellin MD, Schwarzenberg SJ, Radosevich DM,
Cook M, Dunn TB, et al. Total pancreatectomy and islet
autotransplantation in children for chronic pancreatitis: indication,
surgical techniques, postoperative management, and long-term out-
comes. Ann Surg 2014 [Epub ahead of print]

Kobayashi T, Manivel JC, Bellin MD, Carlson AM, Moran A,
Freeman ML, et al. Correlation of pancreatic histopathologic findings
and islet yield in children with chronic pancreatitis undergoing total
pancreatectomy and islet autotransplantation. Pancreas 2010;39:57—
63.

Wang H. Desai KD. Dong H. Owzarski S. Romagnuolo J. Morgan
KA. Adams DB. Prior surgery determines islet yield and insulin
requirement in patients with chronic pancreatitis. Transplantation
2013; 95(8):1051-7

Morgan KA, Theruvath T, Owczarski S, Adams DB. Total pancrea-
tectomy with islet autotransplantation for chronic pancreatitis: do
patients with prior pancreatic surgery have different outcomes? The
American Surgeon 2012; 78(8): 893-6.

@ Springer



	Systematic Review of Early Surgery for Chronic Pancreatitis: Impact on Pain, Pancreatic Function, and Re-intervention
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study Identification
	Inclusion Criteria
	Exclusion Criteria
	Definitions
	Statistical Analysis

	Results
	Postoperative Pain Relief
	Pancreatic Function
	Re-intervention Rates

	Discussion
	References


