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ORIGINAL ARTICLE

The Effect of a Pancreatic Anastomosis Leak on Survival Following
Pancreaticoduodenectomy for Ampullary, Distal Cholangiocarcinoma
and Pancreatic Ductal Adenocarcinoma
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Steven White, Derek Manas, Richard Charnley, Bryon Jaques

Department of HPB and Transplant Surgery, Newcastle upon Tyne Hospitals NHS Foundation Trust,
Freeman Hospital, Newcastle upon Tyne, NE7 7DN

ABSTRACT

Objective Pancreatic leak following pancreaticoduodenectomy has a major impact on postoperative morbidity. There is however, very little
data on the impact of a pancreatic leak on long-term survival following pancreaticoduodenectomy for cancer. The aim of this study was to
analyse the impact of pancreatic leak/post-operative pancreatic fistula on survival in patients who underwent a pancreaticoduodenectomy
for ampullary, distal cholangiocarcinoma or pancreatic ductal adenocarcinoma. Methods Prospectively collected data from 451 patients
undergoing pancreaticoduodenectomy resections from 01 January 2002 - 31 December 2013 were examined. The survival of patients
with and without leaks were compared using Kaplan-Meier curves and significance was measured using log-rank (Mantel-Cox). Other
well-known prognostic factors after resection for the 3 histological subgroups were also investigated. Results 94 of the 451 patients had
a post-operative pancreatic fistula giving an overall pancreatic anastomotic leak rate of 20.8%. The median follow-up was 23 months. A
pancreatic leak/post-operative pancreatic fistula did not appear to have a detrimental effect on survival as demonstrated by Kaplan Meir
survival curves in all of the 3 histological subgroups. Conclusion Our study seems to corroborate the findings of others, in that a post-
operative pancreatic fistula does not seem to have a negative impact on patients’ long-term survival. This appears to apply not only to

pancreatic ductal cancers, but also to ampullary adenocarcinomas and distal cholangiocarcinomas.

INTRODUCTION

Pancreaticoduodenectomy (PD), or the Whipple
procedure, is a complex high-risk surgical procedure
performed for various malignant and benign diseases of
the pancreas and periampullary region. The perioperative
mortality associated with a PD has dramatically fallen
over the last 80 years, from more than 25% to less than
3% [1-3]. This has been largely due to centralisation
with specialisation of pancreatic surgery in large volume
centres [4], improvements in preoperative care, and the
availability of and advances in interventional radiology to
help treat complications when they arise [5]. However,
the morbidity rates associated with this procedure have
remained stubbornly constant at around 40% [2, 3].
Studies with complete follow-up of pancreatic ductal
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cancer patients report actual 5 year survival rates of
6.5% - 20% [3, 6, 7]. Periampullary tumours (ampullary
adenocarcinomas, distal cholangiocarcinomas and
duodenal cancers) are associated with more favourable
survival rates [2, 6, 8, 9]. Although the list of complications
associated with PD is substantial, a pancreatic anastomotic
leak with post-operative pancreatic fistula (POPF) is the
single most common [10-12] and when uncontrolled, can
lead to sepsis, haemorrhage and multi-organ failure which
is devastating for patients [13].

The impact of postoperative leaks on recurrence rates
and long-term outcomes has been reported in patients
with colorectal cancer [14, 15], oesophageal cancer, and in
patients with gastric cancer [16]. There is, however, very
little data on the impact of a pancreatic leak on long-term
survival in pancreatic and/or periampullary tumours [9,
17-21]. The aim of this study was to analyse the impact
of pancreatic leak/post-operative pancreatic fistula
(POPF) or other complications on survival in patients who
underwent a PD for ampullary, distal cholangiocarcinoma
or pancreatic ductal adenocarcinoma.

METHODS
Patients

Prospectively collected data from 813 patients undergoing
PD resections from 01 January 2002 - 31 December 2013
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were examined. Patient medical records, a computer
database and hospital computer electronic patient
records were retrospectively studied identifying 455
patients who had PD performed for histopathologically
confirmed pancreatic ductal, distal cholangiocarcinoma
and ampullary adenocarcinomas, excluding 358 patients
who had a PD for other pathologies. Of the 455 patients
identified, there were 4 patients with incomplete data
leaving 451 (ampullary adenocarcinomas (N=123);
distal cholangiocarcinomas (N=98) and pancreatic ductal
adenocarcinomas (N=230)) patients across the three
cancer groups for the final analysis. Our primary endpoint
was mortality. We did not look into disease free survival.
Secondary study end points included assessment of
postoperative complications.

Workup

Prior to PD, as we have previously described, all
patients had high resolution multi-phase CT including
a CT chest with or without endoscopic ultrasound
(EUS) [22]. Preoperative anaesthetic assessment
included cardiopulmonary exercise (CPEX) testing as
we have shown that a low cardiopulmonary reserve was
associated with increased risk of pancreatic leak following
pancreaticoduodenectomy [23]. In addition prior to
surgery, all patients were discussed in a multidisciplinary
team meeting with consultant surgeons, oncologists and
radiologists with specialist training and interest in HPB
malignancy.

Surgery

Operations were performed with curative intent, i.e. in
the absence of extensive local invasion and/or distant
metastases. The standard surgical procedure consisted
of a pylorus preserving pancreaticoduodenectomy with
concomitant dissection of the regional lymph nodes at
the anterior and posterior face of the head, around the
common and proper hepatic artery, in the hepatoduodenal
ligament and to the right of the superior mesenteric vein.
If there was suspicion of tumour in-growth in the proximal
duodenum, a classical Whipple procedure was performed. If
intraoperatively minimal tumour ingrowth of the portal or
superior mesenteric vein was found, a segmental or wedge
resection would be considered as part of the procedure.
Reconstruction consisted of a retrocolic jejunal loop with
end-to-side pancreaticojejunostomy, hepaticojejunostomy
and retro- but occasionally ante-colic gastro- or
duodenojejunostomy. However, one of the five surgeons in
our unit did perform his reconstruction differently, opting
for a pancreaticogastrostomy instead. This was performed
using single-layer invagination of the remnant pancreas
into the posterior wall of the stomach. Stenting of the
pancreatic anastomosis and fibrin glue sealant were not
routinely used by all five surgeons. All patients had 2 or 3
surgical drains placed at or near the anastomosis. Patients
undergoing a pancreaticoduodenectomy had drain fluid
amylase measured on a daily basis until drain removal.

Assessment and Treatment of Pancreatic Leak

The severity of pancreatic fistula was judged according
to the ISGPF classification scheme [24]. According to this

system, a pancreatic fistula is defined as any appreciable
drainage from an operatively placed drain (or a
subsequently placed percutaneous drain) with an amylase
content greater than 3 times the upper limit of normal
serum amylase level measured on, or after, postoperative
day 3. Those below this level are designated as the “no
leak” group. Patients with missing drain fluid amylase
values were excluded from the study (N=4). The severity
of pancreatic fistula is determined based on 10 clinical
criteria and then stratified into 3 levels of impact on the
patient: grades A, B, and C. As emphasised elsewhere,
this classification can be accurately assigned only after
the clinical course has reached its completion [24]. To
summarise, grade A fistulas are transient, asymptomatic
biochemical fistulas, defined by only elevated drain
amylase levels. Grade B fistulas are clinically apparent,
symptomatic fistulas thatrequire diagnostic evaluation and
therapeutic intervention. Finally, grade C fistulas render
patients in a critical condition, with sepsis and/or organ
dysfunction. They require more significant interventions,
usually in an intensive care setting, or surgical re-
exploration for definitive management. Those who die as a
result of the pancreatic fistula are appropriately assigned
to this severe grade of fistula. Clinical practice varied
slightly within the unit, as all surgeons except for one
routinely used prophylactic Octreotide (Sandostatin®,
Novartis Parmaceutical, Camberley, United Kingdom)
for all patients. When administered it is given at a dose
of 100 micrograms subcutaneously 3 times a day for 5
days, with the length of the course being extended when
necessary. In our centre, as part of their treatment, all
clinically significant fistulas had Octreotide commenced as
a continuous 1V infusion at a dose of 50 micrograms/hour
and total parenteral nutrition instituted until the fistula
stops or the amylase level in the fluid becomes less than
300U/L.

Other Complications

We also gathered data on patients who had any other
complication apart from a pancreatic fistula. This
included complications such as cardio-respiratory
complications, wound infections, urinary tract infections,
any other anastomotic leaks (apart from the pancreatico-
jejunostomy), postoperative bleeds and mortality. The
severity of these complications was stratified using the
Clavien-Dindo classification [25].

In this study, patients with pancreatic anastomosis leak/
post-operative pancreatic fistula ("POPF"- ISGPF A-C)
were compared to those that had no pancreatic leak/
post-operative pancreatic fistula ("No POPF") or patients
that had no complications. The POPF and No POPF
groups included patients with complications other than a
pancreatic leak. The no complication group had no POPF
and/or no other complication.

Adjuvant Treatment

Initially postoperative chemo- or radiation therapy was
administered only to a few patients who participated in
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ESPAC trials [26, 27]. Following publication of ESPAC
3 results [26] adjuvant chemotherapy is now routinely
offered to those who are eligible and fit enough for it. For
cholangiocarcinomas the BILCAP trial started to recruit
patients and recruitment ended in December 2014.
BILCAP is a multi-centre prospective, randomised phase III
trial investigating the role of adjuvant chemotherapy with
oral fluoropyrimidine (capecitabine) in patients following
potentially curative surgical resection of a biliary tract
cancer. Patients who have undergone macroscopically
complete surgical resection will be randomised to receive
either adjuvant chemotherapy with capecitabine or
observation. Currently ESPAC 4 trial is still recruiting
patients with pancreatic ductal and ampullary tumours.
It is a phase III, two arm, open label, multi-centre trial
randomised trial comparing combination gemcitabine and
capecitabine versus gemcitabine alone.

Follow-up

All patients were followed-up life-long in the surgical
clinic on a three monthly basis in the first year and then
subsequently on a six monthly basis. After five years
follow-up was on a yearly basis. CA 19-9 levels were
monitored and an elevation in the levels prompted a CT
chest, abdomen and pelvis.

Statistical Analysis

The independent samples t-test was used to compare
mean age between subgroups. The Mann-Whitney U test
was applied to compare non-parametric ordinal data, and
the chi-squared test or Fisher’s exact test was applied
for analysis of categorical variables. Overall survival and
survival of each variable were calculated with Kaplan-
Meier formula. Univariate analysis of risk factors affecting
survival was calculated with log-rank test and multivariate

Table 1. General Characteristics of the 451 patients included in the study

No POPF (N=357)
65.61(26-85)

Variable
Mean Age (range)

Sex 198(55.5%)
Male
Female 159(44.5%)
Diagnosis 88(24.7%)

Ampullary adenocarcinoma

Cholangiocarcinoma 72(20.1%)

Pancreatic ductal adenocarcinoma 197(55.2%)
UICC Staging
Stage | 32(9.0%)
Stage 1A 22(6.1%)
Stage IIB 262(73.4%)
Stage III 38(10.6%)
Stage IV 3(0.84%)

Lymph node involvement/positive 297(83.2%)

Resection margin

RO 149(41.7%)
R1 208(58.3%)
Adjuvant chemotherapy 128(35.9%)
30 day mortality 6(1.7%)
60 day mortality 10(2.8%)

analysis was calculated with Cox-regression model. We
defined significant data as a P-value < 0.05 and used IBM
SPSS ver. 21.0 (IBM Co., Armonk, NY, USA) as a tool of
statistical analysis.

RESULTS

A total of 451 patients were identified and included in the
analysis. The median follow-up was 23 months. Table 1
depicts the general patient characteristics including mean
age at time of surgery, sex distribution, tumour subtype,
UICC cancer staging as well as lymph node status and
perioperative mortality.

Ninety-four of the 451 patients had a POPF giving an overall
pancreatic anastomotic leak rate of 20.8%. We found
there to be a slight variation in the POPF rate between the
tumour subtypes with ampullary adenocarcinomas (N=35
out of 123; (28.4%)) and cholangiocarcinomas (N=26 out
of 98; (26.5%)) demonstrating a leak rate more than 10%
higher than ductal adenocarcinomas (N=33 out of 230;
(14.3%)). Thisis probably related to the higherincidence of
concurrent pancreatitis in patients with ductal obstructing
tumours and a more dilated distal duct for the anastomosis,
and has been observed in a validated model for clinical
risk of pancreatic fistula following proximal pancreatic
resection [28]. Likewise, and probably for the same
reason, the tumour staging was more advanced (Grade
[IB, Il and IV) in patients who did not have a POPF. Whilst
patients in both the No POPF and POPF groups received
adjuvant chemotherapy there was a slight difference in the
proportion of patients (35/9% versus 26.7%) this was not
found to be statistically significant (p=0.1442). Both the 30
day and 60 day mortality rates were also comparable.

Table 2 summarises the severity of the leak according
to the ISGPF classification scheme for each of the tumour

POPF (N=94) P value
65.19(39-82) P=0.7036 (unpaired t-test)
55(58.5%) P=0.6411 (Fisher's exact test)

39(41.5%)
35(37.2%) P=0.100 (Mann-Whitney two tailed test)
26(27.7%)
33(35.1%)

P=0.2857 (Mann-Whitney two tailed test)
12(12.8%)
12(12.8%)
54(57.4%)
16(17.0%)

0(0%)

67(71.3%) P=0.0123 (Fisher's exact test)
P=0.333 (Mann-Whitney two tailed test)

55(58.5%)

39(41.5%)

26(26.7%) P=0.1442 (Fisher’s exact test)
3(3.2%) P=0.3514(Chi square test)
3(3.2%) P=0.8405 (Chi square test)

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 16 No. 5 - Sep 2015. [ISSN 1590-8577] 461



JOP. ] Pancreas (Online) 2015 Sep 08; 16(5):459-468.

subgroups. There were less ISGPF Grade C fistulas
in the ampullary subgroup when compared to the
cholangiocarcinomas or ductal adenocarcinoma groups
although this difference did not reach significance.

The actuarial 1, 3 or 5 year survival of each tumour
subgroup is summarised in Table 3 and Figures 1-3 show
the actuarial Kaplan-Meier survival plots for the same
cohort of patients. There was no statistically significant
difference in the median survival of patients who had a
pancreatic anastomosis leak when compared to those that
did not have POPF or those with no complications.

Table 4 summarises the complication severity (Clavien-
Dindo Grade) and Table 5 the details of complications that

Table 2. Grade of POPF by tumour subgroup.

occurred in these patients. Table 6 shows the actuarial 1, 3
and 5 year survival for each of the three cancer subgroups
comparing patients who had a complication other than a
POPF to patients in the same subgroup who did not have
any complications. Figures 4-6 show the actuarial Kaplan-
Meier survival curves for the same cohorts. Patients
with ampullary or pancreatic ductal adenocarcinoma,
who suffered a complication other than a POPF, had a
significantly reduced long term survival. This was not the
case in those patients with a distal cholangiocarcinomas.

We performed a univariate analysis of different variables
that we thought might have an impact on survival in the
3 histological subgroups and Table 7 summarises our

ISGPF Grade of POPF Ampullary Cholangiocarcinoma Pancreatic Ductal
A 6 (17.1%) 5 (19.2%) 4 (12.1%)
B 26 (74.3%) 13 (50.0%) 21 (63.7%)
C 3(8.6%) 8 (30.8%) 8 (24.2%)
Total (A,B &C) 35 (100%) 26(100%) 33 (100%)

Table 3. 1, 3 and 5 year actuarial survival of subgroups with/without POPF.

Tumour Subgroup No POPF (N=357) POPF (N=94) All (N=451)
Ampullary adenocarcinoma N=88 N=35 N=123
1 Year Survival 86.10% 85.00% 85.80%
3 Year Survival 67.50% 63.10% 66.40%
5 Year Survival 51.50% 49.10% 50.80%
Cholangiocarcinoma N=72 N=26 N=98
1 Year Survival 66.20% 72.00% 67.70%
3 Year Survival 30.00% 33.50% 31.00%
5 Year Survival 20.00% 22.00% 20.40%
Pancreatic ductal adenocarcinoma N=197 N=33 N=230
1 Year Survival 65.20% 69.70% 66.30%
3 Year Survival 25.10% 32.00% 26.20%
5 Year Survival 12.40% 24.00% 14.30%
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Figure 1. Survival curves for ampullary tumours. (Log-rank test P=0.580, df=2). Median survival for no POPF was 61 months versus 58 months for those

that had a POPF versus 62 months for those that had no complications.
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Figure 2. Survival curves for distal cholangiocarcinomas. (Log-rank test P=0.5099, df= 2). Median survival for no POPF was 20 months versus 26 months

for those that had a POPF versus 20 months for those that had no complications.
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Figure 3. Survival curves for pancreatic ductal cancers. (Log-rank test P=0.0357, df=2). Median survival for no POPF was 19 months versus 25 for those that

had a leak versus 24 months for those that had no complications.

findings. Of those lymph node positive status, positive
resection margin, advanced stage of disease and adjuvant
chemotherapy (significant only in pancreatic ductal
cancers) were found to have a significant impact on
survival. A POPF was not found to be a prognostic factor.
A Cox regression multivariate analysis (as summarised
by Table 8) also confirmed that a POPF has no impact on
survival.
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DISCUSSION

The difference in prognosis between the different subtypes
of periampullary tumours has been extensively reported,
and it has been suggested that cure from a pancreatic
primary in terms of 5-year survival is exceedingly rare
due to inevitable progression or recurrence [6]. This is
why we chose to differentiate between ampullary, distal
cholangiocarcinomas and ductal cancers when performing
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Table 4. Clavien-Dindo Classification of complications in the 451 patients
Clavien Grade
0

gl W N

Number of Patients

282
41
65
35
20

8

Percentage (%)
62.5
9.1
14.4
7.8
4.4
1.8

Table 5. Details of complications in the 451 patients (ICU= intensive care unit, Rx= treatment, Perc= percutaneous and TPN= total parenteral nutrition).

Type of Complication

None

Bile leak (Drains Only)

Bile leak (Requiring ICU +/- Drainage)

Bleed (Requiring Transfusion)

Bleed (Requiring Drainage +/- Transfusion)
Bleed (Requiring ICU +/- Drainage-Transfusion)
Chest infection (Requiring Rx)

Chest infection (Requiring ICU +/- Rx)
Gastroenterostomy leak (Drains Only)
Gastroenterostomy leak (Requiring Drainage Perc/Open +/- TPN)
Gastroenterostomy leak (Requiring ICU +/- Drainage-TPN)
Laparotomy (Requiring ICU)

Laparotomy (Resulting Death)

MI (Requiring Rx)

Other (Requiring Intervention)

Other (Requiring ICU +/- Intervention)

Other (Resulting Death)

Pancreatic leak (Drains Only)

Pancreatic leak (Requiring Rx)

Pancreatic leak (Requiring Drainage Perc/Open)
Pancreatic leak (Requiring ICU +/- Drainage)
Pancreatic leak (Resulting Death)

UTI (Requiring Rx)

Wound infection (Requiring Rx)

Total

Number of Patients

Percentage (%)
62.5
0.4
0.2
0.2
0.2
0.4
0.2
0.4
0.2
0.2
0.2
0.7
0.2
0.7
5.5
0.7
0.9
3.3
13.3
1.8
1.8
0.7
0.9
4.2
100

282

W R WR R R NRNR R RN

N
Sw )

[E=N
(€21

60

19
451

Table 6. 1, 3 and 5 year actuarial survival of subgroups with other complications apart from a POPF and without any complication.

Tumour Subgroup
Ampullary adenocarcinoma
1 Year Survival
3 Year Survival
5 Year Survival
Cholangiocarcinoma
1 Year Survival
3 Year Survival
5 Year Survival
Pancreatic ductal adenocarcinoma
1 Year Survival
3 Year Survival
5 Year Survival

our analyses. Our median survival rates were comparable
to those described in the literature from large volume
centres [2, 6, 9, 17, 29]. Pancreatic anastomotic leaks
following pancreaticoduodenectomy have an obvious
negative impact on perioperative morbidity. However, it
is less clear whether this effect extends itself to long term
survival. The presence of a significant post-operative
pancreatic leak could be associated with reduced
immunity in the patient, thus leading to an increased
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No Complication (N=308)

N=72
91.50%
74.50%
55.10%

N=48
66.70%
26.30%
18.70%
N=188
68.10%
35.60%
22.60%

Complication other than POPF (N= 74)
N=16
68.30%
37.50%
37.50%
N=23
65.10%
37.80%
23.70%
N=35
65.70%
17.60%
8.60%

risk of recurrence and poor survival. Some authors have
demonstrated that post-operative drain fluid cytology
from the pancreatic bed after ‘curative’ resection contained
malignant cells and was related to long term outcome [30].
It has also been shown that exfoliated malignant cells have
the potential to grow in-vitro and in immunosuppressed
animal models [31].

In the literature only four other studies have looked
specifically at the impact of pancreatic leaks on survival
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Figure 4. Survival curves for ampullary tumours any other complication versus no complications (Log-rank test P=0.079,). Median survival for those that
had any other complication was 20 months versus 62 months for those that had no complications.
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Figure 5. Survival curves for cholangiocarcinomas any other complication versus no complications (Log -rank test P=0.4016). Median survival for those
that had any other complication was 26 months versus 20 months for those that had no complications.

following pancreaticoduodenectomy [18-21]. In the
first study [18] their results were similar to our study
in that they found that a pancreatic leak following
pancreaticoduodenectomy did not appear to affect long
term survival. One of the main criticisms levelled at
the authors has been that is was characterised by poor
methodology, small sample size (N=9) and low event
rate, the latter likely precluding the possibility to detect
significant differences. The second study [19] included 31
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patients (15 %) who developed postoperative POPF, and
179 (85 %) who did not. The 31 cases of POPF consisted
of 27 grade B POPF and 4 grade C POPF. Overall 5-year
survival rates for patients with and without POPF were 25
and 27% respectively. There was no significant difference
in overall survival between the two groups (P=0.743). In
their study, Assifi et al. [20] looked at 23 patients with
pancreatic cancer who developed POPF and found that
there was no significant difference in recurrence-free
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Pancreatic ductal adenocarcinoma
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Figure 6. Survival curves for ductal tumours any other complication versus no complications (Log-rank test P=0.0218). Median survival for those that had
any other complication was 15 months compared to 24 months for those that had no complications.

Table 7. Univariate analysis of potential predictors of survival. Advanced stage is defined for analysis purposes as stage IIb and beyond.

Variable Ampullary adenocarcinoma
Adjuvant chemotherapy N=33, P=0.562
Male sex N=66, P=0.866
Any complication (including POPF) N=51, P=0.81
POPF N=35, P=0.468
Positive resection margins N=44,P=0.05
Lymph node positive N=85, P=0.04
Advanced stage N=91, P=0.006

Table 8. Cox regression model multivariate survival analysis

Diagnosis P value
Ampullary Adjuvant chemotherapy 0.517
Positive resection margins 0.029
Lymph node positive 0.342
POPF 0.327
Advanced stage 0.804
Cholangiocarcinoma Adjuvant chemotherapy 0.152
Positive resection margins 0.006
Lymph node positive 0.105
POPF 0.518
Advanced stage 0.014
Pancreatic ductal Adjuvant chemotherapy 0
Positive resection margins 0.374
Lymph node positive 0.878
POPF 0.313
Advanced stage 0.887

survival (P=0.4) and overall survival (P=0.3) for those with
POPF vs those without POPF. Nagai et al. [21] compared
the overall survival of patients without pancreatic fistula
(POPF) and with grade B or C POPF. Survival of patients
without POPF (n = 133) and with grade B or C PF (n = 46)
was compared. Median survival time was 16.0 months for
the no-POPF group, and 14.6 months for the grade B or C

Cholangiocarcinoma Pancreatic ductal adenocarcinoma
N=11, P=0.215 N=110, P=0.04
N=59, P=0.941 N=128, P=0.778
N=50, P=0.314 N=68, P=0.921
N=26, P=0.468 N=33, P=0.299
N=60, P=0.000144 N=143, P=0.81
N=78, P=0.02 N=201, P=0.02
N=79, P=0.001 N=202, P=0.05

Hazard ratio 95.0% Confidence interval for Hazard ratio

Lower Upper
0.793 0.393 1.599
1911 1.07 3.413
1.998 0.479 8.333
1.362 0.734 2.527
1.216 0.261 5.665
0.535 0.228 1.258
2.125 1.248 3.619
0.184 0.024 1.427
1.197 0.694 2.063
15.211 1.722 134.371
0.583 0.437 0.779
1.147 0.848 1.551
13021.996 0 2.78E+56
0.806 0.53 1.225
0 0 3.42E+48

PF group. 1- and 3-year survival rates were 68 and 20% in
the no-POPF group, and 57 and 24% in the grade B or C PF
group. The difference did not reach statistical significance
(P=0.830, log rank test).

However, a more recent study by Klein et al. [9]
mentions POPF as a risk factor for decreased survival in
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a cohort of patients with periampullary tumours having a
pancreaticoduodenectomy. A closer look at their methods
reveals certain flaws such as not having drain fluid amylase
levels on all their patients and a small sample size of 12
patients. Van der Gaag et al. [17] also looked at surgical
complications following pancreaticoduodenectomy in
patients with both pancreatic cancer and periampullary
tumours. They included patients with ISGPF grade B and
C only and discarded grade A leaks when performing their
analysis. They concluded that complications (including
pancreatic leaks) have a negative impact in pancreatic
adenocarcinoma patients but not in those with other
periampullary lesions. There is no mention on the exact
number of patients with leaks in their paper. In all tumour
subtypes, greater than 80 percent of the leaks in our series
were ISGPF grade B and C.

Our initial hypothesis was that having a pancreatic leak
would have a negative impact on long term survival.
The delay in starting adjuvant therapy may allow any
unresected cancer to grow and is often mentioned as
one of the reasons why postoperative complications of
any sort are to be avoided. We were, however, unable to
show a statistically significant detrimental difference in
the overall survival in patients with pancreatic leaks. This
was on both univariate analysis and on performing a Cox
regression model multivariate survival analysis. Proteases
are capable of damaging both normal cells - such as in
acute pancreatitis [32] - as well as tumour cells [33]. It
is therefore possible that a leak of pancreatic enzymes
has the potential to destroy any tumour cells that may
have been spilled in the pancreatic bed intraoperatively,
and explain why the survival for those with a pancreatic
anastomosis leak is similar to those without a leak. Both
groups of patients had received adjuvant chemotherapy
and, although statistically not significant, those in the POPF
group were less likely to received adjuvant chemotherapy
(35.9% No POPF versus 26.7% POPF).

An even more surprising observation was in the pancreatic
ductal adenocarcinoma subgroup where those with a
POPF appear to do better in terms of 5 year survival that
those without a fistula. This may very well be because of
the small number of patients we were dealing with.

The hypothesis that development of major surgical
complications results in a temporarily impaired cellular
immunity, rendering patients susceptible to early cancer
recurrence and reduced survival, is gaining support
[34]. One earlier clinical study found that, besides
pathological variables and obtaining a RO resection, lack
of postoperative complications was associated with
long-term survival following resection of pancreatic
adenocarcinoma [35]. Severe postoperative complications
might lead to hospital mortality. At first glance with simple
statistical analysis our study is in keeping with this in both
patients with ampullary lesions and those with ductal
cancers. Complication rates among tumour subgroups
were eventually quite similar. This parallels results
observed in recent studies [2, 8,9, 11, 13, 18]. It is possible

that major surgery with its inherent complications might
enhance any associated co-morbidities in the patient thus
reducing their overall lifespan. However, this study was
neither designed nor powered to look at reduced life span
from non-cancer causes. This is perhaps why on univariate
analysis when we included all complications (and not sub-
analysing them by Clavien scores) in our model this did
not reach statistical significance. On univariate analysis
we found lymph positive status was the only one
consistent predictor of long-term survival in all 3
histological subgroups.

Our study seems to corroborate the findings of others, in
that a post-operative pancreatic fistula does not seem to
have a negative impact on patients’ long-term survival. This
appears to apply not only to pancreatic ductal cancers, but
also to ampullary tumours and distal cholangiocarcinomas.
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