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Abstract. - OBJECTIVE: This study aimed
to examine the factors linked to the develop-
ment of clinically significant pancreatic fistulas
following distal pancreatectomy (DP) and to as-
sess the efficacy of suture ligation of the main
pancreatic duct.

PATIENTS AND METHODS: A single-center
retrospective study was performed on the med-
ical records of 82 patients who underwent DP
in our institution between January 2011 and De-
cember 2019.

RESULTS: There were 28 males (34.1%) and
54 females (65.9%). The patients’ age ranged
from 18 to 86 years (median: 55.5 years). Indi-
cations for DP included primary pancreatic dis-
ease (n=63, 76.8%) and non-pancreatic disease
(n=19, 23.2%). Postoperative mortality and mor-
bidity rates were 3.7% and 48%, respective-
ly. Pancreatic parenchymal closure was accom-
plished by a hand-sewn technique or mechani-
cal stapling in 89 and 13 patients, respectively.
Identification of the pancreatic duct and suture
ligation was performed in 46 patients (56.1%).
Pancreatic fistula was developed in 20 patients
(24.4%); 12 fistulas were classified as Grade B,
and 8 as Grade C. Biochemical leaks (Grade A)
were identified in 8 patients (9.8%). Multivariate
analysis indicated that failure to ligate the main
pancreatic duct was the only variable associ-
ated with an increased risk for pancreatic leak
(p=0.031; odds ratio=0.233; 95% confidence in-
terval, 0.062-0.879).

CONCLUSIONS: Pancreatic leak remains a
common complication after DP. The incidence
of leaks is reduced significantly when the main
pancreatic duct is identified and directly ligat-
ed during DP.

Key Words:
Pancreas, Distal pancreatectomy, Pancreatic fistu-
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Introduction

Distal pancreatectomy is a common surgical
procedure used to address various neoplastic or
non-neoplastic conditions affecting the body and
tail of the pancreas. In this surgery, the section
of the pancreas to the left is excised, preserving
the duodenum and bile ducts. The superior mes-
enteric vein/portal vein is the landmark for distal
pancreatectomy. However, the precise point of
pancreatic resection is determined by the tumor’s
location'. In recent times, the reasons for per-
forming distal pancreatectomy have expanded to
encompass malignant and benign pancreatic con-
ditions, non-pancreatic cancers, chronic pancre-
atitis, and trauma. The mortality rate post-distal
pancreatectomy has seen a decline, now ranging
between 0 to 7.3%?. Yet, despite advancements in
surgical methods and perioperative care, the mor-
bidity rate remains elevated, fluctuating between
36.5% and 50.1% in recent decades’.

The grading system of the 2016 update of the
International Study Group of Pancreatic Fistula
(ISGPS) classified biochemical leakage as grade
A (Table I). Grades B and C are clinically rele-
vant postoperative pancreatic fistulas that require
changes in postoperative management and extend
the postoperative course*. Clinically significant
postoperative pancreatic fistula (grade B/C), ob-
served in 14.8-27.7% of patients, stands as the most
challenging complication following distal pancre-
atectomy”. It has been shown® to correlate with
several severe complications, including intra-ab-
dominal abscesses, hemorrhage, and sepsis. These
complications can extend hospital stays and elevate
hospitalization expenses. Thus, to enhance short-
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Table I. Main parameters for grading of postoperative pancreatic fistulal6.

Biochemical leak Grade B Grade C
(No POPF) POPF* POPF*
Increased amylase activity >3 times upper limit Yes Yes Yes
institutional normal serum value
Clinically relevant change in management of POPF1 No Yes Yes
Percutaneus or endoscopic-specific interventions No Yes Yes
for collections
Persisting peripancreatic drainage >3 weeks No yes Yes
Reoperation No No Yes
Death related to fistula No No Yes
Signs of infection related to POPF No Yes, Yes,
without organ with organ
failure failure
Sepsis No No Yes
Reoperation No No Yes
POPF related organ failure? No No Yes
Angiographic procedures for POPF-related bleeding No Yes Yes

The revised 2016 ISGPS classification and grading of POPF: checklist for clinical use. ISGPS, International Study Group
on Pancreatic Surgery; POPF, postoperative pancreatic fistula. *A clinically relevant POPF is defined as a drain output of
any measurable volume of fluid with amylase level 3 times greater than the upper Institutional normal serum amylase level,
associated with a clinically relevant development/condition related directly to the POPF'. It suggests prolongation of hospital
or ICU stay, including the use of therapeutic agents specifically employed for fistula management or its consequences (of
these: somatostatin analogs, TPN/TEN, blood product transfusion, or other medications)?. Postoperative organ failure is defined
as the need for re-intubation, hemodialysis, and/or inotropic agents >24 hours for respiratory, renal, or cardiac insufficiency,

respectively. Reproduced from the study of Bassi et al* 2016.

term outcomes following distal pancreatectomy,
identifying the risk factors for clinically significant
postoperative pancreatic fistula is crucial.

In recent times, various surgical techniques
have been devised and refined to close the pancre-
atic remnant, aiming to reduce the risk of pancre-
atic fistula and associated complications. Options
for closing the pancreatic remnant encompass the
hand-sewn suture method, the stapled closure
technique, or a combination of both™!2. However,
optimal management of the pancreatic remnant
remains controversial.

The aim of this study was to analyze factors
associated with the occurrence of clinically rel-
evant postoperative pancreatic fistula (grades B
and C) in patients who underwent distal pancre-
atectomy and to determine the effectiveness of
main pancreatic duct suture ligation.

Patients and Methods

Design and Subjects

Data for this study were retrospectively gath-
ered from the electronic medical record system,
targeting patients who were admitted for distal
pancreatectomy between January 2011 and De-

cember 2019. All identified patients were over the
age of 18, resulting in an initial cohort of nine-
ty-two patients who underwent distal pancreat-
ic resection. Of these, ten were excluded due to
the unavailability of their medical records. As a
result, the final study population consisted of 82
patients. This study was approved by the Insti-
tutional Review Board of our institute (IRB No.
10.01.2020/95/22), and written informed permis-
sion was taken from every patient who registered
for the study. Distal pancreatectomy was executed
either as the main procedure or within a broader
multiorgan removal due to non-pancreatic can-
cer. The term “contiguous organ resection” refers
to the removal of the distal pancreas and spleen
along with at least one other organ. Pancreatic
parenchymal tissue was evaluated by histopatho-
logic examination. The size of the main pancreat-
ic duct was also measured in preoperative CT or
MRI images. Demographic features, indications,
surgery and postoperative course and morbidity
and mortality were analyzed. Surgical morbidity
severity was categorized using the Clavien-Dindo
classification". Complications graded III or high-
er were deemed major. The term “30-day mortal-
ity” refers to any death occurring either in-hospi-
tal or within 30 days post-distal pancreatectomy.
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Figure 1. Pancreatic stump.

Surgical Technique

Division of the pancreatic parenchyma was
by electrocautery or knife or triple-row stapler
without reinforcement. The pancreatic stump was
closed using the hand-sewn method with pledged
polypropylene sutures, either incorporating su-
ture ligation of the main pancreatic duct when
feasible or without it (Figure 1). The main pan-
creatic duct was sutured with a purse-string su-
ture technique using a 5-O polypropylene suture
after catheterization with a stylet or a cannula
(Figure 2). Tissue patches or biological sealants
for the pancreatic stump were not used during the
procedure. Two closed suction drains were po-
sitioned along the superior and inferior edges of
the pancreatic stump, situated in the bed of the
resected pancreas close to the transected edge. If
a splenectomy was performed, an additional drain
might be placed in the left subphrenic space via
the left upper abdomen.

Definition of Postoperative Pancreatic
Fistula

International Study Group of Pancreatic Fistu-
la (ISGPF)* definition and grading system of post-
operative pancreatic fistula were used to define
postoperative pancreatic fistula. Pancreatic fistula
was classified into four categories. The first was
the absence of a fistula. The second, termed bio-
chemical leakage or Grade A, was characterized
by a surgical drain amylase level that was three
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times greater than the serum level but with no
clinical implications. Grade B was defined by bio-
chemical evidence of a fistula that required drain-
age for more than 3 weeks, interventions like per-

Figure 2. Use of blood cannula for detection of the pan-
creatic duct.
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cutaneous or endoscopic drainage, angiographic
procedures due to bleeding, or exhibited signs of
infection without organ failure. Grade C involved
biochemical evidence of a fistula that resulted in
reoperation, organ failure, or death. For the pur-
poses of this study, postoperative pancreatic fis-
tulas of Grades B and C were deemed clinically
relevant. Drainage tubes were typically removed
within 5 days after surgery if the drain amylase
level was three times lower than the serum lev-
el. However, even if the drain amylase level was
higher, the tubes were removed as soon as possi-
ble, provided the drainage fluid was not infected
and the amylase level was decreasing.

Statistical Analysis

All statistical analyses were performed using
the SPSS Version 24.0 (IBM Corp., Armonk, NY,
USA). Data were described as frequencies (per-
centages of population) and median (interquartile
range). We used the Chi-square or Fisher’s exact
test for univariate analysis to compare categorical
data between the patients with PF and the patients
without PF. For multivariate analysis, we used the
multiple logistic regression analysis. Results are
reported as odds ratio (OR) with 95% confidence
interval. A p-value<0.05 was regarded as statisti-
cally significant.

Results

Demographic details are provided in Table II.
Patients’ ages ranged from 18 to 86 years (median:
55.5 years), and the mean BMI was 27.5+£3.9. The
mean albumin value of the patients was 3.75+0.55
g/dL. The majority of patients had an ASA score
of 2 and 51.2% of patients had at least one addi-
tional disease. Of the patients, 63 (76.8%) under-
went surgery due to pancreatic disease, while 19
(23.2%) did so for non-pancreatic disease. Cys-
tic neoplasms were the predominant pancreatic
indication, while gastric cancer was the leading
non-pancreatic cause.

Operative information and technical factors
are summarized in Table III. The average oper-
ation time was 198.9+46.2 min, and estimated
blood loss ranged between 100 mL and 1,400 mL
(median: 250 mL). There were 19 (23.2%) patients
with fibrotic pancreatic tissue. Distal pancreatec-
tomy was applied to 55 (67.1%) patients with
splenectomy, while distal pancreatectomy was
applied to 19 (23.2%) patients with splenectomy
and one or more additional procedures were per-

Table II. Patient demographics.

(n=82)
Age (year) (range) 55 (18-86)
Sex
* Male 28 (34.1%)
* Female 54 (65.9%)
Body mass index (kg/m?) 27.6 (16.9-36.5)

Indications for surgery
Pancreatic diseases

* Cystic neoplasm of the pancreas
* Pancreatic neuroendocrine tumor

63 (76.8%)
15 (18.3%)
11 (13.4%)
11 (13.4%)

* Pancreatic adenocarcinoma

¢ Chronic pancreatitis 9 (11%)

* Solid psoudopapillary tumor 7 (8.5%)
* Others 10 (12.2%)
Non-pancreatic diseases 19 (23.2%)
* Gastric adenocarcinoma 8 (9.8%)
* Colonic adenocarcinoma 2 (2.4%)
* Retroperitoneal sarcoma 2 (2.4%)
* Others 7 (8.5%)
Preoperative serum albumin 3.8 (1.6-5.4)

level (g/dL)

ASA score

e 1 19 (23.2%)
2 45 (54.9%)
3 18 (21.9%)

formed. Spleen-preserving distal pancreatectomy
was performed in 8 (9.8%) patients; they all had
benign or borderline diseases. The most frequent-
ly resected non-pancreatic organ (excluding the
spleen) was the stomach (10 patients), followed by
the colon (5 patients), gallbladder (2 patients), kid-
ney (2 patients) and surrenal (1 patient).

The pancreatic parenchyma was sealed using a
hand-sewn method with ductal ligation in 46 pa-
tients (56.1%), hand-sewn without ductal ligation in
23 patients (28%), and solely stapling in 13 patients
(15.9%). In 46 patients (56.1%), the pancreatic duct
was identified and directly ligated with sutures.
Conversely, 36 patients (43.9%) did not have the
pancreatic duct ligated. None of the patients had
the pancreatic remnant drained into the intestines.

Postoperative complications and mortality are
summarized in Table IV. In our study, while the
mortality rate was 3.7%, the complication rate
was 47.6%. In the postoperative period, death oc-
curred in 3 (3.7%) patients. One of these patients
had both pancreatic fistula and esophagojejunal
leakage after gastric cancer surgery with total
gastrectomy, splenectomy and distal pancreatec-
tomy. He died of sepsis after re-operation. The
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Table Ill. Operative features.

(n=82)

Operative time (min) (range)

190 (120-330)

Intraoperative blood loss (mL) (range)

250 (100-1,400)

Pancreatic texture

* Non-fibrotic 63 (76.8%)
* Fibrotic 19 (23.2%)
Type of surgery

* Distal pancreatectomy with splenectomy

55 (67.1%)

* Distal pancreatectomy with splenectomy and contiguous organ resection 19 (23.2%)
» Spleen-preserving distal pancreatectomy 8 (9.8%)
Pancreatic closure

* Hand-sewn with ligation of MPD 46 (56.1%)
* Hand-sewn without ligation of MPD 23 (28%)

* Stapler closure

13 (15.9%)

Ligation of MPD

» Ligation of duct

46 (56.1%)

* No ligation of duct

36 (43.9%)

MPD: Main Pancreatic Duct.

other 2 patients received multi-organ resection
for gastric cancer at the age of 70 and 78, respec-
tively. They did not have a pancreatic fistula. In
the first case, the reason for death was pulmonary
embolism and the second case died of cardiac
problems. In our study, the complication rate was
47.6% (n=39). Clavien-Dindo grade III and high-
er complication rate was 17.1% (n=14). The most
common complication was pancreatic fistula, and
20 (24.4%) patients developed pancreatic fistula;
12 (14.6%) of them were classified as grade B and
8 (9.8%) of them were classified as grade C. Eight
(9.8%) patients were classified as biochemical
leak. Death occurred in one of the patients with
pancreatic leakage.

Two patients (2.4%) needed re-operation,
one of which had both a pancreatic fistula and
esophagojejunal leakage. The first patient died in
the intensive care unit due to sepsis after the oper-
ation. The second patient underwent a reoperation
due to an intra-abdominal abscess resulting from
a grade C pancreatic fistula. She was discharged
on the 8" day after the operation. Other patients
with pancreatic fistula did not require re-opera-
tion for intra-abdominal abscess or fluid collec-
tion; these patients were treated with percutane-
ous drainage.

Univariate analysis was performed to investi-
gate the relationship between any risk factor and
the development of pancreatic fistula (Table V).
None of the variables such as age, gender, ASA
score, preoperative albumin level, presence of co-

10526

morbidity, duration of surgery, estimated blood
loss, primary pancreatic lesion, pancreatic paren-
chymal structure (fibrotic), type of surgery per-
formed, and width of the main pancreatic duct
showed any significant association with the de-
velopment of pancreatic fistula.

In the univariate analysis, the failure of the
main pancreatic duct suture ligation (p=0.001) had
a significant relationship with pancreatic fistula.
Pancreatic fistula was significantly more common

Table IV. Postoperative 30-day outcomes.

(n=82)

Death 3 (3.7%)
Complications 39 (47.6%)
Re-operation 2 (2.4%)
Clavien-Dindo classification

of postoperative complications
« 0 43 (52.4%)
o 1 14 (17.1%)
e 2 11 (13.4%)
* 3a 8 (9.8%)
* 3b 1 (1.2%)
* 4a 2 (2.4%)
* 4b 0
e 5 3 (3.7%)
Biochemical leak (Grade A) 8 (9.8%)
Pancreatic fistula 20 (24.4%)
* Grade B 12 (14.6%)
* Grade C 8 (9.8 %)
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Table V. Univariate analysis examining clinicopathological and surgical factors potentially linked to clinically significant
postoperative pancreatic fistula following distal pancreatectomy.

POPF ISGPF 2016

Yes No P
Age (year)
e <65 17 (29.8%) 40 (70.2%) 0.147
* 265 3 (12%) 22 (88%)
Sex
* Male 10 (35.7%) 18 (64.3%) 0.075
* Female 10 (18.5%) 44 (81.5%)
ASA score
e 12 17 (26.6%) 47 (73.4%) 0.298
« 3 3 (16.7%) 15 (83.3%)
Body mass index (kg/m?)
* Normal (<25) 5 (21.7%) 18 (78.3%) 0.727
* Overweight - Obese (>25) 15 (25.4%) 44 (74.6%)
Serum albumin level (g/dL)
+ <35 6 (30%) 14 (%70) 0.347
e >35 14 (22.6%) 48 (77.4%)
Operative time (min)
o <240 16 (23.9%) 51 (76.1%) 0.527
e 2240 4 (26.7%) 11 (73.3%)
Blood loss (mL)
* <500 13 (21.3%) 48 (78.7%) 0.206
* =500 7 (33.3%) 14 (66.7%)
Primary pancreatic pathology
* Yes 13 (20.3%) 51 (79.7%) 0.105
* No 7 (38.9%) 11 (61.1%)
Texture of pancreatic parenchyma
* Non-fibrotic 14 (22.2%) 49 (77.8%) 0.292
* Fibrotic 6 (31.6%) 13 (68.4)
Contiguous organ resection
* Yes 6 (31.6%) 13 (68.4%) 0.292
* No 14 (22.2%) 49 (77.8%)
Stapler closure
* Yes 6 (46.2%) 7 (53.8%) 0.055
* No 14 (20.3%) 55 (79.7%)
Suture ligation of MPD
 Ligation of duct 5 (10.9%) 41 (89.1%) 0.001
* No ligation of duct 15 (41.7%) 21 (58.3%)
Pancreatic duct size
* <3mm 18 (28.1%) 46 (71.9%) 0.117
* >3 mm 2 (11.1%) 16 (88.95)

MPD: Main Pancreatic Duct. POPF: Postoperative Pancreatic Fistula. ISGPF: International Study Group of Pancreatic Fistula.

In the multivariate analysis, the sole indepen-

in patients whose main pancreatic duct was not dent risk factor for clinically relevant pancreatic
ligated. There was an insignificant but close re- fistula was the absence of suture ligation of the
lationship between stapler closure (p=0.055) and main pancreatic duct (Table VI) (p=0.031; odds ra-
pancreatic fistula. ti0=0.233, 95% confidence interval, 0.062-0.876).
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Table VI. Multivariate analysis for risk factors for pancreatic fistula after distal pancreatectomy.

Odds ratio 95% Confidence interval p-value
Suture ligation of MPD 0.233 0.062-0.876 0.031
MPD: Main Pancreatic Duct.
Discussion multivisceral resection® and malnutrition** as

Pancreatic fistula is the most common com-
plication after distal pancreatectomy and is a
troublesome problem that can lead to bleeding,
abscess formation, sepsis and septic shock, and
mortality®. Complications from pancreatic fistula
prolong postoperative hospital stays and increase
the use of health resources'®. It can be managed
conservatively today, thereby significantly reduc-
ing the incidence of mortality'!.

In our study, the mortality rate of the patients
was 3.7% and the morbidity rate was 47.6%. The
major complication rate of Clavien-Dindo grade 111
and higher was 17.1%. The morbidity and mortali-
ty rates of patients in the present study were higher
than previously reported”'®' rates. However, post-
operative complications were graded by using Cla-
vien-Dindo® classification in this study. Therefore,
the morbidity and mortality rates of this study were
compared to clinical studies using the same criteria.
Goh'” reported a mortality rate of 3% in 232 con-
secutive patients undergoing distal pancreatectomy
and reported 47% morbidity using Clavien-Dindo
classification. Kleeff et al'® reported a mortality rate
of 2% in 302 consecutive patients who underwent
distal pancreatectomy. As can be seen, our results
were consistent with those reported in the literature.

The most common complication was pancreat-
ic fistula in our study and the reported clinically
relevant pancreatic fistula incidence (24.4%) was
similar to those reported in other studies'>'®". Of
the 20 (24.4%) patients with pancreatic fistulas, 12
(14.6%) had grade B and 8 (9.8%) grade C pancre-
atic fistulas. Yang et al*” reported a 22.3% grade B
and 1% grade C fistula using the 2016 ISGPS cri-
teria in their study. In their published study, Kleeff
et al”® reported that most patients had grade B cat-
egory. In our study, the grade B fistula rate was
higher. In addition, re-operation was necessary
only for two patients (2.4%) in our study. This rate
was slightly lower than other studies'*%°, with re-
ported re-operation rates of 3% to 11%.

Previous publications have reported long op-
eration time’, stapler closure'”, age <65", soft pan-
creatic texture?', hand-sewn closure®, obesity”?,
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risk factors for increased pancreatic fistula rates.
However, a reduction in pancreatic fistula forma-
tion has also been reported®'”'? after main pancre-
atic duct ligation. Bilimoria et al® found the inci-
dence of pancreatic fistulas is reduced if the main
pancreatic duct is identified and ligated during
distal pancreatectomy. In our study, the only pre-
dictive factor for clinically relevant postoperative
pancreatic fistula formation was the failure of the
main pancreatic duct suture ligation.

There was also an insignificant but close re-
lationship between stapler closure and clinically
relevant postoperative pancreatic fistula formation
in our series (p=0.055). Clinically relevant postop-
erative pancreatic fistula occurred in 6 of the 13
patients in whom a stapler was used, compared
to 14 of the 69 patients in whom it was not used.
Kleeff et al* and Kah Heng et al* studied the risk
factors associated with the formation of postoper-
ative pancreatic fistula. They both determined the
use of staplers as a risk factor for pancreatic fistula
after distal pancreatectomy. In addition, Martin et
al* identified the diameter of the main pancreatic
ductus to be 3 mm below as a risk factor for pan-
creatic fistula after distal pancreatectomy, but our
data does not support this finding.

Limitations

Our study had certain limitations. The sample
size was relatively small. In our institution, suture
ligation of the main pancreatic duct has not been a
standard procedure for every distal pancreatic leak.
Additionally, the pool of patients with adequate
data for our research was limited. Another limita-
tion was the diverse nature of our patient group, en-
compassing various benign and malignant pancre-
atic conditions and tumor sites. Due to the limited
patient count, we had to derive conclusions without
categorizing them. Lastly, even though all partici-
pants underwent distal pancreatectomy, only some
had the main pancreatic duct suture ligation. While
some patients were able to be compared with dif-
ferent closure modalities, others could be com-
pared between main pancreatic duct suture ligation
and existing classical methods.
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Conclusions

Pancreatic fistula remains the most common
complication after distal pancreatectomy. We
identified that the omission of suture ligation of
the main pancreatic duct independently increased
the risk of clinically significant postoperative
pancreatic fistula. It is imperative to make every
effort to locate and directly ligate the pancreatic
duct with sutures after parenchymal division, ir-
respective of the chosen method for parenchymal
sealing.
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