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ABSTRACT

Objective: To analyse clinicopathological variables to determine risk factors of postoperative pancreatic fistula in patients
having distal pancreatectomy with stapler closure.

Study Design: Observational study.

Place and Duration of Study: Adana City Training and Research Hospital, Adana, Turkey, from January 2015 to May 2020.
Methodology: Medical files of 38 cases having distal pancreatectomy with stapler closure of the pancreatic remnant for condi-
tions emerging from the pancreas or other organs were analysed. Data about demographics, perioperative and pathological
findings, postoperative outcomes were gathered. Univariate analysis was utilised for comparisons of categorical data. The
possible risk factors found to be significant in the univariate analysis were included into the logistic regression analysis.
Results: Based on the description reported by the International Study Group of Pancreatic Surgery, 23.7% and 31.6% of the
patients had biochemical leakage and clinically relevant postoperative pancreatic fistula (POPF) respectively. Univariate and
multivariate analyses made to determine risk factors of POPF showed a relation between stapler closure alone (p = 0.018) and
soft parenchymal texture (p = 0.002) and clinically relevant POPF. Multivariate analyses revealed that parenchymal texture
was the sole independent predictor of clinically relevant POPF (OR, 0.016, p = 0.039).

Conclusion: Soft pancreatic texture is independently predictive of clinically relevant POPF following distal pancreatectomy
with stapler closure. However, reinforcement of the stapler line with extra sutures decreases the risk of clinically relevant

POPF.
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INTRODUCTION

Distal pancreatectomy is commonly utilised for the treatment
of various malignant and non-malignant conditions affecting
the pancreas except for its head. It has recently been reported
tobeindicatedforthetreatmentof pancreatic lesions, non-pan-
creatic malignancies, chronic pancreatitis and trauma. At
present, the mortality following distal pancreatectomy has
decreased to 0-7%." On the other hand, in spite of develop-
ments in the operative procedure and perioperative patient
care, the morbidity rate remains to be high, varying between
37%and50%inthe pasttenyears.?
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Postoperative pancreatic fistula (POPF) is the most frequent
complication emerging after distal pancreatectomy. Postsurg-
ical morbidity is linked with many more problems, like intra-ab-
dominal abscess, sepsis, and hemorrhage.> Among other
features creating risk are the structure of the pancreas, the
width of the main pancreatic duct, method of resection and way
of closing the pancreatic remnant and experience of the
surgeon. Despite the fact that numerous methods have been
reportedto eliminate POPF, thereisnoagreementonavoidance
of POPF. While some studies have revealed that stapler closure
and hand-sewn closure are not different at all in terms of POPF,
other studies have shown that stapler closure is reliable.** At
the study place, stump closure was performed using the
stapling technique.

The International Study Group of Pancreatic Fistula (ISGPF)
reported an agreement about categorisation of POPF and
improved the description made by the International Study
Group of Pancreatic Surgery (ISGPS) in 2016.%” Based on ISGPS
criteria, biochemicalleakageindicates grade APOPF, whileclini-
cally relevant POPF is indicator of grades B and C.° It is stated in
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the literature that clinically relevant POPF appears in
14.8-27.7% of the cases and is the most complex complication,
secondary to distal pancreatectomy.® For this reason, it is
crucial for surgeons to reveal risk factors of clinically relevant
POPF.

The objective of the current study was to determine risk factors
of clinically relevant POPF following distal pancreatectomy
using staplerclosure.

METHODOLOGY

Medical files of 38 cases having distal pancreatectomy with
stapler closure of the pancreatic remnant for conditions
emerging from the pancreas or other organs at Adana City
Training and Research Hospital, Adana, Turkey, from January
2015 to May 2020 were analysed. Data about demographics
like age, gender, body mass index (BMI), perioperative and
pathological findings, postoperative outcomes, conditions
requiring surgical treatment, ASA status, pancreatic texture,
estimated blood loss (EBL), duration of surgery, surgical tech-
nigue, pancreatic fistula and postoperative outcomes including
complications and death were gathered. The study received
approval from the Ethical Review Committee (ERC) of the Insti-
tution (61/988/08.07.2020).

Distal pancreatectomy was carried out either as the primary
operation or as a component of surgery for multiorgan removal
to treat a malignancy outside the pancreas. The surgery
performed included distal pancreatectomy protecting the
spleen, distal pancreatectomy accompanied by splenectomy,
or distal pancreatectomy combined with splenectomy and
removal of the neighboring organ. Neighboring organ removal
referred to removal of minimum one more organ along with the
distal pancreas and spleen. Pancreatic parenchymal closure
techniques involved stapled closure alone or stapled closure
with suturereinforcement.

The description of POPF was based on the report by the ISGPS.’
POPF was categorised into absence of fistula, biochemical
signs of fistula including surgical drain amylase three times
higher compared to its serum levels with no clinical results (bio-
chemical leakage), biochemical signs of fistula treated with
constant drainage over three weeks, endoscopic or percuta-
neous drainage, angiography for hemorrhage, or symptoms of
infection not accompanied by organ insufficiency (grade B),
biochemical signs of fistula requiring reoperation or causing
organ insufficiency or death (grade C). In the present research,
gradesBand Cwereconsideredasclinically relevant POPF.

Pancreatic stiffness was defined as either hard or soft by the
surgeon performing the operation at the time of transection.
The degree of surgical morbidity was determined, based on the
Clavien-Dindo classification.’ Complications of grade = Ill were
regarded as major. Any death in hospital or in 30 days after
distal pancreatectomy was accepted as the 30-day mortality.
All patients having BMI = 25 Kg/m’ were considered as over-
weight, based on the description specified by the World Health
Organisation (WHO).

Allsurgeries were carried out by the same surgical team. Resec-
tion was made by using conventional surgery. Stump closure of
the remnant pancreas was mainly performed by utilising two
techniques, i.e. stapled closure alone or stapled closure with
suture reinforcement. A stapling device with blue or green
cartridges was used acrossthe whole pancreas body depending
on the thickness of the pancreas (linear stapler, Ethicon linear
cutter Sr75mmUS, LLC) and «U» sutures passing through each
other with 2-0 polypropylene suture of the whole stump were
put. An abdominal drain was also inserted over the pancreas
stump.

Data analysis was made with the statistical package
programme for social sciences version 25.0 (SPSS Inc. Chicago,
IL, USA). Results of descriptive statistics were presented by
usingmean £ SD, frequencies and percentages. The Chi-square
or Fisher’s Exact test for univariate analysis was utilised for
comparisons of categorical data between the patients. Logistic
regression test was carried out on the parameters having p
<0.25 in the univariate statistical analysis as possible condi-
tions creating risk. The odds ratio (OR) with a 95% confidence
intervalwas determined. P <0.05 was accepted assignificant.

Tablel: Patientdemographics (n=38).

Age (years) | 524+17.9
Sex

Male 16 (42.1%)
Female 22 (57.9%)
Body mass index (kg/m2) 26.9 £5.2
Preoperative serum albumin (g/dL) 3.69 £0.49
Disease: Indications for surgery

Pancreatic 32 (84.2%)
Cystic neoplasm of the pancreas 9 (23.7%)
Pancreatic adenocarcinoma 8 (21.1%)
Pancreatic neuroendocrine tumor 6 (15.8%)
Solid pseudopapillary tumor 5(13.2%)
Chronic pancreatitis 2 (5.3%)
Impacted stent 1 (2.6%)
Pancreatic pseudocyst 1 (2.6%)
Non-pancreatic 6 (15.8%)
Gastric adenocarcinoma 3(7.9%)
Colonic adenocarcinoma 2 (5.3%)
Spleen mass 1 (2.6%)
ASA level (n = 38)

1 6 (15.8%)
2 14 (36.8%)
3 17 (44.7%)
4 1 (2.6%)

RESULTS

Demographics and surgical indications of the patients are
shown in Table I. Out of 38 patients undergoing distal pancrea-
tectomy, 16 (42.1%) were males and 22 (57.9%) were females.
The patients were aged 21-82 years withamean of 52.4 £17.9
years, and the mean BMI was 26.9 = 5.2 Kg/m®. The mean
albumin level was 3.69 (% 0.49). The majority of the patients
were at ASAlll status; and 44.7% of the patients had atleast one
additional disease. Concerning indications for surgery, 32
patients (84.2%) had pancreatic disease and six patients
(15.8%) had non-pancreatic disease. The most common
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pancreas-relatedindication was cystic neoplasms and the most
commonnon-pancreatic cause was gastric cancer.

Tablell: Operativefeaturesand postoperative outcomes.

229.7 + 38.8
255.5 +106.6

Operative time

Intraoperative blood loss (mL)
Pancreatic texture (n = 38)
Soft 21 (55.3%)
Firm 17 (44.7%)
Type of surgery (n = 38)

Distal pancreatectomy with Splenectomy
Distal pancreatectomy with splenectomy with
additional organ resection

Spleen-preserving distal pancreatectomy
Closure type (n = 38)

Stapler alone

Stapler with suture reinforcement

22 (57.9%)
9 (23.7%)
7 (18.4%)

21 (55.3%)
17 (44.7%)

Death 1 (2.6%)
Complications 25 (65.8%)
Biochemical leak 9 (23.7%)
Pancreatic fistula 12 (31.6%)
Grade B 9 (23.7%)
Grade C 3(7.9%)

Table IlI: Univariate analysis of potential clinicopathological and opera-
tivevariablesassociated withclinically relevant POPF afterdistal pancre-
atectomy.

\ POPF ISGPF 2016 [

‘ Yes ‘ No ‘ P
Age (years)
<60 8(38.1%) 13 (61.9%) 0.337
=60 4 (23.5%) 13(76.5%)
Sex
Male 4 (25%) 12 (75%) 0.457
Female 8 (36.4%) 14 (63.6%)
ASA
ASA 1-2 7 (35%) 13 (65%) 0.632
ASA 3-4 5(27.8%) 13(72.2%)
BMI (kg/m”)
Normal (<25) 3 (20%) 12 (80%) 0.294
Overweight - obese (=25) 9 (39.1%) 14 (60.9%)
Operative time (min)
<240 8(38.1%) 13(61.9%) 0.337
=240 4(23.5%) 13(76.5%)
Blood loss (mL)
<300 7 (30.4%) 16 (69.6%) >0.999
=300 5(33.3%) 10 (66.7%)
Texture of pancreatic parenchyma
Soft 11 (52.4%) 10 (47.6%) 0.002
Hard 1(5.9%) 16 (94.1)
Additional organ resection
Yes 3(27.3%) 8 (72.7%) >0.999
No 9 (33.3%) 18 (66.7%)
Spleen preserving
Yes 4 (57.1%) 3(42.9%) 0.176
No 8(25.8%) 23 (74.2%)
Closure type
Stapler alone 10 (47.6%) 11 (52.4%) 0.018
Stapler with suture reinforcement 2 (11.8%) 15 (88.2%)

Operative information and technical details are outlined in
Table Il. The mean operation time was 229.7 minutes (+ 38.8)
and EBL ranged between 100mland 550 ml (255.5 = 106.6 ml).
Twenty-one patients (55.3%) had soft pancreatic tissue. Twen-
ty-two patients (57.9%) had distal pancreatectomy with
splenectomy, and nine patients (23.7%) had distal pancreatec-
tomy with splenectomy, and one or more additional proce-
dures. Seven patients (18.4 %) had spleen preserving distal

pancreatectomy; they all had benign or borderline diseases.
The most frequently resected non-pancreatic organ (except for
the spleen) was the stomach (n = 6). Among the other resected
organs were colon (n = 2) and gallbladder (n = 1). Pancreatic
parenchyma was closed by stapling alone in 21 patients
(55.3%) and stapler with suture reinforcement in 17 patients
(44.7%).

Postsurgical problems and mortality are summarisedin Tablell.
The mortality and complication rates in the postoperative
period were 2.6% and 65.8% respectively. In the postoperative
period, death occurred in one patient (2.6%). The patienthad a
pancreaticand esophago-jejunalfistula after 39 years of gastric
cancerduetototal gastrectomy, splenectomyanddistal pancre-
atectomy. Hedied duetosepsisafterreoperation. Grade 3had a
higher complication rate of 28.9% (n = 11). The most common
complication was pancreaticfistula. Infact, 12 patients (31.6%)
developed pancreatic fistula. Out of 12 patients, 9 (75%) were
classified as grade B and 3 (25%) were classified as grade C.
Nine patients (23.7%) had biochemical leaks. Death occurredin
oneofthe patients with pancreaticleakage.

Two patients (5.3%) needed reoperation, one of whom had both
a pancreatic fistula and esophagojejunal fistula. He died of
sepsis after surgery. The other patient was reoperated due to
intra-abdominal abscess, secondary to type C pancreatic
fistula. Shewastreated with percutaneousdrainageintheinten-
sive care unit due to intraabdominal abscess and renal failure;
andwasdischargedonthe 12th day aftersurgery.

Univariate analysis was made to analyse the relation between
any risk factors and pancreatic fistula development (Table IlI).
None of the variables such as age, gender, ASA status, BMI, dura-
tion of operation, EBL, neighbouring organ resection and spleen
preserving, had asignificantrelation withemergence of clinically
relevantpancreaticfistula.Intheunivariateanalysis, softpancre-
atictexture (p=0.002) and staplerclosure alone (p =0.018) had
a significant relationship with clinically relevant pancreatic
fistula. The only independent risk factor for clinically relevant
pancreatic fistula was soft parenchymal texture in multivariate
analysis(p=0.039; OR:0.016%95CI0.000-0.810).

DISCUSSION

Risk factors for POPF following distal pancreatectomy remain
uncertainandhavebeenpreviouslyreportedusingseveraltech-
niques.'® Indeed, gender, age, stapler closure, BMI, diabetes
mellitus, soft pancreatic texture, pancreatic thickness, chronic
pancreatitis, extended lymphadenectomy, hand suture
closure, additional organ resection, failure of main pancreatic
duct (MPD) ligation, and operation time were described as risk
factors.>® The risk factors for POPF following distal pancrea-
tectomy utilising staples have notyet been clarified. Therefore,
this study was directed towards determining them.

A systematic review by Cecka et al. using different criteria
showed that POPF rates in distal pancreatectomy ranged from
3.7% to 68.5%." The clinically relevant POPF (Grade B, C) rate
using ISGPS in this study was 31.6%. It is not significantly
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different from the ones revealed by the DISPACT study (stapler
32%)andotherstudies.>”

In terms of surgery, POPF still remains to be solved. It has been
pointed out in the literature that the closure procedure of the
remnant pancreatic stump is primarily responsible for POPF
development.'*** For this reason, various stump closure tech-
niques closure techniques have been reported and there is an
agreement about the technique responsible for POPF.***
Univariate analysis showed a significant rise in POPF develop-
ment when the remaining pancreatic remnant was closed with
onlystaples.In2010, Hengetal. reportedthatclosure of pancre-
atic stump with stapler alone was an independent predictor of
POPF.* Yoshioka et al. demonstrated that 50% of their cases
had POPF when closure of all pancreatic stumps was performed
by utilising stapleralone.” In the DISPACT study in 2011, suture
closure was compared with staple closing techniques, and the
latter was found to create a higher rate of POPF (36%).% In the
current study, the POPF ratio was 47.6% (10/21) in the cases in
whom closure of the remnant pancreatic stump was carried out
by employing stapler alone. Based on the abovementioned
evidence, it can be suggested that closing the pancreatic
remnantstumpsolely with staplerisunsecure.

In the current study, the POPF rate was 11.8% (2/17) when
stapler and sutures were utilised in combination to close the
remnant pancreatic stump. Likewise, a study with a large
number of patientsin 2009 showed a reduction in the POPF rate
(6%) following the use of staples and sutures together'. Yuksel
and Bostancietal. reported that utilization of additional sutures
inthe staplerline decreasesthe risk of POPF."” Ecker et al. found
thatthe POPF level was lowerin those who had suture reinforce-
mentin the staple line compared to those that were closed with
only staples in a multicentre study.” The findings mentioned
above show that closing the remaining pancreatic root with
staplesandsuturesisasafertechnique.

The current study showed that the soft pancreatic texture is an
independent risk factor for clinically relevant POPF when a
linear stapler was utilised (OR: 0.016, p = 0.039). It has been
stated in the literature that soft pancreas is an important risk
factor of POPF as well.”*** Unek et al. found in their study in 2013
that soft texture of the pancreatic parenchyma created risk for
POPF (OR: 12.420, p-value = 0.048) and that POPF could be
decreased by using "U" shaped sutures.”” Mendoza et al.
reported that pancreatic parenchyma on its own does not inde-
pendently predict POPF, but that thickness of the pancreasisan
important risk factor of POPF.” In addition, they pointed out that
both thickness and softness together play an important role in
POPF. When staple closure was utilised, a thicker pancreatic
stump produces a rise in POPF following distal
pancreatectomy.”*? It seems that staple closure is suitable at
least for the thin pancreas.” In the present study, data about
thickness of the pancreas and staple length could not be
accessed. Therefore, the relation between stapler, pancreatic
tissue, and thickness could not be evaluated. In light of the rele-
vant literature, POPF is likely to be mainly related to pancreatic

tissue, thickness and closure technique. More clinical trials are
needed on the appropriateness of the closure technique for
pancreatictissueandthickness.

In a study with 232 consecutive patients undergoing distal
pancreatectomy, Goh et al. found a mortality rate of 3% and a
morbidity rate of 47% by using the Dindo et al.’s classification.*
Kleef et al. reported a mortality rate of 2% in 302 consecutive
patients who underwentdistal pancreatectomy.” Inthe current
study, the mortality rate of the patients was 2.6%, the morbidity
rate was 65.8%, the major complication rate of grade 3 and
higher grades was 28.9%. Therefore, the morbidity and
mortality rates found in this study were similar to those
revealed in studies using similar criteria to identify complica-
tions.

This study has two limitations. The study has a retrospective
designanddataaboutthe width ofthe main pancreatic duct, the
thickness of the pancreatic stump, and the staple length could
not be gathered, which is likely to affect the results. In addition,
postoperative results could have been collected and evaluated
inmoredetail.

CONCLUSION

Pancreatic fistula is still the most frequent complication,
secondary todistal pancreatectomy. Soft pancreatic parenchyma
was an independent predictor of clinically relevant POPF. Distal
pancreatectomycanbelinkedwithagreaterpredispositiontoclin-
ically relevant POPF if the pancreatic remnant is closed only with
staplers. However, the risk of POPF decreases when additional
suturesare utilised.
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