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Predictors of postoperative pancreatic
fistula after splenectomy with or
without distal pancreatectomy
performed as a component of
cytoreductive surgery for advanced
ovarian cancer

Kyoko Nishikimi @, Shinichi Tate @, Ayumu Matsuoka (), Satoyo Otsuka @),
Makio Shozu

Department of Gynecology, Chiba University Graduate School of Medicine, Chiba, Japan

ABSTRACT

Objective: Splenectomy with or without distal pancreatectomy is occasionally performed
during cytoreductive surgery for advanced ovarian cancer. We investigated pre-, intra-,
postoperative risk factors and predictors of clinically relevant postoperative pancreatic fistula
(CR-POPF) in patients who underwent cytoreductive surgery for advanced ovarian cancer.
Methods: We investigated 165 consecutive patients with ovarian, fallopian tube, and
peritoneal carcinoma categorized as stage III/IV disease, who underwent splenectomy with or
without distal pancreatectomy as a component of cytoreductive surgery performed as initial
treatment at Chiba University Hospital. Patient characteristics, clinical factors, and surgical
outcomes were compared between those with and without CR-POPEF.

Results: CR-POPF occurred in 20 patients (12%). There were no significant intergroup
differences in the characteristics between patients with CR-POPF and patients without
CR-POPF except for operative time, intraoperative blood loss, amylase (AMY) levels in drain
fluid on postoperative day (POD)1 and POD3, and pancreatic stump thickness. Multivariate
analysis showed that the POD3 drain fluid AMY level was the only significant risk factor and
predictor of CR-POPF in patients who underwent cytoreductive surgery for advanced ovarian
cancer. The receiver operating characteristic curve of the POD3 drain fluid AMY level, which
predicted development of CR-POPF showed an area under the curve of 0.77, and the optimal
cut-off value of AMY was 808 U/L. A pancreatic fistula did not occur in patients with POD3
drain fluid AMY levels <130 U/L.

Conclusion: The POD3 drain fluid AMY level can be early diagnostic predictor CR-POPF after
splenectomy with or without distal pancreatectomy for advanced ovarian cancer.

Keywords: Ovarian Cancer; Cytoreductive Surgery; Splenectomy; Pancreatectomy;
Pancreatic Fistula
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Synopsis

Pancreatic fistula is a common complication of Splenectomy with distal pancreatectomy.
The postoperative day 3 drain fluid amylase (AMY) can predict clinically relevant
postoperative pancreatic fistula. The receiver operating characteristic curve of the
postoperative day (POD) 3 drain fluid AMY level showed an area under the curve of 0.77.
The optimal cut-off value of the POD3 drain fluid AMY level was 808 U/L.

INTRODUCTION

Ovarian cancers often metastasize to the spleen and to the greater omentum near the splenic
hilum. Splenectomy concomitant with distal pancreatectomy is occasionally required during

cytoreductive surgery because the pancreatic tail is in close proximity to the splenic hilum. In
fact, the pancreatic tail is often inseparable from the splenic hilum during interval debulking
surgery owing to fibrosis observed after neoadjuvant chemotherapy.

Pancreatic fistula is a common complication of distal pancreatectomy with concurrent
splenectomy. The incidence of pancreatic fistula after distal pancreatectomy performed for
pancreatic tumors is 3%—-49% [1-8]. Most patients with biochemical pancreatic juice leakage
are asymptomatic. Usually, clinically relevant postoperative pancreatic fistula (CR-POPF) is
treated using a conservative approach that includes percutaneous drainage and/or antibiotic
administration. However, CR-POPF may occasionally lead to intra-abdominal abscess
formation and life-threatening arterial bleeding. Reportedly, pancreatic fistula after distal
pancreatectomy in patients with pancreatic cancer is associated with pancreatic parenchymal
thickness [8,9], intraoperative blood loss, operative time [10,11], concomitant splenectomy
[10], no elective ligation of the main pancreatic duct, pancreatic body transection [1], visceral
fat area, and open passive drainage [11]. However, the risk factors and predictors of CR-POPF
after cytoreductive surgery for ovarian cancer are unknown, and these may be different from
those of pancreatic cancer because usually, the pancreas resected during ovarian cancer
surgery is normal and is invariably smaller than that resected during pancreatic cancer
surgery. Moreover, in addition to splenectomy with distal pancreatectomy, cytoreductive
surgery includes multi-organ resections, which result in significant blood loss and a long
operative time. Therefore, it is important to determine the specific risk factors and predictors
for optimal management of CR-POPF in patients who undergo ovarian cancer surgery.

The postoperative drain fluid amylase (AMY) level is a known predictor of pancreatic fistula
in patients who undergo distal pancreatectomy for pancreatic cancer [12-14]. Specifically, the
AMY levels in the drain fluid analyzed on postoperative day (POD) 1 or POD3 can predict CR-
POPF in cases of pancreatic cancer. Prediction of pancreatic fistula is useful to determine the
appropriate timing for drain removal. However, whether the postoperative drain fluid AMY
levels can predict the development of a pancreatic fistula in patients who undergo ovarian
cancer surgery remains unclear. Following were the aims of this study: 1) To investigate the
risk factors and predictors of CR-POPF and, 2) to confirm whether the drain fluid AMY level
can predict the development of CR-POPF in patients who undergo ovarian cancer surgery.
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MATERIALS AND METHODS

1. Patients

This study was approved by the Institutional Review Board of Chiba University Graduate
School of Medicine (Number 4139). Of 405 consecutive patients with ovarian, fallopian
tube, and peritoneal carcinoma categorized as the International Federation of Gynecology
and Obstetrics classification (FIGO) 2014 stage III/IV disease who received initial treatment
at Chiba University Hospital between April 2008 and March 2021, we investigated 165
consecutive patients who underwent splenectomy with or without distal pancreatectomy as
a component of cytoreductive surgery for initial treatment. Patient data were recorded from
a prospectively maintained database. Patient characteristics, clinical factors, and surgical
outcomes were obtained from the database and patients' medical records.

2. Splenectomy with or without distal pancreatectomy and intra-abdominal
drain placement
After detachment of the perisplenic ligaments and those around the pancreatic tail, the
TachoSil® tissue sealing sheet was wrapped around the pancreatic tail and the splenic vessels
[15]. The pancreatic tail and surrounding tissue were gradually compressed for 5 min and
transected over 5 min using a linear stapler (Endo GIA® or Signia®; Covidien, Tokyo, Japan)
to prevent the pancreatic parenchyma from tearing [16]. We did not divide the splenic hilum
and pancreatic tail to prevent pancreatic injury (specifically to prevent injury during interval
debulking surgery after neoadjuvant chemotherapy) and to ensure complete tumor resection
with presumed omental tail involvement between the splenic hilum and the pancreatic tail.
In patients in whom the splenic hilum tumor was visible, the resection line of the pancreatic
tail was immediately proximal to the splenic hilum tumor; however, in patients in whom the
tumor was not visible during interval debulking surgery, we used a linear stapler to excise the
pancreatic tail in a straight line that connected the upper and lower splenic poles. The length
of the resected pancreatic tail ranged from 0.5 cm to 2 cm in most patients who underwent
this procedure. The pancreatic tail was not included in the resection line in some patients.

Only the first two patients who were treated during the study period underwent pancreatic
tail transection using a cold knife, pancreatic duct ligation, and hand-sewn closure.

A polyglycolic acid sheet (Neoveil; Gunze Co., Tokyo, Japan) was wrapped around the stump
for stump coverage and closure, and fibrin glue (Beriplast; Behring, Marburg, Germany) was
instilled along the sheet.

A closed-suction drain was inserted into the left subdiaphragmatic space, and a closed-
suction drain was placed posterior to the transection stump of the distal pancreas in patients
who underwent the operation after October 2016.

3. Management of drains and measurement of drain fluid AMY

AMY levels in the drain fluid were routinely measured on POD1 and POD3 and every 2 or 3
days thereafter until drain removal. In patients who had two drains around the pancreatic
stump, the drain fluid which showed a higher AMY level was used for analysis. The drain was
removed on PODG-8 after the drain fluid AMY level measured within three times the upper
limit of institutional normal serum AMY level (<396 U/L) and the volume of drained fluid
tended to decrease in principle. Even in patients with drain AMY levels higher than three
times the upper limit of institutional normal serum AMY level at on POD6-8, the drain was

https://doi.org/10.3802/jg0.2022.33.e30 3/14



JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Predictors of postoperative pancreatic fistula

https://ejgo.org

removed when fistulography (contrast agent injection into the drain under radiographic
guidance) revealed only a simple tract; we did not observe spread of the contrast agent in
the tissue surrounding the drain tract [17]. Among patients in whom a simple tract was not
observed on PODG6-8, the timing of drain removal was based on the following criteria: 1)
drain AMY level measured within three times the upper limit of the institutional normal
serum AMY level, or 2) fistulography performed every once or twice/week showed a mature
tract without spread of the contrast agent and, or 3) drain fluid was serous in nature without
signs of infection.

4. Definition of postoperative pancreatic fistula

Pancreatic fistula was defined based on the International Study Group on Pancreatic

Surgery (ISGPS) definition updated in 2016 [18]. POPF grade B is defined as drain fluid

with an AMY levels >3 times the upper limit of institutional normal serum AMY level
accompanied by clinical symptoms such as persistent drainage >3 weeks that necessitate
clinical interventions, including modifications in the management strategy, percutaneous or
endoscopic drainage, and angiography for bleeding, or antibiotic administration for signs of
infection without organ failure. POPF grade C refers to organ failure or clinical instability that
necessitates reoperation. Grades B and C are categorized as CR-POPF.

Biochemical leakage (originally categorized as grade A based on the former ISGPS definition)
is not considered to be CR-POPF according to the revised ISGPS definition because
biochemical leakage is clinically insignificant and is not considered a true pancreatic fistula
or an actual complication [18].

5. Management of CR-POPF

Closed suction drainage was continued as long as the drainage was appropriate.
Fistulography was performed on PODG6-8 and once or twice a week thereafter. The drain
was repositioned or a new drain was inserted under radiographic guidance in patients in
whom the drain placed during cytoreductive surgery was not appropriately positioned. The
drain was replaced with a new drainage tube to prevent retrograde infection in patients
who required long-term drainage. Antibiotics were administered to patients with signs of
infection. Total parental nutrition and somatostatin analogs were administered to only some
patients during the early study period; most patients continued to receive oral feeds during
the study period. The drain was removed when clinical symptoms showed improvement
and infections were controlled only after the drain fluid AMY level was within three times
the upper limit of institutional normal serum AMY level and the volume of fluid tended to
decrease, or in patients in whom fistulography revealed a simple tract without spread of the
contrast agent in the tissue surrounding the drain tract.

6. Area under the receiver operating characteristic (ROC) curve and optimal
cut-off value of AMY for prediction of CR-POPF

The POD1 and POD3 drain fluid AMY levels were measured as predictors of CR-POPF.

We calculated the area under the ROCs curve and the optimal cut-off values of AMY. The

sensitivity and specificity of cut-off values were calculated. The optimal cut-off value was

determined using the Youden index as follows: sensitivity+specificity-1. The Youden index

ranged from O to 1 for each cut-off value. An optimal cut-off value was defined as the highest

Youden index.

https://doi.org/10.3802/jg0.2022.33.e30 414
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7. Statistical analysis

Using the chi-square test for categorical variables and the Wilcoxon's rank sum test for
continuous variables, we analyzed the following clinical variables to determine their
correlation with the incidence of CR-POPF: preoperative factors (age, primary site of cancer,
patients' performance status, cancer stage, histopathological characteristics, serum albumin
level before cytoreductive surgery), intraoperative factors (operative time, intraoperative
blood loss, timing of cytoreductive surgery, the peritoneal cancer index [19,20], surgical
complex score [21], residual disease, pancreatic involvement based on histopathological
examination of the resected specimen), and postoperative factors (drain fluid AMY levels on
POD1 and POD3, distance of the pancreatic stump and splenic hilum, and pancreatic stump
thickness). Variables that were significant on univariate analysis were subjected to multiple
logistic regression analysis. All statistical analyses were performed using the JMP software,
version 11 (SAS, Cary, NC, USA), and a p-value <0.05 was considered statistically significant.
Odds ratios for multivariable analysis were reported with corresponding 95% confidence
intervals. Progression-free and overall survival were analyzed using Kaplan—Meier curves for
patients who did and did not develop CR-POPF.

RESULTS

1. Patients characteristics

CR-POPF grade B occurred in 18 (10.9%) and CR-POPF grade C in 2 (1.2%) patients. Among
74 patients with POD3 drain AMY levels >3 times the upper limit of institutional normal
serum AMY level on POD3, 16 patients developed CR-POPF and remaining 58 patients did
not develop CR-POPF.

Table 1 summarizes the characteristics of patients with and without CR-POPF. We observed
no significant intergroup differences except for the operative time, intraoperative blood loss,
POD1 and POD3 drain fluid AMY levels, and pancreatic stump thickness.

The median POD1 and POD3 drain fluid AMY levels were 1685 U/L and 381 U/L, respectively,
and these levels were significantly higher in patients with CR-POPF than in patients without
CR-POPF (p=0.001 and p<0.001, respectively).

Pancreatic tail involvement was not observed on histopathological examination in 23 0f 155
patients who underwent splenectomy with distal pancreatectomy. Splenectomy without
distal pancreatectomy was performed in 10 patients in whom the pancreatic tail was
sufficiently far and could be safely separated from the splenic hilum. The incidence of CR-
POPF did not significantly differ between patients with and without pancreatic involvement
based on histopathological examination of resected specimens (p=0.371).

The median period between surgery and removing drains in all patients was 10 days.

2. Histopathological findings in the resected specimen of pancreatic tail
specimens

Histopathological evaluation showed carcinoma adjacent to the pancreatic capsule in one

patient. No patient had carcinoma of the pancreatic parenchyma. However, we detected

carcinoma in the connective tissue between the pancreatic tail and splenic hilum in 72 of the

132 patients (55%) in whom histopathological evaluation of the resected specimens showed

https://doi.org/10.3802/jg0.2022.33.e30 5/14
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Table 1. Patients' characteristics

Characteristics All (n=165) No CR-POPF (n=145) CR-POPF (n=20) p-value
Preoperative variable
Age, median [IQR] 64[51-71] 65[52-72] 60 [46-71] 0.119
Primary site 0.074
Ovary 90 78 12
Fallopian tube 66 61 5
Peritoneum 9 6
Performance status 0.533
0 26 22 4
1 75 69 6
2 51 43 8
3 13 11 2
FIGO stage 0.078
1A 0 (o}
1B 2 1 1
1c 79 74 5/
IVA 18 15 8
IVB 66 55} 11
Histology 0.815
High-grade serous 143 126 17
Non high-grade serous 22 19 3
Low-grade serous 2 2 0
Clear 11 10 1
Endometrioid 3 2 1
Mucinous 1 1 0
Carcinosarcoma 5 4 1
Pretreatment serum albumin (g/dL), median [IQR] 3.1[2.7-3.6] 3.1[2.7-3.6] 3.4[2.6-4.0] 0.270
Intraoperative variables
Operative time (min), median [IQR] 620 [524-716] 609 [521-703] 718 [610-820] <0.001
Intraoperative blood loss (mL), median [IQR] 2,050[1,290-3,273] 1,945[1,230-3,163] 2,980[2,046-4,353] 0.014
Timing of cytoreductive surgery
Primary 31 24 7 0.065
Interval 134 121 13
Peritoneal cancer index, median [IQR] 20 [16-24] 20 [16-24] 19[17-22] 0.388
Surgical complex score, median [IQR] 15[13-16] 15[13-16] 15[13-17] 0.122
Residual disease 0.239
ocm 151 133 18
0.1-1cm 12 11 1
>lcm 2 1 1
Involvement of pancreas in histological examination of resected specimen 132 114 18 0.371
Postoperative variables
POD1 drain amylase level, median [IQR] 1,685 [785-4,498] 1,505 [704-3,831] 4,274 [1,845-7,537] 0.001
POD3 drain amylase level, median [IQR] 381[138-821] 355[128-726] 1,369 [449-3,231] <0.001
Length of the pancreatic stump and splenic hilum, median [IQR] 1.5[1.0-2.2] 1.5[1.0-2.0] 2.0[1.4-3.0] 0.061
Pancreatic stump thickness, median [IQR] 1.0[0.5-1.2] 1.0[0.5-1.2] 1.1[1.0-1.7] 0.004

CR-POPF, clinically relevant postoperative pancreatic fistula; FIGO, The International Federation of Gynecology and Obstetrics; IQR, interquartile range; POD,
postoperative day.

pancreatic involvement. On histopathological evaluation, the median distance between the
carcinoma and the pancreatic tail capsule was 5 mm (interquartile range [IQR]=3-8 mm) and
that between the splenic hilum and pancreatic tail was 2 mm (IQR=1-6 mm) (Fig. 1).

3. Outcomes of patients who developed CR-POPF

All 18 patients who developed POPF grade B recovered with percutaneous drainage and
antibiotic administration. The median duration of drainage was 26 days. Two of 18 patients
developed latent POPF on POD20 and 29; one patient underwent reinsertion of the drain
into the left upper abdomen and recovered after 16 days of drain placement and the other
underwent endoscopic ultrasonography guided pseudocyst drainage.

https://ejgo.org https://doi.org/10.3802/jg0.2022.33.e30 6/14
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Fig. 1. Location of carcinoma between splenic hilum and pancreatic tail on histopathological evaluation. (a)
Distance between splenic hilum and pancreatic tail (median, 2 mm). (b) Distance between the carcinoma
(highlighted in red) and the pancreatic tail capsule (median, 5 mm). (c) Distance between splenic hilum and
pancreatic stump (median, 15 mm).

Of the two patients with POPF grade C, one patient developed intra-abdominal bleeding
from the right external iliac artery on POD10 and underwent reoperation; however, she

died of multi-organ failure on POD57. The other patient was readmitted to our hospital

on POD29 with left upper abdominal pain and fever and was diagnosed with latent POPF.
She underwent pancreatic body resection and main pancreatic duct ligation on POD44,
following a reduction in the drain output; however, pancreatic leakage persisted. On PODG63,
the patient underwent endoscopic pancreatic stenting and endoscopic ultrasound-guided
biopsy of a low echoic lesion of the pancreatic head. Subsequently, we observed resolution
of the pancreatic fistula. Histopathological evaluation suggested microscopic carcinoma of
the pancreatic head; however, this diagnosis could not be confirmed. Preoperative computed
tomography and intraoperative finding did not reveal a pancreatic head tumor. Moreover,
histopathological evaluation of resected specimens of the pancreatic tail and body did not
show carcinoma. Computed tomography performed 4 months after the initial cytoreductive
surgery revealed pancreatic head cancer (3 cm lesion), and she received chemoradiotherapy
using tegafur-gimeracil-oteracil potassium.

4. ROC curve for cut-off values of variables associated with CR-POPF
The cut-off values of variables associated with CR-POPF were analyzed using the ROC curve
and the Youden index.

The ROC curve for operative time and intraoperative blood loss showed an area under the curve
(AUC) of 0.70 and of 0.67, respectively (Fig. 2A and B). The most accurate cut-off values for
operative time and intraoperative blood loss calculated using the Youden index were 703 min
(sensitivity 60%, specificity 75%) and 2,570 mL (sensitivity 70%, specificity 64%), respectively.

The ROC curve for POD1 and POD3 drain fluid AMY levels for prediction of CR-POPF showed
an AUC of 0.72 and 0.77, respectively (Fig. 2C and D). The most accurate cut-off values for
POD1 and POD3 drain fluid AMY levels calculated using the Youden index were 1,765 U/L
(sensitivity 85%, specificity 57%) and 808 U/L (sensitivity 65%, specificity 79%), respectively.

https://doi.org/10.3802/jg0.2022.33.e30 7/14
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Fig. 2. Receiver operating characteristic curve for cut-off values of variables associated with clinically relevant postoperative pancreatic fistula. (A) Operative
time, AUC 0.70. (B) Intraoperative blood loss, AUC 0.67. (C) Postoperative day 1drain amylase level, AUC 0.72. (D) Postoperative day 3 drain amylase level, AUC

0.77. (E) Pancreatic stump thickness, AUC 0.72.

AUC, area under the curve.

https://ejgo.org

The ROC curve of pancreatic stump thickness showed an AUC of 0.72, and the most accurate
cut-off value of pancreatic stump thickness was 0.8 cm (sensitivity 100%, specificity, 35%)
(Fig. 2E).

Analysis of data from 132 patients with pancreatic involvement (confirmed on
histopathological examination of resected specimens) showed that the variables significantly
associated with CR-POPF and their cut-off values were the same as those observed on analysis
of data from all 165 patients included in the study.

5. Univariate and multivariate analysis of predictors of CR-POPF

Univariate analysis showed that operative time >703 min, intraoperative blood loss >2,570 mL,
PODI1 drain fluid AMY levels >1,765 U/L, POD3 drain fluid AMY levels >808 U/L, and pancreatic
stump thickness >0.8 cm were significantly associated with CR-POPF (Table 2). However,

the POD3 drain fluid AMY level >808 U/L was the only significant predictor observed on
multivariate analysis.

Multivariate analysis of data from 132 patients with pancreatic involvement on

histopathological evaluation of resected specimens showed that POD3 drain fluid AMY level
>808 U/L was the only significant predictor of CR-POPF (Table S1).

https://doi.org/10.3802/jg0.2022.33.e30 8/14
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Table 2. Univariate and multivariate analysis of predictors of clinically relevant postoperative pancreatic fistula

Variables Univariate analysis Multivariate analysis

Hazard ratio 95% ClI p-value Hazard ratio 95% ClI p-value
Operative time >703 min 3.84 1.47-10.27 <0.001 2.33 0.63-8.77 0.202
Intraoperative blood loss >2,570 mL 3.32 1.28-9.33 0.014 2.96 0.80-11.90 0.103
POD1 drain amylase level >1,765 I/U 5.29 1.82-19.23 0.002 3.28 0.82-17.00 0.096
POD3 drain amylase level >808 1/U 5.72 2.16-15.98 <0.001 5.52 1.61-21.19 <0.001
Pancreatic stump thickness >0.8 cm 3.32 1.00-15.06 0.049 2.16 0.55-10.90 0.278

Cl, confidence intervals; POD, postoperative day.

Table 3. Sensitivity, specificity, and positive and negative predictive values of different cut-off levels for postoperative day 3 drain fluid amylase levels

Postoperative day 3 drain amylase level (U/L) Sensitivity Specificity Positive predictive value Negative predictive value
130 100% 35% 17% 100%
350 80% 48% 19% 94%
800 65% 79% 32% 94%
1,400 50% 87% 37% 92%
2,000 35% 92% 41% 90%
4,000 20% 96% 44% 89%
5,000 15% 97% 43% 88%

6. Sensitivity, specificity, and positive and negative predictive values of
different cut-off levels for POD 3 drain fluid AMY levels

Table 3 shows the sensitivity, specificity, as well as positive and negative predictive values of

different cut-off values for POD3 drain fluid AMY levels. POD3 drain fluid AMY levels <130

U/L ruled out CR-POPF with 100% sensitivity and showed 100% negative predictive value.

POD3 drain fluid AMY levels >5,000 U/L showed the highest specificity (97%).

7. Survival

The median observation period in this study was 38 months. We observed no significant
intergroup difference in progression-free survival (median: 22 months in patients with
CR-POPF and 32 months in patients without CR-POPF, p=0.568, log-rank test) and overall
survival (median: not reached in patients with CR-POPF and 80 months in patients without
CR-POPF, p=0.873, log-rank) (Fig. 3).

A B
10 —— CR-POPF (+) 101 —— CR-POPF (+)
CR-POPF (-) CR-POPF (-)
0.8 0.8 1
0.6 0.6
& 8
0.4+ . . ; 0.4 4
0.2 0.2
p=0.568, log-rank test p=0.873, log-rank test
0 12 24 36 48 60 72 84 96 108 12 0 12 24 36 48 60 72 84 96 108 120
Time (mo) Time (mo)

Fig. 3. Survival in patients with clinically relevant postoperative pancreatic fistula and without clinically relevant postoperative pancreatic fistula. (A)
Progression-free survival, median: 22 months in patients with CR-POPF and 32 months in patients without CR-POPF, p=0.568, log-rank test. (B) Overall survival,
median: not reached in patients with CR-POPF and 80 months in patients without CR-POPF, p=0.873, log-rank.

CR-POPF, clinically relevant postoperative pancreatic fistula; OS, overall survival; PFS, progressive-free survival.
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DISCUSSION

This study highlighted that the POD3 drain fluid AMY level is an early diagnostic predictor
of CR-POPF after splenectomy with or without distal pancreatectomy performed for ovarian
cancer. Prediction and early diagnosis of CR-POPF enables accurate and safe management
of patients in the early postoperative period. The POD3 drain fluid AMY level is useful to
identify patients who require accelerated postoperative care for CR-POPF and to identify
those in whom early drain removal can be attempted. POD3 drain fluid AMY levels >808
U/L necessitate intensive postoperative care, such as switching the patient's antibiotic to a
different agent, computed tomography imaging, and drain replacement to prevent serious
abdominal infection or bleeding. Based on the 100% sensitivity and negative predictive
values observed in our study, we conclude that early drain removal is safe in patients with
POD3 drain fluid AMY levels <130 U/L.

Intra- or postoperative variables could predict CR-POPF in this study. Univariate analysis
showed that operative time, intraoperative blood loss, POD1 and POD3 drain fluid AMY
levels, and pancreatic stump thickness were associated with CR-POPF. In contrast,
preoperative factors could not predict CR-POPF in this study. These results concur with the
results of a previous study that reported POPF after distal pancreatectomy in patients with
pancreatic cancer [1,10-14]. Several studies have reported that the POD1 drain fluid AMY
level serves as a predictor of CR-POPF in patients who undergo distal pancreatectomy for
pancreatic cancer [12-14], and a few studies have observed that the POD3 drain fluid AMY
level was also a predictor of CR-POPF in this patient population [22,23]. Although univariate
analysis performed in our study showed that the POD1 and POD3 drain fluid AMY levels were
predictors of CR-POPF, the POD3 drain fluid AMY level was the only predictor observed on
multivariate analysis. In most patients who did not develop CR-POPF, the drain AMY level
rapidly decreased from POD1 to POD3 [14]. Therefore, a high drain AMY level detected on
POD3 indicates a delay in reduction of the AMY level from POD1 to POD3, which suggests an
abnormal postoperative course.

Studies performed in patients with pancreatic cancer who underwent distal pancreatectomy
have reported varied optimal cut-off levels for the prediction of POPF. The cut-off level was
defined by the most balanced sensitivity and specificity, high sensitivity, and high negative
predictive values. Based on the most balanced sensitivity and specificity, simplicity and easy
clinical applicability, we observed that the POD3 drain fluid AMY level of 800 U/L was the
optimal cut-off value in this study. Yoshino et al. investigated patients who developed POPF
after distal pancreatectomy for pancreatic cancer and observed that the POD3 drain fluid
AMY level 0f 1029 U/L was an optimal cut-off value for POPF using ROC analysis [22]; notably,
this level was higher than that observed in our study. The AUC was 0.76, and the sensitivity
and specificity were 73.1% and 75.8%, respectively in the study reported by Yoshino et al.
[22]. Newhook et al. [23] reported that POD3 drain fluid AMY levels <26 U/L could exclude
POPF with 100% sensitivity; notably, this level was lower than that observed in our study. It is
necessary to determine a specific cut-off level in patients who undergo ovarian cancer surgery
because usually, the pancreas resected during ovarian cancer surgery is smaller than that
resected in patients with pancreatic cancer. Moreover, the pancreatic parenchyma is normal,
and bowel resection is often performed concomitant with splenectomy. Furthermore, the
resection procedure and techniques used for stump closure differ across departments and
hospitals. Therefore, it is necessary to establish a specific cut-off level that is applicable for
each department and hospital.
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Early drain removal is widely implemented to reduce infection and consequent POPF in
patients with pancreatic cancer [24,25]. Kawai et al. [24] reported that drain infections
occurred on approximately POD7. Based on our results, we concluded that drains could be
removed on POD3 in patients with drain fluid AMY levels <130 U/L (100% sensitivity and
negative predictive value). The timing of drain removal should be carefully determined

to avoid the reinsertion of drains. No study has described early drain removal after distal
pancreatectomy performed for ovarian cancer surgery; however, early drain removal is known
to reduce the risk of retrograde infection and length of hospitalization in patients at a low risk
of development of CR-POPF.

Currently, the risk factors and predictors of CR-POPF after cytoreductive surgery for
advanced ovarian cancer remain unknown. A few reports have discussed POPF after

distal pancreatectomy performed in patients with advanced ovarian cancer; however, only
approximately 20 patients underwent this operation [26,27]. Therefore, it is difficult to
definitively establish the risk factors and predictors based on investigation of a small number
of patients. Sozzi et al. [26] reported that hyperthermic intraperitoneal chemotherapy and
cholecystectomy were independently associated with POPF in 22 patients who underwent
distal pancreatectomy during ovarian cancer surgery. However, to date, hyperthermic
intraperitoneal chemotherapy is not accepted as the standard treatment in clinical practice,
and cholecystectomy is rarely performed as a component of advanced ovarian cancer surgery.
To date, our study, which included 165 patients in whom we investigated the incidence of
POPF after splenectomy with or without distal pancreatectomy for ovarian cancer, is the
largest study to discuss this subject. The POD3 drain fluid AMY level, which was an early
diagnostic predictor of CR-POPF in our study, is easy to measure in routine clinical practice
and our findings will certainly serve as guidelines for prediction of POPF in patients who
undergo ovarian cancer surgery.

The rate of distal pancreatectomy among patients who underwent splenectomy was higher in
this study than that reported by other studies that have described this operation in patients
with ovarian cancer; the rate of distal pancreatectomy ranged from 4.5% to 41% in other
studies [28-31]. The high rate of distal pancreatectomy observed in our study is attributable
to the fact that 134 0f 165 (81%) patients underwent interval debulking surgery. Division

of the pancreatic tail from the splenic hilum is relatively easy during primary debulking
surgery. However, division of the pancreatic tail from the splenic hilum is challenging during
interval debulking surgery secondary to post-chemotherapy fibrosis and shortening of

the distance between the pancreatic tail and splenic hilum, which are invariably observed

in these patients. In view of the distance between the splenic hilum and pancreatic tail
capsule (median 2 mm) and that between the pancreatic capsule and carcinoma (median

5 mm) observed on histopathological evaluation of the resected specimens in our study,

it was reasonable to conclude that division of the splenic hilum and pancreatic tail would

be unsafe. Therefore, our hospital's surgical policy for splenectomy with or without distal
pancreatectomy involves complete tumor resection with omental resection for presumed
metastases between the splenic hilum and pancreatic tail in addition to metastatic splenic
tumor removal and avoiding injury to the pancreatic capsule. Although the rate of distal
pancreatectomy in this study was higher than that reported by previous studies among
patients who underwent ovarian cancer surgery, the incidence of CR-POPF was not higher
than that observed in those studies (5.5%—-33%) [29,30,32]. In our study, the incidence of CR-
POPF did not significantly differ between patients with and without pancreatic involvement
based on histopathological examination of resected specimens. Predictors and cut-off
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JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Predictors of postoperative pancreatic fistula

https://ejgo.org

values were the same between patients with and without pancreatic involvement based on
histopathological examination of resected specimens.

Histopathological evaluation showed metastatic carcinoma between the pancreatic tail

and splenic hilum in more than 50% of the patients included in our study, although we did
not detect pancreatic parenchymal invasion in any patient. A few studies have reported

the histopathological findings in patients with ovarian cancer, who underwent distal
pancreatectomy during primary cytoreduction. Kehoe et al. reported peripancreatic and
pancreatic parenchymal metastasis in 12 and 1 patient, respectively among 17 patients

who underwent distal pancreatectomy during primary cytoreduction [28]. Xiang et al. [32]
reported pancreatic parenchymal invasion in two of nine patients who underwent distal
pancreatectomy during primary cytoreduction. The aforementioned studies included a small
number of patients, and the timing of cytoreduction differed from that used in our study;
therefore, it is difficult to compare the histopathological findings observed in our study with
those reported by previous studies. We did not observe pancreatic parenchymal invasion,
which may be attributed to the high rate of interval debulking surgery performed in our study.
Our surgical procedure was aimed at resection of peripancreatic metastases located within 10
mm of the pancreatic capsule; the median distance between the pancreatic stump and splenic
hilum was 1.5 cm in our study.

Following are the limitations of this study: 1) The retrospective single-center design is

a drawback of this study. Whether the optimal cut-off values identified in this study are
generalizable across hospitals should be clarified in future studies. 2) Resection procedures
and stump closure techniques differ across hospitals. However, in our study, the surgical
procedures adopted during the study period were all performed by the same surgical team
that included the same gynecologic oncologists. Therefore, the data from our study are
uniform. Moreover, to date, ours is the largest study that investigated splenectomy with distal
pancreatectomy in patients who underwent ovarian cancer surgery.

In conclusion, the POD3 drain fluid AMY level serves as an early diagnostic predictor of
CR-POPF after splenectomy with or without distal pancreatectomy in patients who undergo
ovarian cancer surgery. Prediction and early diagnosis of CR-POPF enables accurate and safe

management of patients in the early postoperative period. Further research is warranted to
validate the optimal cut-off value of the drain fluid AMY level across hospitals.

ACKNOWLEDGEMENTS

We acknowledge Ms. Risa Ishimura for drawing the illustration.

SUPPLEMENTARY MATERIAL

Table S1

Univariate and multivariate analysis of predictors of clinically relevant postoperative
pancreatic fistula in 132 patients with pancreatic involvement confirmed on histopathological

examination of resected specimens

Click here to view

https://doi.org/10.3802/jg0.2022.33.e30 12/14


http://ejgo.org/DownloadSupplMaterial.php?id=10.3802/jgo.2022.33.e30&fn=jgo-33-e30-s001.xls

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Predictors of postoperative pancreatic fistula

https://ejgo.org

REFERENCES

10.

11.

12.

13.

14.

15.

16.

Pannegeon V, Pessaux P, Sauvanet A, Vullierme MP, Kianmanesh R, Belghiti J. Pancreatic fistula

after distal pancreatectomy: predictive risk factors and value of conservative treatment. Arch Surg
20006;141:1071-6.

PUBMED | CROSSREF

Ridolfini MP, Alfieri S, Gourgiotis S, Di Miceli D, Rotondi F, Quero G, et al. Risk factors associated with
pancreatic fistula after distal pancreatectomy, which technique of pancreatic stump closure is more
beneficial? World ] Gastroenterol 2007;13:5096-100.

PUBMED | CROSSREF

Seeliger H, Christians S, Angele MK, Kleespies A, Eichhorn ME, Ischenko I, et al. Risk factors for surgical
complications in distal pancreatectomy. Am J Surg 2010;200:311-7.

PUBMED | CROSSREF

Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, IzbickiJ, et al. Postoperative pancreatic fistula: an
international study group (ISGPF) definition. Surgery 2005;138:8-13.

PUBMED | CROSSREF

Knaebel HP, Diener MK, Wente MN, Biichler MW, Seiler CM. Systematic review and meta-analysis of
technique for closure of the pancreatic remnant after distal pancreatectomy. Br J Surg 2005;92:539-46.
PUBMED | CROSSREF

Zhou W, Lv R, Wang X, Mou Y, Cai X, Herr L. Stapler vs suture closure of pancreatic remnant after distal
pancreatectomy: a meta-analysis. Am J Surg 2010;200:529-36.

PUBMED | CROSSREF

Ecker BL, McMillan MT, Allegrini V, Bassi C, Beane JD, Beckman RM, et al. Risk factors and mitigation
strategies for pancreatic fistula after distal pancreatectomy: analysis of 2026 resections from the
International, Multi-institutional Distal Pancreatectomy Study Group. Ann Surg 2019;269:143-9.
PUBMED | CROSSREF

Sugimoto M, Gotohda N, Kato Y, Takahashi S, Kinoshita T, Shibasaki H, et al. Risk factor analysis and
prevention of postoperative pancreatic fistula after distal pancreatectomy with stapler use. ] Hepatobiliary
Pancreat Sci 2013;20:538-44.

PUBMED | CROSSREF

Mendoza AS 3rd, Han HS, Ahn S, Yoon YS, ChoJY, Choi Y. Predictive factors associated with
postoperative pancreatic fistula after laparoscopic distal pancreatectomy: a 10-year single-institution
experience. Surg Endosc 2016;30:649-56.

PUBMED | CROSSREF

Song KB, Hong S, Kim H]J, Park Y, Kwon J, Lee W, et al. Predictive factors associated with complications
after laparoscopic distal pancreatectomy. J Clin Med 2020;9:9.

PUBMED | CROSSREF

Vanbrugghe C, Ronot M, Cauchy F, Hobeika C, Dokmak S, Aussilhou B, et al. Visceral obesity and open
passive drainage increase the risk of pancreatic fistula following distal pancreatectomy. ] Gastrointest
Surg 2019;23:1414-24.

PUBMED | CROSSREF

Maggino L, Malleo G, Bassi C, Allegrini V, Beane JD, Beckman RM, et al. Identification of an optimal
cut-off for drain fluid amylase on postoperative day 1 for predicting clinically relevant fistula after distal
pancreatectomy: a multi-institutional analysis and external validation. Ann Surg 2019;269:337-43.
PUBMED | CROSSREF

Partelli S, Tamburrino D, Crippa S, Facci E, Zardini C, Falconi M. Evaluation of a predictive model for
pancreatic fistula based on amylase value in drains after pancreatic resection. Am J Surg 2014;208:634-9.
PUBMED | CROSSREF

Molinari E, Bassi C, Salvia R, Butturini G, Crippa S, Talamini G, et al. Amylase value in drains after
pancreatic resection as predictive factor of postoperative pancreatic fistula: results of a prospective study
in 137 patients. Ann Surg 2007;246:281-7.

PUBMED | CROSSREF

Mita K, Ito H, Fukumoto M, Murabayashi R, Koizumi K, Hayashi T, et al. A fibrin adhesive sealing
method for the prevention of pancreatic fistula following distal pancreatectomy. Hepatogastroenterology
2011;58:604-8.

PUBMED

Nakamura M, Ueda J, Kohno H, Aly MY, Takahata S, Shimizu S, et al. Prolonged peri-firing compression
with a linear stapler prevents pancreatic fistula in laparoscopic distal pancreatectomy. Surg Endosc
2011;25:867-71.

PUBMED | CROSSREF

https://doi.org/10.3802/jg0.2022.33.e30 13/14


http://www.ncbi.nlm.nih.gov/pubmed/17116799
https://doi.org/10.1001/archsurg.141.11.1071
http://www.ncbi.nlm.nih.gov/pubmed/17876875
https://doi.org/10.3748/wjg.v13.i38.5096
http://www.ncbi.nlm.nih.gov/pubmed/20381788
https://doi.org/10.1016/j.amjsurg.2009.10.022
http://www.ncbi.nlm.nih.gov/pubmed/16003309
https://doi.org/10.1016/j.surg.2005.05.001
http://www.ncbi.nlm.nih.gov/pubmed/15852419
https://doi.org/10.1002/bjs.5000
http://www.ncbi.nlm.nih.gov/pubmed/20538249
https://doi.org/10.1016/j.amjsurg.2009.12.022
http://www.ncbi.nlm.nih.gov/pubmed/28857813
https://doi.org/10.1097/SLA.0000000000002491
http://www.ncbi.nlm.nih.gov/pubmed/23430057
https://doi.org/10.1007/s00534-013-0596-0
http://www.ncbi.nlm.nih.gov/pubmed/26091993
https://doi.org/10.1007/s00464-015-4255-1
http://www.ncbi.nlm.nih.gov/pubmed/32858997
https://doi.org/10.3390/jcm9092766
http://www.ncbi.nlm.nih.gov/pubmed/30120668
https://doi.org/10.1007/s11605-018-3878-7
http://www.ncbi.nlm.nih.gov/pubmed/28938266
https://doi.org/10.1097/SLA.0000000000002532
http://www.ncbi.nlm.nih.gov/pubmed/25001423
https://doi.org/10.1016/j.amjsurg.2014.03.011
http://www.ncbi.nlm.nih.gov/pubmed/17667507
https://doi.org/10.1097/SLA.0b013e3180caa42f
http://www.ncbi.nlm.nih.gov/pubmed/21661439
http://www.ncbi.nlm.nih.gov/pubmed/20730447
https://doi.org/10.1007/s00464-010-1285-6

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Predictors of postoperative pancreatic fistula

https://ejgo.org

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Takeda Y, Saiura A, Inoue Y, Mise Y, Ishizawa T, Takahashi Y, et al. Early fistulography can predict
whether biochemical leakage develops to clinically relevant postoperative pancreatic fistula. World J Surg
2020;44:1252-9.

PUBMED | CROSSREF

Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The 2016 update of the
International Study Group (ISGPS) definition and grading of postoperative pancreatic fistula: 11 years
after. Surgery 2017;161:584-91.

PUBMED | CROSSREF

Sugarbaker PH, Jablonski KA. Prognostic features of 51 colorectal and 130 appendiceal cancer patients
with peritoneal carcinomatosis treated by cytoreductive surgery and intraperitoneal chemotherapy. Ann
Surg 1995;221:124-32.

PUBMED | CROSSREF

Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis and staging of patients

with peritoneal carcinomatosis. In: Sugarbaker PH, editor. Peritoneal carcinomatosis: principles of
management. Boston, MA: Springer US; 1996. p. 359-74.

Aletti GD, Santillan A, Eisenhauer EL, Hu J, Aletti G, Podratz KC, et al. A new frontier for quality of care
in gynecologic oncology surgery: multi-institutional assessment of short-term outcomes for ovarian
cancer using a risk-adjusted model. Gynecol Oncol 2007;107:99-106.

PUBMED | CROSSREF

Yoshino J, Ban D, Ogura T, Ogawa K, Ono H, Mitsunori Y, et al. The clinical implications of peripancreatic
fluid collection after distal pancreatectomy. World J Surg 2019;43:2069-76.

PUBMED | CROSSREF

Newhook TE, Vega EA, Vreeland TJ, Prakash L, Dewhurst WL, Bruno ML, et al. Early postoperative drain
fluid amylase in risk-stratified patients promotes tailored post-pancreatectomy drain management and
potential for accelerated discharge. Surgery 2020;167:442-7.

PUBMED | CROSSREF

Kawai M, Tani M, Terasawa H, Ina S, Hirono S, Nishioka R, et al. Early removal of prophylactic drains
reduces the risk of intra-abdominal infections in patients with pancreatic head resection: prospective
study for 104 consecutive patients. Ann Surg 2006;244:1-7.

PUBMED | CROSSREF

Bassi C, Molinari E, Malleo G, Crippa S, Butturini G, Salvia R, et al. Early versus late drain removal after
standard pancreatic resections: results of a prospective randomized trial. Ann Surg 2010;252:207-14.
PUBMED | CROSSREF

Sozzi G, Petrillo M, Berretta R, Capozzi VA, Paci G, Musico G, et al. Incidence, predictors and clinical
outcome of pancreatic fistula in patients receiving splenectomy for advanced or recurrent ovarian cancer:
a large multicentric experience. Arch Gynecol Obstet 2020;302:707-14.

PUBMED | CROSSREF

Bizzarri N, Korompelis P, Ghirardi V, O'Donnell RL, Rundle S, Naik R. Post-operative pancreatic fistula
following splenectomy with or without distal pancreatectomy at cytoreductive surgery in advanced
ovarian cancer. Int ] Gynecol Cancer 2020;30:1043-51.

PUBMED | CROSSREF

Kehoe SM, Eisenhauer EL, Abu-Rustum NR, Sonoda Y, D'Angelica M, Jarnagin WR, et al. Incidence

and management of pancreatic leaks after splenectomy with distal pancreatectomy performed during
primary cytoreductive surgery for advanced ovarian, peritoneal and fallopian tube cancer. Gynecol Oncol
2009;112:496-500.

PUBMED | CROSSREF

Bacalbasa N, Balescu I, Dima S, Brasoveanu V, Popescu I. Pancreatic resection as part of cytoreductive
surgery in advanced-stage and recurrent epithelial ovarian cancer--a single-center experience. Anticancer
Res 2015;35:4125-9.

PUBMED

Chi DS, Zivanovic O, Levinson KL, Kolev V, Huh J, Dottino J, et al. The incidence of major complications
after the performance of extensive upper abdominal surgical procedures during primary cytoreduction of
advanced ovarian, tubal, and peritoneal carcinomas. Gynecol Oncol 2010;119:38-42.

PUBMED | CROSSREF

Rodriguez N, Miller A, Richard SD, Rungruang B, Hamilton CA, Bookman MA, et al. Upper abdominal
procedures in advanced stage ovarian or primary peritoneal carcinoma patients with minimal or no gross
residual disease: an analysis of Gynecologic Oncology Group (GOG) 182. Gynecol Oncol 2013;130:487-92.
PUBMED | CROSSREF

Xiang L, TuY, He T, Shen X, Li Z, Wu X, et al. Distal pancreatectomy with splenectomy for the management of
splenic hilum metastasis in cytoreductive surgery of epithelial ovarian cancer. ] Gynecol Oncol 2016;27:e62.
PUBMED | CROSSREF

https://doi.org/10.3802/jg0.2022.33.e30 14/14


http://www.ncbi.nlm.nih.gov/pubmed/31820055
https://doi.org/10.1007/s00268-019-05315-1
http://www.ncbi.nlm.nih.gov/pubmed/28040257
https://doi.org/10.1016/j.surg.2016.11.014
http://www.ncbi.nlm.nih.gov/pubmed/7857141
https://doi.org/10.1097/00000658-199502000-00002
http://www.ncbi.nlm.nih.gov/pubmed/17602726
https://doi.org/10.1016/j.ygyno.2007.05.032
http://www.ncbi.nlm.nih.gov/pubmed/31004209
https://doi.org/10.1007/s00268-019-05009-8
http://www.ncbi.nlm.nih.gov/pubmed/31727324
https://doi.org/10.1016/j.surg.2019.09.015
http://www.ncbi.nlm.nih.gov/pubmed/16794381
https://doi.org/10.1097/01.sla.0000218077.14035.a6
http://www.ncbi.nlm.nih.gov/pubmed/20622661
https://doi.org/10.1097/SLA.0b013e3181e61e88
http://www.ncbi.nlm.nih.gov/pubmed/32648028
https://doi.org/10.1007/s00404-020-05684-2
http://www.ncbi.nlm.nih.gov/pubmed/32546641
https://doi.org/10.1136/ijgc-2020-001312
http://www.ncbi.nlm.nih.gov/pubmed/19091388
https://doi.org/10.1016/j.ygyno.2008.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26124365
http://www.ncbi.nlm.nih.gov/pubmed/20609464
https://doi.org/10.1016/j.ygyno.2010.05.031
http://www.ncbi.nlm.nih.gov/pubmed/23791702
https://doi.org/10.1016/j.ygyno.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/27550408
https://doi.org/10.3802/jgo.2016.27.e62

	Predictors of postoperative pancreatic fistula after splenectomy with or without distal pancreatectomy performed as a component of cytoreductive surgery for advanced ovarian cancer
	Synopsis
	INTRODUCTION
	MATERIALS AND METHODS
	2. Splenectomy with or without distal pancreatectomy and intra-abdominal drain placement
	3. Management of drains and measurement of drain fluid AMY
	4. Definition of postoperative pancreatic fistula
	5. Management of CR-POPF
	6. Area under the receiver operating characteristic (ROC) curve and optimal cut-off value of AMY for prediction of CR-POPF
	7. Statistical analysis

	RESULTS
	2. Histopathological findings in the resected specimen of pancreatic tail specimens
	3. Outcomes of patients who developed CR-POPF
	4. ROC curve for cut-off values of variables associated with CR-POPF
	5. Univariate and multivariate analysis of predictors of CR-POPF
	6. Sensitivity, specificity, and positive and negative predictive values of different cut-off levels for POD 3 drain fluid AMY levels
	7. Survival

	DISCUSSION
	SUPPLEMENTARY MATERIAL
	Table S1

	REFERENCES


