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Abstract

Objectives Pancreatic fistula after distal pancreatectomy (DP) remains an unsolved problem, and postoperative CT
imaging often demonstrates fluid collection (FC) around the pancreatic remnant. This study sought to clarify the
clinical implications of FC.

Methods This study enrolled 146 patients who underwent DP. FC was defined as a cyst-like lesion > 10 mm in
diameter on CT imaging at postoperative day (POD) 7. FC size, irregularity of FC margin, and air bubbles in FC were
investigated. In addition, clinical data were retrospectively collected, and useful predictive factors for postoperative
pancreatic fistula (POPF) were analyzed.

Results Clinically relevant POPF was observed in 26 patients (17.8%), and FC was detected in 136 patients (94.4%).
Multivariate analysis identified FC size and drain amylase levels on POD3 as significant risk factors for POPF. Cutoff
values were determined by ROC analyses, and the levels of the FC size and drain amylase on POD3 were determined
as 41 mm and 1026 TU/L, respectively. The sensitivity and specificity of FC diameters > 41 mm were 76.9% and
75.0%, respectively, while those of drain amylase levels > 1026 IU on POD3 were 73.1% and 75.8%, respectively.
Conclusions While treating some FCs after DP was necessary for the management of POPF, others did not require
any intervention since most of them spontaneously disappeared. FC size and drain amylase levels on POD3 were

found to be significantly associated with POPF and could potentially help to determine appropriate treatment.
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Introduction

Postoperative pancreatic fistula (POPF) is one of the most
important complications after pancreatic resection and is
associated with several other complications such as intra-
abdominal abscess formation, hemorrhage, and sepsis. In
particular, POPF after distal pancreatectomy (DP) remains
an unsolved problem, with a reported incidence of 12-33%
for clinically relevant POPF [1-4].

POPF requires aggressive intervention in some cases,
making early detection vital. Clinical symptoms indicative
of POPF cases include abdominal pain, fever, purulent
discharge, and inflammatory markers in blood tests.
Computed tomography (CT) is the most useful modality
for screening of abdominal events during DP including
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abdominal abscess, free air, inflammation, and bleeding
[5-7], and has often revealed peripancreatic fluid collection
(FC) postoperatively [8-10]. Some FCs require invasive
treatments if a high amylase level is demonstrated on re-
aspiration, because it indicates delayed pancreatic fistula
[11], while other FCs do not cause any clinical problems
and can go untreated. This retrospective study thus aimed
to clarify the clinical implications of FC after DP, focusing
in particular on the features of FC on CT imaging.

Materials and methods
Patients and data collection

From January 2006 to December 2017, 183 patients
underwent DP at our institute. Of these, one patient was
excluded because she had undergone pancreatoduodenec-
tomy before DP. We performed CT scans at postoperative
day (POD) 7 after introducing a defined clinical pathway to
detect abdominal events such as abscess formation,
aneurysm, bleeding, and POPF. Of the 183 patients who
underwent DP, 146 were enrolled in this study. The other
37 patients did not receive CT scans at POD7 during the
transition period of the prescribed pathway and were
therefore excluded from this study.

The following patient information was obtained from a
prospective database combined with the hospital’s elec-
tronic patient records system: age, gender, body mass index
(BMI), primary disease, tumor size, thickness of the pan-
creas at resection line, operation duration, estimated blood
loss, stump closure methods for the pancreatic remnant,
grade of POPF, duration of drainage, and postoperative
hospital stay. Blood tests were routinely conducted on
PODI, 3, and 5. Drain amylase level was examined on
PODI and 3. Informed consent was obtained from all
individual participants included in the study. This study
was approved by the Human Research Ethics Committee of
Tokyo Medical and Dental University (No. 1080).

Surgical procedure

For cases of pancreatic ductal adenocarcinomas and tumors
with malignant potential, the pancreas was transected at the
level of the portal vein with radical lymph node dissection
and splenectomy. The pancreas was transected with a tri-
stapler or with a scalpel. After a scalpel resection, the
pancreatic remnant was closed by hand-sewn suture using
the fish mouth technique, following ligation of the main
pancreatic duct. The pancreatic stump was also completely
wrapped with an absorbable polyglycolic acid (PGA) sheet
and fibrin sealant for some patients at the discretion of the
attending surgeon.
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Drain management

A drainage tube (Blake drains, Ethicon, Somerville, NJ,
USA) was placed around the pancreatic stump via the left
subphrenic space, and the postoperative drainage volume
was recorded daily. Previous studies reported the impor-
tance of early drain removal [12—-14]; however, they did
not mention the risk of delayed pancreatic fistula [11]. We
carefully placed the drainage tube for 5 days or more after
surgery even if the drain amylase levels were low on POD1
and POD3. If no infection was observed by POD 5-7, the
drain was removed.

Definition of POPF

POPF was determined according to criteria established by
the 2016 update of the International Study Group on Pan-
creatic Fistula (ISGPS) [15], wherein POPF includes grade
B and C (clinically relevant POPF). The former grade A
POPF is regarded as a biochemical leak (BL) in the
updated criteria.

Assessment of peripancreatic FC and measurement
of pancreatic thickness

Contrast-enhanced CT scans were performed on POD7. FC
was defined as a cyst-like lesion > 10 mm in diameter
with a typical cyst-like appearance located at the pancreatic
resection margin [8]. The maximum diameter of FC was
evaluated on the axial viewing, with an FC diame-
ter < 10 mm or lack of FC defined as no FC. In addition to
the size of FC, we also evaluated other characteristics
including whether the FC margin on CT imaging was
smooth or irregular and whether air bubbles were present.
Pancreatic thickness of the transection line of the pancreas
was measured on postoperative CT imaging. Two review-
ers analyzed the CT images (D.B and J.Y), and average
values were adopted for the FC diameter and pancreatic
thickness.

Statistical analysis

To assess the risk factors for clinically relevant POPF,
clinical factors were compared using the Mann—Whitney U
test and the Chi-squared test. Variables with a
P value < 0.05 were incorporated into a multivariate
analysis, which used a logistic regression model to examine
the factors associated with clinically relevant POPF and
optimal cutoff values determined by receiver operating
characteristic (ROC) curve analysis. A P value < 0.05 was
considered statistically significant. All statistical analyses
were performed using the SPSS software version 25 (SPSS,
Chicago, IL, USA).
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Results
Patient characteristics

The perioperative characteristics and postoperative out-
comes of the 146 patients enrolled in this study are detailed
in Table 1. The median patient age was 65 years (range,
19-90 years), and the male-to-female ratio was 70:76.
Laparoscopic distal pancreatectomy was performed in 57
patients (39.0%), and the spleen was preserved in 10
patients (6.8%). In terms of primary disease, 37 patients
had pancreatic ductal carcinoma (25.3%), 54 had neu-
roendocrine tumor (37.0%), 24 had intraductal papillary
mucinous neoplasm (16.4%), 15 had mucinous cystic
neoplasm (10.3%), 7 had serous cystic neoplasm (3.8%),

Table 1 Perioperative characteristics and postoperative outcomes of
patients

Parameters N = 146
Age, median, y 65 (19-90)
Sex, male/female 70:76

BMI, median, kg/m2

Diagnosis, n

22.3 (15.6-31.7)

PDCA 37 (25.3%)
PNET 54 (37.0%)
IPMN 24 (16.4%)
MCN 15 (10.3%)
SCN 4 (2.7%)
Others 12 (8.2%)
Tumor size, median, mm 20 (6-110)
Thickness of pancreas, median, mm 16 (7-31)
History of previous laparotomy, n 24 (16.4%)
Preoperative diabetes mellitus, n 33 (22.6%)
Laparoscopic surgery, n 53 (36.3%)
Spleen preserving, n 4 (2.7%)
Closure method, n
Stapler 71 (48.6%)
Scalpel and hand-sewn suture 75 (51.4%)

Additional treatment to the stump of remnant pancreas, n
PGA sheet and fibrin sealant 114 (78.1%)

Postoperative pancreatic fistula, n

Biochemical leak 48 (32.9%)
Grade B 26 (17.1%)
Grade C 0 (0%)
Postoperative length of stay, median, days 13 (7-93)
Mortality rate within 90 days after operation 0 (0%)

DP, distal pancreatectomy; PDCA, pancreas ductal adenocarcinoma;
PNET, pancreas neuroendocrine tumor; IPMN, intraductal papillary
mucinous neoplasm; MCN, mucinous cystic neoplasm; SCN, serous
cystic neoplasm; PGA, polyglycolic acid; SD, standard deviation

and 12 had other diseases (10.4%). The median tumor size
was 20 mm (6-110 mm), and 33 patients (22.6%) had
diabetes mellitus before surgery. Clinically relevant POPF
developed in 26 patients (17.8%), and all patients had
grade B POPF. No patients died within 90 days after
surgery.

The features of FC around the pancreatic stump
on CT imaging

CT imaging revealed FC in 138 patients among the 146
patients (94.5%), and we evaluated the FC characteristics
on these scans. The median FC diameter was 34.3
(0-137.6) mm. Figure la shows a well-demarcated FC,
confined to a limited area by the cystic wall and containing
no air bubbles. On the other hand, Fig. 1b shows an FC
with poor boundaries and an irregular margin that was
unclearly extended into the peripancreatic space with the
presence of air bubbles. An irregular margin and air bub-
bles in the FC were detected in 90 patients (61.6%) and 56
patients (38.3%), respectively.

Analysis of risk factors for POPF

Univariate analysis identified the use of PGA sheet and
fibrin sealant, amount of blood loss, drain amylase levels
on POD1 and POD3, and the size of FC as significant risk
factors for POPF (Table 2). By multivariate analysis, drain
amylase level on POD3 and the size of FC were found to be
significant independent risk factors for clinically relevant
POPF (Table 3). The cutoff values were determined by
ROC analyses, and the level of the FC size and drain
amylase levels on POD3 were determined as 41 mm and
1026 TU/L, respectively. The area under curves (AUC) of
the FC size and drain amylase level on POD3 were 0.76
and 0.72, respectively (Fig. 2).

Risk classification of patients after DP based on fluid
collection and drain amylase levels on POD3

Patients were classified by the cutoff values for the FC size
and drain amylase level on POD3 (Fig. 3). The red squares
and blue circles indicate patients with and without clini-
cally relevant POPF, respectively. Patients were classified
into the following three subgroups based on the risk of
POPF according to FC size and drain amylase level on
POD3: High-risk patients had an FC size > 41 mm and
drain amylase levels > 1026 IU/L on POD3; low-risk
patients with an FC size < 41 mm and drain amylase
levels < 1026 IU/L on POD3; and, all other patients were
defined as intermediate risk. The incidence of POPF was
60.9% (14/23) in the high-risk group, 19.6% (11/56) in the
intermediate-risk group, and 1.5% (1/67) in the low-risk
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Fig. 1 Representative CT images showing fluid collections around
the pancreatic stump after distal pancreatectomy. CT images on
postoperative day 7 show FC at the resection margin after distal
pancreatectomy, with doubled-headed arrows showing the FC size.

group (P < 0.001). We next analyzed sensitivity, speci-
ficity, accuracy, positive predictive value (PPV), and neg-
ative predictive value (NPV) based on the FC size and
drain amylase level on POD3 for clinically relevant POPF
(Table 4). The combination of two factors (FC size > 41
mm and/or > 1026 IU/L of drain amylase level on POD3)
showed a 96.2% sensitivity and 55% specificity.

Natural course of FC

Surveillance by CT imaging was performed at 3-9 months
and 1 year after surgery. We followed the 80 patients who
showed no clinical problems by CT for more than 1 year
after surgery. The postoperative long-term course of FC
amount showed median FC diameters at 7 days,
3-9 months, and 1 year after surgery of 34.8 (0-112.7)
mm, 16 (0-103) mm, and 0 (0-57.2) mm, respectively
(Fig. 4). In these patients, 96.3% (77/80) of FCs showed
spontaneous regression and 77.5% (62/80) of FCs disap-
peared within 1 year.

Discussion

Peripancreatic FC is frequently observed after distal pan-
createctomy [9, 10, 16], and even in small studies, FC was
observed in most patients (~ 95%). We routinely checked
the peripancreatic FC on CT imaging to detect a potential
pancreatic fistula; however, peripancreatic FC does not
necessarily correlate with clinically relevant POPF, and
most FCs do not present clinical problems [8]. In this
study, spontaneous regression of FC was observed in 96%
of patients without any intervention, and complete disap-
pearance was seen in 78% patients within a year. Some
authors have also described the spontaneous regression of
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a. The FC was well demarcated and confined to a limited area by the
cystic wall, with no apparent air bubbles (white arrowhead). b. The
FC had poor boundaries and an irregular margin and was clearly
extended into peripancreatic space with air bubbles (white arrowhead)

FC after DP [9, 10]. On the other hand, in the case of
clinically relevant POPF, a decision must be made for
undertaking conservative or invasive treatments based on
various examinations including CT.

The usefulness of CT for diagnosing intra-abdominal
abscess has been reported in some studies, with CT atten-
uation, wall enhancement, wall thickness, fat stranding,
and entrapped gas in the collection identified as indicative
factors [17, 18]. At the beginning of this research, we
expected that detailed analyses of CT imaging would
reveal some characteristics of a clinically relevant POPF
that required intervention and provide predictive features to
help determine the appropriate management of FC. Con-
sequently, we investigated FC findings including the mar-
gin, the presence of air bubbles, CT attenuation, and
irregularity of content on CT imaging; however, the
heterogeneity of FC appearance rendered it difficult to
classify FCs into certain patterns, suggesting that various
CT findings of FC are not related to clinically relevant
POPF, and only the size of FC is a useful finding in
diagnosing POPF.

The drain amylase level has also been cited as a risk
factor for POPF, although the superiority of drain amylase
on POD1 or POD3 is controversial [19-24]. Our data
showed that drain amylase levels on POD3 were similarly
valuable as a risk factor for POPF to those recorded on
POD1 (Table 2). We thus utilized a drain amylase on
POD3 for further analyses in accordance with the ISGPF
criteria. Predictive cutoff values of drain amylase on POD3
ranged from 1000 to 3000 [25], supporting our initial data.

In a clinical setting, how to treat pancreatic fistula is
comprehensively determined by physical findings such as
fever and abdominal pain, inflammatory findings of blood
test, and imaging such as by CT examination. To this end,
Supplementary Table S1 demonstrates the clinical features
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Table 2 Univariate analysis of the risk factors for clinically relevant POPF
POPF (—) POPF (+)
N =120 N =26 P value

Preoperative factors

Age, median, y 63.5 (19-90) 67 (34-84) 0.516

Sex, n 0.506

Male (n = 70) 56 14

Female (n = 76) 64 12

BMI, median, kg/m? 22.2 (15.6-31.7) 23.0 (17.0-30.9) 0.403

Thickness of pancreas, median, mm 15.5 (7-31) 18.0 (8-27) 0.137

Preoperative Diabetes Mellitus, n 27 5 0.715

History of previous laparotomy, n 23 1 0.056
Intraoperative factors

Operation method, n 0.066

Laparoscopic (n = 57) 51 6

Open (n = 89) 69 20

Closure method, n 0.133

Stapler (n = 71) 62 9

Scalpel and hand-sewn suture (n = 75) 59 16

PGA sheet and fibrin sealant, n 99 15 0.006

Operative time, median, min 283 (141-625) 306 (179-570) 0.369

Blood loss, median, ml 262 (1-4300) 559 (1-3910) 0.007
Postoperative factors

Drain amylase on POD1, median, IU 2450 (142-28,600) 8780 (132-49,200) 0.001

Drain amylase on POD3, median, IU 342 (24-14900) 1510 (76-8430) 0.001

Serum CRP on POD1, median, mg/dl 6.6 (0.03-26.3) 7.0 (1.2-13.7) 0.884

Serum CRP on POD3, median, mg/dl 13.0 (1.59-38.4) 14.5 (3.4-26.5) 0.88
FC findings on CT imaging

Size of fluid collection, median, mm 31.1 (0-113) 56.4 (10-138) <0.001

Irregularity of the content, n 78 12 0.06

Air bubbles present, n 47 9 0.674

ClI, confidence interval; OR, odds ratio; SD, standard deviation, BMI, body mass index; POD, postoperative days

Table 3 Multivariate analysis of the risk factors for clinically relevant POPF

Risk factors P value 95% confidence interval
PGA sheet and fibrin sealant 0.140 0.087-1.41
Blood loss 0.339 0.539-6.01
>509 ml (n = 47)
Drain amylase level on POD3 < 0.001 2.99-32.0
>1026 IU (n = 42)
Size of fluid collection < 0.001 3.02-38.8

>41 mm (n = 61)
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Fig. 2 Receiver operating
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Fig. 3 Classification of patients after DP by the size of fluid
collection and drain amylase on POD3. The red squares and blue
circles indicate patients with and without clinically relevant POPF,
respectively. Patients were classified into three subgroups denoting
risk of POPF by the FC size and the drain amylase level on POD3:
Patients with FC size > 41 mm and > 1026 IU/L of drain amylase
level on POD3 were at high risk; patients with FC size < 41 mm
and < 1026 IU/L of drain amylase level on POD3 were at low risk;
all other patients were defined as intermediate risk

of 26 patients who needed some intervention for POPF. Of
these, 16 patients (61.5%) and 15 patients (57.7%) showed
abdominal pain and fever, respectively. These physical

manifestations are essential for decision making, alongside
subjective findings. CT imaging could therefore reveal a
potential POPF and make it possible to initiate suit-
able early intervention. Although CT imaging provides
various useful information, we often get lost in the decision
based on the detailed findings such as appearance of FC,
when in this work, the size of FC provided a more reliable
index than the detailed appearance of FC on CT imaging
with a sensitivity of 76.9% and specificity of 75% for this
index only. Importantly, combining the two factors (FC
size and drain amylase level) produced an even higher
sensitivity (96.2%).

This study provides unique information about the FC
after DP; however, several limitations should be described.
The data were retrospectively collected at one facility, and
thus, the criteria of intervention for clinically relevant
POPF depended on the attending surgeons. In addition, the
number of POPF cases was relatively small. The cutoff
value of drain amylase on POD3 and the FC size should be
validated in future prospective studies.

In conclusion, we found that while some FCs after DP
required treatment as part of the POPF management, others
needed no intervention and most of them spontaneously
disappeared. Further, FC size and drain amylase level on
POD3 were revealed to be significantly associated with

Table 4 Sensitivity, specificity, accuracy, PPV, and NPV based on two risk factors for clinically relevant POPF

Risk factors Sensitivity, % Specificity, % Accuracy, % PPV, % NPV, %
Size of fluid collection > 41 mm L 76.9 75 75.3 40 93.8
Drain amylase on POD3 > 1026 IU/L 73.1 75.8 75.3 39.6 929
Combination of two factors 96.2 55 62.3 31.6 98.5

PPV, positive predictive value; NPV, negative predictive value
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Fig. 4 Natural course of fluid collection after distal pancreatec-
tomy. Median diameters of the FC at 1 week, 3-9 months, and
1 year after surgery 34.8 (0-112.7) mm, 16.0 (0-103) mm, and O
(0-57.2) mm, respectively. In 98.2% (73/91) of cases, signs of FC
completely disappeared by postoperativel year

POPF, potentially facilitating decisions about appropriate
treatment.
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