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Background: The aim of this study was to determine the predictive factors for pancreatic

fistula (PF) after distal pancreatectomy (DP) among preoperative and intraoperative

parameters, and to clarify the patients who did not require drain placement.

Methods: Between July 2009 and April 2017, a total of 102 consecutive patients underwent

DP at Hyogo College of Medicine. Preoperative and intraoperative data were collected,

and the predictors of PF after DP were identified. PF was identified in 35 patients (34%).

In the multivariate analysis, 3 factors [body mass index (BMI) �22.4, contiguous organ

resection, and pancreatic thickness �11 mm] were found to be independent predictors of

PF (odds ratio, 5.7; 95% confidence interval, 1.9–17; P ¼ 0.002 odds ratio, 6.7; 95%

confidence interval, 1.6–28; P ¼ 0.009; odds ratio, 11.6; 95% confidence interval, 3.7–36;

P , 0.001, respectively).

Results: A scoring scale for the prediction of PF was developed. BMI �22.4 (score: 1),

contiguous organ resection (score: 1), and pancreatic thickness �11 mm (score: 2) were

included in the scoring scale. Patients with a score of 0 never developed PF, whereas PF

occurred in all patients with a score of 4.

Conclusions: BMI �22.4, contiguous organ resection, and pancreatic thickness �11 mm

were predictive factors for PF after DP. No patients with BMI ,22.4, no contiguous organ

resection, and a pancreatic thickness of ,11 mm developed PF after DP, indicating that such

patients may not require drain placement.

Key words: Distal pancreatectomy – Pancreatic fistula – Prediction – Drain

Corresponding author: Kazuhiro Suzumura, MD, PhD, 1-1, Mukogawa, Nishinomiya, Hyogo 663-8501, Japan.

Tel.: þ81 798 45 6582; Fax: þ81 798 45 6581; E-mail: ssuzumu@hyo-med.ac.jp

244 Int Surg 2019;104

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access



The mortality rate of distal pancreatectomy (DP)
has fallen to ,5%; however, the procedure still

has a high morbidity rate (16%–50%) despite recent
progress in surgical techniques and perioperative
management.1–7 Pancreatic fistula (PF) is one of the
main complications after DP and can be associated
with additional complications, such as intra-abdom-
inal hemorrhage and abscess.8–10 Thus, the predic-
tion of PF after DP is important for postoperative
management.

Prophylactic drains after pancreatectomy are
useful for monitoring to detect intra-abdominal
bleeding, as well as for the detection and drainage
of PF.11,12 Most surgeons use a prophylactic drain
after DP. However, the increased risk of intra-
abdominal infection is a major disadvantage of
drain placement. Recently, some studies demon-
strated no benefit for the routine performance of
prophylactic drainage after pancreatectomy.13–16

However, a previous study reported that the
postoperative mortality rate in a no-drain group
was high (4.5%).17 Thus, it is important that we
precisely select patients without the need for a
prophylactic drain. However, studies that consider
cases that do not require prophylactic drains,
although ensuring safety, have not yet been report-
ed.

The aim of this study was to determine the
predictive factors for PF after DP among preopera-
tive and intraoperative parameters, and to clarify
the patients who did not require drain placement.

Patients and Methods

Patients

A total of 102 consecutive patients who underwent
DP at Hyogo College of Medicine between July 2009
and April 2017 were retrospectively investigated.
The following preoperative data were collected: age,
sex, body mass index (BMI), comorbidities, blood
tests, disease, and neoadjuvant chemotherapy. The
intraoperative data, including operative procedure,
operative time, intraoperative blood loss, blood
transfusion, pancreatic texture, contiguous organ
or vessel resection, and pancreas thickness, were
also examined. The grading of PF was assessed
according to the International Study Group defini-
tion.18 The grade previously defined as grade A was
redefined as biochemical leak. Grade B/C PF was
considered to be PF. Delayed gastric emptying and
postpancreatectomy hemorrhage were also defined
according to the definitions proposed by the
International Study Group of Pancreatic Surgery.19,20

The thickness of the pancreatic parenchyma at the
resection line was measured on computed tomog-
raphy before surgery. Mortality was defined as
death in the hospital or death within 30 days after
surgery.

The study was approved by the ethics committee
of Hyogo College of Medicine (No. 2672).

Surgical procedure

All surgical procedures were performed by a
gastroenterologic surgeon who was board-certified
in Japan. The method of pancreatic stump closure
and the transection line of the pancreas were
selected at the surgeon’s discretion. The patients
mainly underwent 1 of 3 types of pancreatic stump
closure: the clamp-crushing by means of the Child
Kelly procedure with main pancreatic duct ligation,
or ultrasonic scissors with main pancreatic duct
ligation or stapler closure. For malignant tumors,
radical resection of the distal pancreas with regional
lymph node dissection and splenectomy was per-
formed. For benign or low-grade malignant tumors,
we considered laparoscopic surgery [laparoscopic
distal pancreatectomy or laparoscopic spleen-pre-
serving distal pancreatectomy (SPDP)]. After DP, a
closed drain (20 Fr) was placed near the stump of
the remnant pancreas. No patient received octreo-
tide after surgery.

Statistical analysis

The data were expressed as medians. The v2 test,
Fisher exact test, and Mann-Whitney U test were
used for the comparison of categoric variables, as
appropriate. A receiver-operating characteristics
curve was constructed to estimate the optimal cutoff
values for age, serum albumin, serum amylase,
operative time, intraoperative blood loss, and
thickness of the pancreas as predictive factors for
PF. P values of ,0.05 were considered to indicate
statistical significance. All statistical analyses were
performed using the SPSS software program (ver-
sion 21.0, SPSS Company, Chicago, Illinois).

Results

Patient characteristics and intraoperative outcomes

The patient characteristics are listed in Table 1. A
total of 102 patients [male, n ¼ 53; female, n ¼ 49;
median age, 71 years (range, 11–90 years)] were
included in the present study. The median BMI was
21.5 (range, 13.8–32.6). The study population in-
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cluded 32 patients with diabetes mellitus, 43

patients with hypertension, and 19 patients with

hyperlipidemia. The most common disease was

pancreatic cancer (47%), followed by intraductal

papillary mucinous neoplasm (14%). Open surgery

and laparoscopic surgery were performed in 78 and

24 cases, respectively. DP and SPDP were performed

in 86 cases (84%) and 16 cases (16%), respectively.

The median operative time was 379 minutes (range,

138–769 minutes). The median blood loss was 428

mL (range, 10–3300 mL). Eighty patients had a soft

pancreatic texture. Portal vein resection and celiac

artery resection were performed in 3 and 4 cases,

respectively. Contiguous organ resection was per-

formed in 16 cases [stomach, n¼ 8; colon, n ¼ 7; left

adrenal gland, n ¼ 4; left kidney, n ¼ 2; and jejunum,

n ¼ 2 (some cases overlapped)]. The median pan-

creatic thickness was 9.8 mm (range, 3.9–18.6 mm).

Postoperative outcomes

The postoperative complications and outcomes are
shown in Table 2. Biochemical leak and PF were
identified in 43 patients (42%) and 35 patients (34%),
respectively. Delayed gastric emptying, intra-ab-
dominal hemorrhage, intra-abdominal abscess, and
wound infection were observed in 9 patients (9%), 4
patients (4%), 3 patients (3%), and 6 patients (6%),
respectively. No patients underwent reoperation.
One death occurred due to cerebral infarction on the
ninth postoperative day.

Risk factors for pancreatic fistula after DP

The risk factors for PF after DP are shown in Table 3.
Univariate analysis and multivariate analysis were
performed to define the predictive factors of PF. The
receiver-operating characteristics curve analysis
revealed the following cutoff values: age, 66 years
[area under the curve (AUC) ¼ 0.449]; BMI, 22.4
(AUC ¼ 0.657) ; serum albumin, 4.2 g/dL
( A U C ¼ 0 . 5 5 2 ) ; s e r u m a m y l a s e , 9 7 U / L
(AUC ¼ 0.405); operative time, 423 minutes
(AUC ¼ 0.602); intraoperative blood loss, 280 mL
(AUC ¼ 0.612); and pancreatic thickness, 11 mm
(AUC ¼ 0.748). Five risk factors for PF after DP were
identified in the univariate analysis: BMI
(P ¼ 0.004), operative time (P ¼ 0.028), intraopera-
tive blood loss (P ¼ 0.039), contiguous organ resec-
tion (P ¼ 0.009), and pancreatic thickness
(P , 0.001). These 5 risk factors were included in a
multivariate analysis. A multivariate logistic regres-
sion analysis revealed that BMI (P ¼ 0.002; odds
ratio, 5.7; 95% confidence interval, 1.9–17), contigu-

Table 1 The patient characteristics and intraoperative outcomes

Value

Age, y (range) 71 (11–90)
Sex, male/female, n 53/49
BMI (range) 21.5 (13.8–32.6)
Diabetes mellitus, yes/no, n 32/70
Hypertension, yes/no, n 43/59
Hyperlipidemia, yes/no, n 19/83
Serum albumin, g/dL (range) 4.0 (2.7–5.1)
Serum amylase, U/L (range) 77 (26–921)
Disease, n (%)

PDAC 48 (47)
IPMN 14 (14)
MCN 10 (10)
NET 7 (7)
SPN 5 (5)
Other 18 (17)

Neoadjuvant chemotherapy, yes/no, n 8/94
Surgical procedure, n (%)

DP 86 (84)
SPDP 16 (16)

Open or laparoscopic DP, n (%)
Open DP 78 (76)
Laparoscopic DP 24 (24)

Operative time, min (range) 379 (138–769)
Intraoperative blood loss, mL (range) 428 (10–3300)
Intraoperative transfusion, yes/no, n 24/78
Pancreatic texture, soft/hard, n 80/22
Portal vein resection, yes/no, n 3/99
Celiac artery resection, yes/no, n 4/98
Contiguous organ resection, yes/no, n 16/86
Pancreatic thickness, mm (range) 9.8 (3.9–18.6)

IPMN, intraductal papillary mucinous neoplasm; MCN,
mucinous cystic neoplasm; NET, neuroendocrine tumor; PDAC,
pancreatic ductal adenocarcinoma; SPN, solid pseudopapillary
neoplasm.

Table 2 The postoperative outcomes

No. (%)

Pancreatic fistula
BL 43 (42)
Grade B 35 (34)
Grade C 0 (0)

Delayed gastric emptying
Grade A 5 (5)
Grade B 3 (3)
Grade C 1 (1)

Intra-abdominal hemorrhage
Grade A 0 (0)
Grade B 1 (1)
Grade C 3 (3)

Intra-abdominal abscess 3 (3)
Wound infection 6 (6)
Reoperation 0 (0)
Mortality 1 (1)

BL, biochemical leak.
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Table 3 The risk factors of pancreatic fistula after distal pancreatectomy

Univariate analysis Multivariate analysis

PF (�) n ¼ 67 PF (þ) n ¼ 35 P value Odds ratio 95% confidence interval P value

Age

,66 y 41 14 0.907

�66 y 26 21

Sex

Male 32 21 0.24

Female 35 14

BMI

,22.4 43 12 0.004 5.7 1.9–17 0.002

�22.4 24 23

Diabetes mellitus

þ 20 12 0.647

� 47 23
Hypertension

þ 30 13 0.459

� 37 22

Hyperlipidemia

þ 15 4 0.177

� 52 31

Serum albumin

,4.2 46 21 0.382

�4.2 21 14

Serum amylase

,97 41 24 0.462

�97 26 11

Disease

Benign 27 11 0.379

Malignant 40 24

Neoadjuvant chemotherapy

þ 4 4 0.33

� 63 31
Surgical procedure

DP 55 31 0.393

SPDP 12 4

Open or laparoscopic DP

Open DP 50 28 0.544

Laparoscopic DP 17 7

Operative time

,423 min 49 18 0.028 1.1 0.4–3.4 0.812

�423 min 18 17

Intraoperative blood loss

,280 mL 27 7 0.039 1.7 0.6–5.4 0.333

�280 mL 40 28

Intraoperative transfusion

þ 14 10 0.386

� 53 25

Pancreatic texture

Soft 52 28 0.781

Hard 15 7
Portal vein resection

þ 1 2 0.231

� 66 33

Celiac artery resection

þ 2 2 0.5

� 65 33

Contiguous organ resection

þ 6 10 0.009 6.7 1.6–28 0.009

� 61 25

Thickness of pancreas

,11 mm 54 13 ,0.001 11.6 3.7–36 ,0.001

�11 mm 13 22
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ous organ resection (P ¼ 0.009; odds ratio, 6.7; 95%
confidence interval, 1.6–28), and pancreatic thick-
ness (P , 0.001; odds ratio, 11.6; 95% confidence
interval, 3.7–36) were independent risk factors for
PF after DP.

Risk scoring scale analysis for pancreatic fistula

A scoring scale for the prediction of PF was
developed. Odds ratios from the multivariate model
were translated into corresponding risk scores.
Three predictive factors [BMI �22.4 (score: 1),
contiguous organ resection (score: 1), and pancreatic
thickness �11 mm (score: 2)] were included in the
scoring scale (Fig. 1a). The prevalence of PF
gradually increased in proportion with the score,
from 0% to 100% (total score 0, 0%; total score 1,
36%; total score 2, 38%; total score 3, 79%; total score
4, 100%; Fig. 1b). No patients with a score of 0
developed PF, whereas PF occurred in all patients
with a score of 4.

Discussion

PF, which is one of the main complications after DP,
can be associated with additional complications,
such as intra-abdominal hemorrhage and ab-
scess.8–10 Thus, the prediction of PF after DP is
important for postoperative management.

As a result we attempted to identify predictive
factors for PF after DP among preoperative and
intraoperative parameters. Three significant predic-
tors of PF after DP were identified and assigned

scores based on odds ratios: BMI �22.4 (score: 1),
contiguous organ resection (score: 1), and pancreatic
thickness �11 mm (score: 2). We developed a
scoring scale for the prediction of PF. According to
our scoring scale, no patients with a score of 0 (BMI
,22.4, no contiguous organ resection, and pancre-
atic thickness ,11 mm) developed PF, whereas PF
occurred in all patients with a score of 4 (BMI �22.4,
contiguous organ resection, and pancreatic thick-
ness �11 mm). Several studies reported risk factors
for PF after DP using patient characteristics and
intraoperative factors, such as BMI,21,22 and thick-
ness of the pancreatic parenchyma.23,24 These data
were thought to support the results of the present
study. Regarding contiguous organ resection, Fer-
rone et al25 reported additional organ resection was
a significant predictor of PF, and the incidence rate
of PF in patients undergoing additional colon or
small-bowel resection was 71%. In the present study,
the incidence of PF in patients undergoing addi-
tional colon or small-bowel resection was 60%. It
was thought that infection made it easier for PF to
occur in patients with contiguous organ resection.

Prophylactic drains after pancreatectomy allow
for monitoring to detect intra-abdominal bleeding,
as well as for the detection and drainage of PF.11,12

Most surgeons use a prophylactic drain. However, a
meta-analysis reported that the routine performance
of abdominal drainage increases the risk of major
complications after DP.14,15 The major disadvantage
of drain usage is the increased risk of intra-
abdominal infection. Yamashita et al26 reported that
the prevalence of infection in drained abdominal

Fig. 1 (a) Parameters with allocated scores. (b) Bar graph of the prevalence of clinically relevant pancreatic fistula.
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fluid gradually increased with time and was .10%
on postoperative day 7. Adham et al17 reported that
routine prophylactic drainage of the abdominal
cavity after pancreatic resection did not reduce the
frequency or severity of postoperative complica-
tions, including PF, but that the postoperative
mortality rate was high (4.5%) in a no-drain group.
Thus, patients who require drainage are appropri-
ately selected. In this study, patients with BMI
,22.4, no contiguous organ resection, and pancre-
atic thickness ,11 mm did not develop PF after DP.
Thus, drainage during DP may be unnecessary for
these patients. As a result of our findings in this
study, we were able to gain new insight into the fact
that it is possible to select patients who do not
require prophylactic drains, while still ensuring
their safety.

The current study had some limitations, includ-
ing the relatively small study population, the fact
that it was performed in a single institute, the
application of different stump closure methods, and
its retrospective nature. In the future, prospective
studies should be performed based on data of this
study.

In conclusion, BMI �22.4, contiguous organ
resection, and pancreatic thickness �11 mm were
predictive factors for PF after DP. Patients with BMI
,22.4, no contiguous organ resection, and pancre-
atic thickness ,11 mm did not develop PF after DP.
Thus, these patients may not require drainage
during DP.
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