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Background: Although mortality associated with pancreatic surgery has decreased dramatically, high
morbidity rates are still of major concern. This study aimed to identify the prevalence of, and risk factors
for, infectious complications after pancreatic surgery.
Methods: The Japanese Society of Pancreatic Surgery conducted a multi-institutional analysis of com-
plications in patients who underwent pancreaticoduodenectomy (PD) or distal pancreatectomy (DP)
between January 2010 and December 2012. Risk factors that were significantly associated with infec-
tious complications in univariable models were included in a multivariable logistic regression model, and
a nomogram was created to predict the risk of infectious complications after pancreatectomy.
Results: Infectious complications occurred in 1459 (35⋅2 per cent) of 4147 patients in the PD group
and 426 (25⋅2 per cent) of 1692 patients in the DP group (P < 0⋅001). Nine risk factors for infectious
complications after PD were identified: male sex, age 70 years or more, body mass index at least
25 kg/m2, other previous malignancy, liver disease, bile contamination, duration of surgery 7 h or longer,
intraoperative blood transfusion and soft pancreas. Five risk factors for infectious complications after
DP were identified: chronic steroid use, smoking, duration of surgery 5 h or more, intraoperative blood
transfusion and non-laparoscopic surgery. Occurrence of a postoperative infectious complication was
significantly associated with mortality and reoperation after PD (odds ratio (OR) 4⋅33, 95 per cent c.i. 2⋅01
to 9⋅92 and OR 3⋅26, 1⋅86 to 5⋅82, respectively) and DP (OR 6⋅32, 1⋅99 to 22⋅55; OR 3⋅74, 1⋅61 to 9⋅04).
Conclusion: Prolonged operating time, intraoperative blood transfusion, bile contamination (PD) and
non-laparoscopic surgery (DP) are risk factors for postoperative infectious complications that could be
targeted to improve outcome after pancreatectomy.
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Introduction

The number of pancreatic resections has increased, but
postoperative mortality has decreased in recent years1–4.
Although the perioperative mortality rate of pancreatico-
duodenectomy (PD) in high-volume centres is now around
1–2 per cent, the morbidity rate is still relatively high at
20–50 per cent2–7. Infectious complications are the main
cause of postoperative morbidity. In high-volume centres,
infectious complications occurred in nearly one-third of
patients who underwent PD and in one-quarter after distal
pancreatectomy (DP)8,9.

Optimal infection control is emerging as an indicator
for quality in surgery. Most inventions aimed at reducing
infectious complications have been applied to elective
general surgery or non-abdominal procedures includ-
ing either clean or clean-contaminated wounds10,11. Some
studies12–14 have focused on risk factors for infections asso-
ciated with pancreatic resection, but a global analysis of the
impact of infectious complications on short-term outcomes
after pancreatic resections has not been undertaken.

The aim of this study was to assess the landscape of
infectious complications after pancreatic surgery, and to
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identify risk factors for infectious complications after PD
and DP.

Methods

This nationwide multi-institutional analysis of infectious
complications after major pancreatic surgery was con-
ducted by the Japanese Society of Pancreatic Surgery
(JSPS), which validates data through inspection of ran-
domly selected institutions. Seventy-eight hospitals were
invited to participate in the study. All patients who under-
went PD or DP between January 2010 and December
2012 were included. Most institutions that participated
in the study had advanced skills training facility certi-
fication for hepatobiliary–pancreatic surgery from the
Japanese Society of Hepato-Biliary-Pancreatic Surgery.
These institutions met requirements concerning strict
data management and detailed case registration. In addi-
tion, the final database was carefully checked for clerical
errors by two physicians and one statistician before
analysis.

Definitions

Definitions of complications, including infectious
complications, were almost identical to those of the
American College of Surgeons National Surgical Quality
Improvement Program criteria (NSQIP®)15. Infectious
complications in the present study were defined as all post-
operative infectious complications including surgical-site
infection (wound infection, intra-abdominal abscess,
infected postoperative pancreatic fistula (POPF)) and
extraparietoabdominal infection (catheter infection, pneu-
monia, urinary tract infection). Infectious complications
were also identified as a specific clinical condition that
was related to infection by bacterium, fungus or virus
in a specific organ/compartment. A positive culture that
could not be linked to a specific clinical condition was not
defined as an infectious complication.

As NSQIP® 30-day mortality rates underestimate the
mortality rate for complicated surgical procedures such
as PD16, the present study used in-hospital mortality.
Mortality was defined as death before postoperative day
30 (in and out of hospital), and death among patients who
remained in hospital for 30 days or more after surgery
and died in hospital16. Complication severity was graded
according to the Dindo–Clavien classification17. Pan-
creatic fistula was defined according to the International
Study Group on Pancreatic Fistula guidelines18 by an
amylase level over three times the normal serum amylase
level in the drainage fluid on postoperative day 3. Infected

pancreatic fistula was defined as clinically relevant fistula
with infection proven by positive culture. Postoperative
intra-abdominal haemorrhage was defined as bleeding
requiring a blood transfusion, reoperation or interven-
tional radiology. An intra-abdominal abscess was defined
as intra-abdominal fluid collection with positive cultures
or organ/space surgical-site infection in the abdominal
cavity. A positive culture was not required to determine the
presence of an infection, where NSQIP® criteria were met
and the clinical picture was consistent. Cultured organisms
from organ/space infections were determined by positive
culture from the percutaneous drain in patients with a
clinical picture consistent with infection.

Preoperative, intraoperative and postoperative
variables

Patient demographics, performance status, smoking, medi-
cation use, co-morbidities, previous malignancies, previous
operations, use of neoadjuvant therapy, and preoperative
biliary drainage including biliary contamination were
recorded. Details of the operation, concomitant resection
of other visceral organs, duration of surgery, blood loss,
intraoperative blood transfusion, texture of the pancreas
(soft or hard) and perioperative antibiotic prophylaxis use
(type and duration) were also recorded for each patient.
Cut-off points were determined for each surgical proce-
dure based on the median value for duration of surgery
and estimated intraoperative blood loss.

The types of biliary drainage and the results of pre-
operative bile culture were also recorded for patients who
underwent preoperative biliary drainage before PD. Percu-
taneous transhepatic biliary drainage and endoscopic naso-
biliary drainage were categorized as external drainage, and
endoscopic retrograde biliary drainage as internal drainage.
Positive cultures of microorganisms in bile from a preoper-
ative biliary stent or intraoperative bile collection indicated
bile contamination. The types of microorganism collected
from the site of infection were noted for patients with infec-
tious complications.

Drain management

In most institutions (78 per cent), prophylactic drains
were placed routinely anterior to the surfaces of the
pancreaticojejunal anastomoses and dorsal to the chole-
dochojejunal anastomoses for PD. Prophylactic drains
were placed routinely on the side of the pancreas stump
and/or left subphrenic space for DP in 92 per cent of the
institutions. Drains were usually removed 3–7 days after
operation19.

© 2015 BJS Society Ltd www.bjs.co.uk BJS 2015; 102: 1551–1560
Published by John Wiley & Sons Ltd



Infectious complications after pancreatic resection 1553

Table 1 Complications following pancreaticoduodenectomy and distal pancreatectomy

Pancreaticoduodenectomy Distal pancreatectomy
(n=4147) (n=1692) P†

Age (years)* 70 (8–89) 68 (12–89)
Sex ratio (M : F) 2516 : 1631 873 : 819 <0⋅001‡
In-hospital death 77 (1⋅9) 22 (1⋅3) 0⋅191
Readmission 148 (3⋅6) 86 (5⋅1) 0⋅042
Reoperation 127 (3⋅1) 41 (2⋅4) 0⋅681
Duration of postoperative hospital stay (days)* 29 (5–921) 19 (2–205) <0⋅001‡
Patients with complication 2206 (53⋅2) 847 (50⋅1) 0⋅012
POPF (all) 1557 (37⋅5) 829 (49⋅0) < 0⋅001

ISGPF grade A 670 (16⋅2) 413 (24⋅4) < 0⋅001
ISGPF grade B 750 (18⋅1) 369 (21⋅8) < 0⋅001
ISGPF grade C 137 (3⋅3) 47 (2⋅8) 0⋅323

Delayed gastric emptying 606 (14⋅6) 94 (5⋅6) < 0⋅001
Intra-abdominal bleeding 206 (5⋅0) 46 (2⋅7) 0⋅012
Infectious complications 1459 (35⋅2) 426 (25⋅2) < 0⋅001

Infected POPF 887 (21⋅4) 416 (24⋅6) < 0⋅001
Intra-abdominal abscess 585 (14⋅1) 209 (12⋅4) 0⋅032
Wound infection 539 (13⋅0) 84 (5⋅0) < 0⋅001
Central venous line catheter infection 206 (5⋅0) 43 (2⋅5) <0⋅001
Cholangitis 175 (4⋅2) 7 (0⋅4) <0⋅001
Sepsis 172 (4⋅1) 38 (2⋅2) 0⋅003
Pneumonia 123 (3⋅0) 43 (2⋅5) 0⋅578
Pseudomembranous colitis 61 (1⋅5) 16 (0⋅9) 0⋅464
Fungaemia 57 (1⋅4) 19 (1⋅1) 0⋅663
Liver abscess 45 (1⋅1) 9 (0⋅5) 0⋅095§
Urinary tract infection 38 (0⋅9) 12 (0⋅7) 0⋅147§

Dindo–Clavien grade for infectious complications <0⋅001
I 182 (4⋅4) 49 (2⋅9)
II 597 (14⋅4) 153 (9⋅0)
IIIa 554 (13⋅4) 179 (10⋅6)
IIIb 38 (0⋅9) 14 (0⋅8)
IVa 25 (0⋅6) 3 (0⋅2)
IVb 8 (0⋅2) 4 (0⋅2)
V 33 (0⋅8) 6 (0⋅4)
Unknown 22 (0⋅5) 18 (1⋅1)

Values in parentheses are percentages unless indicated otherwise; *values are median (range). POPF, postoperative pancreatic fistula; ISGPF, International
Study Group on Pancreatic Fistula. †χ2 test, except ‡Mann–Whitney U test and §Fisher’s exact test.

Statistical analysis

Patient characteristics and clinical factors were compared
using the Mann–Whitney U test for continuous variables
and Fisher’s exact test or χ2 test for categorical variables.
Risk factors that were significantly associated with infec-
tious complications in univariable models (P < 0⋅050) were
included in a multivariable logistic regression model. The
coefficients derived from multivariable analysis were used
as weights in a nomogram to predict infectious com-
plications after pancreatic resection (PD and DP). The
discriminatory power of the logistic regression model
was summarized using the c-index and the model was
validated by employing tenfold cross-validation. Cali-
bration plots of the nomogram-predicted probabilities
and the observed probabilities were constructed and the
coefficients of determination (R2) calculated. P < 0⋅050 was

considered statistically significant. All statistical analyses
were performed using SAS® version 8.2 (SAS Institute,
Cary, North Carolina, USA).

Results

Seventy-eight hospitals were registered in the study. Nine
centres were excluded for not including patients or clerical
errors, which left 69 hospitals. A total of 5839 patients who
underwent pancreatectomy were analysed (4147 PD, 1692
DP). The median number of pancreatic resections during
the 3 years of registration was 57 (range 10–238) for PD
and 29 (range 1–106) for DP. In 59 participating hospitals
(86 per cent), PD was performed in more than ten patients
per year.
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Table 2 Primary disease and infectious complications after pancreatic resection

Pancreaticoduodenectomy (n=4147) Distal pancreatectomy (n=1692)

Infectious complication Infectious complication

Yes No Yes No
Total no. (n=1459) (n=2688) P* Total no. (n=426) (n=1266) P*

Pancreatic carcinoma 1804 524 (29⋅0) 1280 (71⋅0) – 846 258 (30⋅5) 588 (69⋅5)
Extrahepatic bile duct carcinoma 794 402 (50⋅6) 392 (49⋅4) < 0⋅001 n.a.
Ampulla of Vater carcinoma 448 197 (44⋅0) 251 (56⋅0) < 0⋅001 n.a.
IPMN 399 119 (29⋅8) 280 (70⋅2) 0⋅758 178 36 (20⋅2) 142 (79⋅8) 0⋅005
Duodenal carcinoma 122 55 (45⋅1) 67 (54⋅9) < 0⋅001 n.a.
Pancreatic neuroendocrine tumour 120 48 (40⋅0) 72 (60⋅0) 0⋅013 141 34 (24⋅1) 107 (75⋅9) 0⋅118
Pancreatic cystic tumour 60 16 (27) 44 (73) 0⋅687 190 40 (21⋅1) 150 (78⋅9) 0⋅008

Values in parentheses are percentages. IPMN, intraductal papillary mucinous neoplasm; n.a., not applicable. *Versus pancreatic carcinoma (χ2 test).

Postoperative (infectious) complications after
pancreatectomy

The percentage of patients with postoperative complica-
tions was significantly higher after PD than DP (Table 1).
Infectious complications occurred in 35⋅2 per cent in the
PD group and 25⋅2 per cent in the DP group (P < 0⋅001).
Some 18⋅8 and 15⋅9 per cent of patients developed minor
(grade I–II) and major (III–V) infectious complications
respectively after PD. In the DP group there was no dif-
ference in infectious complications between the patients
who underwent closure of the pancreatic remnant with a
stapler (666) or handsewn technique (527): 25⋅6 versus 24⋅8
per cent (P = 0⋅780). Grade B and C POPFs were found in
372 (63⋅6 per cent) of 585 patients with intra-abdominal
abscess in the PD group, and 150 (71⋅8 per cent) of 209
with intra-abdominal abscess in the DP group.

Cultured microorganisms

Microorganisms were cultured from drain fluid (8⋅9 per
cent), intra-abdominal abscesses (4⋅4 per cent), surgical
wounds (1⋅6 per cent), bile (1⋅6 per cent), central venous
catheters (1⋅2 per cent), blood (1⋅1 per cent), sputum (0⋅6
per cent), stool (0⋅4 per cent) and urine (0⋅2 per cent).
The most commonly cultured organisms in the PD group
were Enterococcus (10⋅3 per cent), Enterobacter (4⋅9 per
cent), Klebsiella (3⋅5 per cent), Pseudomonas (2⋅9 per cent)
and methicillin-resistant Staphylococcus aureus (2⋅7 per cent)
(Table S1, supporting information). In the DP group, a dif-
ferent spectrum was found, including the microbiology of
organ/space infections. There were no hospital outbreaks
of multiresistant bacteria during the study interval.

Perioperative antibiotic prophylaxis was given for
3 (range 1–6) days in the PD and DP groups. The
duration of antibiotic administration did not affect the inci-
dence of infectious complications after either procedure.

Second-generation cephalosporins were used most com-
monly in both PD (83⋅5 per cent) and DP (69⋅8 per cent).

Preoperative biliary drainage was performed in 1966
(47⋅4 per cent) of 4147 patients who underwent PD.
Microorganisms were isolated from the bile in 606 (36⋅7
per cent) of 1651 patients. The organisms were Entero-
coccus (259 patients, 42⋅7 per cent), Klebsiella (161, 26⋅6 per
cent), Enterobacter (86, 14⋅2 per cent), Streptococcus (77, 12⋅7
per cent) and Escherichia coli (72, 11⋅9 per cent). The three
most commonly cultured microorganisms were identical to
those isolated from organ spaces in patients with infectious
complications.

Primary disease and infectious complications

The primary disease was associated with incidence of
postoperative infectious complications (Table 2). Patients
with extrahepatic bile duct carcinoma, ampulla of Vater
carcinoma, duodenal carcinoma and endocrine tumour
had a higher incidence of postoperative infectious com-
plications than those with pancreatic carcinoma. Patients
with pancreatic carcinoma had a higher incidence of
postoperative infectious complications than those with
intraductal papillary mucinous neoplasm or cystic tumour
after DP.

Risk factors for infectious complications

Univariable analysis identified several risk factors for
infectious complications after PD (Table 3). Multivariable
analysis showed that male sex, age 70 years or more,
body mass index (BMI) at least 25 kg/m2, other previous
malignancy, liver disease, bile contamination, duration of
surgery 7 h or longer, intraoperative blood transfusion
and soft pancreas were independent risk factors related
to infectious complications after PD. Preoperative biliary
drainage was not an independent statistically significant

© 2015 BJS Society Ltd www.bjs.co.uk BJS 2015; 102: 1551–1560
Published by John Wiley & Sons Ltd



Infectious complications after pancreatic resection 1555

Table 3 Risk factors for infectious complications after pancreaticoduodenectomy and distal pancreatectomy

Pancreaticoduodenectomy (n=4147) Distal pancreatectomy (n=1692)

Multivariable analysis¶ Multivariable analysis¶
No. of

patients

Infectious
complication

(%) P§ Odds ratio* P
No. of

patients

Infectious
complication

(%) P§ Odds ratio* P

Preoperative variables
Male sex 2516 (60⋅7) 39⋅6 <0⋅001 1⋅29

(1⋅04, 1⋅60)
0⋅019 873 (51⋅6) 31⋅4 <0⋅001 1⋅05

(0⋅78, 1⋅41)
0⋅735

Age≥70 years 1887 (45⋅5) 40⋅1 <0⋅001 1⋅26
(1⋅04, 1⋅52)

0⋅013 711 (42⋅0) 29⋅0 0⋅2

BMI≥25 kg/m2 605 (14⋅6) 49⋅5 <0⋅001 1⋅53
(1⋅19, 1⋅97)

0⋅001 305 (18⋅0) 27⋅0 0⋅89

Serum albumin <3⋅5 g/dl 983 (23⋅7) 41⋅4 <0⋅001 1⋅02
(0⋅79, 1⋅21)

0⋅830 174 (10⋅3) 32⋅0 0⋅16

Lymphocyte count < 1000 /μl 705 (17⋅0) 35⋅6 0⋅62 335 (19⋅8) 22⋅9 0⋅11
Total cholesterol <130 mg/dl 493 (11⋅9) 37⋅9 0⋅6 86 (5⋅1) 31 0⋅55
Total bilirubin ≥1⋅0 g/dl 1675 (40⋅4) 37⋅8 0⋅06 267 (15⋅8) 26⋅1 0⋅85
Diabetes 1219 (29⋅4) 35⋅9 0⋅46 533 (31⋅5) 27⋅6 0⋅57
Other previous malignancies 713 (17⋅2) 46⋅5 <0⋅001 1⋅36

(1⋅06, 1⋅70)
0⋅012 345 (20⋅4) 33⋅1 0⋅02 1⋅33

(0⋅99, 1⋅79)
0⋅055

Liver disease 182 (4⋅4) 48⋅5 0⋅001 1⋅60
(1⋅21, 2⋅74)

0⋅008 115 (6⋅8) 27⋅0 0⋅99

Previous laparotomy 1174 (28⋅3) 42⋅1 <0⋅001 1⋅10
(0⋅89, 1⋅34)

0⋅350 516 (30⋅5) 29⋅8 0⋅25

Chronic steroid use 83 (2⋅0) 47 0⋅09 39 (2⋅3) 49 0⋅011 2⋅21
(1⋅05, 4⋅57)

0⋅035

Smoking (≥ 20 pack-years) 1738 (41⋅9) 41⋅2 < 0⋅001 1⋅20
(0⋅97, 1⋅47)

0⋅083 628 (37⋅1) 34⋅7 <0⋅001 1⋅68
(1⋅25, 2⋅25)

0⋅001

Preoperative biliary drainage 1966 (47⋅4) 37⋅9 0⋅003 1⋅15
(0⋅93, 1⋅41)

0⋅088 n.a.

Bile contamination 664 (16⋅0) 42⋅4 <0⋅001 1⋅32
(1⋅05, 1⋅65)

0⋅017 n.a.

Operative variables
Prolonged operation† 2633 (63⋅5) 40⋅4 <0⋅001 1⋅41

(1⋅15, 1⋅76)
0⋅001 768 (45⋅4) 32⋅7 <0⋅001 1⋅49

(1⋅06, 2⋅07)
0⋅022

High intraoperative blood loss‡ 2397 (57⋅8) 39⋅1 <0⋅001 1⋅05
(0⋅87, 1⋅32)

0⋅570 814 (48⋅1) 31⋅8 <0⋅001 1⋅02
(0⋅76, 1⋅38)

0⋅881

Intraoperative blood transfusion 1215 (29⋅3) 41⋅9 <0⋅001 1⋅24
(0⋅99, 1⋅52)

0⋅049 250 (14⋅8) 39⋅0 <0⋅001 2⋅10
(1⋅52, 2⋅90)

<0⋅001

Soft pancreas 2347 (56⋅6) 43⋅3 <0⋅001 2⋅03
(1⋅69, 2⋅45)

< 0⋅001 1333 (78⋅8) 28⋅0 0⋅056

Non-laparoscopic surgery 4064 (98⋅0) 36⋅5 0⋅55 1415 (83⋅6) 29⋅1 0⋅001 1⋅49
(1⋅04, 2⋅16)

0⋅027

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent c.i. †At least 7 h for pancreaticoduodenectomy, 5 h
or more for distal pancreatectomy. ‡At least 640 ml for pancreaticoduodenectomy, 400 ml or greater for distal pancreatectomy. BMI, body mass index;
n.a., not applicable. §χ2 test (univariable analysis); ¶logistic regression.

risk factor for infectious complications. Independent risk
factors for infectious complications after DP were chronic
steroid use, smoking, duration of surgery 5 h or greater,
intraoperative blood transfusion and non-laparoscopic
surgery.

Risk factors for in-hospital mortality, readmission
and reoperation

Twelve potential risk factors were selected from the
present study and previous reports9,12,20–23 to identify
the impact of infectious complications on in-hospital

mortality, readmission and reoperation after pancreatec-
tomy. Multivariable logistic regression revealed that BMI
at least 25 kg/m2, intraoperative blood transfusion and
postoperative infectious complications (odds ratio (OR)
4⋅33, 95 per cent c.i. 2⋅01 to 9⋅92) were independent
risk factors for in-hospital mortality after PD (Table S2,
supporting information). An infectious complication was
also an independent predictor of reoperation (3⋅26, 1⋅86
to 5⋅82).

A similar multivariable logistic regression analysis was
performed for DP (Table S3, supporting information).
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Table 4 Preoperative and operative risk score predicting
infectious complications after pancreatic surgery

Pancreatico-
duodenectomy

Distal
pancreatectomy

Preoperative risk factors
Sex

M 1
F 0

Age (years)
≥ 70 1
< 70 0

BMI (kg/m2)
≥ 25 1
< 25 0

Other previous malignancies
Yes 1
No 0

Liver disease
Yes 2
No 0

Bile contamination
Yes 1
No 0

Chronic steroid use
Yes 2
No 0

Smoking (≥ 20 pack-years)
Yes 1
No 0

Operative risk factors
Prolonged operation*

Yes 1 1
No 0 0

Intraoperative blood transfusion
Yes 1 1
No 0 0

Pancreatic texture
Soft 2
Hard 0

Surgical approach
Open 1
Laparoscopic 0

Total points range 0–11 0–6

*At least 7 h for pancreaticoduodenectomy, 5 h or more for distal
pancreatectomy. BMI, body mass index.

Postoperative infectious complication was also an
independent risk factor for in-hospital mortality (OR
6⋅32, 1⋅99 to 22⋅55) and reoperation (OR 3⋅74, 1⋅61 to
9⋅04) after DP.

Nomogram for prediction of infectious
complication after pancreatectomy

Multiple regression models estimated by the ordinary least
squares method are shown for PD and DP in Tables S4
and S5 (supporting information) respectively. The total
points of the risk score for a nomogram ranged from 0

Total points
for PD

Risk of
infectious

complication
(~)

Total points
for DP
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Fig. 1 Proposed nomogram for the prediction of infectious
complication rates after pancreatectomy. To estimate the
probability of infectious complication, a line is drawn
horizontally from the preoperative and/or operative total score
(Table 4). PD, pancreaticoduodenectomy; DP, distal
pancreatectomy

to 11 (7 preoperative and 4 operative) for PD and 0 to
6 (3 preoperative and 3 operative) for DP (Table 4). The
nomogram (Fig. 1) provides the probability of infectious
complication by drawing a line horizontally from the pre-
operative and/or operative score total. Calibration plots
for the nomogram-predicted probabilities and the observed
probabilities for PD and DP are displayed in Figs S1 and
S2 (supporting information). The coefficients of determi-
nation (R2) were 0⋅976 for the PD and 0⋅673 for the DP
nomogram.

Discussion

Infectious complications contribute to a complicated post-
operative recovery and are associated with in-hospital death
after pancreatic resection13,16. This multi-institutional
study aimed to assess the incidence, severity and risk
factors for infectious complications after pancreatic
resection. Infectious complications were associated with
in-hospital mortality and reoperations after pancreatic
surgery. This is critical for patients undergoing pan-
createctomy for malignancy, as infectious complications
and a prolonged hospital stay may delay the initiation of
adjuvant therapy. The primary disease was a predictor of
infectious complications. It is important to consider this
when counselling patients during the informed consent
process.

In the present study, the incidence of overall and
infectious complications was significantly higher after PD
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compared with DP. Pancreatic fistula and readmission rates
were significantly higher for DP. Most infectious com-
plications in the DP group involved infected pancreatic
fistula. Although the incidence of infectious complica-
tions after DP was not as high as that after PD, infected
pancreatic fistula can be life-threatening. This is reflected
by the in-hospital mortality rate for DP of 1⋅3 per cent
and the high readmission rate, probably due to latent or
delayed-onset infectious complications24.

Some risk factors for infectious complications, such as
total parenteral nutrition, coronary artery disease and
perioperative hypotension, soft pancreas, BMI, prolonged
operating time, bile contamination, blood transfusion and
male sex, have already been reported12–14,25,26. The present
study demonstrated that the presence of liver disease
(such as hepatitis, liver cirrhosis) and previous malignan-
cies were also independent risk factors for infectious com-
plications after PD. Chronic steroid use, smoking and
non-laparoscopic surgery were specific risk factors for DP.
DP is a relatively simple surgical procedure that does
not involve enteric reconstruction, and most of the infec-
tious complications are associated with pancreatic fistula.
Kelly and colleagues9 proposed a preoperative risk scor-
ing system for morbidity that includes male sex, high
BMI, smoking and steroid use. The present study identi-
fied non-laparoscopic surgery as new risk factor for infec-
tious complication in DP, but this needs confirmation
in future studies. A nomogram for predicting infectious
complications was established based on the independent
risk factors. The nomogram could be clinically useful for
preoperative counselling and perioperative management
in order to reduce the rate of infections after pancreatic
surgery.

Many previous studies27–33 focused on preoperative
biliary drainage in patients who underwent PD. It is evi-
dent that routine drainage in PD increases the incidence
of postoperative complications27. Biliary contamination
is a risk factor for postoperative infectious complications
such as wound infection or intra-abdominal abscess32.
Here, the three most commonly cultured microorgan-
isms from bile were identical to those isolated from
organ spaces in patients with infectious complications.
Sudo and co-workers33 recommended specific antibi-
otic prophylaxis based on bile culture for preventing
infectious complications in patients undergoing PD with
preoperative biliary drainage. Hence, preoperative bile
culture should be considered in patients with biliary
drainage.

The incidence of wound infection after PD has been
reported to be 5–17 per cent12,29,34–36. The wound infec-
tion rate of 13⋅0 per cent in present study seems rather

high. This may be explained by the fact that 47⋅4 per
cent of patients who had PD also underwent preoperative
biliary drainage, which has been reported as a risk factor
for surgical-site infection after PD30,32. In addition, age
(70 years or more) was an independent risk factor for infec-
tious complication, and nearly half of the patients were over
70 years old.

Previous studies have reported on the prevalence of
microorganisms at the surgical site12,13 or in bile32,33

in patients undergoing pancreatic resection. In the
present study, gut-derived microorganisms were iso-
lated predominantly after PD, most likely because the PD
procedure involves intestinal reconstruction. In contrast,
coagulase-negative Staphylococcus and methicillin-sensitive
S. aureus were more frequently cultured from organ/space
infections after DP than after PD. This suggests that the
development of infected pancreatic fistula may involve
retrograde migration of bacteria along a drain placed
during surgery37. E. coli infections were confirmed in only
0⋅6 and 0⋅4 per cent of patients after PD and DP respec-
tively. The most commonly used antibiotic prophylaxis
(second-generation cephalosporins including cefotiam or
flomoxef) covered the spectrum of E. coli infection, which
may explain the low incidence of such infection. There
is currently no consensus regarding the appropriate type
and duration of antibiotic prophylaxis; a prospective study
is warranted to provide evidence to validate appropriate
antibiotic prophylaxis for PD and DP.

Several limitations of the study should be mentioned.
First, the data were collected retrospectively, which is a
potential source of bias. Second, although most of the 78
hospitals of the JSPS that participated in this study are
leading institutions for pancreatic surgery in Japan38–40,
the results may have been influenced by hospital vol-
ume, hospital training status, hospital compliance and
procedure-specific variables. Therefore, the study results
do not necessarily reflect the outcome of pancreatic surgery
nationwide. Third, some variables previously reported as
risk factors for infectious complications, such as hypoxia41,
hypothermia42 and American Society of Anesthesiologists
classification43, could not be studied. Finally, external val-
idation using another data sets was not performed but
is still warranted to confirm the clinical value of the
nomogram.
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