Impact of bacterial contamination of the abdominal cavity
during pancreaticoduodenectomy on surgical-site infection
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Background: Several risk factors for complications after pancreaticoduodenectomy have been reported.
However, the impact of intraoperative bacterial contamination on surgical outcome after pancreaticoduo-
denectomy has not been examined in depth.

Methods: This retrospective study included patients who underwent pancreaticoduodenectomy and
peritoneal lavage using 7000 ml saline between July 2012 and May 2014. The lavage fluid was subjected to
bacterial culture examination. The influence of a positive bacterial culture on surgical-site infection (SSI)
and postoperative course was evaluated. Risk factors for positive bacterial cultures were also evaluated.
Results: Forty-six (21-1 per cent) of 218 enrolled patients had a positive bacterial culture of the lavage
fluid. Incisional SSI developed in 26 (57 per cent) of these 46 patients and in 13 (7-6 per cent) of 172
patients with a negative lavage culture (P <0-001). Organ/space SSI developed in 32 patients with a
positive lavage culture (70 per cent) and in 43 of those with a negative culture (25-0 per cent) (P < 0-001).
Grade B/C pancreatic fistula was observed in 22 (48 per cent) and 48 (27-9 per cent) respectively of
patients with positive and negative lavage cultures (P = 0-010). Postoperative hospital stay was longer in
patients with a positive lavage culture (28 days versus 21 days in patients with a negative culture; P = 0-028).
Multivariable analysis revealed that internal biliary drainage, combined colectomy and a longer duration
of surgery were significant risk factors for positive bacterial culture of the lavage fluid.

Conclusion: Intraoperative bacterial contamination has an adverse impact on the development of SSI and

grade B/C pancreatic fistula following pancreaticoduodenectomy.

Paper accepted 18 June 2015

Published online 21 July 2015 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.9899

Introduction

The past decade has seen advances in surgical techniques
and perioperative management that have made pancre-
aticoduodenectomy a safe procedure at high-volume cen-
tres. Postoperative mortality rates after pancreaticoduo-
denectomy have decreased to less than 5 per cent, but
morbidity remains high, with rates of 35-88 per cent! 5.
The development of pancreatic fistula and surgical-site
infection (SSI) are among the more serious complications.
Several factors that increase the risk of SSI have been
described’, such as obesity, a small main pancreatic duct, a
longer duration of surgery and development of a pancreatic
fistula. However, these factors are related only indirectly
to SSI, and a likely explanation for the development of
SSI is intraoperative bacterial contamination of the abdo-
minal cavity.
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"To reduce morbidity related to intra-abdominal infec-
tions, surgeons should aim to isolate and control potential
sources of contamination. Peritoneal lavage, as the final
step of surgery, has been used to remove bacterial con-
tamination and other substances that may promote bac-
terial proliferation, such as blood and proinflammatory
cytokines. Most studies evaluating the efficacy of intraop-
erative peritoneal lavage have been conducted in patients
with peritonitis!® or under experimental conditions!'!. A
few studies'”!3 have reported on patients undergoing
elective colorectal resection, but none has been conducted
in patients having pancreatic surgery. The present study
collected data on bacterial cultures of lavage fluid after pan-
creaticoduodenectomy. The incidence of positive bacterial
culture of lavage fluid and the impact of bacterial con-
tamination on the postoperative course were investigated.
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Risk factors for positive bacterial culture of the peritoneal
lavage fluid were identified.

Methods

All patients who had pancreaticoduodenectomy between
July 2012 and May 2014 at the authors’ institution were
included in this retrospective study. Preoperative biliary
drainage was performed in patients with obstructive
jaundice: external drainage as percutaneous transhepatic
biliary drainage (PTBD) or endoscopic nasogastric biliary
drainage (ENBD), or internal drainage as endoscopic
retrograde biliary drainage. The pancreatic texture (soft
or hard) was determined according to the intraoperative
surgeon’s subjective judgement by palpation.

The presence of an SSI was determined according to
the Centers for Disease Control and Prevention’s national
nosocomial infections surveillance system, including
incisional and organ/space SSI'%!’. Pancreatic fistulas
were classified into three categories (grade A, B or C)
according to International Study Group on Pancreatic
Fistula criteria'®. Delayed gastric emptying was defined by
International Study Group of Pancreatic Surgery clinical
criterial’. Postoperative complications were described
according to the Dindo—Clavien classification'®.

Perioperative bacterial culture and management

During surgery, bile juice was sampled for bacterial culture
when the bile duct was transected. At the end of the
operation, peritoneal lavage was performed using a total
of 7000 ml normal saline (7 washings of 1000 ml). Clean
suction apparatus was used, and surgeons exchanged their
gloves before abdominal lavage. The fluid from the final
lavage was collected for bacterial culture.

Prophylactic antibiotics were administered routinely in
the perioperative period. In patients with a positive bile
culture from biliary drainage, the choice of antibiotic was
based on bacterial susceptibility. In patients with a negative
bile culture, or with no bile culture owing to lack of bil-
iary drainage or internal biliary drainage, a first-generation
cephalosporin (cefazolin sodium hydrate) was used. On
the day of surgery, antibiotics were initially administered
just before skin incision, and repeated at approximately
3-h intervals if surgery was prolonged. Prophylactic drains
were placed routinely, anterior to pancreaticojejunal anas-
tomoses and dorsal to choledochojejunal anastomoses.

All patients were examined for wound and drain con-
ditions during daily surgical team rounds, and results
were recorded. Bacterial cultures of drainage fluid were
performed routinely on postoperative day (POD) 1 and
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POD 3. When an SSI was suspected, additional cultures
from the wounds or drainage fluid were examined. The
treatment of SSIs was in line with advice from the infec-
tion control team. Other general descriptions of peri-
operative management in the authors’ institution have been
reported previously’. Patient consent was obtained for the
use of data.

Statistical analysis

All statistical analyses were performed using SPSS®
version 19-0 (IBM, Armonk, New York, USA). To evaluate
the relationship between each independent factor and
the presence of a positive lavage fluid culture, univari-
able analysis was conducted using the y’ test or Fisher’s
exact test, as appropriate. Some continuous variables
were expressed as medians with ranges and compared
using the Mann—-Whitney U test; otherwise, they were
dichotomized by reference to median values and compared
with the x? test. Variables with P <0-200 in univariable
analysis were subjected to multivariable logistic regression
analysis. P <0-050 was considered statistically significant.

Results

A total of 218 consecutive patients underwent pancreati-
coduodenectomy in the study interval: 145 men and 73
women with a median age of 69years (Table I). Forty-six
patients (21-1 per cent) had a positive bacterial culture of
the lavage fluid and 117 (53-7 per cent) had infected bile.
The median interval between biliary drainage and surgi-
cal resection was similar in external and internal drainage

Table 1 Patient demographics

No. of patients (n=218)*

Age (years)t 69 (38-87)
Sex ratio (M: F) 145:73
Type of disease
Pancreatic cancer 101 (46-3)
Biliary cancer 47 (21-6)
IPMN 20 (9-2)
Duodenal cancer 10 (4-6)
Neuroendocrine tumour 5(2-3)
Other 35 (16-1)
Pancreatic parenchyma
Soft 136 (62-4)
Hard 82 (37-6)
Biliary drainage
None 89 (40-8)
Internal 64 (29-4)
External 65 (29-8)

*With percentages in parentheses unless indicated otherwise; fvalues are
median (range). IPMN; intraductal papillary mucinous neoplasm.
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Table 2 Surgical outcome according to bacterial culture of lavage

fluid

Lavage bacterial culture

Negative Positive
(n=172) (n=46) Pi
SSI
Incisional 13 (7-6) 26 (57) <0-001
Organ/space 43 (25-0) 32 (70) < 0-001
Pancreatic fistula grade
A-C 79 (45-9) 23 (50) 0-623
B/C 48 (27-9) 22 (48) 0-010
Intra-abdominal bleeding 1 (0-6) 2 (4) 0-113
Delayed gastric emptying 16 (9-3) 5(11) 0-467
Morbidity+
>3a 74 (43-0) 29 (63) 0-016
>3b 4(2-3) 5(11) 0-010
Mortality 1(0-6) 0(0) 1-000
Hospital stay (days)* 21 (8-138) 28 (14-128) 0-028§

Values in parentheses are percentages unless indicated otherwise; *values
are median (range). tDindo—Clavien classification'®. SSI, surgical-site
infection. §x’ test, except §Mann—Whitney U test.

groups (28 (6-66) versus 27 (3-131) days respectively;
P =0-867). There was no association between duration of
biliary drainage and the results of peritoneal lavage culture.

Table 3 Risk factors for positive bacterial culture of lavage fluid

Univariable analysis

Lavage bacterial culture

1563

SSIs occurred in 83 (38-1 per cent) of the 218 patients:
incisional SSI in 39 (17-9 per cent) and organ/space SSI
in 75 (34-4 per cent) (8 had incisional SSI only, 44 had
organ/space SSI only, and 31 had both types of SSI). A pan-
creatic fistula was detected in 102 patients (46-8 per cent):
grade A in 32 (14-7 per cent), grade B in 67 (30-7 per cent)
and grade C in three patients (1-4 per cent). One patient
died from an intra-abdominal bleed resulting from a grade
C pancreatic fistula.

Of the 46 patients with a positive lavage culture, 32 (70
per cent) and 33 (72 per cent) had a positive bacterial cul-
ture of abdominal drain fluid on POD 1 and 3 respectively,
compared with four (2-3 per cent) and ten (5-8 per cent) of
the 172 patients with a negative lavage culture (P <0-001
for both POD 1 and POD 3).

Patients with a positive lavage culture had a significantly
higher incidence of both incisional SSI (57 per cent versus
7-6 per cent in patients with a negative lavage culture;
P <0-001) and organ/space SSI (70 versus 25-0 per cent
respectively; P <0-001) (Zible 2). Although there was no
significant difference in the incidence of all grades (A-C)
of pancreatic fistula between the two groups, grade B/C

Multivariable analysis

Negative (n=172) Positive (n = 46) Pt Odds ratio* P§

Body mass index (kg/m?) 0-753

<22 89 (51-7) 25 (54)

>22 83 (48-3) 21 (46)
Disease 0-194

Non-pancreatic cancer 97 (56-4 21 (46) 1-00 (reference)

Pancreatic cancer 75 (43-6) 25 (54) 1-19 (0-54, 2-59) 0-670
Biliary drainage <0-001

None 81 (47-1) 8 1-00 (reference)

External 57 (33-1) 7 (15 1-31(0.40, 4.24) 0-657

Internal 34 (19-8) 31 (67, 12:43 (4.94, 34.38) <0-001
Pancreas parenchyma 0-655

Soft 106 (61-6) 30 (65)

Hard 66 (38-4) 16 (35)
Bile infection <0.001

No 93 (54-1) 8(17) 1-00 (reference)

Yes 79 (45-9) 38 (83) 2:19(0-71, 11.96) 0:137
Combined colectomy 0-007%

No 168 (97-7) 40 (87) 1-00 (reference)

Yes 4 (2-3) 6 (13) 8:63 (1-79, 41-63) 0-007
Blood loss (ml) 0-205

<1000 111 (64-5) 25 (54)

>1000 61 (35-5) 21 (46)
Duration of surgery (h) 0-031

<8 119 (69-2) 24 (52) 1-00 (reference)

>8 53 (30-8) 22 (48) 2.41 (1-07, 5-42) 0-034

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent c.i. Ty test, except £Fisher’s exact test; §logistic

regression analysis.
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Table 4 Results of bacterial cultures

Bacterial species Lavage fluid Incisional SSI Organ/space SSI Bile

Enterobacter 16 17 29 25
Enterococcus 13 15 23 34
Klebsiella 4 1 11 28
Bacteroides 4 1 5 2
Staphylococcus 3 3 4 10
Pseudomonas 3 2 6 3
Aeromonas 2 3 2 7
Serratia 2 3 7 2
Streptococcus 2 2 8 18
Escherichia coli 2 0 3 8
Other 5 6 13 27
Total 56 53 106 164

SSI, surgical-site infection.

fistulas were found predominantly in patients with a pos-
itive lavage culture. Patients with a positive lavage culture
had a significantly higher incidence of postoperative com-
plications, and subsequently a longer hospital stay than
those with a negative lavage culture (Zable 2).

Multivariable analysis revealed that internal biliary
drainage (odds ratio (OR) 12.43; P <0-001), combined
colectomy (OR 8:63; P=0-007) and a longer operation
(OR 2-41; P=0-034) were significant risk factors for a
positive lavage bacterial culture (Table 3).

A total of 56 bacteria were detected in the 46 patients
with a positive lavage culture, 53 bacteria in the 39 patients
with incisional SSI, 106 bacteria in the 75 patients with
organ/space SSI, and 164 bacteria in the 117 patients
with a bile infection (7able4). More than three-quarters
of bacteria isolated from the lavage fluid and incisional
SSI foci were identical: 42 bacteria were identified in both
lavage fluid (42 of 56; 75 per cent) and incisional SSIs (42 of
53; 79 per cent). Only 39 (36-8 per cent) of the 106 bacteria
isolated from organ/space SSIs matched those obtained
from lavage fluid (39 of 56; 70 per cent). Similarly, only
42 (25-6 per cent) of the 164 bacteria isolated from bile
were the same as those obtained from lavage fluid (42 of
56; 75 per cent). In particular, Enterococcus and Enterobacter
were specific species that appeared to spread from bile
to lavage fluid (peritoneum) and to SSI foci. Cultures of
bile, lavage fluid and incisional SSI foci had a total of 25
bacteria in common, of which eight were Enterococcus and
12 were Enterobacter species. Cultures of bile, lavage fluid
and organ/space SSI foci had 24 bacteria in common, of
which seven were Enterococcus and 11 Enterobacter.

Discussion
In this study, peritoneal lavage was conducted at the

end of pancreaticoduodenectomy to reduce the bacterial
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inoculation in the peritoneal cavity and the presence of
substances that may serve as a culture medium for the
bacteria. Large-volume peritoneal lavage has been recom-
mended to remove bacteria at the end of surgery and to
prevent the subsequent development of SSI'?. For these
reasons, peritoneal lavage with a relatively large volume
of normal saline (7000 ml) was conducted in the present
study. Nevertheless, more than 20 per cent of bacterial
cultures from the final lavage fluid still revealed positive
findings for bacteria. In addition, there was a significant
relationship between intraoperative bacterial contamina-
tion and SSI, and with the development of a grade B/C
pancreatic fistula after pancreaticoduodenectomy.

The bacteria cultured in this study indicated that there
may be differences in the cause of infection between
incisional and organ/space SSIs. Intraoperative bacterial
contamination of the abdominal cavity correlated with
incisional SSIs, suggesting that intraoperative bacterial
contamination was the cause of incisional SSI. It has been
reported previously?® that there is a higher risk of bacterial
migration from the abdominal cavity through the fascia
to the subcutaneous tissue when the peritoneal cavity is
contaminated. In fact, 79 per cent of bacteria isolated
from incisional SSIs were the same as those obtained from
lavage fluid in the present study. However, only 36-8 per
cent of the bacteria isolated from organ/space SSI foci
corresponded to those obtained from lavage fluid. Not all
of the bacteria causing organ/space SSIs were from intra-
operative contamination. Some were due to bacteria
arising, for example, from leakage of the pancreatojejuno-
stomy or from a retrograde infection via the drainage tube.

Various reports™?!=23 have evaluated the perioperative
factors that influence the incidence of pancreatic fistula.
At present, it is unclear how intraoperative bacterial con-
tamination influences the development of pancreatic fis-
tula. In the present study, the incidence of all grades (A-C)
of pancreatic fistula was identical in patients with a posi-
tive and those with a negative lavage culture. In contrast,
the incidence of grade B/C pancreatic fistula was higher in
patients with a positive lavage culture. These results imply
that bacterial contamination enhances the progression of a
grade A pancreatic fistula to a grade B/C pancreatic fistula.
Kobayashi and colleagues®* reported a similar finding, that
infection of drainage fluid on POD1 is a risk factor for
the development of pancreatic fistula. Considering these
results, it may be true that intraoperative bacterial contami-
nation is a major cause of grade B/C pancreatic fistula, and
prevention of intraoperative bacterial contamination may
be necessary to minimize its development.

The present study detected three risk factors for positive
lavage culture: a longer operation, combined colectomy
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and internal biliary drainage. The first two factors are
inevitable in some situations. However, the best approach
to biliary drainage is a subject for future investigation.
Two retrospective studies?’?¢ and a randomized trial®’
concluded that preoperative biliary drainage should not be
performed routinely. Although there is no disagreement
with this concept, in Japan biliary drains are still placed
owing to the relatively long waiting time until surgery. In
the present study, internal biliary drainage was associated
with a higher incidence of bile infection compared with no
biliary drainage and external drainage (data not shown).
"This might have contributed indirectly to the intraopera-
tive bacterial contamination. Jagannath and co-workers?®
reported that a positive intraoperative bile culture was
associated with infectious complications. In this context,
it has been reported?’ that PTBD may reduce the risk of
biliary infection. However, PTBD catheter-tract cancer
recurrence was detected in 5-2 per cent of patients with
cholangiocarcinoma undergoing resection’”, suggesting
that PTBD should be avoided. Recently, ENBD in patients
with perihilar cholangiocarcinoma was reported®! to be
an effective and suitable preoperative drainage method
for perihilar cholangiocarcinoma. As the present results
suggest that ENBD may be more effective in preventing
SSI than internal drainage, a randomized study comparing
these procedures is planned.
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