
Vol.:(0123456789)1 3

Langenbeck's Archives of Surgery (2023) 408:333 
https://doi.org/10.1007/s00423-023-03080-3

RESEARCH

Failure of peritoneal lavage to prevent operative site infection 
and peritoneal tumor recurrence in pancreatic surgery

Mai Ishihara1 · Akihiro Nakamura1 · Yuki Takahashi1 · Yuzo Minegishi1 · Kenichi Matsuo1 · Kuniya Tanaka1

Received: 6 March 2023 / Accepted: 18 August 2023 / Published online: 25 August 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Background  Although intraoperative peritoneal lavage often is performed routinely with the aim of reducing peritoneal 
contamination, evidence of lavage benefit in elective pancreatic surgery is limited.
Methods  We retrospectively classified patients who had undergone pancreatic surgery to groups given or not given peritoneal 
lavage, then comparing clinical results. This saline lavage was performed at the end of the operation. The primary endpoint 
was rate of surgical site infection. Frequency of peritoneal recurrence also was evaluated.
Results  Among all 104 patients in the study, incidence of infectious complications in the lavage group (n = 65) was signifi-
cantly higher than in the non-lavage group (n = 39; 35% vs. 15%, P = 0.041), while incidences of postoperative complica-
tions overall and surgical site infection did not differ between lavage (80% and 26%) and non-lavage groups (67% and 10%, 
P = 0.162 and 0.076, respectively). Among 63 patients undergoing pancratoduodenectomy, frequencies of positive bacterial 
cultures of drainage fluids on postoperative days 1 and 3 were greater in the non-lavage group (P < 0.001 and P = 0.012), 
but surgical site infection was significantly more frequent in the lavage group (P = 0.043). Among patients with pancreatic 
and biliary cancers, lavage did not affect frequency of peritoneal recurrence.
Conclusion  Intraoperative lavage did not prevent surgical site infection or peritoneal recurrence of pancreatobiliary cancer.
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Abbreviations
BMI	� Body mass index
CI	� Confidence interval
CT	� Computed tomography
CTx	� Chemotherapy
DP	� Distal pancreatectomy
Hb	� Hemoglobin
ISGPF	� International Study Group on Pancreatic Fistula 

Definition
PD	� Pancreatoduodenectomy
PNI	� Prognostic nutritional index
POD	� Postoperative day
POPF	� Postoperative pancreatic fistula
PV	� Portal vein
R	� Resection

RAMPS	� Radical antegrade modular 
pancreato-splenectomy

RFS	� Recurrence-free survival
SMA	� Superior mesenteric artery
SMV	� Superior mesenteric vein
SSI	� Surgical site infections
TP	� Total pancreatectomy

Introduction

With refinement of surgical technique, operative equip-
ment, and perioperative management, operative mortal-
ity of pancreatic surgery has decreased to less than 3% of 
patients undergoing pancreatoduodenectomy (PD) [1–3] and 
about 1% for both distal [4] and total pancreatectomy [5]. 
However, pancreatic surgery still carries substantial risk of 
postoperative complications, ranging from 40 to 70% [6–8]. 
Complications include pancreatic fistula, biliary fistula, and 
delayed gastric emptying. Among these, septic complica-
tions have occurrence rates around 35% [9]. Wound infec-
tions and intraabdominal abscesses arising in proximity to 
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intraoperative manipulations, collectively considered surgi-
cal site infections (SSI), represent the most common septic 
complication following pancreatic surgery [9]. As overall 
incidence of SSI after pancreatic surgery is reported to be 
about 25% [10], control of infectious complications, espe-
cially SSI, is particularly important for further increasing 
safety of these procedures.

Intraoperative peritoneal lavage is performed routinely at 
the end of the operation, with the aim of reducing peritoneal 
contamination. According to a previous report [11], 97% of 
surgeons practiced intraoperative peritoneal lavage, while 
34% included lavage even in macroscopically clean cases; 
about 36% performed lavage during intraabdominal cancer 
surgery. Several studies have concluded that intraoperative 
peritoneal lavage decreased postoperative infectious morbid-
ity and mortality [12, 13]. Nonetheless, widespread accept-
ance of this treatment may owe more to historic practice than 
to rigorous evaluation, so debate continues as to whether 
lavage should be performed.

So far, only scarce data are available concerning occur-
rence of surgical site infections (SSI) after pancreatic pro-
cedures that included intraoperative peritoneal lavage. We 
therefore retrospectively investigated efficacy of intraopera-
tive peritoneal lavage in reducing postoperative infectious 
complications of pancreatic surgery. We also evaluated fre-
quency of peritoneal recurrence after pancreatectomy for 
malignant diseases.

Patients and methods

Patients who underwent pancreatic surgery at Showa Uni-
versity Fujigaoka Hospital, Yokohama, Japan during the 
years 2019 to 2021 were enrolled retrospectively, number-
ing 104. Among them, PD was performed in 62, distal pan-
createctomy (DP) in 37, and total pancreatectomy (TP) in 5. 
Peritoneal lavage was performed routinely at the end of the 
operation for patients undergoing pancreatic surgery before 
November 2020, but not for patients undergoing such sur-
gery during or after November 2020. Accordingly, perito-
neal lavage was performed for 65 patients and not performed 
for 39.

Study intervention

All patients in this study underwent open pancreatic sur-
gery; none underwent a laparoscopic operation. Preopera-
tive biliary drainage was performed using an endoscopic 
nasal approach when serum concentrations of total biliru-
bin exceeded 5 mg/dL and intrahepatic bile ducts appeared 
dilated in images.

All PD patients underwent subtotal stomach-preserv-
ing pancreatoduodenectomy including duct-to-mucosa, 

end-to-side pancreatojejunostomy. An internal or exter-
nal pancreatojejunal stent was placed to assure flow of 
pancreatic juice to the jejunum. Internal stents typically 
passed spontaneously within 1 to 2 months after surgery, 
while external stents were clamped at about 2 weeks and 
removed 2 months after surgery. Internal or external 
stents were selected case-by-case according to the sur-
geon’s preference. After pancreatic reconstruction, end-
to-side hepatojejunostomy and end-to-side gastrojeju-
nostomy were performed with an antecolic Billroth type 
II reconstruction. For total pancreatectomy, end-to-side 
hepaticojejunostomy and gastrojejunostomy with Billroth 
type II reconstruction were performed, including reduc-
tion of the size of the remnant stomach when findings 
indicating congestion were apparent from intraoperative 
indocyanine green fluorescence imaging [14]. Regional 
lymphadenectomy was routinely performed. Dissection 
of the nerve plexus surrounding the superior mesenteric 
artery (SMA) was avoided in most patients in order 
to prevent severe postoperative diarrhea. Even when 
tumor invasion of the SMA nerve plexus was suspected, 
only the right side of this SMA nerve plexus was dis-
sected. Partial resection of the superior mesenteric vein 
(SMV) or portal vein (PV) was carried out if the surgeon 
observed tumor invasion of the vein. Venous continuity 
was restored by end-to-end anastomosis or interposition 
of a venous graft.

Radical antegrade modular pancreato-splenectomy 
(RAMPS) [15] was carried out for patients undergoing 
DP. In brief, these operations proceeded from the pan-
creatic head toward the tail, with early division of the 
pancreas. Splenectomy was performed as the final stage 
of the procedure, except in 2 patients undergoing spleen-
preserving DP.

During PD, 2 closed suction drains (J-Vac drain, John-
son & Johnson, Somerville, NJ, USA) were placed near the 
hepatojejunostomy and pancreatojejunostomy in both lav-
age and non-lavage groups. Two closed-suction drains also 
were placed near the cut end of the pancreas and the left 
subphrenic space during DP. Closed-suction drains were 
placed near the hepatojejunostomy and left subphrenic 
space during TP. The drains were brought out through a 
separate stab wound in the anterior abdominal wall and 
connected to a closed collection system. Patient warming 
devices were used during the operation. In both groups, 
wound washout was performed using 2 L of warm sterile 
saline after fascial closure but before skin closure.

After removal of the resected specimen and confirma-
tion of hemostasis, the lavage group underwent irrigation 
with sterile saline at approximately 37 °C, directed par-
ticularly at the dissected area. The 2 L saline volume was 
based upon previous reports in which lavage generally 
used at least 1 L, continuing until the fluid was clear [11].
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Postoperative management

All patients routinely received a prophylactic antibiotic 
(cefmetazole sodium; Alfresa Pharma Co., Osaka, Japan). 
On the day of operation, 1 g was administered intravenously 
30 min before surgery, 1 g every 3 h during surgery, and 1 g 
2 h after completion of surgery. Following the day of opera-
tion, 2 g was given daily (1 g every 12 h) until postoperative 
day (POD) 4. This dosage protocol was generally the same 
for patients with preoperative biliary drainage.

Drainage fluid was cultured on POD 1 and POD 3. The 
abdominal drainage tube usually was removed 4 postopera-
tive days after disappearance of abnormal fluid collections 
from the dissected area according to computed tomogra-
phy (CT) which routinely was performed on POD 4, pro-
vided that the amylase concentration in drainage fluids was 
less than 3 times the serum concentration. Delays in tube 
removal were allowed if intraabdominal infection or pancre-
atic fistula developed. Patients were discharged when all of 
the following predetermined criteria were met: absence of 
signs of systemic infection such as fever, toleration of meals 
without nausea or vomiting, normalization of all hemato-
logic and biochemical test results, and adequate pain control 
with oral analgesia.

Study endpoints

Primary outcome measures for this study were rates of 
postoperative complications and infectious complications, 
especially SSI, at the time of a follow-up assessment 4 
weeks after surgery. Success was defined as absence of 
signs or symptoms of complications including infection 
and lack of need for further antimicrobial therapy or sur-
gery. All inpatient morbidity was recorded prospectively 
as a component of routine patient care. Assessment of 
complications followed a recently published standardized 
complication assessment system (Dindo-Clavien classi-
fication) [16]. Complications were defined as any devia-
tions from an uneventful postoperative course. Failure to 
prevent infection was determined on the basis of criteria 
for SSI developed by the Centers for Disease Control [17]. 
SSI was defined as incisional infection (either superficial 
or deep) or infection in an organ or space. Superficial 
incisional infection involved skin and subcutaneous tis-
sue, while deep incisional infection involved deeper soft 
tissue related to the incision. Organ or space infection 
involved any organ or space other than the incised lay-
ers of body wall that were opened or manipulated during 
the initial surgical procedure. Incisional infection was 
defined by clinically apparent cellulitis, induration, or 
purulent discharge from the closure site. Organ or space 
infection was defined by radiologic evidence of a fluid 
collection necessitating drainage or need for antibiotic 

therapy when drainage was difficult to establish. Remote 
infection was defined as a condition where bacteria were 
detected in sputum, blood, or urine, in association with 
signs of inflammation such as leukocytosis and fever. 
Postoperative pancreatic fistula (POPF) was defined as 
drainage fluid with an amylase concentration 3 times 
that in serum. Such fistulas were graded according to 
standards of the International Study Group on Pancre-
atic Fistula Definition (ISGPF) [18]. When amylase con-
centrations in drainage fluid remained high at POD 4 
(typically more than 1000 IU/L) and the white blood cell 
count or serum C-reactive protein was persistently high, 
we initiated saline irrigation in the area of the pancreato-
jejunostomy, collecting the fluid via the drains inserted 
intraoperatively, aiming to reduce amylase in the drainage 
fluid. New drains were substituted during this process 
as appropriate. These patients were considered to have 
grade B postoperative pancreatic fistula (POPF). Biliary 
fistula was defined as presence of bile in drainage fluid 
that remained detectable at POD 4. Following surgery for 
malignant disease, we additionally evaluated frequency 
of peritoneal recurrence. To detect disease recurrence, 
serum tumor markers such as carcinoembryonic antigen, 
carbohydrate antigen (CA) 19-9, Duke pancreatic mono-
clonal antigen (DU-PAN)-2, and S-pancreas-1 antigen 
(SPan)-1 were evaluated monthly; CT was performed 
every 4 months.

Other data recorded

Vital signs were recorded daily while the patient was hospi-
talized and at the 4-week follow-up assessment. Nutritional 
status was evaluated using a prognostic nutritional index 
(PNI) derived from the peripheral blood lymphocyte count 
and the serum albumin concentration according to the for-
mula: lymphocyte count (/mm2) × 0.005 + serum albumin 
(g/dL) × 10 [19]. Drainage fluid specimens for bacteriologic 
culture were obtained from all patients early in the morning 
on postoperative days 1 and 3. Amylase concentrations in 
drainage fluids were assessed on each postoperative day until 
removal of drainage tubes. Investigators performed detailed 
wound assessments at least daily for up to 7 days during hos-
pitalization, at discharge, and at the 4-week follow-up visit.

Statistical analysis

Continuous variables were expressed as the median with 
range or the mean ± standard deviation and compared using 
the Mann-Whitney U test. Categorical variables, expressed 
as numbers followed by percentages in parentheses, were 
analyzed with Fisher’s exact test. Univariate and multivari-
ate analyses were performed using a Cox proportional haz-
ard model. Cumulative recurrence-free survival (RFS) was 
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calculated using the Kaplan–Meier method, and differences 
between curves were evaluated using the log-rank test. A 
difference was considered significant when the 2-sided P 
value was below 0.05. All statistical analyses were carried 
out using SPSS statistical software (version 23; IBC SPSS, 
Chicago, IL, USA).

Ethical approval and consent to participate

The study protocol was approved by the Institutional Ethical 
Committee (IRB) at Showa University, Japan (IRB approval 
of protocol number, 22-183-A). All patients included in this 
study provided informed consent for use of anonymous data 
through an opt-out methodology.

Results

Background characteristics of all patients (Table 1)

Among all 104 patients, the lavage group (n = 65) and the 
non-lavage group (n = 39) were comparable with regard 
to age, sex, body mass index (BMI), and specific diagno-
ses of pancreatic and biliary disease. Prevalence of diabe-
tes mellitus as a co-morbidity before surgery, indicated by 
preoperative hemoglobin A1c (HbA1c) concentration, also 
was comparable between groups. Although preoperative 
chemotherapy tended to be performed more frequently in the 
non-lavage group, nutritional status determined according to 
the PNI was somewhat better in the non-lavage than in the 
lavage group. Operative procedures, duration of operation, 
intraoperative blood loss, administration of blood transfu-
sions, and numbers of lymph nodes dissected were similar 
between groups. Fifteen patients (14.4%) underwent resec-
tion of the superior mesenteric vein (SMV) or the portal vein 
(PV), and 2 (1.9%) underwent arterial resection. Frequencies 
of resection of the SMV, PV, and hepatic artery were similar 
between groups. Attainment of R0 resection also was similar 
between groups.

Postoperative course of all patients (Table 2)

One patient in the lavage group died of respiratory failure 
from aspiration pneumonia within 90 days of pancreatoduo-
denectomy. In the lavage group, 52 patients (80%) experi-
enced some grade of postoperative complications, as did 26 
patients (67%) in the non-lavage group (P = 0.162). Inci-
dences of postoperative complications among lavage patients 
were grade I in 6 (9%), grade II in 22 (34%), grade IIIa in 19 
(29%), grade IIIb in 3 (5%), grade IV in 1 (2%), and grade 
V in 1 (2%). In the non-lavage group, respective incidences 
were 1 (3%), 7 (18%), 16 (41%), 1 (3%), 1 (3%), and 0 (P = 
0.354). Two patients in the lavage group (3.1%) experienced 

bleeding from the spleen caused by laceration of its capsule 
during abdominal lavage following completion of pancreatic 
surgical procedures; splenectomy was required. (This direct 
complication of lavage is not listed in the table.) Twenty-three 
patients in the lavage group (35%) had 25 infectious complica-
tions, including either superficial or deep incisional infection 
in 7, organ or space infection in 10, and remote infection in 
8. In the non-lavage group, 6 patients (15%) had 7 infectious 
complications including incisional infection in 2, organ or 
space infection in 2, and remote infection in 3. Contrary to 
our expectation, incidence of infectious complications was 
significantly higher in the lavage group than in the non-lavage 
group (P = 0.041), and SSI was more likely in the lavage 
than the non-lavage groups (P = 0.076). Pancreatic fistula 
developed in 29 patients (29/61 or 48%) in the lavage group 
and 22 (22/38 or 58%) in the non-lavage group, showing no 
significant difference between groups in fistula frequency or 
grade. Length of hospital stay was similar between groups.

When the risk factors for SSI listed in Table 1 were sub-
jected to multivariate analysis (with median value used as 
the cut-off point for continuous variables), absence of lavage 
fell short of selection as a factor reducing SSI (odds ratio, 
0.300; 95% confidence interval or CI, 0.077 to 1.172; P = 
0.083; Table 3).

Tumor recurrences in patients with pancreatic 
and biliary cancer (Table 4)

The 39 patients with pancreatic and biliary cancer in the 
lavage group had a median follow-up period of 668 days 
(range, 48–1235) while the 27 in the non-lavage group were 
followed up for a median of 196 days (60–418, P < 0.001). 
Twenty patients in the lavage group and 7 in the non-lavage 
group had recurrences of disease (P = 0.046). Recurrences 
numbered 3 among 12 biliary cancers in the lavage group 
vs. 5 among 12 in the non-lavage group, P = 0.667, and 
17 among 27 pancreatic cancers in the lavage group vs. 2 
among 15 in the non-lavage group, P = 0.003. Cumulative 
RFS did not differ between groups (1-year RFS, 55.3% in 
the lavage group vs. 55.5% in the non-lavage group; P = 
0.811). Since follow-up periods differed between groups, the 
difference in recurrence rates was not clinically meaningful. 
However, no differences between groups were evident in 
initial recurrence sites (P = 0.603). In particular, peritoneal 
dissemination was detected in 3 lavage patients (8%) and in 
1 non-lavage patient (4%, P = 0.639).

Background characteristics of patients undergoing 
PD (Table 5)

Among 63 patients with PD, the lavage group (n = 39) 
and the non-lavage group (n = 24) were comparable 
with regard to age, sex, PNI, BMI, HbA1c, and specific 
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diagnoses of disease. Preoperative chemotherapy was 
given to relatively more non-lavage patients. Duration 
of operation; intraoperative blood loss; administration of 

blood transfusions; numbers of lymph nodes dissected; 
resections including SMV, PV, or hepatic artery; and R0 
resections were similar between groups.

Table 1   Background 
characteristics of all patients, 
by group

PNI, prognostic nutritional index; BMI, body mass index; IPMN, intraductal papillary mucinous neoplasm; 
pNEN, pancreatic neuroendocrine neoplasm; PD, pancreatoduodenectomy; DP, distal pancreatectomy; TP, 
total pancreatectomy; SMV, superior mesenteric vein; PV, portal vein

Lavage group (n=65) Non-lavage group (n = 39) P value

Age 72 (40-90) 73 (47-87) 0.609
Sex
  Male 33 (51%) 24 (62%) 0.315
  Female 32 (49%) 15 (38%)
PNI 47.1 (31.7-63.3) 49.4 (37.7-58.6) 0.054
BMI 22.22 (16.4-30.88) 22.3 (16.8-29.3) 0.822
HbA1c 6.2 (4.7-10.8) 5.85 (4.9-13.2) 0.267
Disease
Malignant (n = 66)
  Pancreatic cancer 26 (40%) 15 (38%) 0.091
    Stage 0 1 0
      IA 2 0
      IIA 7 4
      IIB 15 11
      IV 1 0
  Bile duct cancer 12 (18%) 12 (31%)
    Stage 0 3 0
      IA 0 5
      IB 1 0
      IIA 3 0
      IIB 5 1
      IIIA 0 1
      IIIB 0 5
  Pancreatic and bile duct cancer 1 (2%) 0
Non-malignant (n = 38)
  IPMN 9 (14%) 8 (21%)
  pNEN 11 (17%) 0
  Others 6 (9%) 4 (10%)
Preoperative chemotherapy
  Performed 3/39 (8%) 6/27 (22%) 0.144
Operative procedures
  PD 39 (60%) 24 (62%) 0.707
  DP 22 (34%) 14 (36%)
  TP 4 (6%) 1 (3%)
Duration of operation, min 610 (188-821) 607 (356-819) 0.867
Blood loss, mL 410 (10-2495) 380 (50-1175) 0.895
Blood transfusion
  Performed 2 (3%) 0 0.527
Number of lymph nodes dissected 30 (4-76) 26 (5-58) 0.377
SMV or PV resection
  Performed 9 (14%) 5 (13%) > 0.999
Arterial resection
  Performed 1 (2%) 1 (3%) > 0.999
R0 resection 61 (94%) 36 (92%) > 0.999
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Postoperative course of patients undergoing PD 
(Table 6)

Among PD patients in the lavage group, 30 (77%) experi-
enced some grade of postoperative complication, as did 20 
patients (83%) in the non-lavage group (P = 0.750). Incidence 

of postoperative complications was grade I in 1 lavage patient 
(3%), grade II in 12 (31%), grade IIIa in 15 (38%), grade IIIb 
in 0, grade IV in 1 (3%), and grade V in 1 (3%). In the non-
lavage group, these frequencies were grade I in 1 (4%), grade 
II in 5 (21%), grade IIIa in 12 (50%), grade IIIb in 1 (4%), 
grade IV in 1 (4%), and grade V in 0 (P = 0.646).

Table 2   Postoperative course of 
all patients, by group

NA, not applicable due to total pancreatectomy
# Excluding total pancreatectomy

Lavage group (n = 65) Non-lavage group  
(n = 39)

P value

Mortality 1 (2%) 0 > 0.999
Morbidity 52 (80%) 26 (67%) 0.162
Clavien-Dindo class
  I 6 (9%) 1 (3%) 0.354
  II 22 (34%) 7 (18%)
  IIIa 19 (29%) 16 (41%)
  IIIb 3 (5%) 1 (3%)
  IV 1 (2%) 1 (3%)
  V 1 (2%) 0
Infectious complication
    Present 23 (35%) 6 (15%) 0.041
  Surgical site infection
    Present 17 (26%) 4 (10%) 0.076
  Superficial or deep incisional 7 2
  Organ or space 10 2
  Remote infection
    Present 8 (12%) 3 (8%) 0.530
Pancreatic fistula grade#

    Present 29 (48%) 22 (58%) 0.409
  None 32 16
  BL (biochemically evident) 12 6
  B (intervention required 17 16
  C (severe sequelae) 0 0
  NA 3 1
Length of stay, days 29 (11 - 103) 31 (14-67) 0.579

Table 3   Multivariate analysis of risk factors for SSI

SSI, surgical site infection; CI, confidence interval; PNI, prognos-
tic nutritional index; BMI, body mass index; Pre-CTx, preoperative 
chemotherapy; R, resection

Variables Odds ratio (95% CI) P value

Abdominal lavage Non-lavage 0.300 (0.770-1.172) 0.083
Age >74 years 1.081 (0.320-3.647) 0.901
Sex Male 1.608 (0.433-5.968) 0.478
PNI >47.8 0.790 (0.232-2.698) 0.707
BMI >22.3 kg/m2 0.708 (0.206-2.436) 0.584
HbA1c >6.0% 1.662 (0.511-5.409) 0.399
Disease Malignant 3.226 (0.342-30.459) 0.307
Pre-CTx Performed 1.796x10-6 0.973
Blood transfusion Performed 5.590x10-7 0.991
R status R1 0.352 (0.330-3.782) 0.389

Table 4   Tumor recurrences in patients with pancreatic and biliary 
cancer, by group

Lavage 
group  
(n = 39)

Non-lavage 
group  
(n = 27)

P value

Recurrence Present 20 (51%) 7 (26%) 0.046
Initial recur-

rence site 
(s)

Liver 10 4 0.603
Lung 3 2
Lymph nodes 6 2
Local 6 0
Peritoneum 3 1
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Eighteen patients in the lavage group (46%) had 21 
infectious complications including incisional infection 
in 7, organ or space infection in 8, and remote infection 
in 6. In the non-lavage group, 5 patients (21%) had 6 
infectious complications including incisional infection 
in 2, organ or space infection in 1, and remote infec-
tion in 3. Incidence of SSI was significantly higher 

in the lavage group than in the non-lavage group (P 
= 0.043).

When the risk factors for SSI listed in Table 5 were sub-
jected to multivariate analysis with the median value repre-
senting the cut-off for continuous variables, absence of lavage 
was selected as an independent factor reducing SSI (odds 
ratio, 0.1010; 95% CI, 0.015 to 0.680; P = 0.019; Table 7).

Table 5   Background 
characteristics of patients 
undergoing PD, by group

PNI, prognostic nutritional index; BMI, body mass index; IPMN, intraductal papillary mucinous neoplasm; 
pNEN, pancreatic neuroendocrine neoplasm; PD, pancreatoduodenectomy; DP, distal pancreatectomy; TP, 
total pancreatectomy; SMV, superior mesenteric vein; PV, portal vein; R, resection

Lavage group (n = 39) Non-lavage group (n = 24) P value

Age 74 (46-90) 73.5 (62-87) 0.697
Sex
  Male 19 (49%) 17 (71%) 0.117
  Female 20 (51%) 7 (29%)
PNI 47.1 (31.7-57.3) 48.7 (37.7-58.6) 0.179
BMI 22.22 (16.9-30.88) 21.9 (17.0-26.2) 0.966
HbA1c 6.1 (4.7-8.4) 5.85 (4.9-13.2) 0.633
Diseases
Malignant (n = 50)
  Pancreatic cancer 17 (44%) 9 (38%) 0.340
    Stage 0 1 0
      IA 2 0
      IIA 1 2
      IIB 13 7
  Bile duct cancer 12 (31%) 12 (50%)
    Stage 0 3 0
      IA 0 5
      IB 1 0
      IIA 3 0
      IIB 5 1
      IIIA 0 1
      IIIB 0 5
Non-malignant (n = 13)
  IPMN 8 (21%) 3 (13%)
  pNEN 2 (5%) 0
Preoperative chemotherapy
  Performed 1/29 (3%) 4/21 (19%) 0.148
Preoperative biliary drainage
  Performed 16 (41%) 14 (58%) 0.205
Duration of operation, min 655 (435-800) 649 (504-819) 0.893
Blood loss, mL 464 (150-2495) 573 (200-1175) 0.739
Blood transfusion
  Performed 2 (5%) 0 0.521
Number of lymph nodes dissected 33 (12-57) 31 (13-58) 0.470
SMV or PV resection
  Performed 9 (23%) 5 (21%) > 0.999
Arterial resection
  Performed 1 (3%) 1 (4%) > 0.999
R0 resection 37 (95%) 22 (92%) 0.632
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Tumor recurrence in patients undergoing PD 
(Table 8)

Fifteen patients in the lavage group and seven in the non-
lavage group had recurrences of disease (P = 0.254). Among 

12 biliary cancer patients in the lavage group, 3 had recur-
rence; among 12 in the non-lavage group, 5 had recurrence 
(P = 0.667). Among 17 pancreatic cancer patients in the lav-
age group, 12 had recurrence compared with 2 among 9 in 
the non-lavage group (P = 0.038). Cumulative RFS did not 
differ between groups (1-year RFS was 57.1% in the lavage 

Table 6   Postoperative course 
of patients undergoing PD, by 
group

PD, pancreatoduodenectomy

Lavage group (n = 39) Non-lavage group  
(n = 24)

P value

Mortality 1 (3%) 0 > 0.999
Morbidity 30 (77%) 20 (83%) 0.750
Clavien-Dindo class
  I 1 (3%) 1 (4%) 0.646
  II 12 (31%) 5 (21%)
  IIIa 15 (38%) 12 (50%)
  IIIb 0 1 (4%)
  IV 1 (3%) 1 (4%)
  V 1 (3%) 0
Infectious complication
    Present 18 (46%) 5 (21%) 0.060
  Surgical site infection
    Present 15 (38%) 3 (13%) 0.043
  Superficial or deep incisional 7 2
  Organ or space 8 1
  Remote infection
    Present 6 (15%) 3 (13%) > 0.999
Pancreatic fistula grade
    Present 16 (41%) 14 (58%) 0.205
  None 23 10
  BL (biochemically evident) 6 2
  B (intervention required) 10 12
  C (severe sequelae) 0 0
Length of stay, days 35 (15-88) 38.5 (17-67) 0.994

Table 7   Multivariate analysis of risk factors for SSI in patients 
undergoing PD

CI, confidence interval; PNI, prognostic nutritional index; BMI, body 
mass index; Pre-CTx, prehepatectomy chemotherapy; R, resection

Variables Odds ratio (95% CI) P value

Abdominal lavage Non-lavage 0.101 (0.015-0.680) 0.019
Age >75 years 1.349 (0.270-6.731) 0.715
Sex Male 2.020 (0.372-10.960) 0.415
PNI >47.5 1.127 (0.245-5.179) 0.878
BMI >22.0 kg/m2 1.039 (0.200-5.400) 0.964
HbA1c >6.0% 2.115 (0.460-9.720) 0.336
Disease Malignant 0.099 (0.003-3.371) 0.199
Pre-CTx Performed 1.069x10-5 0.982
Biliary drainage Performed 3.711 (0.690-19.947) 0.127
Blood transfusion Performed 1.918x10-6 0.991
R status R1 0.895 (0.056-14.184) 0.937

Table 8   Tumor recurrences in patients undergoing PD, by group

PD, pancreatoduodenectomy

Lavage 
group  
(n = 29)

Non-lavage 
group  
(n = 21)

P value

Recurrence Present 15 (51%) 7 (26%) 0.254
Initial recur-

rence site 
(s)

Liver 9 4 0.621
Lung 2 2
Lymph nodes 6 2
Local 4 0
Peritoneum 2 1
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group vs. 52.5% in the non-lavage group, P = 0.718). No 
differences in site of initial recurrence were evident between 
lavage and non-lavage groups (P = 0.621). Peritoneal dis-
semination occurred in 2 patients (7%) in the lavage group 
and 1 patient (5%) in the non-lavage group (P > 0.999).

Bacteriologic findings (Table 9)

Cultures of drainage fluid on POD 1 were positive in 
15.4% of lavage patients (6 patients among 39), as were 
cultures from 10.3% of drains (8 drains among 78), com-
pared with 37.5% of patients (9 patients among 24) and 
35.4% of drains (17 drains among 48) in the non-lavage 
group (P = 0.068 and P < 0.001, respectively). On POD 
3, however, 30.8% of patients (12 patients among 39) 
and 17.9% of drains (14 drains among 78) cultured in 
the lavage group were positive, while 45.8% of patients 
(11 patients among 24) and 39.6% of drains (19 drains 
among 48) cultured in the non-lavage group were positive 
(P = 0.285 and P = 0.012, respectively). Species of bac-
teria isolated from drainage fluid did not differ notably 
between POD 1 and 3 in the non-lavage group, but greater 
numbers of species were detected on POD 3 than on POD 
1 in the lavage group.

Among patients with postoperative SSI, Enterococ-
cus faecalis, Enterococcus faecium, Candida albicans, 

Enterobacter cloacae, and Enterobacter aerogenes, among 
others, were frequently isolated from the focus of infec-
tion. No difference in bacterial species was evident between 
groups.

Discussion

Considering all patients with pancreatic resections, inci-
dence of all infections was significantly higher in the lavage 
group, and incidence of SSI also was higher in the lavage 
group, nearly affecting statistical significance. Focusing on 
patients who underwent PD, SSI also were more frequent in 
the lavage group than the non-lavage group. Further, accord-
ing to multivariate analysis, absence of lavage was selected 
as an independent factor reducing SSI in the PD cohort, 
though not in the larger cohort including all patients.

Considering all patients, preoperative chemotherapy was 
more common but preoperative nutritional status was bet-
ter in the non-lavage group, so favorable nutritional status 
may have reduced frequency of infectious complications. 
However, in the subgroup undergoing PD, background char-
acteristics including preoperative nutritional status differed 
less between lavage and non-lavage patients. As PD typically 
involves multiple intestinal anastomoses such as pancrea-
tojejunostomy, hepatojejunostomy, and gastrojejunostomy, 

Table 9   Bacterial culture results 
in patients undergoing PD

PD, pancreatoduodenectomy; POD, postoperative day

Bacterial culture results Lavage (n = 39) Non-lavage (n = 24) P value

POD 1
Positive culture
Lavage/non-lavage patients 15.4% (6/39) 37.5% (9/24) 0.068
Lavage/non-lavage culture specimens 10.3% (8/78) 35.4% (17/48) < 0.001
Bacteria
  Enterococcus faecalis 7 13
  Enterococcus faecium 1 2
  Enterobacter cloacae - 2
  Citrobacter freundii - 2
POD 3
Positive culture
Lavage/non-lavage patients 30.8% (12/39) 45.8% (11/24) 0.285
Lavage/non-lavage culture specimens 17.9% (14/78) 39.6% (19/48) 0.012
Bacteria
  Staphylococcus epidermidis 4 -
  Enterococcus faecalis 4 15
  Enterococcus faecium 4 2
  Coryneform bacteria 1 -
  Pseudomonas aeruginosa 1 -
  Enterobacter cloacae - 4
  Citrobacter freundii - 1
  Candida albicans 1 -
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intraoperative lavage might be considered more important 
for avoiding bacterial contamination. Instead, surgical site 
infection was significantly less frequent in the non-lavage 
group among our patients undergoing PD.

Intraoperative peritoneal lavage may have several actions. 
Sterile saline and water can accomplish mechanical cleans-
ing to wash away bacteria, debris, and body fluids such as 
blood or bile. Lysis of tumor and bacterial cells also might 
result, depending upon differences between cell and lavage 
fluid tonicity. Lavage can disperse or remove not only bac-
teria but also contaminants favoring bacterial proliferation 
such as blood, as well as proinflammatory cytokines that 
may exacerbate local inflammation [20, 21]. However, lav-
age can interfere with peritoneal defense mechanisms [22] 
and mesothelial healing [23]; peritoneal mesothelium tends 
to slough after even brief exposure to air, saline, or other 
fluids [24–26]. Lavage also might displace important anti-
infectious mediators such as opsonic proteins, complement, 
proteases, and immunoglobulins [27, 28], and could even 
accelerate entry of bacteria and endotoxin into the systemic 
circulation via diaphragmatic lymphatic stomata [22, 29].

Among patients who underwent PD, frequency of posi-
tive bacterial cultures from drainage fluid was greater 
in the non-lavage group than in the lavage group on both 
POD 1 and POD 3. In spite of this, postoperative SSI were 
more frequent in the lavage group than in the non-lavage 
group. Further, in the lavage group, various bacterial spe-
cies were newly detected in POD 3 drainage fluid cultures 
that had not been detected on POD 1. Further, 6 lavage-
group patients had positive drainage fluid cultures on POD 
1, while 12 lavage-group patients had positive cultures on 
POD 3. Such increases were much less frequent among non-
lavage patients (from 9 patients on POD 1 to 11 on POD 
3). This suggests that intraoperative lavage might interfere 
with intraabdominal antiinfectious mechanisms. In a previ-
ous non-randomized study of patients undergoing elective 
colorectal surgery who underwent intraoperative peritoneal 
lavage with 5 L of normal saline, swab specimens from vari-
ous sites within the abdomen showed greatly decreased bac-
terial counts; nonetheless, the lavage group had higher rates 
of postoperative wound infection (47%), intraabdominal 
abscess (26%), and septicemia (13%) than did the non-lavage 
group (rates of 37%, 8%, and 3%, respectively) [30]. This 
previous result is essentially in agreement with our own. 
Little species difference was evident among our bacterial 
isolates from surgical sites between lavage and non-lavage 
groups, but the number of patients was limited.

Among lavage group patients undergoing PD, bleed-
ing from the spleen during lavage occurred in 2; repeated 
instillation and aspiration of saline within the abdomen was 
complicated by laceration of the spleen, possibly favored by 
disruption of adipose tissue related to the spleen.

Some reports have noted increased incidence of 
SSI in patients after bile duct drainage [31–33]. In our 
study, SSI was more likely to occur in patients who had 
insertion of a biliary drainage tube before PD (11/30 
or 36.7%) than in patients without preoperative biliary 
drainage (7/33 or 21.2%). However, statistical signifi-
cance was not attained (P = 0.264; data not shown). Fre-
quency of preoperative biliary drainage did not differ 
significantly between our lavage and non-lavage patients 
undergoing PD.

From an oncologic perspective, tumor recurrence in 
the entire cohort was more frequent in the lavage group, 
but the follow-up period was longer in the lavage group 
than the non-lavage group. On the other hand, cumula-
tive RFS and frequency of peritoneal dissemination did 
not differ between our lavage and non-lavage groups, 
either among all patients or among patients undergo-
ing PD. Recently, preoperative lavage cytologic exami-
nation has been advocated as a way to predict disease 
malignancy [34]. Although intraoperative lavage at com-
pletion of surgery might appear attractive as a way to 
remove or lyse tumor cells in the peritoneal cavity, our 
study did not support its value in preventing peritoneal 
recurrence of disease. Some studies have suggested that 
peritoneal lavage could reduce incidence of peritoneal 
recurrence [35, 36]. However, the main end-point of 
those studies was oncologic effect, and extensive wash-
ing with 10 L of saline [35.36] or distilled water [36] 
was performed for more than 15 min; their objectives 
and details of lavage differed somewhat from those in 
the present study, which included patients with a vari-
ety of tumor stages and perioperative treatment such as 
preoperative chemotherapy. Although oncologic conclu-
sions are difficult to draw, our findings suggest that rou-
tine peritoneal lavage using a fluid volume of 1 to 2 L at 
the end of surgery ordinarily should not be performed.

As the present study is retrospective, the results could 
have been influenced by various factors including preopera-
tive biliary drainage and perioperative antibiotic therapy. A 
prospective evaluation of intraoperative lavage during pan-
creatic surgery involving a greater number of patients would 
be desirable for verifying and refining the present results. We 
do not believe that inapparent differences in patient manage-
ment or other factors between operations preceding and fol-
lowing the end of October 2020 have influenced our results, 
but a prospective study could fully eliminate this possibil-
ity. Nonetheless, based on the results of this study, we now 
believe that intraoperative lavage has limited and variable 
ability to prevent surgical site infection and peritoneal dis-
ease recurrence, and should not be routinely performed 
unless a prospective study with greater power demonstrates 
a positive clinical impact.
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