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Abstract

Objectives: The aim of this dual‐center randomized controlled trial was to deter-

mine the optimal duration of antimicrobial prophylaxis in patients treated with pan-

creaticoduodenectomy (PD) who underwent preoperative biliary drainage (PBD) but

were without cholangitis.

Background: Some reports showed that PBD in patients undergoing pancreatec-

tomy increased the rate of perioperative complications. However, no clinical trial has

evaluated the optimal duration of antimicrobial prophylaxis with a focus on patients

who underwent PD following PBD.

Methods: A total of 82 patients who underwent PD between March 2012 and

December 2016 were randomly assigned to either a 1‐day group (n = 40), in which

cefozopran (CZOP) as antimicrobial prophylaxis was given only on the day of sur-

gery, or a 5‐day group (n = 42), in which CZOP was given for 5 consecutive days

beginning on the day of surgery. We evaluated the incidence of infectious and other

complications after PD.

Results: Outcomes were significantly better in the 1‐day group compared with

the 5‐day group (P < 0.05) in terms of the incidence of overall infectious

complications (15% vs 36%, respectively), intra‐abdominal abscess (3% vs 21%,

respectively), clinically relevant postoperative pancreatic fistula (8% vs 24%,

respectively), and Clavien‐Dindo grade III‐V complications (10% vs 31%, respec-

tively). Duration of postoperative hospital stay was significantly shorter in the 1‐
day group (10 days vs 15 days, P = 0.018). Anaerobic bacteria and methicillin‐
resistant cocci were isolated from the drainage fluid only among patients in the

5‐day group.

Conclusion: Single‐day prophylactic use of CZOP is appropriate for patients who

undergo PD following PBD without preoperative cholangitis.
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1 | INTRODUCTION

Pancreaticoduodenectomy (PD) is a complex surgical procedure car-

ried out for the treatment of periampullary diseases. Although the

perioperative mortality rate of PD has remained relatively low, at

approximately 1%‐2% in high‐volume centers, high morbidity of

roughly 50% remains a problem.1–3

Obstructive jaundice is the most common symptom in patients

with periampullary diseases. Preoperative biliary drainage (PBD) is

widely carried out for relieving biliary obstruction, but it is known to

cause bile contamination in approximately 80% of patients.4,5 How-

ever, PBD is still considered indispensable before major hepatobiliary

and pancreatic surgeries, as several previous retrospective studies

have reported that it reduced morbidity and mortality after PD

through improving liver function.6,7

In contrast, a randomized controlled trial (RCT) concluded that

routine PBD in patients undergoing pancreatectomy for pancreatic

head tumors significantly increased the rate of perioperative com-

plications.8 First‐ or second‐generation cephem has been used

commonly as prophylactic antibiotic in our institutes as well as in

Western countries.9,10 Furthermore, several guidelines recommend

discontinuation of antimicrobial prophylaxis within 24 hours of sur-

gery, even for major hepato‐pancreato‐biliary surgery.11,12 In con-

trast, Sudo et al4 suggested that patients with PBD are at high

risk for postoperative infectious complications, and that therapeu-

tic antimicrobial treatment with third‐ or fourth‐generation cepha-

losporins targeting Gram‐negative bacilli for 3 or 4 days rather

than routine antimicrobial prophylaxis is more appropriate for

patients who have undergone PBD. Additionally, Sourrouille et al13

have reported that 5 days of postoperative antimicrobial therapy

in patients at high risk of contamination reduces the overall rate

of infectious complications after PD. Among patients who under-

went PBD, those who had developed cholangitis defined by the

Tokyo Guidelines 200714 preoperatively had a particularly high

likelihood of developing postoperative infectious complications,

and routine use of broad‐spectrum antibiotics as therapeutic

antimicrobial therapy has been implicated.15,16 Thus, hard evidence

as to the duration and selection of antibiotics for use as antimi-

crobial prophylaxis has been lacking for patients with an interme-

diate risk for infection, such as those who undergo PD after

receiving PBD but have no signs of cholangitis preoperatively. In

the current study, cefozopran (CZOP) which covers the Enterococ-

cus and Enterobacter species was chosen for controlling infection

in patients with PBD.

We herein report results from a RCT comparing antimicrobial

prophylaxis with 1‐day versus 5‐day administration of CZOP, which

is a fourth‐generation cephalosporin, in patients without cholangitis

who underwent PD after PBD, with the incidence of postoperative

infectious complications as a primary endpoint.

2 | METHODS

2.1 | Patients

Patients with periampullary disease who were 20 years or older and

who underwent PBD followed by PD at Kansai Medical University

Hospital and Nagoya University Hospital were eligible for this RCT.

We classified the patients who underwent PD into three risk cate-

gories according to biliary contamination or infection, as shown in

Figure 1; (i) the low‐risk group: those who received no PBD preop-

eratively; (ii) the intermediate‐risk group: those who received preop-

erative PBD but were without signs of cholangitis; and (iii) the high‐
risk group: those who had cholangitis and received preoperative

PBD. Only patients who belonged to the intermediate‐risk group

were included. Patients who were classified as high risk were

excluded and routinely received antimicrobial prophylaxis with

CZOP until postoperative day 4.15,16 In this study, we always

clamped the hepatic duct by clamp forceps to prevent spilling bile

juice after resecting the common bile duct. Peritoneal lavage was

routinely conducted using 5000 mL each of normal saline at the

time when the pancreas head was removed and at the end of the

operation, respectively. All patients provided written informed con-

sent before study enrolment. This study was registered in UMIN‐
CTR (UMIN000007277) and was approved by the ethics committee

of each institution (H110276: Kansai Medical University Hospital,

2013‐0224: Nagoya University Hospital). An ethical problem

assumed in this study was that the incidence of infectious complica-

tions in the non‐effective group might be increased, and that pro-

longed antibiotic prophylaxis might be associated with increased

acquired antimicrobial resistance.

2.2 | Randomization and antimicrobial prophylaxis
dosage procedures

Patients were randomly assigned to either the 1‐day group or the 5‐
day group before surgery. A central randomization system at Kansai

Medical University was applied, and patients were stratified by insti-

tution.

In all patients, 1 g CZOP was given i.v. for 30 minutes immedi-

ately after induction, and additional doses were given once every

3 hours during the operative procedure. In addition, 1 g postopera-

tive CZOP was given on the day of surgery for patients in the 1‐day
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group, whereas further doses of the postoperative CZOP were given

every 12 hours for another 4 consecutive days in the 5‐day group

(additional 2 g CZOP per day for 4 days).

2.3 | Study endpoints

Primary endpoint was the incidence of postoperative infectious

complications, which were defined as clinically relevant postopera-

tive pancreatic fistula (CR‐POPF) which was defined according to

International Study Group (ISGPF) criteria,17 intra‐abdominal

abscess, postoperative cholangitis and wound infection. Secondary

endpoints were overall postoperative morbidity, mortality, Clavien‐
Dindo grade III~V complications,18 and length of postoperative hos-

pital stay.

We diagnosed intra‐abdominal abscess by computed tomogra-

phy (CT) or ultrasonography (US). If the drainage tube was already

removed from the patient when we diagnosed the intra‐abdominal

abscess, we inserted a percutaneous drainage tube. If the patient

had a drainage tube in place, we exchanged it for a new tube

because the tubes are vulnerable to obstruction by plugs consist-

ing of fibrin and other materials. We investigated the drainage

fluid for microbiological testing from the patients who were given

a percutaneous drainage tube or who had been placed with a

drainage tube for a long period. If the intra‐abdominal abscess

was located in the center of the body where puncture was con-

sidered hazardous, we gave remedial antibiotics before considering

surgical drainage.

2.4 | Data collection

Clinical data were collected prospectively for all patients and

included patient demographics, pathological examination, periopera-

tive clinical information, and complications.

2.5 | Statistical analysis

This study was designed to investigate that the infectious complica-

tion rate of the 1‐day group was not inferior to that of the 5‐day
group. Based on previous studies,18,19 the percentage of patients

who developed infectious complications was expected to be 20%,

and the threshold value was set at 40%. We planned to enrol at

least 40 patients in each group without an accurate sample size cal-

culation as a preparatory study.

Patient characteristics and perioperative and postoperative fac-

tors between the two groups were compared with Fisher's exact test

and the Mann‐Whitney U test as appropriate. Statistical significance

was defined as P < 0.05. Statistical analyses were carried out with

the JMP statistical program version 13 (SAS Inc., Cary, NC, USA).

3 | RESULTS

Between March 2012 and December 2016, 89 patients from the

two institutions were pre‐registered as shown in the CONSORT dia-

gram (Figure 2). Of these, a total of seven patients were excluded

because of unresectable tumor (n = 4) and conversion to total pan-

createctomy (n = 3). A total of 82 patients who underwent PD were

randomized into the 1‐day group (n = 40) and the 5‐day group

(n = 42).

3.1 | Clinical characteristics

Patient characteristics are summarized in Table 1. Although most of

the clinical background characteristics did not differ between groups,

body mass index (BMI) in the 5‐day group (22.51 [15.90‐28.75]) was

significantly higher than that in the 1‐day group (20.82 [14.88‐
25.09], P = 0.012). The two types of fistula risk score proposed by

F IGURE 1 Recommended antibiotic
prophylaxis according to preoperative
biliary drainage. CZOP, cefozopran; CEZ,
Cefazolin; CMZ, Cefmetazole
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Miller et al19 and Roberts et al20 were almost the same between

groups. Neoadjuvant therapy was carried out in seven patients (17%)

in the 1‐day group and in 10 patients (24%) in the 5‐day group. The

majority of patients in both groups (85%) had a plastic stent inserted,

whereas a metal stent had been the choice for the remaining 15%,

with no significant difference in preference between groups. Median

time from PBD to PD was 29 days in the 1‐day group and 38 days

in the 5‐day group, which was not statistically significant.

3.2 | Surgical characteristics

Details on surgical parameters are also shown in Table 1. There were

no significant differences in operation time and blood loss between

the groups. Diameter of the main pancreatic duct and thickness of

the pancreatic parenchyma were also similar. Additionally, the two

groups were well matched for reconstruction method of pancreatico-

jejunostomy (PJ, modified Kakita method21 or modified Blumgart

method22) and stent placement at PJ (external stent or internal stent

or no stent).

3.3 | Postoperative complications

Table 2 shows the postoperative complications in both groups. Inci-

dence of overall infectious complications, including CR‐POPF, intra‐
abdominal abscess, cholangitis and wound infection, was significantly

lower in the 1‐day group compared with the 5‐day group (15% vs

36%, respectively; P = 0.029). Of the four types of complications,

there were significant differences in the incidence of intra‐abdominal

abscess (3% vs 21%, respectively; P = 0.005) and CR‐POPF (8% vs

24%, respectively; P = 0.038), but no difference in the incidence of

postoperative cholangitis or wound infection.

Patients who had CR‐POPF had required percutaneous drainage,

exchange of drainage tube, or remedial antibiotic. In the 1‐day group,

three patients had CR‐POPF. Of these, percutaneous drainage was

conducted in two patients and exchange of drainage tube in one

patient, accompanied by giving of remedial antibiotics. In the 5‐day
group, 10 patients had CR‐POPF. Of these, percutaneous drainage

was conducted in five patients, exchange of drainage tube in four

patients and persistent drainage with remedial antibiotics was

needed in one patient. The incidence of POPF of all grades and

overall morbidity were significantly lower in the 1‐day group com-

pared with the 5‐day group (P < 0.05). In addition, the severe com-

plication rate (Clavien‐Dindo III to V) was significantly lower in the

1‐day group compared with the 5‐day group (10% vs 31%, respec-

tively; P = 0.017). Allergic reaction was not found in any patient

who participated in this study.

3.4 | Postoperative outcomes

As shown in Table 2, method of drain management did not differ

significantly between groups, and drains were typically removed by

postoperative day 3. Percutaneous drainage after removal was

required in two patients (5%) in the 1‐day group and in five patients

(12%) in the 5‐day group, which did not reach statistical significance.

No reoperation was carried out in either of the groups, and there

was no mortality. Remedial antimicrobials were initiated on postop-

erative day 8 as a median value in 11 patients (28%) of the 1‐day
group and on postoperative day 11 in 18 patients (43%) of the 5‐
day group for treatment of infectious complications and preventing

aggravation of POPF, respectively. Postoperative hospital stay was

significantly shorter in the 1‐day group compared with the 5‐day
group (10 days vs 15 days, respectively; P = 0.018).

3.5 | Microorganisms detected by abdominal
drainage fluid culture

Potentially pathogenic microorganisms were identified from the

intra‐abdominal drainage fluids of three patients with intra‐abdom-

inal abscess or clinically relevant POPF in the 1‐day group and in

13 patients in the 5‐day group (Table 3). The most commonly iso-

lated microorganisms were Enterococcus species and Enterobacter

species. Anaerobic bacteria and methicillin‐resistant (MR) cocci

were isolated exclusively from the drainage fluid of the 5‐day
group.

3.6 | Risk factors for infectious complications

Risk factors for infectious complications are shown in Table 4.

Univariate analyses by original parameters showed that non‐pan-
creatic disease, soft pancreatic parenchyma and the 5‐day group

were significantly associated with infectious complications. BMI

was found not to be a risk factor for infectious complications in

this analysis. Multivariate analysis was performed using factors

with significant differences in univariate analyses. Duration of

CZOP dosage (5 days) was only independent risk factor for infec-

tious complications.

F IGURE 2 CONSORT diagram: Trial profile and patient allocation
from March 2012 to December 2016. PD,
pancreaticoduodenectomy
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4 | DISCUSSION

Current guidelines recommend discontinuation of antimicrobial pro-

phylaxis within 24 hours, even after major hepatobiliary and pancre-

atic surgery.11,12 First‐ or second‐generation cephalosporins as

prophylactic antimicrobial therapy on the day of surgery only could

indeed have been appropriate for patients who underwent PD with-

out PBD, which comprised 41% of the patients who underwent PD

during the study period and who were not eligible for the present

study. These patients had been categorized as the low‐risk group for

postoperative infection. In contrast, patients who developed cholan-

gitis before PD (the high‐risk group, amounting to 16% of patients

who underwent PD during the study period) may require third‐ or

fourth‐generation cephalosporins until postoperative day 4. How-

ever, there has been no consensus on the optimal duration of

antimicrobial prophylaxis in patients with PBD and without

cholangitis (35% of patients who underwent PD) which, in our sys-

tem, had been classified as the intermediate‐risk group. The current

RCT indicated that 1‐day administration of antimicrobial prophylaxis

with CZOP is sufficient for this group of patients.

Recently, several RCT which assessed the duration of antimicro-

bial prophylaxis in other types of surgery have been reported. In gas-

tric surgery, it was reported that elimination of postoperative

antimicrobial prophylaxis did not increase the incidence of surgical‐
site infections.23 Furthermore, 2‐day administration of antimicrobial

prophylaxis is sufficient for patients undergoing hepatectomy with

extrahepatic bile duct resection, which is one of the most invasive

types of surgery, compared with 4‐day administration.24 This study

was intended as a preparatory study designed to show that the

infectious complication rate of the 1‐day group was not inferior to

that of the 5‐day group. Unexpectedly, giving postoperative antimi-

crobial prophylaxis for 5 days after PD was shown to significantly

TABLE 1 Patient characteristics and surgical factors

Patient characteristics 1‐day group (n = 40) 5‐day group (n = 42) P‐value

Age, median (range), y 70 (47‐86) 72 (38‐84) 0.277

Gender, male: female, n (%) 22 (55) : 18 (45) 26 (62) : 16 (38) 0.526

Body mass index (range), kg/m2 20.82 (14.88‐25.09) 22.51 (15.90‐28.75) 0.012

Total‐bilirubin, median (range), mg/dL 0.8 (0.3‐6.5) 0.7 (0.4‐5.1) 0.544

C‐reactive protein, median (range), mg/dL 0.13 (0.0‐5.9) 0.14 (0.0‐2.1) 0.600

Creatinine, median (range), mg/dL 0.71 (0.46‐1.01) 0.72 (0.48‐1.23) 0.911

Pathological diagnosis, n (%) 0.300

Pancreatic ductal adenocarcinoma 17 (43) 20 (48) 0.541

Bile duct cancer 13 (32) 13 (31) 0.926

Peripapillary carcinoma 7 (18) 8 (19) 0.856

Other 3 (7) 1 (2) 0.273

Comorbid disease, − : +, n (%) 16 (40) : 24 (60) 19 (45) : 23 (55) 0.632

Diabetes mellitus, − : +, n (%) 32 (80) : 8 (20) 33 (79) : 9 (21) 0.873

Neo‐adjuvant therapy, − : +, n (%) 33 (83) : 7 (17) 32 (76) : 10 (24) 0.480

Type of preoperative biliary drainage; n (%)

Plastic stent : metallic stent : CJ 34 (85) : 5 (13) : 1 (2) 36 (86) : 6 (14) : 0 (0) 0.400

Duration of preoperative biliary drainage, median (range), d 29 (3‐131) 38 (11‐372) 0.125

Surgical factors

Operation time, median (range), min 425 (295‐575) 386 (305‐555) 0.121

Extent of blood loss median (range), mL 821 (133‐2750) 906 (273‐2754) 0.856

Type of pancreatojejunostomy, Kakita : Blumgart, n (%) 12 (30) : 28 (70) 16 (38) : 26 (62) 0.439

External stenting : Internal : None, n (%) 2 (5) : 8 (20) : 30 (75) 2 (5) : 12 (29) : 28 (66) 0.662

Main pancreatic duct, median (range), mm 4.0 (1‐15) 3.3 (1‐8) 0.554

Main pancreatic duct ≤3 mm, n (%) 18 (45) 21 (50) 0.650

Pancreatic parenchyma, soft : hard, n (%) 18 (45) : 22 (55) 25 (60) : 17 (40) 0.187

Fistula risk score,19 median (range) 4.5 (1‐10) 5.0 (1‐10) 0.378

Fistula risk score,19 Negligible : Low : Moderate : High, n (%) 0 : 8 (20) : 22 (55) : 10 (25) 0 : 6 (14) : 21 (50) : 15 (36) 0.531

Risk score,20 median (range) 8.34 (0.06‐25.24) 10.32 (1.37‐24.26) 0.180

CJ, cholecystojejunostomy; External, external stent; Internal, internal stent.

Kakita, modified Kakita method.21

Blumgart, modified Blumgart method.22
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increase the incidence of infectious complications compared with

the 1‐day dosage strategy. Consequently, the 5‐day group was asso-

ciated with prolonged duration of in‐hospital stay.
Infectious complications including CR‐POPF after PD result in a

prolonged and complex postoperative course that is sometimes asso-

ciated with mortality.3 This could lead to serious oncological conse-

quences, especially for patients with pancreatic ductal carcinoma, as

a prolonged time to recovery may delay the initiation of evidence‐
based adjuvant chemotherapy. Postoperative complications have

been documented to adversely affect long‐term survival in several

cancer types.

Preoperative biliary drainage before PD may not always be indi-

cated for patients with obstructive jaundice, provided the patient

does not suffer from cholangitis. However, in clinical practice,

patients often receive PBD at local hospitals before being given the

final diagnosis, after which they are sent to high‐volume centers for

surgery. Furthermore, neoadjuvant chemo(radio)therapy has recently

been indicated for increasing numbers of patients with pancreatic

ductal adenocarcinoma. For these patients, restoration of adequate

liver function through PBD is mandatory, even if the drainage may

in itself be a risk factor for biliary contamination and postoperative

infectious complications.5,8,24 Thus, PBD remains necessary, at least

in some patients for whom major pancreatic surgery will eventually

be indicated. Consequently, the time lapse between the PBD and

PD tended to be prolonged in this report as compared with the

high‐volume US centers.

Previous studies showed that bile juice was contaminated with

bacteria in more than 80% of patients who underwent PBD.4,25 Bil-

iary tract infection and intestinal colonized bile juice can lead to con-

tamination of the peritoneal cavity during biliary duct transection or

hepaticojejunostomy. To reduce infectious complications after PD,

appropriate antimicrobial prophylaxis targeting intrabiliary microor-

ganisms should be given. The most commonly isolated microorgan-

isms from bile cultures were Enterococcus species, Enterobacter

TABLE 2 Comparison of postoperative complications and clinical outcomes

Postoperative complications 1‐day group (n = 40) 5‐day group (n = 42) P‐value

Infectious complications, n (%) 6 (15) 15 (36) 0.029

Intra‐abdominal abscess, n (%) 1 (3) 9 (21) 0.005

Postoperative cholangitis, n (%) 2 (5) 1 (2) 0.525

Wound infection, n (%) 1 (3) 1 (2) 0.972

Clinically relevant POPF, n (%) 3 (8) 10 (24) 0.038

SIRS or sepsis, n (%) 6 (15) 11 (26) 0.208

Post‐pancreatectomy hemorrhage, n (%) 0 (0) 1 (2) 0.245

Delayed gastric emptying, n (%) 2 (5) 5 (12) 0.255

Overall POPF, n (%) 14 (35) 25 (60) 0.025

Overall complications, n (%) 22 (55) 32 (76) 0.042

Clavien‐Dindo classification ≥III, n (%) 4 (10) 13 (31) 0.017

Mortality, n (%) 0 (0) 0 (0) 1.000

Clinical outcomes

Drain fluid AMY level in POD1, median range, IU/L 773 (20‐22 005) 2639 (25‐50 635) 0.032

Drain fluid AMY level in POD1 >4000 IU/L, n (%) 8 (20) 14 (33) 0.171

Duration of drainage tube placement, median (range), d 3 (2‐25) 3 (3‐31) 0.185

Percutaneous drainage, n (%) 2 (5) 5 (12) 0.256

Reoperation, n (%) 0 (0) 0 (0) 1.000

Use of remedial antibiotics, n (%) 11 (28) 18 (43) 0.144

1st‐, 2nd‐generation cephem, n 0 0

3rd‐, 4th‐generation cephem, n 5 7

Penicillin‐based antibiotics, n 1 4

Carbapenem, n 1 3

New quinolone, n 1 0

Oral antimicrobial agents, n 3 4

Postoperative date of initiated remedial antibiotics, median (range), d 8 (1‐14) 11 (5‐19) 0.125

Duration of in‐hospital stay, median (range), d 10 (8‐33) 15 (8‐44) 0.018

AMY, amylase; POD, postoperative day; POPF, postoperative pancreatic fistula defined by International Study Group (ISGPF); SIRS, systemic inflamma-

tory response syndrome.

Infectious complications include clinically relevant POPF, intra‐abdominal abscess, postoperative cholangitis and wound infection.

Bold denotes primary endpoint.
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species and Klebsiella species,4,26 consistent with our findings

(Table 3). Additionally, two previous reports that evaluated bacteria

from ascitic fluid after PD reported that most of the isolated bacteria

were Enterococcus and Enterobacter species.27,28 Thus, broad‐spec-
trum antimicrobials targeting these microorganisms are recom-

mended for patients who will undergo PD following PBD. In the

current RCT, we used CZOP as antimicrobial prophylaxis covering

Enterococcus, Enterobacter and Klebsiella species.

In the 1‐day group, which had better clinical outcomes, the

incidence of overall infectious complications was 15% and that of

intra‐abdominal infections was only 8%, which were lower than

those reported in previous studies.29,30 An important finding from

this study was that anaerobic bacteria and MR cocci including Sta-

phylococcus aureus and Staphylococcus epidermis were isolated exclu-

sively from the 5‐day group, and not from the 1‐day group. These

results imply that CZOP might be an appropriate choice as antimi-

crobial prophylaxis in limited patients (middle‐ or high‐risk groups

who undergo PD), provided that prolonged usage in the absence of

clear signs of infection is avoided.

Harmful effects of prolonged prophylactic use of antimicrobial

agents have been documented after other types of major surgery.

Anaerobic bacteria were reportedly isolated from patients who

developed postoperative infections following radical cystectomy and

urinary diversion using the small intestine, when cephalosporin was

continued for 1 week as antimicrobial prophylaxis.31 In cardiac sur-

gery, prolonged prophylaxis with antimicrobials has been associated

with an increased risk of acquired antimicrobial resistance.32 More-

over, it is well known that long‐term postoperative antimicrobial pro-

phylaxis has led to outbreaks of postoperative methicillin‐resistant
Staphylococcus aureus (MRSA) infection.33 In addition, the incidence

of patients with signs of infection in whom causative pathogens can-

not be detected by conventional methodology has been increasing.

Recently, an analysis using the 16s ribosomal RNA gene showed

higher sensitivity in detecting anaerobic bacteria,34 but, at the same

time, suggested the possibility that the consequences of inadequate

prophylaxis antimicrobials are more serious than they seem.

Development of CR‐POPF is the most important risk factor for

intra‐abdominal infections.35 Pancreatic surgeons seek to develop

TABLE 4 Risk factors for infectious complications

Parameter
Univariate analysis

P‐value
Multivariate analysis

P‐valueOR (95% CI) OR (95% CI)

Age, years 1.47 (0.54‐4.09) 0.447

Body mass index 1.20 (0.67‐1.00) 0.052

Comorbid disease, − : + 0.88 (0.32‐2.48) 0.810

Diabetes mellitus, − : + 0.61 (0.13‐2.14) 0.470

Disease, panc, non‐panc 2.76 (0.98‐8.61) 0.049 2.36 (0.47‐12.59) 0.294

Neoadjuvant therapy, − : + 0.61 (0.13‐2.14) 0.470

Serum albumin level, g/dL 1.49 (0.29‐2.10) 0.496

Operation time, min 1.00 (0.98‐1.00) 0.366

PJ anastomosis, Kakita vs Blumgart 1.65 (0.58‐4.60) 0.334

Main pancreatic duct width, mm 1.25 (0.95‐1.73) 0.119

Pancreatic parenchyma, soft vs hard 2.94 (1.05‐9.21) 0.040 1.12 (0.28‐7.34) 0.672

Drain fluid AMY level in POD1, ≤4000 vs >4000 IU/L 2.77 (0.95‐8.06) 0.062

Duration of CZOP dosage, days 1 vs 5 0.31 (0.10‐0.89) 0.029 0.31 (0.09‐0.93) 0.034

AMY, amylase; CI, confidence interval; CZOP, cefozopran; OR, odds ratio; panc, pancreatic disease; PJ, pancreaticojejunostomy; POD, postoperative

day.

TABLE 3 Microorganisms isolated from cultures derived from the
intra‐abdominal drains

1‐day group
(n = 40)

5‐day group
(n = 42)

Gram‐positive bacilli

Enterococcus species

Enterococcus faecalis 1 8

Enterococcus faecium / 3

Enterococcus avium / 1

Cocci (SA, SE, CNS,

α-streptococci)
/ 2

Methicillin‐resistant cocci (SA,
SE, CNS)

/ 4

Gram‐negative bacilli

Enterobacter species

Enterobacter cloacae / 2

Enterobacter aerogenes / 1

Klebsiella pneumoniae 2 1

Citrobacter braakii 1 /

Serratia plymuthica 1 1

Anaerobic bacteria

Fusobacterium necrophorum / 1

Prevotella bivia / 1

CNS, coagulase‐negative staphylococci; SA, Staphylococcus aureus; SE,

Staphylococcus epidermidis; /, no detection.
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techniques for reducing the incidence of CR‐POPF, including various

methods of PJ anastomosis, pancreatic duct stenting,36 and drain

management.37 In addition, several risk factors for the development

of CR‐POPF, including soft parenchyma of the pancreas,38 a non‐
dilated pancreatic duct,39 drain fluid amylase level >4000 or

5000 IU/L at postoperative day 1 (POD1)40,41 and fistula risk

score19,20 have been identified to construct strategies to prepare for

some inevitable complications. In the current study, the incidence of

CR‐POPF in the 5‐day group was significantly higher, although there

were no marked differences in pancreatic texture and duct diameter,

surgical methods, duration of drainage tube placement, rate of

patients with drain fluid amylase level >4000 IU on POD1 and two

types of fistula risk score19,20 between the groups. However, the

value of BMI and drain fluid amylase level at POD1 in the 5‐day
group were significantly higher compared with the 1‐day group by

univariate analysis. These factors might influence the development

of CR‐POPF. However, BMI and drain fluid amylase level at POD1

>4000 IU/L were not independent risk factors for the incidence of

CR‐POPF by multivariate analysis (data not shown). The most impor-

tant finding of the current study was that infectious complications

were not increased by limited use of antimicrobial as shown in

Table 2. These findings indicate that the prolonged use of

antimicrobials could mar all of the painstaking efforts of the surgical

team to reduce the morbidity and mortality associated with

pancreatic surgery.

In the current study, the two participating institutes carried out

mutual site visits and had taken several steps to standardize the sur-

gical technique and perioperative management, with particular focus

on the evaluation of CR‐POPF and placement, removal and exchange

of the drainage tubes. Our result that the short administration of

antibiotics results in superior outcomes in PD was unexpected, but

is actually true in other less complex surgical procedures. Perhaps an

optimal duration of antibiotics does not solely depend on the com-

plexity of surgery. However, a larger study with a greater number of

participating institutes will be needed to confirm our findings.

We are aware of some limitations of this study. First, this was a

randomized but unblinded study with a small sample size. The current

study was intended as a preparatory study designed to explore

whether the issue of the duration of prophylaxis antimicrobials needs

further and more extensive exploration in larger studies. Second, there

was a significant difference in the baseline BMI of patients between

the two groups. Obesity was admittedly one of the risk factors for clin-

ically relevant POPF and postoperative infectious complications. Strat-

ification by BMI was not carried out in this study because, again, the

number of enrolled patients was too small for such considerations. In

addition, although differences in the incidence of other potential risk

factors for POPF, such as pancreatic texture, surgical procedure, fistula

risk score and drain management were not statistically significant, one

could not completely deny the possibility that some differences in

background characteristics could have biased our results.

In conclusion, 1‐day administration of broad‐spectrum antimicro-

bial prophylaxis is appropriate as antimicrobial prophylaxis in patients

who undergo PD after PBD and are without preoperative

cholangitis, and long‐term administration of antimicrobial prophylaxis

in the absence of apparent signs of infection should be avoided.
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