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Abstract
Background: Postoperative cholangitis is a late complication of pancreaticoduodenectomy (PD). This
study aimed to elucidate the pathogenesis of post-PD cholangitis (PPDC) and explore its optimal
treatment.

Methods: We retrospectively analyzed 210 patients who underwent PD at our institute between 2009 and
2018. Patients who underwent follow-up for less than one year or had cholangitis caused by cancer
recurrence, were excluded from the analysis. Diagnostic criteria for cholangitis and its severity were
determined based on the classi�cation of acute cholangitis provided by the 2018 Tokyo Guidelines
(TG18).

Results: PPDC occurred in 19 (11%) of the 176 included patients. Of these 19 patients, nine experienced
more than one episode of cholangitis (total episodes, 36). For 14 patients (74%), the �rst episode of
PPDC occurred within two years after surgery. Based on the TG18, 21 episodes were mild and 15
episodes were moderate; none were severe. Blood culture test results were positive for 16 of 24 episodes.
Most patients were hospitalized and treated with intravenous antibiotics (median, seven days). The blood
test values improved promptly after treatment was started. Four patients with recurrent cholangitis
underwent endoscopic examination, and three of them had anastomotic stenosis of the
hepaticojejunostomy. The univariate and multivariate analyses did not indicate any signi�cant predictive
factors for PPDC development.

Conclusion: Mild and moderate PPDC occurred and improved with short-term antimicrobial treatment.
Temporary re�ux into the intrahepatic bile ducts may have been the cause of PPDC while anastomotic
stenosis may be involved in recurrent cases.

Introduction
Improved surgical techniques and postoperative management have enhanced the short-term
postoperative outcomes of pancreaticoduodenectomy (PD) [1, 2]. As a result, long-term outcomes have
become increasingly important. Postoperative cholangitis is one of the major late complications
affecting long-term survivors after PD [3–5].

Common acute cholangitis in the absence of surgical manipulation of the biliary system is caused by
stones or tumors obstructing the bile �ow. Bile stasis leads to bacterial growth, and the increased
pressure in the biliary tract allows bacteria and in�ammatory substances to enter the veins, causing a
systemic in�ammatory reaction, such as sepsis. If not treated appropriately, common acute cholangitis
can be fatal.

In contrast, post-PD cholangitis (PPDC) is suspected to be caused by digestive �uid re�ux into the
intrahepatic bile duct (IHBD), and bile congestion is attributable to anastomotic stricture [3–5]. Resection
of the distal bile duct, including the sphincter of Oddi, in PD may weaken the anti-re�ux mechanism and
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increase the risk of digestive juice re�ux into the IHBD. Additionally, anastomosis of hepaticojejunostomy
may result in stenosis, which could cause bile stasis [3–5]. These �ndings suggest that cholangitis is
more likely to occur in the post-PD state.

Although guidelines, such as the Tokyo Guidelines (TG), have been well established for common acute
cholangitis, there are no speci�c guidelines for PPDC. Currently, the diagnosis and treatment of PPDC are
based on the guidelines for common acute cholangitis. However, the anatomy of the biliary system is
modi�ed by surgery; therefore, the clinical course may be different from that of common acute
cholangitis.

This study aimed to elucidate the pathogenesis of post-PD cholangitis by examining its clinical features
and explore its optimal treatment. These results have not been previously described in detail.

Methods

Patients
In this study, we enrolled patients who underwent PD at our institution between January 2009 and August
2018. Preoperative and postoperative clinical data were retrospectively collected. The Clinical Ethics
Committee of our institute approved this study (permission no. 374), and the requirement for informed
consent was waived due to the retrospective design of the study. We excluded patients from the analysis
if they were followed-up for less than one year due to death or unsuccessful follow-up (27 patients). In
addition, we excluded cases of postoperative cholangitis caused by cancer recurrence (7 patients) and
those with postoperative cholangitis that developed within one month after surgery (not applicable).
Finally, 157 patients in the group without PPDC and 19 patients in the group with PPDC were included in
the analysis (Fig. 1).

Diagnostic criteria for and severity classi�cation of
postoperative cholangitis
Based on literature review and expert consensus at the International Consensus Conference on the
Management of Acute Cholangitis and Cholecystitis, diagnostic criteria for common acute cholangitis
were �rst de�ned in 2007 [6]. The TG were revised in 2013 [7, 8] and 2018 [9, 10]. Therefore, we evaluated
PPDC according to the criteria for common acute cholangitis proposed by the 2018 Tokyo Guidelines
(TG18).

According to the TG18, diagnostic criteria for acute cholangitis comprise three categories: A, systemic
in�ammation; B, cholestasis; and C, imaging. Each category has two items: A-1, fever and/or
shaking/chills; A-2, laboratory data: evidence of in�ammatory response; B-1, jaundice; B-2, laboratory
data: abnormal liver function tests; C-1, biliary dilatation; and C-2, evidence of the etiology on imaging.
One item from each category (A, B, and C) is required for a de�nitive diagnosis. However, one item from
category A and one item from category B or category C are required for a suspected diagnosis. In this
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study, suspected diagnoses based on the TG18 were also classi�ed as cholangitis. The diagnostic criteria
and severity classi�cations are listed in Table 1.

Perioperative management
PD has been often indicated for tumors of the pancreatic head region with obstructive jaundice. For such
cases in our study, endoscopic retrograde biliary drainage was performed preoperatively by a
gastroenterologist to reduce jaundice. Prophylactic antibiotics were administered at the time of surgery,
and the same antibiotics were continued until the �rst postoperative day.

Surgical procedure
All surgeries evaluated in this study were performed by experienced hepatobiliary pancreatic surgeons.
The PD procedure performed at our institute was based on subtotal stomach-preserving PD, whereby the
stomach antrum is resected to preserve most of the stomach. Reconstruction was performed using the
modi�ed Child method. After resection, anastomoses were constructed using a single jejunal loop that
was brought through the resected ligament of Treitz. First, pancreaticojejunostomy was performed in an
end-to-side manner. Subsequently, hepaticojejunostomy was performed in an end-to-side manner using a
single layer of interrupted sutures. If the diameter of the remnant bile duct was small, then an internal or
external drainage tube (6-Fr silicon tube) was placed at the anastomosis at the surgeon's discretion.
Finally, with the patient in the retrocolic position, side-to-side gastrojejunostomy was performed
approximately 35 cm downstream from the hepaticojejunostomy.

Outpatient management
Patients underwent postoperative follow-up assessments, including blood tests and imaging studies, at
the outpatient clinic every four to six months. Patients with symptoms, such as fever, visited the
emergency room or outpatient clinic. Blood tests, blood culture tests, and imaging studies were performed
based on the discretion of the examining physician. When cholangitis was diagnosed, patients were often
admitted to the general medicine ward and treated with intravenous antibacterial therapy.

Statistical analysis
Continuous variables are expressed as the mean or median, standard deviation, and range. Categorical
data were analyzed using either the chi-square test or Fisher’s exact test. Further, continuous data were
analyzed using Student's t-test or Wilcoxon’s rank sum test for unpaired data, and paired t-test or
Wilcoxon’s signed-rank test for paired data, as appropriate. A logistic regression analysis was performed
in the multivariate assessment to determine independent risk factors. Baseline variables (P < 0.20 in the
univariate analysis) were included in the multivariate analysis. Furthermore, preoperative biliary drainage
[11] and postoperative pneumobilia [12], which have been previously reported as risk factors for PPDC,
were included in the multivariate model. All statistical analyses were performed using JMP® Pro 14.2.0
software (SAS Institute Inc., Cary, NC, USA) and R version 4.0.0 (The R Foundation for Statistical
Computing, Vienna, Austria). All analyses were two-tailed, and P < 0.05 was considered statisically
signi�cant.
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Results
The clinical characteristics of 176 patients are summarized in Table 2. The median age of these 176
patients was 70 years (range, 34–86 years), 63% were men, and the mean body mass index was 22.9
kg/m2. The most common disease associated with PD was pancreatic carcinoma (45%). Jaundice was
detected in 47% of the patients, and preoperative biliary drainage, including prophylactic procedures, was
performed in 59% of the patients. Preoperative cholangitis was detected in 20% of patients.

Details of the PPDC are presented in Table 3. PPDC occurred in 19 of 176 (11%) patients; of these 19
patients, nine had recurrent PPDC, resulting in a total of 36 events. Of the 19 patients who had PPDC, 14
(73%) experienced the �rst episode within two years after surgery. According to the TG18, 21 of 36 (58%)
cases were mild and 15 of 36 (42%) cases were moderate; none of the cases were severe.

The results of the blood tests showed changes in the white blood cell counts, alkaline phosphatase levels,
and gamma-glutamyl transpeptidase values before and after treatment was started. The �rst blood test
was performed a median of three days later (range, 1–7 days) after the treatment began. Although the
initial treatment was limited to antibiotics only, all of these blood test cohorts declined signi�cantly after
starting treatment (Fig. 2).

Details of the blood culture tests are presented in Table 4. Blood culture tests were performed for 24
episodes; of these 24 tests, 16 (67%) yielded positive results. Blood culture test results were positive for
10 of 12 (83%) episodes with mild disease and 6 of 12 (50%) episodes with moderate disease.
Escherichia coli was the most frequently detected pathogen in the blood culture samples.

A diagnosis of postoperative cholangitis often resulted in hospitalization for intravenous antibacterial
therapy for a median of seven days (range, 3–31 days). There was no difference in the duration of
antibiotic administration based on the severity of PPDC (Table 5). No cases progressed to severe disease
after the commencement of treatment. Sulbactam/ampicillin (SBT/ABPC) was the most frequently used
initial antibiotic regimen, and antimicrobial agents were changed for 11 episodes based on susceptibility,
indicated by blood culture test results (Table 5).

An endoscopic examination was performed for a total of four patients with repeated cholangitis or
suspected anastomotic stricture (Table 5). Three of these four patients required treatment for
anastomotic stenosis. One of these patients underwent a total of �ve endoscopic procedures, including
balloon dilation, stent insertion, and stone extraction. For one patient with three recurrent cholangitis
episodes, the endoscopic examination demonstrated that the hepaticojejunostomy site was su�ciently
open with no stenosis or stones. Therefore, the cause was thought to be simple re�ux.

A univariate analysis of patients' preoperative, perioperative, and postoperative characteristics was
performed to determine their associations with the development of PPDC (Table 6). The median age of
70 years was used as the cutoff value for age classi�cations. None of the characteristics was
signi�cantly associated with PPDC development.
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In addition to age (≥ 70 years) and sex, preoperative biliary drainage and postoperative pneumobilia were
used as covariates in the multivariate analysis. The results of the multivariate analysis indicated that
there were no signi�cant predictive factors for PPDC development (Table 6).

Discussion
This study investigated the clinical characteristics of PPDC patients treated at our institution and
evaluated their severity and treatment. The results demonstrated that most cases of PPDC occurred
within two years of surgery and that half of the cases involved recurrence. Although the positive rate of
blood culture tests was high, there were no cases of severe PPDC. Furthermore, there were no signi�cant
predictive factors for the development of PPDC.

Previous studies have reported that PPDC occurred in 6.7–36.1% of patients [11–17]. The details of
PPDC treatment have been reported for 56 cases [12, 15–17]. These studies showed that anastomotic
stenosis was present in 16 cases (29%) and that many of them were treated endoscopically. Most cases
without anastomotic stenosis were treated with antimicrobial agents. This study investigated the results
of examinations for and treatment of PPDC. These results have not been previously described in detail.

Based on the clinical course of PPDC examined during this study, we made the following observations
regarding the pathogenesis and optimal treatment of PPDC: �rst, the pathogenesis of PPDC was
discussed in the absence of any suspicious anastomotic stenosis of the hepaticojejunostomy; although
the proportion of positive blood culture test results was high, there were no severe cases, and the biliary
enzyme values, which were high at the time of onset, improved only with short-term antibiotic treatment.
Therefore, it has been speculated that the pathogenesis of PPDC is a temporary increase in biliary
pressure caused by the regurgitation of digestive juices.

Stagnation of the �ow of digestive juices in the jejunal loop can easily lead to re�ux of digestive juices
into the IHBD via anastomosis [15]. As preventative measures, the length of the jejunal loop should be
reduced to the minimum necessary and Braun’s anastomosis should be performed [18].

In contrast, impaired bile excretion in the IHBD is considered the pathogenesis for cases with anastomotic
stenosis; moreover, this is also considered the pathogenesis for common acute cholangitis. Narrowing of
the anastomosis of the hepaticojejunostomy may be accompanied by hepaticolithiasis, which may lead
to a condition like common acute cholangitis. In this study, patients with recurrent cholangitis or
suspected anastomotic stenosis were subjected to endoscopic examination and treatment that required
multiple procedures; however, no severe cases were observed. Anastomotic stenosis may not be relieved
by a single treatment; therefore, careful follow-up and the consideration of multiple possible procedures
are recommended. Benign bile duct stenosis is the most common type of anastomotic stenosis; however,
caution should be exercised in cases of possible malignant anastomotic recurrence.

PPDC severity was classi�ed according to the TG18 severity criteria. There was no signi�cant difference
between mild and moderate diseases in terms of the proportion of positive blood culture test results and
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treatment duration. Classi�cations of mild PPDC and moderate PPDC according to the TG18 may be
equivalent in terms of the treatment and clinical course.

The basis of treatment for PPDC, with or without anastomotic stenosis, is antibiotic administration. In
this study, SBT/ABPC was often the �rst choice of antibacterial agent for PPDC and resulted in no cases
of exacerbation. Additionally, SBT/ABPC can generally treat E. coli, which was frequently detected in
blood culture samples in this study, and anaerobic bacteria such as Bacteroides fragilis. Therefore, it is
conceivable that SBT/ABPC is a reasonable �rst choice for PPDC. Previous studies have shown that the
overuse of SBT/ABPC has increased the resistant strains against SBT/ABPC in some areas; therefore,
blood culture tests should be performed before the use of antibiotics to con�rm the causative organism
and drug sensitivity [10, 19]. For severe cases, we concur with the TG18 regarding the proposed use of
metronidazole and clindamycin to treat B. fragilis with cholangitis after hepaticojejunostomy [10].

In this study, a short course of antimicrobial therapy resulted in clinical improvement even when Gram-
negative bacilli, such as E. coli, were detected in blood culture samples. It has been reported that during
the treatment of common acute cholangitis with Gram-negative bacilli, the antibiotic administration
period could be shortened to less than two weeks, which is the conventional administration period if the
source of infection is controlled, and we believe that this applies to the administration period for PPDC
[20].

Regarding the route of administration, most patients in this study were hospitalized and treated with
intravenous infusion. The TG18 indicated that oral antimicrobial therapy is also acceptable for common
acute cholangitis depending on the patient’s ability of oral consumption [10]. For mild PPDC cases,
follow-up with oral antibiotics in an outpatient clinic may be considered.

One limitation of this study was that most of the cases were observed for more than one year but less
than two years, which is an insu�cient postoperative evaluation period. Additionally, we did not
encounter any severe cases of PPDC. Moreover, this was a retrospective study performed at a single
institution. To elucidate the pathogenesis of PPDC and establish unique treatment guidelines, we believe
it is necessary to develop a draft diagnosis and treatment unique to PPDC and evaluate their validity in
prospective studies.

Conclusion
Most of our PPDC cases occurred within two years of surgery, and half of the cases demonstrated
recurrence. While the positive rate of blood culture tests was high, no severe cases were observed. The
pathogenesis of PPDC may involve increased temporal pressure in the IHBD, which improves relatively
promptly with antimicrobial treatment alone. Endoscopic examination should be considered for cases of
recurrent cholangitis, which may be caused by an anastomotic stenosis.
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Figure 1

Patient enrollment �owchart  

Figure 2

Changes in the blood test values of (a) WBC, (b) ALP, and (c) γ-GTP at the onset of post-PD cholangitis
and after starting the initial treatment

Blood test results showed changes in the (a) white blood cell (WBC) counts, (b) alkaline phosphatase
(ALP) levels, and (c) gamma-glutamyl transpeptidase (γ-GTP) values at the onset of post-
pancreaticoduodenectomy cholangitis (PPDC) and after starting the initial treatment.
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For WBC counts, the median at onset of PPDC and �rst blood test after starting treatment were 10385
(range: 4120 ‒ 21690) and 6000 (range: 2570 ‒ 17260), respectively (2A). The Wilcoxon signed-rank
sum test for the two corresponding groups showed a statistically signi�cant difference with P = 1.2 × 10-6

(2a). For ALP level, the median at onset of PPDC and �rst blood test after starting treatment were 614
(range: 204 ‒ 2890) and 516 (range: 135 ‒ 2706), respectively (2b). A statistically signi�cant difference
was noted among the two corresponding groups, with P = 3.2× 10-3 (2b). For γ-GTP values, the median at
onset of PPDC and �rst blood test after starting treatment were 160 (range: 9 ‒ 1693) and 184 (range: 9
‒ 1042), respectively (2c). A statistically signi�cant difference was noted among the two corresponding
groups, with P = 0.016 (2c). 
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