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ORIGINAL ARTICLE
Bacterial Cholangitis in Autosomal Dominant
Polycystic Kidney and Liver Disease
William P. Martin, MBChB, MSc; Lisa E. Vaughan, MS; Kotaro Yoshida, MD, PhD;
Naoki Takahashi, MD; Marie E. Edwards, BSE; Andrew Metzger, MS;
Sarah R. Senum, BS; Tetyana V. Masyuk, PhD; Nicholas F. LaRusso, MD;
Matthew D. Griffin, MBChB, DMed; Ziad El-Zoghby, MD; Peter C. Harris, PhD;
Walter K. Kremers, PhD; David M. Nagorney, MD; Patrick S. Kamath, MD;
Vicente E. Torres, MD, PhD; and Marie C. Hogan, MD, PhD
Abstract

Objective: To describe first episodes of bacterial cholangitis complicating autosomal dominant polycystic
kidney disease (ADPKD) and autosomal dominant polycystic liver disease (ADPLD) and to identify risk
factors for cholangitis episodes among patients with ADPKD-associated polycystic liver disease (PLD).
Patients and Methods: We searched the electronic medical records at our tertiary referral center for
episodes of cholangitis in patients with ADPKD or ADPLD from January 1, 1996, through June 30, 2017.
Cases were categorized as suspected or definite cholangitis by expert review. Clinical, laboratory, and
radiologic data were manually abstracted. A nested case-control study was conducted to investigate risk
factors for cholangitis in patients with ADPKD.
Results: We identified 29 cases of definite or suspected cholangitis complicating PLD (24 with ADPKD-
associated PLD and 5 with ADPLD). Among patients with definite cholangitis in ADPKD-associated PLD
(n¼19) vs ADPLD (n¼4), the mean � SD age was 62.4�12.2 vs 55.1�8.6 years, and 9 (47.4%) vs
0 (0%), respectively, were male. The odds of gallstones (odds ratio [OR], 21.6; 95% CI, 3.17-927;
P<.001), prior cholecystectomy (OR, 12.2; 95% CI, 1.59-552; P¼.008), duodenal diverticulum (OR,
13.5; 95% CI, 2.44 to not estimable; P¼.004), type 2 diabetes mellitus (OR, 6.41; 95% CI, 1.01 to not
estimable; P¼.05), prior endoscopic retrograde cholangiopancreatography (OR, 14.0; 95% CI, 1.80-631;
P¼.005), and prior kidney transplant (OR, 8.06; 95% CI, 1.72-76.0; P¼.004) were higher in patients with
ADPKD-associated PLD with definite cholangitis compared to controls.
Conclusion: Gallstones, prior cholecystectomy, duodenal diverticulosis, type 2 diabetes mellitus, prior
endoscopic retrograde cholangiopancreatography, and prior kidney transplant constituted risk factors for
cholangitis among patients with ADPKD-associated PLD.
ª 2019 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
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P olycystic liver disease (PLD) is charac-
terized by the presence of more than
20 liver parenchymal cysts1 and is seen

as part or all of the phenotype of 2 inherited dis-
orders, autosomal dominant polycystic kidney
disease (ADPKD) and autosomal dominant
polycystic liver disease (ADPLD). The liver is
the most frequent extrarenal site of disease
involvement in ADPKD; prevalence of hepatic
cysts as identified by magnetic resonance imag-
ing (MRI) was 58% in 15- to 24-year-olds, 85%
in 25- to 34-year-olds, and 94% in 35- to 46-
year-olds.2 Autosomal dominant polycystic
Mayo Clin Proc Inn Qual Out n June 2019;3(2):149-159 n https://d
www.mcpiqojournal.org n ª 2019 Mayo Foundation for Medical Ed
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
liver disease is a genetically distinct and rarer
disease characterized by few or absent renal
cysts that predominantly affects females.3,4

Autosomal recessive polycystic kidney dis-
ease is associated with nonobstructive intrahe-
patic bile duct dilatation (Caroli disease) and
recurrent cholangitis.5 Cholangitis has not
been recognized traditionally as a consequence
of PLD, with descriptions in ADPKD limited to
case reports.6-9 Alterations in extrahepatic bile
duct diameter, despite a similar prevalence of
gallstones to non-ADPKD controls, are recog-
nized as part of the phenotype of ADPKD.10
oi.org/10.1016/j.mayocpiqo.2019.03.004
ucation and Research. Published by Elsevier Inc. This is an open access article under
nc-nd/4.0/).
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Hospitalization rates in the United Kingdom
for biliary tract disease were higher in patients
with ADPKD than in non-ADPKD controls
(relative risk, 2.24; 95% CI, 2.16-2.33).11

Hospitalization for cholangitis in Taiwan dur-
ing 2000-2010 was higher in patients with
ADPKD than in non-ADPKD controls (hazard
ratio, 2.41; 95% CI, 1.93-3.01).12

We aimed to describe the presentation and
outcomes of first episodes of bacterial cholan-
gitis complicating ADPKD and ADPLD at our
tertiary referral center and to identify risk fac-
tors for cholangitis in ADPKD-associated PLD.
PATIENTS AND METHODS

Study Population
The study was approved by the Institutional
Review Board at Mayo Clinic, Rochester, Min-
nesota (MCR). The Advanced Cohort Explorer
program was used to search the Mayo Clinic
electronic medical records from January 1,
1996, through June 30, 2017, for potentially
eligible cases of cholangitis complicating
ADPKD or ADPLD. Searching via the
Advanced Cohort Explorer tool was conduct-
ed using 2015 International Classification of
Diseases, Ninth Revision (ICD-9) codes and
2017 International Classification of Diseases,
Tenth Revision (ICD-10) codes and text search-
ing of key terms. Patients with ICD diagnosis
codes for both cystic kidney (Q61.0-Q61.9
[ICD-10] and 753.1 [ICD-9]) or cystic liver
(Q44.6 [ICD-10] and 751.62 [ICD-9]) disease
and cholangitis (K83.0-K83.9 [ICD-10] and
576.1 [ICD-9]) were retrieved. Patients with
the combination of “polycystic kidney dis-
ease,” “polycystic liver disease,” “PKD,”
“PLD,” “ADPKD,” or “ADPLD” plus one or
more key search terms such as cholangitis, chol-
angitis and bacteremia, cholangitis and sepsis,
biliary sepsis, biliary infection, gram-negative
bacteremia, sepsis, and bacteremia in their elec-
tronic medical records were also retrieved.

Each retrieved case was independently
reviewed for features suggestive of bacterial
cholangitis and for the presence of ADPKD
or ADPLD (W.P.M.). Cases with one or more
of the following features were considered sus-
picious for cholangitis and were selected for
further review: abrupt onset of systemic symp-
toms (fevers/chills), right upper quadrant pain,
jaundice, liver biochemistry derangements,
Mayo Clin Proc Inn Qual Out n June 2019
biliary dilatation on imaging, and absence of
a clear alternative source of infection other
than the biliary tract.
Diagnosis of ADPKD and ADPLD
Diagnosis of ADPKD was based on family his-
tory and radiologic criteria according to the
modified Pei criteria.13 Diagnosis of ADPLD
was based on family history and radiologic
criteria (presence of �20 hepatic cysts).3 Diag-
nosis of ADPKD and ADPLD among cholangi-
tis cases was assigned on a case-by-case basis
after independent review of patients’ radio-
logic findings and family history by an experi-
enced physician (P.S.K., M.C.H.).
Diagnosis of Cholangitis
Because patients with ADPKD or ADPLD have a
high rate of biliary dilatation in the absence of
biliary tract infection or obstruction,10 speci-
ficity of conventional diagnostic criteria for
the diagnosis of cholangitis is diminished. We
employed the following diagnostic criteria and
assigned 2 levels of certainty to the diagnosis
of cholangitis: (1) definite cholangitisd(a) pos-
itive peripheral blood culture results with tran-
sient elevations in liver biochemistry values
(>1.5 times the upper limit of normal for alka-
line phosphatase [ALP], aspartate aminotrans-
ferase [AST], alanine aminotransferase [ALT],
or total bilirubin) and absence of an alternative
source of infection or (b) systemic symptoms
(fevers/chills) with transient elevations in liver
biochemistry results (>1.5 times the upper
limit of normal for ALP, AST, ALT, or total bili-
rubin) and absence of an alternative source of
infection; (2) suspected cholangitisdsystemic
symptoms (fevers/chills) with or without posi-
tive peripheral blood culture results in the pres-
ence of normal liver biochemistry values and
the absence of an alternative source of infection
(including kidney or liver cyst infection). The
Tokyo Guidelines 2018 consensus criteria for
cholangitis diagnosis were also applied to the
final study cohort to determine the accuracy
of assigned cholangitis diagnoses.14 To mini-
mize the impact of early iatrogenic cholangitis
on study findings, first cholangitis episodes
occurring 14 or fewer days after liver biopsy,
liver surgery, or endoscopic retrograde cholan-
giopancreatography (ERCP) were excluded
from analysis.
;3(2):149-159 n https://doi.org/10.1016/j.mayocpiqo.2019.03.004
www.mcpiqojournal.org
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Data Collection
Patients admitted to the hospital at MCR with
definite or suspected cholangitis were consid-
ered inpatient cholangitis cases. Patients who
were admitted to the hospital locally with epi-
sodes of cholangitis during the course of outpa-
tient follow-up for ADPKD or ADPLD at MCR
were considered outpatient cholangitis cases.
Although less inpatient data were available for
the outpatient cholangitis group, sufficient infor-
mation necessary to make the diagnosis of defi-
nite or suspected cholangitis according to the
aforementioned criteria was available. Clinical,
laboratory, and radiologic data were manually
abstracted from the Mayo Clinic electronic med-
ical records, and liver volumes and bile duct di-
ameters were measured for the cholangitis cases
and controls (Supplemental Appendix 1, avail-
able online at http://mcpiqojournal.org).
Nested Case-Control Analysis
We conducted a nested case-control study to
investigate risk factors for first cholangitis
episode in patients with ADPKD. Patients with
ADPLD were excluded from this analysis. Pa-
tients with definite cholangitis in the setting of
ADPKD-associated PLD (n¼19) were consid-
ered cases; 5 patients with suspected cholangitis
in the setting of ADPKD-associated PLD were
excluded. Patients with ADPKD-associated
PLD in whom cholangitis did not develop were
identified from the ADPKD registry at MCR as
potential controls. This registry is composed of
patients with ADPKD as identified by ICD-9
(753.1) and ICD-10 (Q61.0-61.9) billing codes.
Patients entered into the registry were reviewed
and confirmed to have ADPKD (Z.E.Z.).

For each patient with ADPKD-associated
PLD who had cholangitis, 2 patients without
cholangitis who were seen at MCR both before
and after the case’s first cholangitis episodewere
randomly selected as controls. Medical records
were reviewed to confirm that these individuals
did not have cholangitis (W.P.M.). The match-
ing criteria chosen were: (1) date of birth � 5
years and (2) sex. The index date for cases
and controls was defined as the date of diag-
nosis of first cholangitis in the cases.
Statistical Analyses
Patient characteristics were summarized and re-
ported usingmean� SDormedian (interquartile
Mayo Clin Proc Inn Qual Out n June 2019;3(2):149-159 n https://d
www.mcpiqojournal.org
range) for continuous variables and frequency
(percentage) for categorical variables. Among
cases, comparisons between PLD disease type
and cholangitis type were evaluated using equal
variance t tests and Wilcoxon rank sum tests
for numerical and ordinal variables and c2 and
Fisher exact tests for categorical variables. Odds
ratios and P values were calculated using condi-
tional logistic regression models adjusting for
matching when comparing cases and controls
in patients with ADPKD and associated PLD.
All calculated P values were 2-sided, and P�.05
was considered statistically significant. Analyses
were performed using SAS statistical software,
version 9.4 (SAS Institute).

RESULTS
We identified 745 cases of possible bacterial
cholangitis complicating ADPKD or ADPLD.
Four patients were excluded because of refusal
of Minnesota research authorization, and the
remaining patients’ medical records were
retrieved and reviewed (W.P.M.). Among
these cases, 362 were excluded because they
did not have ADPKD or ADPLD, and a further
310 cases were excluded because they did not
have features suspicious for cholangitis.
Among the remaining cases, patients were
also excluded for presentation to Mayo Clinic
sites other than MCR (n¼26).

After these exclusions, 43 cases highly suspi-
cious for cholangitis arising in patients with
ADPKD or ADPLD were selected for indepen-
dent review by 2 clinicians experienced in the
diagnosis of cholangitis in patients with PLD
(P.S.K.,M.C.H.). Among these cases, 14 patients
were removed from the final cohort because of
uncertainty regarding the diagnosis of ADPKD/
ADPLD (n¼4), iatrogenic cholangitis (defined
as first cholangitis episode occurring �14 days
after liver biopsy, liver surgery, or ERCP
[n¼5]), infected hepatic cysts rather than chol-
angitis (n¼2), secondary sclerosing cholangitis
rather than bacterial cholangitis (n¼1), no
convincing evidence for cholangitis (n¼1), and
autosomal recessive polycystic kidney disease
rather thanADPKD(n¼1). Specifically, for iatro-
genic cholangitis cases, 1 patient was excluded
for cholangitis arising in the setting of hemobilia
after liver biopsy, 2 for obstructed bile duct
stents after ERCP, and 2 after hepatectomy
complicated by bile leak. A flowchart summari-
zing selection of the final study cohort is
oi.org/10.1016/j.mayocpiqo.2019.03.004 151
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29 Patients with bacterial cholangitis complicating PLD

24 with ADPKD-associated PLD

19 Definite
bacterial cholangitis

11
Inpatient

8
Outpatient

1
Inpatient

2
Inpatient

3
Outpatient

4
Outpatient

5 Suspected
bacterial cholangitis

4 Definite
bacterial cholangitis

1 Suspected
bacterial cholangitis

5 with ADPLD

FIGURE. Overview of cholangitis cases occurring in patients with polycystic liver disease (PLD).
ADPKD ¼ autosomal dominant polycystic kidney disease; ADPLD ¼ autosomal dominant polycystic liver
disease.
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presented in Supplemental Figure 1 (available
online at http://mcpiqojournal.org).

As outlined in the Figure, therewere 29 cases
retained in the final cohort (24 with ADPKD-
associated PLD and 5 with ADPLD). Among pa-
tients with ADPKD-associated PLD, there were
19 definite cases of cholangitis and 5 suspected
cases of cholangitis based on clinical review
and application of the diagnostic criteria for
cholangitis in patients with PLD; among patients
withADPLD, 4 definite cases of cholangitis and 1
suspected case of cholangitis were identified. In
patients with APDKD-associated PLD, there
were 13definite or suspected cases of cholangitis
for which inpatient data during the cholangitis
episode were available at MCR, while there
were 11 patients who presented to MCR in the
outpatient setting after inpatient hospitalization
with definite or suspected cholangitis at another
institution. In patients with ADPLD, there was 1
case of suspected cholangitis for which inpatient
data during the episode were available at MCR,
while 4 definite cases of cholangitis presented
to MCR in the outpatient setting after inpatient
hospitalization at another institution. When
the Tokyo Guidelines 2018 consensus criteria14

for the diagnosis of cholangitis were applied to
the final cohort of cholangitis cases (n¼29), 21
were classified as definite (17 ADPKD and 4
ADPLD) and 8 were classified as suspected (7
ADPKD and 1 ADPLD) cholangitis. Given the
lack of specificity of these criteria in the setting
of PLD, final classification of the study cohort
Mayo Clin Proc Inn Qual Out n June 2019
was based on our diagnostic criteria for cholan-
gitis outlined previously.

Baseline characteristics of patients with
ADPKD and ADPLD at the time of the first chol-
angitis episode are presented in Table 1. Males
comprised 54.2% (13 of 24) and 20.0% (1 of
5) of patients with definite or suspected cholan-
gitis in the ADPKD and ADPLD groups, respec-
tively (P¼.33). Age and ethnicity were similar
between the ADPKD and ADPLD subgroups
(P¼.68 and P>.99, respectively). Among
patients with definite cholangitis in ADPKD-
associated PLD (n¼19) vs ADPLD (n¼4), the
mean � SD age was 62.4 � 12.2 vs 55.1 �
8.6 years, and 9 (47.4%) vs 0 (0%), respectively,
weremale. Geneticmutations were identified in
5 of 24 patients with ADPKD (20.8%) (trun-
cating PKD1 [for expansion of gene symbols,
use search tool at www.genenames.org] muta-
tion in 3 and nontruncating PKD1 mutation
in 2) and 2 of 5 patients with ADPLD (40.0%)
(both with PRKCSHmutation). Among patients
with ERCP before the first cholangitis episode,
6 of 8 patients with ADPKD-associated PLD
(75.0%) and 1 of 2 patients with ADPLD
(50.0%) had a sphincterotomy performed at
the time of ERCP (P>.99). Sphincterotomy in-
dications for these 7 individuals are presented
in Supplemental Table 1 (available online at
http://mcpiqojournal.org). There were no sig-
nificant differences observed in the number of
ERCPs performed before the development of
the first cholangitis episode or antibiotic
;3(2):149-159 n https://doi.org/10.1016/j.mayocpiqo.2019.03.004
www.mcpiqojournal.org
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therapy during the first cholangitis episode be-
tween the ADPKD and ADPLD subgroups
(P¼.53). Although there was a higher rate of
blood culture positivity in the ADPKD group
compared with the ADPLD group, results
were not statistically significant (P¼.05). In
particular, there was a higher rate of blood-
stream infections with gram-negative bacilli in
patients with ADPKD (68.2% [15 of 22 pa-
tients]) compared with ADPLD (20.0% [1 of 5
patients]). More patients in the ADPKD group
underwent kidney transplant before the first
cholangitis episode than in the ADPLD group
(14 of 24 [58.3%] vs 0 of 5 [0%], respectively;
P¼.04). Among the 14 patients in the ADPKD
group with a kidney transplant, median time
from first kidney transplant to first cholangitis
episode in patients with ADPKD was 13.3 years
(interquartile range, 7.2-16.1 years). No pa-
tients with cholangitis in either the ADPKD or
ADPLD subgroups underwent liver transplant
prior to index date (results not shown).

Risk factors for onset of the first cholangitis
episode in patients with ADPKD-associated
PLD are presented in Table 2. The odds of gall-
stones (73.7% [14 of 19 patients] vs 15.8% [6 of
38 controls]; OR, 21.6; 95% CI, 3.17-927;
P<.001), prior cholecystectomy (47.4% [9 of
19 patients] vs 13.2% [5 of 38 controls]; OR,
12.2; 95% CI, 1.59-552; P¼.008), duodenal
diverticulosis (27.8% [5 of 18 patients] vs 0%
[0 of 38 controls]; OR, 13.5; 95% CI, 2.44 to
not estimable; P¼.004), type 2 diabetes melli-
tus (T2DM) (21.1% [4 of 19 patients] vs 5.3%
[2 of 38 controls]; OR, 6.4; 95% CI, 1.01 to
not estimable; P¼.05), prior ERCP (36.8% [7
of 19 patients] vs 2.6% [1 of 38 controls]; OR,
14.0; 95%CI, 1.80-631; P¼.005), and previous
kidney transplant (68.4% [13 of 19 patients] vs
23.7% [9 of 38 controls]; OR, 8.06; 95% CI,
1.72-76.0, P¼.004) were higher in patients
with cholangitis compared to controls.
Duodenal diverticula were present in 5 individ-
uals with definite cholangitis, all with ADPKD
(Supplemental Table 2, available online at
http://mcpiqojournal.org). Duodenal diver-
ticula were visible by abdominal cross-
sectional imaging in all cases (4 on computed
tomography [CT] and 1 on MRI). Four of the
5 individuals with duodenal diverticula under-
went ERCP; the diverticula were visible by
ERCP in each of these cases. Representative im-
ages of risk factors for cholangitis in patients
Mayo Clin Proc Inn Qual Out n June 2019;3(2):149-159 n https://d
www.mcpiqojournal.org
with PLD in this cohort are presented in
Supplemental Figure 2 (available online at
http://mcpiqojournal.org).

Six of 7 patients (85.7%) who had ERCP
before the first cholangitis episode had sphinc-
terotomy performed at the time of ERCP, and
1 of 1 controls (100%) who had ERCP had
sphincterotomy performed at the time of
ERCP. Only 57.9% of cholangitis cases (11
of 19 patients) had hypertension before the
first cholangitis episode, compared with
89.5% of age- and sex-matched controls (34
of 38) (OR, 0.14; 95% CI, 0.01-0.75; P¼.02).

Liver volumes were measured in 17 of 19
cases (89.5%) and 31 of 38 controls (81.6%)
who had suitable imaging available. Magnetic
resonance imaging was used for liver volume
measurements in 5 of 17 cases (29.4%) and
16 of 31 controls (51.6%), while CT imaging
was used for 12 cases (70.6%) and 15 controls
(48.4%). Mean � SD unadjusted (2609�1117
vs 2499�1438 mL; P¼.64) and height-
adjusted (1515�655 vs 1471�848 mL/m;
P¼.69) liver volumes were similar between
cholangitis cases and controls, respectively.

Available imaging for measurement of bile
duct diameters included contrast-enhanced
CT (5 of 33 [15.2%]), contrast-enhanced
MRI (3 of 33 [9.1%]), contrast-enhanced MRI
and nonecontrast-enhanced CT (1 of 33
[3.03%]), nonecontrast-enhanced CT (9 of
33 [27.3%]), nonecontrast-enhanced MRI
(10 of 33 [30.3%]), and nonecontrast-
enhanced MRI and nonecontrast-enhanced
CT (5 of 33 [15.2%]). Average extrahepatic
bile duct diameter was not significantly
different between cholangitis cases and controls
(8.2�2.0 vs 5.1�0.9 mm; OR, 4.78; 95% CI,
0.75-30.5; P¼.10).

Characteristics of first episode of definite
cholangitis in ADPKD-associated PLD among
11 inpatients who presented to MCR are pre-
sented in Table 3. All patients presented with
systemic symptoms, but none presented with
clinical evidence of jaundice. A majority of pa-
tients presented with elevated white blood cell
count or C-reactive protein level (8 of 11
[72.7%]) and had evidence of gallstones (8
of 11 [72.7%]) or biliary dilatation (6 of 11
[54.5%]) on imaging. A cholestatic pattern of
liver biochemistry results was observed at first
presentation for the group as a whole (mean
direct bilirubin, 1.2�1.3 mg/dL [to convert
oi.org/10.1016/j.mayocpiqo.2019.03.004 153
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TABLE 1. Baseline Characteristics of First Cholangitis Episode Occurring in Patients With ADPKD-Associated PLD and ADPLD, Stratified by Definite and Suspected Diagnosis of
Cholangitisa

Variable

ADPKD-associated PLD (n¼24) ADPLD (n¼5) Total (n¼29)

Definite
(n¼19)

Suspected
(n¼5)

Definite
(n¼4)

Suspected
(n¼1)

ADPKD with
PLD (n¼24)

ADPLD
(n¼5) P valueb

Demographic characteristics
Age (y) at first cholangitis episode, mean

� SD
62.4�12.2 53.9�9.3 55.1�8.6 70.9 60.6�12.0 58.2�10.3 .68

Male, No. (%) 9 (47.4) 4 (80.0) 0 (0.0) 1 (100.0) 13 (54.2) 1 (20.0) .33
White, No. (%) 17 (89.5) 3 (60.0) 4 (100.0) 1 (100.0) 20 (83.3) 5 (100.0) >.99

Patients with ERCP before first cholangitis
episode

n¼7 n¼1 n¼2 n¼0 n¼8 n¼2

No. of ERCP episodes, No. (%) .53
1 5 (71.4) 1 (100.0) 1 (50.0) 0 (0) 6 (75.0) 1 (50.0)
2 1 (14.3) 0 (0.0) 1 (50.0) 0 (0) 1 (12.5) 1 (50.0)
3 1 (14.3) 0 (0.0) 0 (0.0) 0 (0) 1 (12.5) 0 (0.0)

Time between ERCP and cholangitis
episodes (y),c median (IQR)

0.6 (0.1-2.8) 1.4 1.9 (0.9-2.9) 0 (0) 1.0 (0.2-2.5) 1.9 (0.9-2.9) .51

Sphincterotomy,d No. (%) 6 (85.7) 0 (0.0) 1 (50.0) 0 (0) 6 (75.0) 1 (50.0) >.99
Gallstone extraction,d No. (%) 2 (28.6) 0 (0.0) 0 (0.0) 0 (0) 2 (25.0) 0 (0.0) >.99
Sludge removal,d No. (%) 1 (14.3) 0 (0.0) 0 (0.0) 0 (0) 1 (12.5) 0 (0.0) >.99
Plastic biliary stent,d No. (%) 2 (28.6) 1 (100.0) 1 (50.0) 0 (0) 3 (37.5) 1 (50.0) >.99

Microbiology n¼17 n¼5 n¼4 n¼1 n¼22 n¼5
Blood culture,e No. (%) .05

Gram-negative bacilli 12 (70.6) 3 (60.0) 1 (25.0) 0 (0.0) 15 (68.2) 1 (20.0)
Gram-positive cocci 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0) 1 (20.0)
Negative 5 (29.4) 2 (40.0) 2 (50.0) 1 (100.0) 7 (31.8) 3 (60.0)

Antibiotic therapy n¼13 n¼3 n¼3 n¼1 n¼16 n¼4

Antibiotic treatment,f No. (%) .87
Monobactam 1 (7.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.3) 0 (0.0)
Fluoroquinolone 6 (46.2) 1 (33.3) 1 (33.3) 1 (100.0) 7 (43.8) 2 (50.0)
Carbapenem 3 (23.1) 0 (0.0) 0 (0.0) 0 (0.0) 3 (18.8) 0 (0.0)
Penicillineb-lactamase inhibitor 2 (15.4) 2 (66.7) 2 (66.7) 0 (0.0) 4 (25.0) 2 (50.0)
Glycopeptide 1 (7.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.3) 0 (0.0)

Duration of antibiotic use (d), median
(IQR)

14.0 (10.0-17.0) 14.0 (14.0-28.0) 19.0 (10.0-28.0) 10.0 14.0 (12.0-19.0) 10.0 (10.0-28.0) .82

Continued on next page
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TABLE 1. Continued

Variable

ADPKD-associated PLD (n¼24) ADPLD (n¼5) Total (n¼29)

Definite
(n¼19)

Suspected
(n¼5)

Definite
(n¼4)

Suspected
(n¼1)

ADPKD with
PLD (n¼24)

ADPLD
(n¼5) P valueb

ERCP treatment n¼19 n¼5 n¼4 n¼1 n¼24 n¼5

Patients with ERCP for treatment of first
cholangitis episode,g No. (%)

10 (52.6) 4 (80.0) 1 (25.0) 0 (0.0) 14 (58.3) 1 (20.0) .17

ERCP with gallstone removal 7 (36.8) 3 (60.0) 0 (0.0) 0 (0.0) 10 (41.7) 0 (0.0) .13
ERCP with sludge removal 5 (26.3) 1 (20.0) 0 (0.0) 0 (0.0) 6 (25.0) 0 (0.0) .55
ERCP with plastic biliary stenting 5 (26.3) 2 (40.0) 0 (0.0) 0 (0.0) 7 (29.2) 0 (0.0) .30

aADPKD ¼ autosomal dominant polycystic kidney disease; ADPLD ¼ autosomal dominant polycystic liver disease; ERCP ¼ endoscopic retrograde cholangiopancreatography; IQR ¼ interquartile range; PLD ¼ polycystic liver
disease.
bP values were derived using equal variance t tests and Wilcoxon rank sum tests for continuous variables and c2 tests and Fisher exact tests for categorical variables.
cTime between last ERCP before first cholangitis episode and first cholangitis episode.
dBefore first cholangitis episode.
eGram-negative bacilli: Klebsiella spp (n¼5), Klebsiella oxytoca (n¼2), Klebsiella aerogenes (n¼1), Klebsiella pneumoniae (n¼1), Escherichia coli (n¼5), Acinetobacter spp (n¼1), gram-negative bacillus without further speciation (n¼1).
Gram-positive cocci: Enterococcus faecium (n¼1). No multidrug-resistant organisms isolated.
fAntibiotic treatment: piperacillin-tazobactam (n¼6), ciprofloxacin (n¼5), levofloxacin (n¼4), ertapenem (n¼2), imipenem (n¼1), aztreonam (n¼1), vancomycin (n¼1).
gERCPs performed at or within 6 months after first cholangitis episode were considered to be performed for treatment of cholangitis.
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TABLE 2. Characteristics of Definite Cases of Cholangitis and Controls Without Cholangitis in ADPKD-Associated PLDa

Variable Cases (n¼19) Controls (n¼38) OR (95% CI)b P valueb

Demographic characteristics
Age (y),c mean � SD 62.4�12.2 62.0�11.3
Male,c No. (%) 9 (47.4) 18 (47.4)
White, No. (%) 17 (89.5) 36 (94.7) 0.50 (0.04-6.90) .82

Comorbiditiesd

Hypertension, No. (%) 11 (57.9) 34 (89.5) 0.14 (0.01-0.75) .02
Type 2 diabetes mellitus, No. (%) 4 (21.1) 2 (5.3) 6.41 (1.01-NE) .05
HD, No. (%) 1 (5.3) 5 (13.2) 0.35 (0.006-3.89) .66
Gallstones, No. (%) 14 (73.7) 6 (15.8) 21.6 (3.17-927) <.001
Duodenal diverticulum, No. (%) 5/18 (27.8) 0 (0.0) 13.5 (2.44-NE) .004

Surgical proceduresd

Kidney transplant, No. (%) 13 (68.4) 9 (23.7) 8.06 (1.72-76.0) .004
Living donor, No. (%) 6 (46.2) 7 (77.8)
Deceased donor, No. (%) 6 (46.2) 2 (22.2)
Unknown donor status, No. (%) 1 (7.7) 0 (0.0)

Nephrectomy, No. (%) 5 (26.3) 5 (13.2) 3.07 (0.4-34.5) .35
ERCP procedure, No. (%) 7 (36.8) 1 (2.6) 14.0 (1.80-631) .005
Cholecystectomy, No. (%) 9 (47.4) 5 (13.2) 12.2 (1.59-552) .008
Liver biopsy, No. (%) 2 (10.5) 1 (2.6) 4.00 (0.21-236) .52
Cyst fenestration, No. (%) 1 (5.3) 6 (15.8) 0.29 (0.006-2.83) .48
Hepatic resection, No. (%) 1 (5.3) 3 (7.9) 0.59 (0.008-13.4) >.99

Imaging characteristicse n¼17 n¼31
Liver volume (mL),f mean � SD 2609�1117 2499�1438 1.01 (0.97-1.06) .64
Height-adjusted liver volume (mL/m),g mean � SD 1515�655 1471�848 1.02 (0.94-1.10) .69

Bile duct diameters n¼11 n¼22
Average extrahepatic duct diameter (mm),h mean � SD 8.2�2.0 5.1�0.9 4.78 (0.75-30.5) .10
Average intrahepatic duct diameter (mm),i mean � SD 6.2�2.7 4.0�1.3 NE NE

aADPKD ¼ autosomal dominant polycystic kidney disease; ERCP ¼ endoscopic retrograde cholangiopancreatography; HD ¼ hemodialysis; NE ¼ not estimable; OR ¼ odds
ratio; PLD ¼ polycystic liver disease.
bOdds ratios and P values were derived from conditional logistic regression models.
cCases and controls were matched by date of birth and sex, so no P values are reported for these variables.
dComorbidities and surgical procedures were considered if they occurred before the index date. Index date refers to date of diagnosis of first episode of cholangitis among
cases.
eImaging was obtained between 3 years before and up to 3 years after index date.
fOR per 100 mL.
gOR per 100 mL/m.
hAverage of common hepatic, upper common bile duct, and lower common bile duct diameters.
iAverage of left and right intrahepatic duct diameters.
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values to mmol/L, multiply by 17.104]; mean
ALP, 223.1�109.6 IU/L [to convert values to
mkat/L, multiply by 0.0167), with a milder de-
gree of transaminitis evident (mean AST,
161.2�220.1 IU/L [to convert values to
mkat/L, multiply by 0.01667]; mean ALT,
118.3�121.3 IU/L [to convert values to
mkat/L, multiply by 0.0167]). Impaired hepat-
ic synthetic and kidney function were present
at initial presentation for the group as a whole,
with mean total bilirubin elevated at 1.6�1.4
mg/dL, mean international normalized ratio
elevated at 1.5�0.5, mean albumin at the
Mayo Clin Proc Inn Qual Out n June 2019
lower limit of normal at 3.5�0.8 g/dL (to
convert to g/L, multiply by 10), and mean
serum creatinine elevated at 1.6�0.8 mg/dL
(to convert to mmol/L, multiply by 88.4).

Positron emission tomography (PET)eCT
was performed at the time of first presentation
with cholangitis for 3 individuals: 2 cases of
definite cholangitis (July 2007 and July
2015, respectively) and 1 case of suspected
cholangitis (September 2015). PET-CT
revealed evidence of cholangitis in both definite
cases of cholangitis. For the suspected cholangi-
tis case, PET-CT revealed evidence of peripheral
;3(2):149-159 n https://doi.org/10.1016/j.mayocpiqo.2019.03.004
www.mcpiqojournal.org
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TABLE 3. Presentation of Inpatient Cases of Definite Cholangitis Among Pa-
tients With ADPKD-Associated PLDa,b

Presentation No. of patients Value

Symptoms/signs
Fever/chills, No. (%) 11 11 (100.0)
Jaundice, No. (%) 11 0 (0.00)

Imaging
Biliary dilatation, No. (%) 11 6 (54.5)
Gallstones, No. (%) 11 8 (72.7)

CKD stage, No. (%) 11
1 0 (0.00)
2 2 (18.2)
3A 3 (27.3)
3B 4 (36.4)
4 1 (9.1)
5 1 (9.1)

Laboratory valuesc

Elevated WBC/CRP, No. (%) 11 8 (72.7)
Total bilirubin (mg/dL) 10 1.6�1.4
Direct bilirubin (mg/dL) 8 1.2�1.3
Lactate (mmol/L) 6 1.6�1.2
INR 7 1.5�0.5
Creatinine (mg/dL) 11 1.6�0.8
Albumin (g/dL) 9 3.5�0.8
ALP (IU/L) 11 223.1�109.6
AST (IU/L) 10 161.2�220.1
ALT (2IU/L) 9 118.3�121.3

aADPKD ¼ autosomal dominant polycystic kidney disease; ALP ¼ alkaline phosphatase; ALT ¼
alanine aminotransferase; AST ¼ aspartate aminotransferase; CKD ¼ chronic kidney disease;
CRP ¼ C-reactive protein; INR ¼ international normalized ratio; PLD ¼ polycystic liver disease;
WBC ¼ white blood cell count.
bSI conversion factors: To convert total and direct bilirubin values to mmol/L, multiply by 17.104; to
convert creatinine value to mmol/L, multiply by 88.4; to convert albumin value to g/L, multiply by
10; to convert ALP and ALT values to mkat/L, multiply by 0.0167; to convert AST value to mkat/L,
multiply by 0.01667.
cLaboratory values are presented as mean � SD unless indicated otherwise.

BACTERIAL CHOLANGITIS IN ADPKD AND ADPLD
fluorodeoxyglucose activity in the posterior
segment of the right lower lobe. Subsequent he-
patic cyst aspiration yielded negative results in
this individual, while clinical features sugges-
tive of cholangitis including elevated liver
enzyme levels were present. Additionally, in
one individual with definite cholangitis, PET-
CT performed on recurrent presentation with
similar symptoms 6 months later (July 2017)
revealed evidence of cholangitis.

DISCUSSION
In this study, impaired hepatic synthetic and
renal function was common at first cholangitis
presentation in patients with ADPKD. The
former is not commonly attributable to
PLD15 and so may represent hepatic synthetic
dysfunction due to severe biliary infection. Pa-
tients with negative results on blood cultures
comprised 31.8% and 60.0% of first cholangi-
tis episodes in patients with ADPKD-
associated PLD and ADPLD, respectively.
This finding was similar to that in the cohort
presented by Judge et al,11 in which approxi-
mately 50% of biliary infections were
culture-negative. Additionally, median dura-
tion of antibiotic use for first cholangitis
episode was 14 days and 10 days in patients
with ADPKD and ADPLD, respectively, similar
to acute cholangitis treatment guidelines16 and
less than the typical duration of parenteral
antimicrobial therapy for hepatic cyst
infections.17

Among the ADPKD cases, gallstones and
prior cholecystectomy were identified as risk
factors for first cholangitis episode. The identi-
fication of prior cholecystectomy as a risk fac-
tor for cholangitis was unexpected and
possibly explained by a residual risk of cholan-
gitis in gallstone formers following cholecys-
tectomy (due to retained common bile duct
gallstones, the prevalence of which has been
estimated at 1.8% in a Korean population
who had cholecystectomy performed for
symptomatic cholelithiasis18).

Duodenal diverticula increased risk for
cholangitis in patients with ADPKD-
associated PLD. Colonic diverticulosis is a
recognized extrarenal manifestation in patients
with end-stage renal disease related to
ADPKD,19 although the association between
ADPKD and extracolonic diverticulosis is less
certain. In a series of 8 cases of duodenal
Mayo Clin Proc Inn Qual Out n June 2019;3(2):149-159 n https://d
www.mcpiqojournal.org
diverticula arising in patients with ADPKD, 6
had development of biliary complications.20

Two-thirds of duodenal diverticula arise near
the ampulla of Vater in the second part of
the duodenum,21 where they have the poten-
tial to result in common bile duct dilatation
and obstruction. Duodenal diverticula may
also be associated with a higher rate of com-
mon bile duct stone formation.22 Duodenal
diverticula can make cannulation of the com-
mon bile duct at ERCP more challenging,20

which may increase risk of cholangitis. How-
ever, only 2 of 5 individuals with duodenal
diverticula in our study had ERCP performed
before the onset of the first cholangitis
episode, and the timing of ERCP was remote
from cholangitis onset (804 and 153 days
oi.org/10.1016/j.mayocpiqo.2019.03.004 157
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previously, respectively). Thus, duodenal
diverticula appear to increase risk of cholangi-
tis independently of ERCP in individuals with
ADPKD-associated PLD.

Some patients who underwent sphincterot-
omy before development of cholangitis lacked
a clear indication for this procedure. In our expe-
rience, it is common for sphincterotomy to be
performed when patients with ADPKD present
with fever and sources of infection other than
the biliary tract are not readily apparent. The
high prevalence of extrahepatic ductal dilatation
in patients with ADPKD10 may erroneously
implicate the biliary tract as a source of infection
in this setting. Once sphincterotomy is per-
formed, we postulate that a nidus for infection
develops through reflux of intestinal bacteria
into the biliary tree, something that is exacer-
bated by extrinsic compression of the biliary
tree in the setting of PLD.23 Prior kidney trans-
plant was also a risk factor for first cholangitis
episode, likely explained by the accompanying
immunosuppressed state increasing risk for
intra-abdominal infection.24 Similarly, increased
cholangitis risk in patients with ADPKD and
T2DM in our cohort may reflect impaired innate
and adaptive aspects of immunity related to
hyperglycemia.25

We present a small cohort of individuals
with definite and suspected cholangitis epi-
sodes complicating PLD. The small sample
number of definite cholangitis episodes compli-
cating APDKD-associated PLD (19) resulted in
limited statistical power in the identification of
risk factors for first cholangitis episode. Howev-
er, cholangitis is a relatively rare complication in
PLD. This is the first study to describe presenta-
tion and management of cholangitis in the PLD
population and to identify risk factors for chol-
angitis in patients with ADPKD. It was not
possible to accurately quantify the number of
cholangitis episodes per patient or the number
of patients treated with antimicrobial prophy-
laxis through retrospective medical record re-
view. PET-CT imaging was performed with
increasing frequency at presentation with first
cholangitis episode toward the latter end of
the study period (once in 2007 and twice in
2015), reflecting increasing availability of this
imaging modality at our institution. This factor
may have increased the yield of cholangitis diag-
noses toward the latter end of the study period,
although its impact on selection of our final
Mayo Clin Proc Inn Qual Out n June 2019
study cohort was small given that it confirmed
the diagnosis of cholangitis in just 2 individuals.
CONCLUSION
Gallstones, prior cholecystectomy, duodenal
diverticulosis, T2DM, prior ERCP, and kidney
transplant were identified as risk factors for
cholangitis among patients with ADPKD-
associated PLD in this cohort. A clear indica-
tion for sphincterotomy at ERCP, when
performed before the first cholangitis episode,
was lacking in some. Given the high preva-
lence of extrahepatic bile duct dilatation in
the absence of biliary infection in patients
with ADPKD, one should carefully consider
the need for sphincterotomy at the time of
ERCP in patients with ADPKD presenting
with fever.
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