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Abstract

Background The optimal approach at treating infected biliary stents at the time of cholangitis remains unknown. This study
aims to compare the efficacy of stent exchange versus stent sweeping/stent-in-stent approaches at treating cholangitis.
Methods The study was a retrospective cohort study. Patients with biliary stents and cholangitis were included. Outcomes
were rate of recurrent cholangitis and time to recurrent cholangitis in those whose stents were left in place (stent sweeping
and stent-in-stent) compared to those whose stents were removed (stent exchange). Primary analysis included patients with
metal biliary stents only. Secondary analysis included those with metal and plastic biliary stents.

Results A total of 182 patients (age 64 + 12;89 F) with a metal biliary stent(s) at index cholangitis were included. Of these,
40 (22%) had stents removed, i.e., stent exchange. The remaining 142 (78%) did not have stent removal (97 with stent-in-
stent and 45 with stent sweeping). Recurrent cholangitis occurred in 22.5% and 42.3% in the stent removal and non-removal
groups, respectively (p =0.02). Stent removal remained a negative predictor of recurrent cholangitis after controlling for age,
sex, history of diabetes, and chemotherapy (OR 0.39, p=0.03). Median time from index cholangitis to recurrent cholangitis
was shorter for patients whose stents were not removed compared to those whose stents were removed (182 vs 450 days,
p=0.011). On Cox regression model, stent removal remained a negative predictor of recurrent cholangitis after controlling
for age, sex, history of diabetes, and chemotherapy (HR 0.41, p=0.01). The findings persisted in the secondary analysis
including both metal and plastic biliary stents (303 patients).

Conclusion Biliary stent removal with stent exchange at the time of cholangitis appears to be more effective at preventing
recurrent cholangitis than leaving an infected stent in the biliary system.
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Cholangitis is a clinical syndrome characterized by abdomi-
nal pain, jaundice, and fever [1, 2]. Two factors are required
for cholangitis to occur including (1) biliary obstruction
and stasis and (2) bile infection. Common etiologies of bile
obstruction and stasis are choledocholithiasis (28-70%),
benign biliary stricture (5-28%), and stenosis caused by
malignancy (10-57%) [3-7]. In addition, cholangitis is a
common complication of biliary stent placement due to stent
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occlusion with a reported incidence of approximately 15%
[8,9].

Management of cholangitis is performed according to
the severity grade of the patient. According to the updated
Tokyo Guidelines 2013, patients with grade II (moderate)
and grade III (severe) acute cholangitis, should undergo
early and urgent biliary drainage, respectively. While
patients with grade I (mild) acute cholangitis may initially
be treated with supportive care and antibiotics, biliary
drainage should be considered in those who do not respond
to medical management [10, 11]. Endoscopic Retrograde
Cholangiopancreatography (ERCP) remains the gold stand-
ard treatment option for biliary drainage. For patients with
cholangitis secondary to choledocholithiasis, ERCP with
biliary sphincterotomy and stone removal is the preferred
method. However, best practice for endoscopic management
of patients with biliary stenosis and cholangitis secondary
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to stent occlusion remains unknown. Available options vary
and include mechanical cleaning with balloon sweeps, stent-
in-stent, and stent exchange.

This study aims to compare the outcomes of different
endoscopic techniques at treating patients with cholangitis
secondary to stent occlusion. Specifically, we hypothesize
that the techniques that involve removal of all existing stents,
such as stent exchange and stent removal, would lead to a
lower rate of recurrent cholangitis and longer time to recur-
rent cholangitis compared to those that do not remove all
existing stents, such as balloon sweeping and stent-in-stent
technique. Given the scheduled stent exchange with plastic
stents, which may affect the rate of and time to recurrent
cholangitis, the primary analysis focuses only on patients
with metal biliary stents at the time of index cholangitis. The
secondary analysis is then conducted to include patients with
all stent types to assess generalizability of our hypothesis.

Methods
Study design and data collection

The study was a retrospective observational study of patients
who underwent ERCP for ascending cholangitis at a ter-
tiary academic center from 2006 to 2016. Only patients who
had at least one biliary stent at the time of cholangitis were
included. Exclusion criteria were an absence of a biliary
stent at the time of cholangitis and absence of fevers, leu-
kocytosis, bandemia, or pus seen on ERCP despite clinical
suspicion for cholangitis. Collected data included age, sex,
history of diabetes (yes or no), prior history of chemotherapy
(yes or no), type of biliary stent (fully covered self-expand-
able metal stent (SEMS), uncovered or partially covered
SEMS and plastic stent), indication for stent placement,
date of biliary stent placement, date of index cholangitis,
date of recurrent cholangitis (if any), and date of last follow-
up. Additionally, details of endoscopic intervention during
the index cholangitis were gathered. The primary analysis
included only patients with metal biliary stent(s), while the
secondary analysis included patients with either metal or
plastic biliary stent(s).

Definitions

Index cholangitis was defined as the first cholangitis episode
that occurred when there was at least one biliary stent pre-
sent. Recurrent cholangitis was defined as the subsequent
episode(s) of cholangitis after the index episode. Stent
removal referred to removal of all biliary stent(s) at the
time of index cholangitis with placement of a new biliary
stent, i.e., stent exchange. Of note, for patients with benign
stricture, only those who required stent exchange due to
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persistent stenosis were included. Stent non-removal was
when none or some but not all biliary stents were removed at
the time of index cholangitis. This included balloon sweep-
ing alone and a stent-in-stent technique.

Part 1: rate of recurrent cholangitis

This section assessed the rate of recurrent cholangitis in
patients whose stents were removed compared to those
whose stents were not removed at the time of index chol-
angitis. Possible confounders included age, sex, history
of diabetes at the time of index cholangitis, and history of
chemotherapy within one year prior to the index cholangitis,
and were adjusted for using a logistic regression analysis.

Part 2: time to recurrent cholangitis

This section assessed time to recurrent cholangitis in patients
whose stents were removed compared to those whose stents
were not removed at the time of index cholangitis. Possible
confounders included age, sex, history of diabetes at the time
of index cholangitis, and history of chemotherapy within
one year prior to the index cholangitis, and were adjusted
for using a Cox regression analysis.

Statistical analysis

All continuous variables were expressed as mean + stand-
ard deviation (SD), and skewed variables were expressed
as median and range. Categorical variables were expressed
as proportions (%). Student’s 7-test was used to compare
continuous variables and Pearson’s chi-squared test was
used for comparison of categorical variables. Univariable
and multivariable logistic regression analyses were per-
formed to assess an association between possible risk fac-
tors and recurrent cholangitis (stent removal at the time of
index cholangitis, age, sex, history of diabetes at the time
of index cholangitis, and history of chemotherapy within
one year prior to the index cholangitis). Given collinearity
between stent removal and stent type, only stent removal
was included in the model. Time to recurrent cholangitis
of each study group was reported using a median. A time-
to-event analysis with Kaplan Meier curves and a log rank
test were used to compare time to recurrent cholangitis
between study groups. A Cox proportional hazards regres-
sion analysis was used to adjust for potential confound-
ers of incident recurrent cholangitis (stent removal at the
time of index cholangitis, age, sex, history of diabetes at
the time of index cholangitis, and history of chemother-
apy within one year prior to the index cholangitis). All
tests were performed two-sided and a significance level
of p <0.05 was considered statistical significance. All
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statistical analyses were performed using SAS Software
Version 9.4 (Cary, NC). The study was approved by the
Institutional Review Board (IRB).

Results
Part 1: rate of recurrent cholangitis
Primary analysis: metal stents only

A total of 182 patients who had at least one biliary metal
stent at the time of index cholangitis were included. Of
these, 97 (53%), 65 (36%), 8 (4%), and 12 (7%) patients
had uncovered SEMS, fully covered SEMS, fully covered
within uncovered SEMS, and unspecified types of SEMS,
respectively. Baseline characteristics are shown in Table 1.
Indications for biliary metal stent placement were pancre-
atic adenocarcinoma (46%), non-biliary neoplasms such
as metastatic disease (34%), cholangiocarcinoma (13%),
benign stricture (3%), ampullary neoplasm (2%), and oth-
ers (2%).

Of the 182 patients, 40 (22%) had stent exchange. The
remaining 142 (78%) did not have all stents removed but
instead had stent within stent placement after sweeping
(97) or stent sweeping alone (45).

Compared to those whose stents were not removed at
the time of index cholangitis, those whose stents were
removed experienced fewer episodes of recurrent chol-
angitis (22.5% in the removal group versus 42.3% in the
non-removal group, p=0.02).

Univariable logistic regression analysis showed that
stent removal was associated with a decreased risk of
recurrent cholangitis (p =0.023), while age, sex, history of
diabetes, and history of chemotherapy were not (p=0.17,
0.94, 0.06, and 0.62, respectively). Multivariable regres-
sion analysis showed that stent removal remained a sig-
nificant negative predictor of recurrent cholangitis after

Table 2 Multivariable logistic regression of variables associated with
recurrent cholangitis in patients who had at least one biliary metal
stent at the time of index cholangitis

Variables p+S.E. Odds ratio [95% CI] p-value
Age —0.01+£0.01 0.99[0.97,1.02] 0.55
Sex 0.06+0.32 1.06 [0.57,1.99] 0.85

Stent removal -0.94+043 0.39[0.17,0.92] 0.03
0.66+0.34 1.93[0.99,3.78] 0.06

—0.005+0.37 1.00[0.49,2.04] 0.99

History of diabetes

History of chemo-
therapy

Bold values are statistically significant (p < 0.05)

controlling for age, sex, history of diabetes, and history of
chemotherapy (OR 0.39, p=0.03) (Table 2).

Secondary analysis: metal stents and plastic stents

A total of 303 patients who had at least one biliary metal or
plastic stent at the time of index cholangitis were included
in the secondary analysis. Of these, 183 (60%), 111 (37%),
and 9 (3%) patients had metal stents, plastic stents, and plas-
tic within metal stents, respectively. Baseline characteris-
tics and indications for biliary stent placement are shown in
Table 3. Indications for biliary stent placement were pancre-
atic adenocarcinoma (39%), non-biliary neoplasms such as
metastatic disease (30%), cholangiocarcinoma (17%), benign
stricture (7%), stones (3%), ampullary neoplasm (2%), and
others (2%).

Of the 303 patients, 149 (49%) had stent exchange. The
remaining 154 (51%) did not have the stents removed but
instead had stent within stent placement after sweeping
(109) or stent sweeping alone (45).

Compared to those whose stents were not removed at the
time of index cholangitis, those whose stents were removed
experienced fewer episodes of recurrent cholangitis (30.2%
in the removal group versus 42.2% in the non-removal
group, p=0.03).

Univariable logistic regression analysis showed that stent
removal was associated with a decreased risk of recurrent

Table 1 Baseline characteristics of patients who had at least one biliary metal stent at the time of index cholangitis

Characteristics Entire cohort (N=182) Stent removed (N=40) Stent not removed p-value
(N=142)

Age (years) 64+12 66+13 64+12 0.36

Sex (female) 89 (49) 15 (38) 74 (52) 0.10

History of diabetes 54 (30) 12 (30) 42 (30) 0.96

History of chemotherapy 128 (70) 19 (48) 109 (77) 0.003

Time interval between stent placement and 125 [1990] 159 [4695] 113 [1990] -

index cholangitis (months)

Data presented as mean + S.D. or median [min,max] or number of events (%)
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Table 3 Baseline characteristics
of patients who had at least one
biliary metal or plastic stent at

Characteristics

Entire cohort Stent removed Stent not removed  p-value

the time of index cholangitis

(N=303) (N=149) (N=154)
Age (years) 63+13 63+14 63+12 1.00
Sex (female) 137 (45) 61 (40) 76 (50) 0.08
History of diabetes 106 (35) 53 (35) 53 (35) 1.00
History of chemotherapy 199 (65) 87 (57) 112 (74) 0.003
Time interval between stent placement 81 [1980] 48 [3553] 132 [1980] -

and index cholangitis (months)

Data presented as mean + S.D. or number of events (%)

Table 4 Multivariable logistic regression of variables associated with
recurrent cholangitis in patients who had at least one biliary metal or
plastic stent at the time of index cholangitis

Variables B+S.E. Odds ratio [95% CI] p-value
Age —0.01+0.01 0.991[0.97,1.01] 0.17
Sex —0.03+0.25 0.97 [0.60,1.57] 0.89

Stent removal -0.49+0.25 0.61[0.38,0.995] 0.048
—0.04+0.26 0.96[0.58,1.59] 0.87

0.24+0.26 1.27[0.76,2.13] 0.37

History of diabetes

History of chemo-
therapy

Bold values are statistically significant (p < 0.05)

cholangitis (p =0.03), while age, sex, history of diabetes,
and history of chemotherapy were not (p =0.44, 0.70, 0.71,
and 0.20, respectively). Multivariable regression analysis
showed that stent removal remained a significant negative

Fig. 1 Kaplan—-Meier curve
for recurrent cholangitis-free

survival in patients with biliary 19
metal stent(s) stratified by stent
removal at the time of index
cholangitis
08
g 06
E 04
02
0.0
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predictor of recurrent cholangitis after controlling for age,
sex, history of diabetes, and history of chemotherapy (OR
0.61, p=0.048) (Table 4).

Part 2: time to recurrent cholangitis and cox
proportional hazards model

Primary analysis: metal stents only

Median time from the index cholangitis to the first episode
of recurrent cholangitis was shorter for patients whose stents
were not removed at time of index cholangitis compared
to those whose stents were removed (182 days in the non-
removal group vs 450 days in the removal group, p=0.011)
(Fig. 1).

On a Cox regression model, stent removal was the only
significant predictor of recurrent cholangitis with an adjusted
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Table5 Cox regression analysis of variables associated with recur-
rent cholangitis in patients who had at least one biliary metal stent at
the time of index cholangitis

Table 6 Cox regression analysis of variables associated with recur-
rent cholangitis in patients who had at least one biliary metal or plas-
tic stent at the time of index cholangitis

Variables

p-coefficient Adjusted hazard ratio  p-value Variables p-coefficient Adjusted hazard ratio  p-value
Age —0.004+0.01 1.001[0.98,1.02] 0.73 Age —0.01+0.01 0.99[0.98,1.01] 0.25
Sex 0.36+0.27 1.43[0.85,2.41] 0.18 Sex 0.19+0.20 1.21[0.81,1.79] 0.36
Stent removal -090+0.35 0.41[0.20,0.81] 0.01 Stent removal -0.55+0.20  0.58[0.39,0.86] 0.01
Diabetes status —0.04+0.26 0.96[0.58,1.59] 0.89 Diabetes status —-0.27+0.21  0.77[0.51,1.15] 0.20
Chemotherapy 0.03+0.28  1.03 [0.60,1.79] 0.91 Chemotherapy 0.24+0.21 1.27[0.84,1.92] 0.27

Bold values are statistically significant (p < 0.05)

hazard ratio of 0.41 (p=0.01) after controlling for age, sex,
diabetic status, and history of prior chemotherapy (Table 5).

Secondary analysis: metal stents and plastic stents

Median time from the index cholangitis to the first episode
of recurrent cholangitis was shorter for patients whose stents
were not removed at time of index cholangitis compared
to those whose stents were removed (182 days in the non-
removal group vs 559 days in the removal group, p =0.005)
(Fig. 2).

On a Cox regression model, stent removal was the only
significant predictor of recurrent cholangitis with an adjusted
hazard ratio of 0.58 (p =0.01) after controlling for age, sex,
diabetic status, and history of prior chemotherapy (Table 6).

Fig.2 Kaplan—-Meier curve

for recurrent cholangitis-free 10
survival in patients with biliary

metal or plastic stent(s) strati-

fied by stent removal at the time

of index cholangitis 08
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00

Bold values are statistically significant (p < 0.05)

Discussion

This study demonstrates that removal of all existing bil-
iary stents at the time of cholangitis is associated with a
decreased risk of recurrent cholangitis. Additionally, stent
removal appears to be associated with a longer time duration
between the index cholangitis and the episode of recurrent
cholangitis.

Management of acute cholangitis as a result of occluded
biliary stent(s) remains controversial. To date, endoscopic
treatment options include mechanical cleaning with a bal-
loon, a second stent insertion as stent-in-stent and stent
exchange. Comparison studies on different endoscopic tech-
niques for the treatment of occluded biliary stents remain
relatively limited. Specifically, previous studies focused
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on comparing the efficacy of different types of stents to be
inserted within the existing stent for the stent-in-stent tech-
nique. Four studies demonstrated that placement of a metal
stent within the occluded stent was associated with increased
patency compared to placement of a plastic stent. One study
showed the highest patency rate with a fully covered metal
stent placed within the occluded stent [12—15]. Neverthe-
less, two other studies showed no difference in adequacy of
biliary drainage if a metal or plastic stent was placed within
the occluded metal stent [16, 17].

As far as we know, this is the first study to compare the
different endoscopic techniques at treating infection due to
occluded biliary stents. The study showed that removal of
all existing stents with placement of a new stent(s) led to
decreased risk of and a longer duration between episodes
of cholangitis. These findings persisted after controlling for
potential confounders for recurrent cholangitis including
age, sex, and an immunocompromised state such as his-
tory of diabetes and previous chemotherapy. As a result,
when selecting a biliary stent, those that are not designed
for removal, such as uncovered metal stents, should be used
with caution.

As the focus of this study was on the impact of stent
removal, and not stent type, in the management of chol-
angitis, plastic stents were also included in the secondary
analysis. Plastic stents were found to be universally removed
for cholangitis, and similarly resulted in lower rates of recur-
rent cholangitis compared to metal stent cleaning and the
stent-in-stent technique.

Despite the existing literature comparing different types
of biliary stents as summarized above, to date, no studies
have assessed the effect of biliary stents on recurrent chol-
angitis following the index episode of cholangitis. Our study
demonstrates that in order to decrease the risk of subsequent
episodes of cholangitis, the ability to remove the infected
stent is important. Specifically, regardless of the type of stent
used, a practice of stent exchange rather than stent sweeping
or stent-in-stent should be the preferred method for treating
cholangitis due to a decreased risk and a longer duration
between episodes of cholangitis.

Mechanisms of biliary stent obstruction are thought to be
multifactorial. Bacterial biofilm, biliary sludge, bile viscos-
ity, bacterial infection, and duodenobiliary reflux of dietary
fiber are thought to play a role [18-20]. Specifically, it has
been proposed that the initial step of stent occlusion is bac-
terial colonization. Microorganisms isolated from occluded
biliary stents include anaerobic and aerobic bacteria and
fungi [21]. These microorganisms then excrete several types
of protein, such as fibronectin, vitronectin, laminin, fibrin,
and collagen, which form a biofilm making the bacteria
more adhesive. The biofilm on the inner surface of a stent is
thought to make the inner surface irregular, which further
facilitates the accumulation of sludge and debris [22-24].
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It is possible that despite attempts to clean the occluded
stent with balloon sweeping with or without placement of
an additional stent, the original indwelling biliary stent is
still coated with bacterial biofilm, causing an irregular inner
surface of the stent which accelerates stent occlusion and
recurrence of cholangitis.

Our study had a few limitations. First, since endoscopic
techniques (stent removal versus non-removal) were covari-
ates with the stent type, specific stent type could not be put
into the regression models. To control for this, the primary
analysis focused only on metal biliary stents, while the sec-
ond analysis included both metal and plastic stents. Find-
ings from our study remained the same with stent exchange
being preferred to stent-in-stent or sweeping. In this study,
a further subgroup analysis of different metal stent types,
including fully covered, partially covered and uncovered,
was not performed due to a relatively small number of
patients within each group leading to the analysis being
underpowered. This analysis would be appropriate for a
future multi-center study. Additionally, in this study, his-
tory of chemotherapy, which was previously demonstrated
to increase the risk of recurrent cholangitis [25, 26], was
used as a potential confounder of recurrent cholangitis in the
multivariable logistic and cox regression models. Given that
history of malignancy and chemotherapy were covariates,
history of malignancy was therefore unable to be put into
the model. Furthermore, the secondary analysis included
plastic stents, which are universally removed for cholangitis.
As such, none of these stents were included in other arms
leading to increased variability.

In conclusion, leaving an infected stent in the biliary sys-
tem is associated with a higher rate of recurrent cholangi-
tis compared to removal and replacement with a new stent.
Unlike fully covered metal biliary stents, uncovered metal
stents are not designed for removal and should be used with
caution. Additionally, plastic stents are viable alternatives
for hilar lesion where fully covered stents are not appropri-
ate, provided that scheduled exchanges or laboratory surveil-
lance is in place.
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