
Introduction
Acute cholangitis is a serious medical condition that requires
immediate drainage to relieve the obstruction and prevent
complications. Biliary obstruction is usually caused by choledo-
cholithiasis, or by a benign or malignant biliary stricture [1].
Emergent surgery in acute cholangitis is associated with a sig-
nificant mortality rate (20–40%) [2, 3]. Endoscopic biliary
drainage (EBD) is the standard of care with high success rates
and low morbidity [3]. Endoscopic sphincterotomy (ES) is
usually a safe procedure which is done to facilitate cannulation,
bile duct stone removal, and biliary drainage [4, 5]. However,
the role of ES in severe acute cholangitis is controversial and
may not always be feasible because of the severity of illness
and the risk of significant bleeding [6]. The aim of the current
meta-analysis is to investigate the role of ES with EBD in severe
acute obstructive cholangitis by performing a meta-analysis of
controlled trials.

Methods
Search strategy and study selection

A search routine was developed to identify all human studies
that assessed sphincterotomy with endoscopic biliary drainage
in severe acute cholangitis published in PubMed and Embase up
to March 2015. The following search terms were used: sphinc-
terotomy, biliary drainage, biliary stent, suppurative cholangi-
tis, acute cholangitis, and cholangitis. Reference lists of rele-
vant original papers, review articles and guidelines were exam-
ined. There was no language or date restriction. Reports with-
out original data (meta-analysis, review, editorial, letter, com-
ment, news, guidelines), animal, and in vitro studies were ex-
cluded. We also excluded studies that evaluated sphincterot-
omy for other indications. Thus, studies were included in the
systematic review and meta-analysis if they were controlled
studies that compared sphincterotomy with biliary drainage to
biliary drainage alone without sphincterotomy in severe acute
cholangitis.
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ABSTRACT
Aims To investigate the role of endoscopic sphincterotomy (ES)

with endoscopic biliary drainage (EBD) in acute severe obstructive

cholangitis management by performing a meta-analysis of con-

trolled trials.

Method We searched PubMed and Embase for controlled studies

that compared endoscopic drainage with ES versus Non-ES in acute

obstructive cholangitis. Two reviewers selected the studies and ex-

tracted the data. Disagreement was addressed by a third reviewer.

Heterogeneity of the studies was analyzed by Cochran’s Q statistics.

A Mantel–Haenszel risk ratio was calculated utilizing a random ef-

fects model.

Results Four controlled studies met our inclusion criteria with 392

participants (201 ES, 191 Non-ES). The outcomes were drainage in-

sertion success rate, drainage effectiveness, post drainage pancrea-

titis, bleeding, procedure duration, perforation, cholecystitis, and

30-day mortality. Drainage insertion success rate was identical in

both groups (RR: 1.00, 95%CI% 0.96–1.04). Effective drainage was

not significantly different (RR: 1.11, 95%CI 0.73–1.7). There was no

significant difference in the incidence of pancreatitis post EBD be-

tween the ES and Non-ES groups at 3% and 4%, respectively (RR:

0.73, 95%CI 0.24–2.27). However, there was a significant increase

in post EBD bleeding with ES compared to Non-ES (RR: 8.58, 95%CI

2.03–36.34). Thirty-day mortality was similar between ES and Non-

ES groups at 0.7% and 1%, respectively (RR: 0.5, 95%CI 0.05–5.28).

Conclusion Our findings show that EBD without ES is an effective

drainage technique and carries less risk for post procedure bleed-

ing. Patients who are critically ill and have coagulopathy should be

spared from undergoing ES in the acute phase.
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Outcome assessment

The outcomes were the drainage insertion success rate, drain-
age effectiveness, post drainage pancreatitis, bleeding, proce-
dure duration, perforation, cholecystitis, and 30-day mortality.

Acute cholangitis diagnosis was made by two criteria: (1)
clinical symptoms of abdominal infection including fever, leu-
kocytosis, and abdominal pain, (2) signs of biliary obstruction
such as jaundice, hyperbilirubinemia, and biliary dilatation on
ultrasound or computed tomography (CT). Severe cholangitis
was defined as cholangitis with one of the following: shock, al-
tered mental status, high fever > 39 °C, end organ failure, clini-
cal evidence of peritoneal inflammation, or evidence of puru-
lent bile [7].

Drainage effectiveness was defined as a reduction in serum
bilirubin > 50% of baseline level at 1 week and disappearance
of all signs of cholangitis. EBD was considered emergent when
performed within 24 hours and urgent when performed within
72 hours [8]. Post-sphincterotomy hemorrhage was divided
into immediate and delayed. Immediate hemorrhage was con-
sidered when there was endoscopic evidence of bleeding that
forced abandonment of the procedure. Delayed hemorrhage
was defined by clinical evidence of melena or hematemesis
with a decrease in hemoglobin (Hb) of more than 2g/dL, or
the need for blood transfusion. We combined both types of
bleeding under one outcome.

Data extraction

Two investigators (TS, NA) independently reviewed identified
abstracts and selected papers for full review. Discrepancies
were resolved by a third reviewer (SA). For each selected publi-
cation, key study characteristics were abstracted including
publication year, country, study design, participant characteris-
tics (age, gender), biliary drainage method, the underlying
cause of acute cholangitis, successful drainage placement, ef-
fective drainage, post drainage incidence of acute pancreatitis
or bleeding, procedure duration, and death. We followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [9] Statement guidelines for the current
meta-analysis.

Assessment of risk of bias

The risk of bias of included studies was assessed using domain-
based risk of bias tables, as recommended by the Cochrane Col-
laboration (http://handbook.cochrane.org) (March 2011). Each
study was assessed independently across different areas of po-
tential bias, namely study participation, allocation, randomiza-
tion, blinding of participants and outcome, study attrition, and
reporting. The overall risk of bias for an individual study is cate-
gorized as low (if the risk of bias is low in all domains), high (if
the risk of bias is high in at least one domain), or unclear (if the
risk of bias is unclear in at least one domain, and no domains
have a high or moderate risk of bias).

Statistical methods

The intention-to-treat numbers were extracted from the in-
cluded studies for the desired outcomes. The results were

presented as risk ratio for dichotomous outcome measures
with 95% confidence intervals (95%CI) and mean difference
for continuous outcomes with 95%CI. Outcomes from individ-
ual studies were combined with the random effects model. Re-
peat analysis was performed using a fixed effects model in the
sensitivity analysis. Heterogeneity among studies was assessed
with the inconsistency index (I2) statistic, which ranges from 0%
to 100% and is defined as the percentage of the observed inter-
trial variability that is due to heterogeneity rather than chance
for each outcome (I2 > 50% denotes significant heterogeneity).
Statistical heterogeneity was examined by sensitivity analyses
to clarify if any clinical heterogeneity was responsible for such
statistical difference. All statistical analyses were performed
using RevMan software version 5.2 (Review Manager, Copenha-
gen, Denmark: The Nordic Cochrane Center, The Cochrane Col-
laboration 2012) where two-tailed P values < 0.05 were consid-
ered significant.

Results
Study characteristics and methodologies

Our search yielded 885 references after removal of duplicates.
Of those, only four studies [8, 10–12] met our inclusion criteria
for the systematic review and meta-analysis with 392 partici-
pants (201 ES, 191 Non-ES) (▶Fig. 1). All four studies were con-
ducted in Asia with a mean age of 69.

Three out of the four studies were retrospective controlled
trials [8, 10, 12] and one study was a randomized controlled
trial (RCT) [11]. All four studies were high risk for bias for cer-
tain bias items (▶Supplementary Fig. 1).

All patients were treated with supportive fluid and antibio-
tics before the endoscopic intervention. Biliary drainage meth-
od varied between nasobiliary drainage in two studies [8, 11],
plastic stents only in one study [10], and either of these meth-
ods in one study [12] (▶Table1). Both Hui et al. [10] and Park et
al. [12] used 6–7 Fr plastic stents. Biliary drainage was per-
formed in all patients in both groups in three studies [8, 10,
11] even if sphincterotomy was performed. Park et al. [12] per-
formed biliary drainage in all patients in the non-ES group but
only in patients with remnant stones or a high suspicion of rem-
nant stones in the ES group. The timing for the biliary drainage
was emergent (within 24 hours) in three studies [10–12] and
urgent in one study [8]. Choledocholithiasis was the major
cause of acute cholangitis in all studies. Another cause was be-
nign biliary strictures. Only Sugiyama and Atomi [8] included
patients with malignant biliary obstruction as the underlying

References identified through database searching (930)

References after duplicates removed (885)

References excluded (881) References included (4)

▶ Fig. 1 Flowchart of the systematic review and meta-analysis.
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cause of the acute cholangitis (▶Table1). Hui et al. [10] and
Zhang et al. [11] excluded patients with coagulopathy. Sugiya-
ma and Atomi [8] did not exclude patients with coagulopathy
but there was no significant difference between the ES group
and the non-ES at 8% and 13%, respectively. No subgroup anal-
ysis was performed. Park et al. [12] also included patients with
coagulopathy only in the non-ES group.Hui et al. performed
second endoscopic retrograde cholangiopancreatography
(ERCP) in all patients 4 to 8 weeks later for bile duct stone re-
moval. All patients in Zhang et al. [11] underwent a second
elective ERCP or surgery for bile duct stone removal. Both Su-
giyama and Atomi [8] and Park et al. [12] did not mention a sec-
ond ERCP or surgical intervention.

Outcomes
Drainage insertion success rate

Drainage insertion success rate was evaluated in three studies.
Sugiyama and Atomi [8] reported four drainage failures in the
ES group and four in the Non-ES group. Failures in the ES group
were attributed to unsuccessful sphincterotomy (2 patients),
severe stricture (1 patient), and long malignant stricture (1 pa-
tient). Those failed cases were managed with percutaneous
transhepatic biliary drainage (PTBD). Drainage failure in the
Non-ES group was attributed to difficult deep cannulation (2
patients), which was managed by performing ES, and long ma-
lignant stricture (2 patients), which was managed with PTBD.
Hui et al. [10] reported nine failed cases (5 Non-ES, 4 ES). They
were all managed with PTBD. All drainage insertions were suc-
cessful in the study by Zhang et al. [11]. Overall drainage inser-
tion success rate was the same in both groups (RR: 1.00, 95%CI
0.96–1.04) with no significant heterogeneity (I2: 0%) (▶Fig. 2).

Drainage effectiveness

Two studies reported this outcome (▶Table2). There was no
significant difference between ES and Non-ES groups (RR:
1.11, 95%CI 0.73–1.7). Significant heterogeneity was noted
(I2: 73%) (▶Supplementary Fig. 2).

Post drainage acute pancreatitis

Acute pancreatitis was reported in all four studies [8, 10–12]
(▶Table2). Acute pancreatitis occurred in 3% of patients in
the sphincterotomy group compared to 4% in the Non-ES
group (RR: 0.73, 95%CI 0.24–2.27) with no significant hetero-
geneity (I2: 0%) (▶Fig. 3).

Post drainage hemorrhage

All four included studies reported this outcome [8, 10–12]. Pa-
tients who underwent sphincterotomy had significantly greater
risk for post drainage hemorrhage (RR: 8.58, 95%CI 2.03–
36.34) with no significant heterogeneity (I2: 0%) (▶Fig. 4).

Procedure duration

Two studies reported procedure duration [10, 11]. The dura-
tion of the procedure was significantly shorter in the Non-ES
group compared to the ES group (Mean Difference: 3.61 min-

utes, 95%CI 2.79–4.42) without significant heterogeneity (I2:
0%) (▶Supplementary Fig. 3).

Perforation

Perforation included retroperitoneal or bowel-wall perforation
as evidenced by any imaging technique. Three studies reported
this outcome [8, 10, 11]. No perforations were reported in ei-
ther group.

Cholecystitis

Only Sugiyama and Atomi [8] reported cholecystitis after biliary
drainage. Cholecystitis complicated 3/73 in the ES group. No
one developed cholecystitis in the non-ES group and the differ-
ence was statistically significant (P<0.05).

Thirty-day mortality

Hui et al. [10] reported three deaths. In the ES group, one pa-
tient died from septic shock, and in the non-ES group, two pa-
tients died because of multi-organ failure. Park et al. [12] re-
ported one death secondary to cardiogenic shock in a patient
with recent myocardial infarction. Neither Sugiyama and Atomi
[8] nor Zhang et al. [11] reported any deaths in either group.
Overall mortality rate was 0.5% in the ES and 1% in the Non-ES
group (RR: 0.5, 95%CI 0.05–5.28) without significant hetero-
geneity (I2: 0%).

Sensitivity analysis

We performed a sensitivity analysis in which we removed one
study at a time. We also changed the analysis method from ran-
dom effects to a fixed effects model. The sensitivity analyses
did not change the direction or the significance of any of the
RRs or the level of heterogeneity in any of the analyses. Using
a fixed effects model, differences in insertion success rate,
drainage effectiveness, and post ERCP pancreatitis remained
insignificant at RR: 1 (95%CI 0.95–1.06), RR: 1.05 (95%CI
0.94–1.17), and RR: 0.75 (95%CI 0.26–2.2), respectively. The
difference in post ERCP hemorrhage remained significant (RR:
8.62, 95%CI 2.02–36.72). The numbers remained exactly the
same for procedure duration and 30-day mortality.

We also divided the studies into two groups according to the
drainage method used: nasobiliary drain (NBD) [8, 11,12] or
biliary stenting [10, 12]. In the NBD group, the results remained
the same. There was no significant difference between ES and
Non-ES groups in the insertion success rate (RR: 1, 95%CI
0.95–1.04) or effective drainage (RR: 1.11, 95%CI 0.73–
1.70). The incidence of post ERCP pancreatitis was not signifi-
cantly different (RR: 0.53, 95%CI 0.14–2.00). Hemorrhage
was significantly lower in the Non-ES group (RR: 9.16, 95%CI
1.75–48.11). Data were limited in the biliary stent group and
we could not perform a subgroup analysis.

Discussion
Severe acute cholangitis is a medical emergency that carries
significant morbidity and mortality if not treated promptly. Be-
sides medical management with supportive fluid and antibio-
tics, adequate biliary drainage is essential. Historically, patients
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with severe obstructive cholangitis underwent surgical drain-
age. However, this approach was associated with significant
complications and a high mortality rate [2]. Endoscopic biliary
drainage with ERCP has provided a safe noninvasive method of
drainage [13, 14] for severe acute cholangitis with a lower mor-
tality risk [3]. Biliary drainage is performed by either endo-
scopic nasobiliary drainage (NBD) or endoscopic biliary stent-
ing. The drainage is usually performed in association with
sphincterotomy and stone extraction as the treatment of
choice for choledocholithiasis [15–17]. However, patients
with severe acute cholangitis and sepsis are at risk for coagulo-
pathy and bleeding which makes ES a high risk procedure. It
was proposed that biliary drainage should be performed with-
out sphincterotomy in severe acute cholangitis [8, 15].

This meta-analysis included four experimental controlled
trials with 392 participants. Our results showed that endo-
scopic biliary drainage (EBD) without sphincterotomy in severe
acute cholangitis is as effective as biliary drainage with sphinc-
terotomy in achieving adequate biliary drainage. Performing
EBD without ES significantly decreased the risk of bleeding (re-
lative risk reduction RRR: 100%). The incidence of post ES
bleeding was 10%, which is similar to the reported incidence
in the literature (0–12%) [3, 15]. Theoretically, the concern
about performing EBD without ES is the development of acute
pancreatitis from pancreatic duct blockage. However, our
meta-analysis showed no significant difference in the incidence
of post ERCP pancreatitis. The duration of the procedure was
significantly shorter in the Non-ES group compared to the ES
group (Mean Difference: 3.61 minutes, P <0.001). This is an im-

 Sphincterotomy No sphincterotomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M–H, Random, 95% CI M–H, Random, 95% CI

Hui 2003 33 37 32 37 5.9 % 1.03 [0.87, 1.22]
Sugiyama 1998 69 73 89 93 34.5 % 0.99 [0.92, 1.06]
Zhang 2014 36 36 36 36 59.6 % 1.00 [0.95, 1.05]  
 
Total (95 % CI)  146  166 100.0 % 1.00 [0.96, 1.04]
Total events 138  157    
Heterogeneity: Tau2 = 0.00; Chi2 = 0.25, df = 2 (P = 0.88); I2 = 0 %
Test for overall eff ect: Z = 0.12 (P = 0.91) Favours sphincterotomyFavours no sphincterotomy

0.5 0.7 1.51 2

▶ Fig. 2 Forest plot, meta-analysis of controlled trials comparing biliary drainage with sphincterotomy to no sphincterotomy, risk ratio and 95%
confidence interval for drainage insertion success rate.

 Sphincterotomy No sphincterotomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M–H, Random, 95% CI M–H, Random, 95% CI

Hui 2003 1 37 1 37 17.1 % 1.00 [0.06, 15.40]
Park 2008 2 55 0 25 14.2 % 2.32 [0.12, 46.65]
Sugiyama 1998 1 73 1 93 16.9 % 1.27 [0.08, 20.02]
Zhang 2014 2 36 5 36 51.8 % 0.40 [0.08, 1.93]  
 
Total (95 % CI)  201  191 100.0 % 0.73 [0.24, 2.27]
Total events 6  7    
Heterogeneity: Tau2 = 0.00; Chi2 = 1.34, df = 3 (P = 0.72); I2 = 0 %
Test for overall eff ect: Z = 0.54 (P = 0.59) Favours no sphincterotomyFavours sphincterotomy

0.01 0.1 101 100

▶ Fig. 3 Forest plot, meta-analysis of controlled trials comparing biliary drainage with sphincterotomy to no sphincterotomy, risk ratio and 95%
confidence interval for post drainage acute pancreatitis

 Sphincterotomy No sphincterotomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M–H, Random, 95% CI M–H, Random, 95% CI

Hui 2003 3 37 0 37 24.3 % 7.00 [0.37, 130.95]
Park 2008 8 55 0 25 26.3 % 7.89 [0.47, 131.62]
Sugiyama 1998 3 73 0 93 24.0 % 8.89 [0.47, 169.46]
Zhang 2014 5 36 0 36 25.5 % 11.00 [0.63, 191.88]  
 
Total (95 % CI)  201  191 100.0 % 8.58 [2.03, 36.34]
Total events 19  0    
Heterogeneity: Tau2 = 0.00; Chi2 = 0.05, df = 3 (P = 1.00); I2 = 0 %
Test for overall eff ect: Z = 2.92 (P = 0.003) Favours no sphincterotomyFavours sphincterotomy

0.01 0.1 101 100

▶ Fig. 4 Forest plot, meta-analysis of controlled trials comparing biliary drainage with sphincterotomy to no sphincterotomy, risk ratio and 95%
confidence interval for post drainage hemorrhage
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portant point in critically ill patients in whom sedation may car-
ry a higher risk and may worsen hemodynamic instability. Mor-
tality rate was low in both groups. No perforation was reported
in any of the studies.

The majority of patients (279) in the included studies were
treated with nasobiliary drainage. One limitation of NBD is the
frequent removal of the catheter by patients which subse-
quently compromises drainage [17]. The incidence of NBD
catheter withdrawal in our meta-analysis was only 1%. Park et
al. [12] compared NBD to biliary stenting in severe acute cho-
langitis in 80 patients. Both methods were equally effective in
obtaining adequate biliary drainage and resolving symptoms
of acute cholangitis. Another randomized controlled trial by
Sharma et al. [18] concluded that biliary drainage with NBD or
biliary stenting are equally safe and effective in severe acute
cholangitis. NBD has several advantages: (1) it facilitates fol-
low-up cholangiography; (2) it allows follow-up bile cultures;
3) its patency can be maintained by lavage [12, 18]. However,
the catheters are at risk of being kinked or pulled out by con-
fused patients. They are also associated with significant dis-
comfort. These problems are not encountered with stents. In
addition, stents have the advantage of providing physiologic in-
ternal drainage, which restores both fluid and electrolyte bal-
ance and the equilibrium of the bacterial flora [18]. The compli-
cations of stenting are occlusion and migration. Stents are re-
commended when there is concern about drainage removal by
confused patients.

To our knowledge, this is the first meta-analysis evaluating
the role of sphincterotomy in severe acute cholangitis. Cui et
al. [19] investigated the benefit of ES in malignant biliary ob-
struction in a meta-analysis of three RCTs (338 participants).
There was no significant difference in stent insertion success
rate between the two groups but the incidence of post ERCP
bleeding was significantly higher in the ES group, similar to
our meta-analysis.

This analysis had the following limitations: (1) We included
retrospective controlled studies. (2) The low number of includ-
ed studies (four studies) and the fact that they were all per-
formed in Asia may limit generalizability. (3) We combined
NBD and biliary stenting under one group.However, we based
our approach on studies which showed that NBD and biliary
stenting are equally safe and effective in severe acute cholangi-
tis [12, 18]. (4) We were not able to provide data with regard to
the decrease in bilirubin level, liver enzymes, and white blood
cells since only one study reported these outcomes [11]. A
large randomized controlled trial is needed to determine their
effect on mortality.

Our findings show that EBD with and without ES are equally
effective drainage techniques in severe acute cholangitis. EBD
without ES carries fewer risks for post ERP bleeding. Patients
who are critically ill and have coagulopathy should be spared
from undergoing ES in the acute phase.
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 Sphincterotomy No sphincterotomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M–H, Random, 95% CI Year M–H, Random, 95% CI

Sugiyama 1998 67 73 87 93 62.6 % 0.98 [0.90, 1.07] 1998
Zhang 2014 22 36 16 36 37.4 % 1.38 [0.88, 2.15] 2014 
 
Total (95 % CI)  109  129 100.0 % 1.11 [0.73, 1.70]
Total events 89  103    
Heterogeneity: Tau2 = 0.07; Chi2 = 3.68, df = 1 (P = 0.05); I2 = 73 %
Test for overall eff ect: Z = 0.49 (P = 0.62) Favours sphincterotomyFavours no sphincterotomy

0.02 0.1 101 50

▶Supplementary Fig. 2 Forest plot, meta-analysis of controlled trials comparing biliary drainage with sphincterotomy to no sphincterotomy,
risk ratio and 95% confidence interval for drainage effectiveness.

 Sphincterotomy No sphincterotomy Mean Diff erence Mean Diff erence
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

Hui 2003 8.3 2.1 37 4.7 1.5 37 95.7 % 3.60 [2.77, 4.43] 2003
Zhang 2014 22.3 7.8 36 18.5 9.2 36 4.3 % 3.80 [– 0.14, 7.74] 2014 
 
Total (95 % CI)   73   73 100.0 % 3.61 [2.79, 4.42]
Total events 89   103    
Heterogeneity: Tau2 = 0.00; Chi2 = 0.01, df = 1 (P = 0.92); I2 = 0 %
Test for overall eff ect: Z = 8.69 (P < 0.00001) Favours no sphincterotomyFavours sphincterotomy

– 10 – 5 50 10

▶Supplementary Fig. 3 Forest plot, meta-analysis of controlled trials comparing biliary drainage with sphincterotomy to no sphincterotomy,
mean difference and 95% confidence interval for procedure duration in minutes.
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▶Supplementary Fig. 1 Risk of bias
summary: authors’ judgments about each
risk of bias item for each included study.
Green, low risk for bias; red, high risk for
bias.
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