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Background/Aims: The safety of endoscopic retrograde cholangiopancreatography (ERCP) in hepatic cirrhosis and the impact of
Child-Pugh class on post-ERCP complications need to be better studied. We investigated the post-ERCP complication rates in patients

with cirrhosis compared with those without cirrhosis.

Methods: We conducted a literature search of relevant databases to identify studies that reported post-ERCP complications in patients

with hepatic cirrhosis.

Results: Twenty-four studies comprising 28,201 patients were included. The pooled incidence of post-ERCP complications in cirrhosis
was 15.5% (95% confidence interval [CI], 11.8%-19.2%; I’=96.2%), with an individual pooled incidence of pancreatitis 5.1% (95% CI,
3.1%-7.2%; ’=91.5%), bleeding 3.6% (95% CI, 2.8%-4.5%; I’=67.5%), cholangitis 2.9% (95% CI, 1.9%-3.8%; I’=83.4%), and perfora-
tion 0.3% (95% CI, 0.1%—0.5%; I’=3.7%). Patients with cirrhosis had a greater risk of post-ERCP complications (risk ratio [RR], 1.41;
95% CI, 1.16-1.71; ’=56.3%). The risk of individual odds of adverse events between cirrhosis and non-cirrhosis was as follows: pancre-
atitis (RR, 1.25; 95% CI, 1.06-1.48; ’=24.8%), bleeding (RR, 1.94; 95% CI, 1.59-2.37; ’=0%), cholangitis (RR, 1.15; 95% CI, 0.77-1.70;

I’=12%), and perforation (RR, 1.20; 95% CI, 0.59-2.43; '=0%).

Conclusions: Cirrhosis is associated with an increased risk of post-ERCP pancreatitis, bleeding, and cholangitis.

Keywords: Child-Pugh; Cholangitis; Cirrhosis; Endoscopic retrograde cholangiopancreatography; Hemorrhage; Pancreatitis

INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) is an
advanced endoscopic procedure that employs a combination
of endoscopy and fluoroscopy to diagnose and treat diseas-
es of the pancreaticobiliary ductal system, including but not
limited to choledocholithiasis, biliary strictures, pancreatitis,
and cholangitis. Although ERCP is generally considered a safe
procedure, it has been associated with a higher rate of compli-
cations than other endoscopic procedures. Complication rates
remained high despite adherence to safety protocols, technolog-
ical advances, and training programs for advanced endoscopy.’
Although it is an efficacious procedure, it is associated with its
fair share of adverse events, including post-ERCP pancreatitis
(PEP), hemorrhage, perforation, infection, and anesthesia-re-
lated events.”’ Overall, ERCP-related complications have been
reported at 7 to 12 percent, with mortality rates ranging from
0.1 to 1.4 percent." Moreover, procedure-related death rates
have remained stable despite technological advancements and
safety precautions. One possible explanation is that ERCP has
evolved into a primary therapeutic operation; consequently,
procedure-related risks encompass diagnostic and therapeutic
hazards.’

Patients with cirrhosis are known to have an increased inci-
dence of conditions such as cholelithiasis and choledocholithi-
asis, which warrants ERCP for diagnosis and treatment.” At the
same time, cirrhotic patients are at an inherently higher risk of
complications from an ERCP, given the impaired hepatic func-

tion and resulting ascites, portal hypertension, varices, coagu-

lopathy, and encephalopathy.”® These factors collectively could
lead to more ERCP procedures being performed in patients
with cirrhosis, resulting in a higher incidence of ERCP-related
adverse events in these patients.

Despite recognizing the increased risk of ERCP-associated
complications in cirrhotic patients, there is a dearth of litera-
ture regarding conflicts between existing data relating to ERCP
outcomes in this cohort of patients. There is even less informa-
tion regarding the rates of ERCP-related adverse events among
patients with cirrhosis based on the severity of cirrhosis. A
minimally invasive approach such as an ERCP is usually pref-
erable in patients with cirrhosis, as the surgical option can lead
to increased morbidity and mortality due to underlying hepatic
dysfunction.’

Therefore, our study aimed to analyze the incidence of ad-
verse events associated with ERCP in patients with cirrhosis. A
secondary objective was to determine the association between
the incidence of adverse events and the severity of liver cirrho-
sis based on the Child-Pugh classification.

METHODS

Data search and screening

We thoroughly searched the electronic medical literature in
Medline/PubMed, Embase, Web of Science, and Scopus from
1990 to March 31, 2022. We conducted an analysis following
the Preferred Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) statement. No language restrictions
were applied. We used the following keywords (endoscopic
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retrograde cholangiopancreatography or ERCP, or endoscopic
cholangiography) AND (cirrhosis) AND/OR (post ERCP pan-
creatitis, bleeding or hemorrhage or perforation or cholangitis
or adverse events, or complications) in different combinations.
We manually searched the bibliographies of the articles includ-
ed in the final analysis to identify any missing studies. Figure 1
illustrates the study selection process.

Study selection and eligibility criteria

Two researchers (ZIT and MG) conducted the study selection.
They independently screened the titles, abstracts, and full man-
uscripts for eligibility. Any conflicts between the reviewers were
resolved through discussion. The inclusion criteria were (1)
ERCP in patients with cirrhosis, (2) studies in which complica-
tions of ERCP were compared between cirrhotic and non-cir-
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Fig. 1. Preferred Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) flow chart for search and selection process of
studies. ERCP, endoscopic retrograde cholangiopancreatography.

580

rhotic patients, (3) age >18 years. Studies in which ERCP com-
plications were reported only in patients without cirrhosis were
excluded. We included prospective cohort, case-control, retro-
spective, and randomized controlled studies in our analysis.

Data extraction

Data were extracted by two reviewers (ZIT and MG). Infor-
mation about the study design, year of publication, country of
study, study population age, sex, underlying cause of cirrhosis,
indications for ERCP, type of procedure, rate of adverse events,
and the number of times a patient received ERCP was extract-
ed. A third reviewer (UF) independently reviewed the data, and
a final data sheet was prepared after a discussion between all

three reviewers.

Outcomes

Our primary outcomes were the overall proportion of adverse
events in patients with cirrhosis and the incidence of PEP,
cholangitis, bleeding, and perforation in patients with cirrhosis
who underwent ERCP. We conducted a subgroup analysis to
compare adverse events between the cirrhosis and non-cirrho-
sis study groups. We also calculated the pooled incidence of
adverse events based on the Child-Pugh A, B, and C classifi-
cations and compared the risk of adverse events based on the
Child-Pugh class.

Data synthesis and statistical analysis

The random effect model was used to calculate the pooled
proportion and 95% confidence interval (CI) of adverse events.
Cochrane chi-square and I’ were used to assess heterogeneity
and variance. Heterogeneity was considered substantial if I’
was between 50% to 75% and considerable if 75% to 100%.
Forest plots were used to determine the meta-analysis results.
Funnel plots and Egger's test for asymmetry were used to assess
publication bias. Open Meta-Analyst and Comprehensive Me-
ta-Analysis software ver. 3 were used to analyze the data.

Quality assessment

The Newcastle-Ottawa scale was used to assess the quality of
the included studies. Two reviewers (ZIT and UF) assessed the
quality of the studies. Any differences were resolved by a third
investigator (MG). Supplementary Table 1 provides the details

of the quality assessment.””"""



RESULTS

The search strategy produced 4,077 citations, of which 2,345
were removed as duplicates. The abstracts and titles of the
remaining 1,732 articles were carefully reviewed, and 24 stud-
ies “"'"°" were included in the final analysis containing 28,201
patients, of which 7,765 had cirrhosis. The mean age of patients
was 58.3 years, and 46.3% were male. The etiology of cirrhosis
was detailed in 16 studies™'"”"** and was as follows: alcohol
abuse, 19.5%; hepatitis B, 24.4%; hepatitis C, 15.9%; primary
sclerosing cholangitis, 20.6%; non-alcoholic fatty liver disease,
5.2%; cryptogenic, 7%; primary and secondary biliary cirrhosis,
5.8%; and others, 1.6% of cases. Twenty-one studies””'*****!
listed the indications for ERCP in patients with cirrhosis, in-
cluding choledocholithiasis in 43.8%, biliary stricture in 26.4%,
cholangitis in 12.2%, gallstone pancreatitis in 11.2%, malignant
biliary obstruction in 1%, chronic pancreatitis in 0.8% and
others in 4.6%. 31.3 % of patients fall into Child-Pugh class A,
45.1% into Child-Pugh B, and 23.5% into Child-Pugh C. Sup-
plementary Table 2 delineates detailed characteristics of includ-

. 6,7,10-31
ed studies.

Pooled analysis of adverse events in patients with cirrhosis
The pooled incidence of adverse events in patients with cirrho-
sis was 15.5% (95% CI, 11.8%-19.2%; I’'=96.2%). The pooled in-
cidence of PEP reported in 21 studies™”'""*"******' was 5.1% (95%
CI, 3.1%-7.2%; I’=91.5%). The pooled incidence of ERCP-re-
lated bleeding in 24 studies™"""" was 3.6% (95% CI, 2.8%-4.5%;
I’=67.5%). The pooled incidence of developing cholangitis re-
ported in 20 studies™”'*"""****** was 2.9% (95% CI, 1.9%-3.8%;
I’=83.4%). Incidence of perforation in 20 studjes™”'""*'* 2125201
was 0.3% (95% CI, 0.1%-0.5%; I'=3.7%) (Fig. 2).

Pooled risk of adverse events in cirrhosis versus no cirrho-
sis

Pooled risk of adverse events was greater in patients with cir-
rhosis compared to those without cirrhosis (risk ratio [RR],
1.41; 95% CI, 1.16-1.71; I’'=56.3%). Pooled risk of individual
complications in cirrhosis versus no cirrhosis group was as
follows: post-ERCP pancreatitis in eight studies™"'*""****%
(RR, 1.25; 95% CI, 1.06-1.48; I’'=24.8%), ERCP-related bleeding
in ten studies”'"'>'*'7!?***45 (RR, 1.94; 95% CI, 1.59-2.37;
F=0%), post-ERCP cholangitis in seven studies”'"'”'****** (RR,
1.15; 95% CI, 0.77-1.70; ’'=12%), and perforation in six stud-
ies™ "1 (RR, 1.20; 95% CI, 0.59-2.43; '=0%) (Fig. 3).
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Pooled adverse events based on Child-Pugh classification
Incidence of adverse rate in Child-Pugh A, B, and C class pa-
tients in six studies™"*'**" was 11.7% (95% CI, 5.7%—17.7%;
I'=62.9%), 12% (95% CI, 7.4%-16.6%; I'=66.1%), and 23.4%
(13.4%-33.4%; I'=83.5%), respectively (Fig. 4A—C). The risk of
adverse events was higher in Child-Pugh class C patients com-
pared to combined Child-Pugh classes A and B (RR, 1.70; 95%
CL, 1.06-2.72; '=66.2%) (Fig. 4D).

Publication bias

The funnel plot was asymmetric, but Egger’s test was negative
for any publication bias (intercept, 1.29; 95% CI, -2.32 to 4.92;
2-tailed p=0.46) (Supplementary Fig. 1).

DISCUSSION

This meta-analysis detailing adverse outcomes related to ERCP
showed a statistically significant increase in the rate of overall
complications, including PEP, hemorrhage, cholangitis, and
perforation, in patients with liver cirrhosis. A subset analysis
of the studies demonstrated an overall higher incidence of ad-
verse events in patients with cirrhosis than in patients without
cirrhosis. Moreover, in our analysis, we found that Child-Pugh
class C patients had a more significant percentage and odds of
having post-ERCP complications than Child-Pugh class A and
B patients.

The previously published literature results regarding the
incidence of post-ERCP complications in cirrhosis are contra-
dictory. A few studies have reported an increased incidence of

7,11,17,22
whereas,

overall complication rate in cirrhotic patients
in other studies, no statistically significant difference was ob-
served."””"” The possible explanation for a greater incidence
of complications in cirrhotic patients is that they are due to
impaired hepatic function and the ensuing coagulopathy, im-
mune dysregulation, and metabolic derangements.” A previous
study performed by Adler et al.” reported that 4.6% of cirrhotic
patients who underwent ERCP developed pancreatitis, which is
lower than the reported rate of 5.1% in our analysis.

Lee et al.”* reviewed the outcomes of 146 sphincterotomy-na-
ive patients with liver cirrhosis by further segregating them into
groups of compensated and decompensated cirrhosis and found
that the decompensated group had a higher incidence of PEP
(6.4% vs. 3.8%, p=0.008). Similarly, a retrospective matched
cohort study performed by Inamdar et al.” from the National
Inpatient Sample in 2009 reported a more significant rate of
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Fig. 2. (A) Pooled incidence of overall post-ERCP complications in cirrhosis patients. (B) Pooled incidence of overall post-ERCP pancreatitis
in cirrhosis patients. (C) Pooled incidence of overall post-ERCP bleeding in cirrhosis patients. (D) Pooled incidence of overall post-ERCP
cholangitis in cirrhosis patients. (E) Pooled incidence of overall post-ERCP perforation in cirrhosis patients. ERCP, endoscopic retrograde
cholangiopancreatography; CI, confidence interval; Ev, events; Trt, treatment.
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Hong et al 2020 0.584(0.122,2.800) 6/226 2/44
Leal et al 2019 1.254(0.487,3.229) 7/158 10/283
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Studies Estimate (95% CI) Ev/Trt Ev/Ctrl
Hong et al 2020 3797 (0.223, 63.556) 9/226 0/44
Kim et al 2019 2.333(1.351, 4.030) 21/192 27/576 —
Leal et al 2019 1.612 (0.669, 3.884) 9/158 10/283 =
Peiseler et al 2018 1.971(0.125,31.050) 1/70 1/138
Macias-Rodriguez et al 2017 2.500 (0.517,12.080) 5/37 2/37
Navaneethan et al 2017 1700(1.283,2.252)  68/3,228  160/12,912 ——
Inamdar et al 2016 2.276 (1.543,3.356)  44/1,930 58/5,790 ——
Gill et al 2016 3.000(0.620,14.508) 6/100 2/100
Lietal 2014 1449 (0.251, 8.380) 2/46 3/100
G Overall (’=0%, p=0.945) 1943(1.592,2.370) 165/5987  263/19,980 <
I T T | T T T 1
0.21 0.43 1.70 1.94 429 10.73 21.46
Relative risk (log scale)
Studies Estimate (95% CI) Ev/Trt Ev/Ctrl
Bernshteyn et al 2021 1191(0.233,6.083) 2/174 5/518 =
Leal et al 2019 3.582(1.246,10.296)  10/158 5/283 =
Peiseler et al 2018 0.986 (0.350,2.773) 5/70 10/138
Macias-Rodriguez et al 2017 1.000 (0.149, 6.728) 2/37 2/37
Navaneethan et al 2017 0.769 (0.391, 1.512) 10/3,228 52/12,912 —
Inamdar et al 2016 0.978 (0.547,1.748) 15/1,930 46/5,790 —
Lietal 2014 2174 (0.456,10.363) 3/46 3/100 =
0 Overall (12212.09%, p=0.337) 1147 (0.774,1.700) 47/5,643 123/19,778
T T T ; T T T 1
0.15 0.3 0.74 1.15 1.49 2.97 7.43 10.36
Relative risk (log scale)
Studies Estimate (95% CI) Ev/Trt Ev/Ctrl
Bernshteyn et al 2021 1489 (0136, 16.315) 1/174 2/518 -
Hong et al 2020 0.595(0.025,14.367) 1/226 0/44 =
Leal et al 2019 0.896(0.082,9799)  1/158 2/283 =
Peiseler et al 2018 0.657 (0136, 3.172) 2/70 6/138 .
Macias-Rodriguez et al 2017 0.333(0.014, 7.927) 0/37 1/37 =
Navaneethan et al 2017 1.846 (0702, 4.853) 6/3,228 13/12,912 L]
G Overall (IZ=0%, p=0.817) 1.205(0.596,2.434) 11/3,893  24/13,932 <’:>
I T T T T T | T T T 1
0.01 0.03 0.07 0.14 0.28 0.7 1.2 2.8 7.01 14.02

Relative risk (log scale)

Fig. 3. (A) Risk difference of overall post-ERCP complications in cirrhosis compared to non-cirrhosis. (B) Risk difference of post-ERCP pan-
creatitis in patients with cirrhosis compared to those without cirrhosis. (C) Risk difference of post-ERCP bleeding in patients with cirrhosis
compared to those without cirrhosis. (D) Risk difference of post-ERCP cholangitis in patients with cirrhosis compared to those without cir-
rhosis. (E) Risk difference of post-ERCP perforation in patients with cirrhosis compared to those without cirrhosis. ERCP, endoscopic retro-
grade cholangiopancreatography; CI, confidence interval; Ev, events; Trt, treatment; Ctrl, control.

post-ERCP complications in decompensated cirrhosis patients.
In our analysis, we did not analyze patients with compensated
and decompensated cirrhosis separately because of the small
number of studies that performed this comparison. Since pa-
tients with decompensated cirrhosis have worse liver function

than those with compensated cirrhosis, it is logical to observe a
higher rate of adverse effects in the former group. These results
further strengthen the hypothesis that impaired hepatic func-
tion contributes to a higher rate of adverse events.

The incidence of post-ERCP bleeding is of significant con-
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Studies Estimate (95% CI) Ev/Trt
Yang et al 2022 0053 (0000, 0153) 119 =
Bernshteyn et al 2021 0193 (0.091, 0.295) 11/57 =
Hong et al 2020 0.244 (0119, 0.370) 11/45 =
Jagtap et al 2019 0.091(0.000, 0189) 3/33 L
Adler et al 2015 0.061(0.030, 0.092) 14/229 — B
Zhnag et al 2015 0130 (0000, 0.268) 3/23 -
Q Overall (Iz:62.99%, p=0.019)  0.117(0.057,0.177) 43/406 e ——
I T T 1 T T T T 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
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Studies Estimate (95% CI) Ev/Trt
Yang et al 2022 0.094 (0,022, 0.165) 6/64 ——
Bernshteyn et al 2021 0.152 (0.065, 0.238) 10/66 ]
Hong et al 2020 0103 (0.035,0.170) 8/78 B
Jagtap et al 2019 0.111(0.054, 0.168) 13/117 —a—
Adler et al 2015 0079 (0,050, 0.108) 26/329 ——
Zhnag et al 2015 0400 (0.225,0.575) 12/30 =
e Overall (12:66.06%, p=0.012) 0120 (0.074,0.166) 75/684 <>
T : T T T 1
0.1 0.2 0.3 0.4 0.5 .
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Studies Estimate (95% CI) Ev/Trt
Yang et al 2022 0.271(0.145, 0.397) 13/48 L
Bernshteyn et al 2021 0.412 (0.246, 0.577) 14/34 »
Hong et al 2020 0.088(0.036, 0.141) 10/113 ——
Jagtap et al 2019 0.274(0.172, 0.376) 20/73 i
Adler et al 2015 0112 (0.043,0.182) 9/80 — |
Zhnag et al 2015 0.375(0.181, 0.569) 9/24 =
0 Overall (’=83.5%, p<0.001)  0.234(0.134,0.334) 75/372 _—
I T : T T 1
0.1 0.2 0.3 0.4 0.5
Proportion
Studies Estimate (95% CI) Ev/Trt  Ev/Ctrl
Yang et al 2022 3.211(1.376, 7493) 13/48 7/83 L
Bernshteyn et al 2021 2412 (1.378, 4.220) 14/34 21/123 L
Hong et al 2020 0.573(0.278,1.179) 10/113 19/123 L
Jagtap et al 2019 2.568(1417,4656)  20/73  16/150 -
Adler et al 2015 1.569 (0.792, 3.110) 9/80 40/558 L
Zhnag et al 2015 1325(0677,2.592)  9/24  15/53 L
0 Overall (P=66.17%, p=0.011) 1701(1.063,2.723)  75/372 118/1,090 ——————
I T T | T T 1
0.28 0.56 139 1.7 2.78 5.57  7.49

Relative Risk (log scale)

Fig. 4. (A) Pooled incidence of post-ERCP complications in Child-Pugh class A. (B) Pooled incidence of post-ERCP complications in Child-
Pugh class B. (C) Pooled incidence of post-ERCP complications in Child-Pugh class C. (D) Risk difference of post-ERCP complication in
Child-Pugh class C vs. class A & B. ERCP, endoscopic retrograde cholangiopancreatography; CI, confidence interval; Ev, events; Trt, treat-
ment; Ctrl, control.
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cern in patients with cirrhosis. Complications related to cir-
rhosis, including portal gastropathy, esophageal varices, liver
dysfunction, and coagulation impairment, further increase

"% Previously performed

the risk of bleeding in these patients.
studies documented different rates of post-ERCP bleeding.
Navaneethan et al.” analyzed the USA Nationwide inpatient
sample database and reported that 2.1% of cirrhotic patients
developed bleeding after ERCP. In contrast, Inamdar et al.” and
Kundumadam et al.” reported 4.3% and 3.8% incidences of
post-ERCP bleeding, respectively. In our analysis, we found that
3.6% of the cirrhotic patients developed post-ERCP bleeding.
Cholangitis is one of the severe and life-threatening complica-
tions after ERCP. A study performed by Andriulli et al.” report-
ed that 1.4% of patients had developed cholangitis; other stud-

29,33,34 Our

ies reported that 1% or less suffered from cholangitis.
study reported that 2.9% of the patients developed post-ERCP
cholangitis. Post-ERCP perforation is rare, as reported in the

. . 35,36
previous studies,

and we found that only 0.3% of the patients
with cirrhosis developed perforation after ERCP, reinforcing the
findings listed in the studies mentioned above.

Our meta-analysis compared the incidence of post-ERCP
complications in cirrhotic and non-cirrhotic patients reported
in ten studies. We found that pooled risk of adverse events in
patients with cirrhosis (RR, 1.41; 95% CI, 1.16-1.71) was sig-
nificantly higher as compared to non-cirrhotic patients. On
subgroup analysis of the complications, we found that PEP and
post-ERCP bleeding rates were significantly higher in cirrhotic
patients than in non-cirrhotic patients, which is in accordance
with previous studies.””” Mashiana et al.” reported that there
was no difference in the pooled risk of post-ERCP perforation
and cholangitis between cirrhosis and non-cirrhosis patients.
Our study further validated these findings.

We analyzed the complication rate based on Child-Pugh class
and concluded that patients with higher Child-Pugh scores
were more likely to develop post-ERCP complications. These
results reinforce the results of previous studies by Bernshteyn et
al." and Yang et al."’ These findings further indicate that the se-
verity of cirrhosis and hepatic impairment correlate and possi-
bly contribute to the higher incidence of ERCP-related adverse
events in these patient populations.

Our meta-analysis had certain limitations. The majority of
the studies in our analysis did not have a comparison group and
only included patients with cirrhosis. Second, only a few stud-
ies have provided data on compensated and decompensated
cirrhosis and their effect on adverse event rates. Another limita-

Tarar et al. Post-ERCP complications in cirrhosis

tion was that most studies did not examine the effect of model
for end-stage liver disease scores on ERCP outcomes. The stud-
ies included in our analysis were retrospective, which can lead
to selection bias.

Regardless of these limitations, our study has several
strengths. This is the most updated analysis of the effect of cir-
rhosis on the incidence of post-ERCP complications. We per-
formed a rigorous literature search and included the maximum
number of available studies. We contacted the authors for any
missing information. Moreover, to the best of our knowledge,
this is the first meta-analysis on the effect of Child-Pugh class
on the incidence of post-ERCP complications.

In conclusion, cirrhosis is associated with an increased risk of
PEP and bleeding but not perforation or cholangitis. Patients in
the Child-Pugh class C category had a greater risk of post-ER-
CP complications than those in Child-Pugh classes A and B.
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