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Abstract
Background: Existing literature on post-endoscopic retrograde
cholangiopancreatography (ERCP) complications in patients with
liver transplant remains scarce and largely inconsistent. We therefore
aimed to systematically review and analyze the literature on complication rates associated with ERCP in patients with liver transplant.

- 0.075). Procedural complications analyzed included post-ERCP
pancreatitis 3.4% (95% CI: 0.025 - 0.047), bleeding 1.1% (95% CI:
0.006 - 0.020), infections 0.2% (95% CI: 0.025 - 0.047), and cholangitis 0.8% (95% CI: 0.004 - 0.020). No cases of periprocedural death
were reported. The pooled OR for post-ERCP pancreatitis in patients
with liver transplant compared to patients without liver transplant was
1.289 (95% CI: 0.455 - 3.653, P = 0.633, I2 = 72.88%).

Methods: We performed a comprehensive literature search in PubMed, PubMed Central, Embase, and ScienceDirect databases from
inception through March 2020 to identify all the studies that evaluated post-ERCP complications in patients with liver transplant. Effect
estimates from the individual studies were extracted and combined
using the random effect, generic inverse variance method of DerSimonian and Laird, and a pooled odds ratio (OR) and event rates were
calculated. Forest plots were generated, and publication bias was assessed for using conventional techniques.

Conclusion: Post-ERCP complication rates in liver transplant patients are comparable to the general population and hence, peri-procedural evaluation and management may follow the current standards
of care in this patient population.

Results: Fourteen studies with a total of 1,787 patients were analyzed.
In total, 3,192 ERCPs were performed on these patients. The pooled
all-complication rate was 5.2% (95% confidence interval (CI): 0.035
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Ever since the first liver transplantation was performed by
Thomas Starzl in 1963, the world has witnessed progressive
advances in transplant techniques, immunosuppression, and
patient selection. Undoubtedly, this has revolutionized the
management of end-stage liver disease (ESLD). In the last two
decades, the total number of liver transplants performed, nationally and internationally, has continued to climb [1, 2], approaching 30,000 transplants worldwide in 2018 alone [1, 2].
The advent of the Model for End-Stage Liver Disease
(MELD) with subsequent increased liver transplant eligibility of higher risk patients, and the increased post-transplant
survival necessitated a particular attention to liver transplantrelated complications. Historically, causes of post-transplantation deaths were divided into hepatic and non-hepatic causes,
with hepatic causes accounting for 23.9% of deaths [3]. The
most common post liver transplant biliary complications include leaks, anastomotic and non-anastomotic strictures, as
well as biliary obstruction with casts, stones, and sludge [4, 5].
Although recent evolutions in liver transplant surgical
techniques have reduced the complication rates, post-operative
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biliary complications remain an important cause of morbidity and often require surgical revision. Endoscopic retrograde
cholangiopancreatography (ERCP) has proven to be an indispensable tool for the management of some of these complications, including biliary strictures and bile leaks [6-8]. ERCP,
however, is not without its own set of risks and complications,
including pancreatitis, bleeding, infection, and perforation [5].
The reported incidence of post-ERCP complications varies widely amongst transplant patients. Some studies have
shown overall ERCP complication rates to be fairly similar
between liver transplant patients and the general population
[5, 9]. However, there have been conflicting data regarding the
prevalence of these specific complications [5, 9].
Despite the emerging body of literature examining the epidemiology of post-ERCP complications in liver transplant patients, the results of these studies remain inconsistent. Hence,
we conducted this meta-analysis to systematically review and
analyze the literature on complication rates associated with
ERCP in patients with liver transplant.
We present the following article in accordance with the
PRISMA reporting checklist.

Meta-Analysis (CMA), Version 3 software (BioStat, Inc., Eaglewood, NJ). Effect estimates from the individual studies
were extracted and combined using the random-effect, generic
inverse variance method of DerSimonian and Laird [11]. A
random effect model was used as a high probability of between-study variance was suspected due to variation in study
population and methodology. A pooled OR was calculated. A
Cochran’s Q-test and an I2 statistic were used to evaluate heterogeneity and quantify variation across the selected studies.
A funnel plot was then created to evaluate for publication and
other reporting biases and then the plot was examined visually
for asymmetry. Finally, an Egger test for asymmetry of a funnel plot was conducted.
Ethics approval is not required by our institution to conduct or publish systematic reviews and/or meta-analyses.
This study was conducted in compliance with the ethical
standards of the responsible institution on human subjects as
well as with the Helsinki Declaration.

Materials and Methods

Search results

Results

A comprehensive literature search was performed in PubMed,
PubMed Central, Embase, and ScienceDirect databases from inception through March 2020 to identify all of the studies that evaluated post-ERCP complications in patients with liver transplant.
Keywords used included liver transplant, ERCP, complications,
adverse events, infections, pancreatitis, cholangitis, bleeding, and
post-transplant. The search was limited to human studies with no
restrictions placed on region, publication type, or language.

The initial comprehensive search yielded 746 citations. All
citations underwent a title and abstract review, with the majority being excluded for either being duplicates, letters to the
editor, case reports, or case series. Of the initial yield, 57 citations underwent a full-length article review, and 43 were excluded as they did not include controls, were review articles,
or did not provide sufficient information to calculate the event
rate and/or the OR for our main outcome. A flow diagram illustrates the selection process (Fig. 1). Subsequently, a total
of 14 studies met the inclusion criteria and were included in
this analysis.

Data extraction and quality assessment

Characteristics of included studies

To be included studies were required to meet the following
criteria: 1) Implemented a well-defined case-control or cohort
design; and 2) Either presented an odds ratio (OR) or an event
rate for our main outcome with a 95% confidence interval (CI),
or presented the data sufficient to calculate the event rate or
OR. Studies were excluded for the following reasons: 1) They
were letters to the editor/authors, case reports, case series, or
review articles; or 2) Provided insufficient information to calculate the OR or event rate for our main outcome. The data
from the included studies were entered into a standardized table for analysis. The quality of included studies was assessed
independently by two authors using the Newcastle-Ottawa
scale [10] for observational studies. A third author addressed
any discrepancy by joint evaluation of the original article.

The characteristics of the studies used in the meta-analysis are
shown in Table 1 [5, 12-24].
Husing et al performed a retrospective single-center study
conducted in Munster, Germany. A total of 454 ERCPs with
endoscopic sphincterotomy in 157 liver transplant recipients
were reviewed for complications [5]. Ambrus et al performed a
retrospective study in Copenhangen, Denmark in which complications from 292 ERCPs were reviewed in 127 patients with
liver transplant [12]. Law et al performed a multicenter retrospective analysis of complications from 730 ERCPs in 301
patients with liver transplant at both Mayo Clinic (Rochester,
MN) and Hospital Clinic (Barcelona, Spain) [13]. Sanna et al
retrospectively reviewed complications after 150 ERCP procedures in a total of 94 liver transplant patients in Torino, Italy
[14]. Balderramo et al performed a retrospective evaluation of
complications from 243 ERCPs in 121 patients with liver transplant in Barcelona, Spain [15]. Pievsky et al retrospectively reviewed complications after 219 ERCP procedures in 120 liver
transplant recipients in New Jersey [16]. Singh et al performed

Search strategy and selection criteria

Statistical analysis
Statistical analysis was performed using the Comprehensive
260
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Figure 1. Flow diagram illustrating the selection process.

a retrospective study in which complications from 159 ERCPs
in 71 liver transplant patients were reviewed [17]. Brown et al
conducted a retrospective study at the University of Cincinnati Medical Center in which a total of 98 ERCPs in 98 liver
transplant patients treated with tacrolimus were evaluated for
post-ERCP pancreatitis (PEP) [18]. Abu Rajab and Gan retrospectively reviewed 146 ERCPs in 146 liver transplant recipients at Tufts-New England Medical Center for PEP [19]. Singh
performed a retrospective review of PEP at the University of
Nebraska in 109 liver transplant patients that received 235 ERCPs [20]. Li et al retrospectively reviewed 48 ERCPs for complications from 48 patients with liver transplant at Zhongnan
Hospital in Wuhan, China [21]. Faleschini et al retrospectively
reviewed 490 post-liver transplant ERCPs in 142 patients for
biliary complications at the University of Udine, Italy [22].
Ramesh et al performed a retrospective review of 210 ERCPs
in 210 liver transplant patients for post-ERCP complications
at the University of Alabama in Birmingham [23]. Catron et
al performed a retrospective review of complications after 66
ERCPs in 43 liver transplant patients at the University of Alabama in Birmingham [24].

Meta-analysis results
Post-ERCP complication rate
Fourteen studies met our inclusion criteria and were included in this analysis [5, 12-24]. These studies include a total of
3,192 ERCPs performed on 1,787 patients. The pooled allcomplication rate was 5.2% (95% CI: 0.035 - 0.075) (Fig. 2).
Procedural complications analyzed included PEP 3.4% (95%
CI: 0.025 - 0.047), bleeding 1.1% (95% CI: 0.006 - 0.020),
infections 0.2% (95% CI: 0.025 - 0.047), and cholangitis 0.8%
(95% CI: 0.004 - 0.020) (Fig. 3a-d). No cases of periprocedural death were reported.
Evaluation for publication bias
A Funnel plot was generated to evaluate whether patients were
more likely to have PEP with liver transplant versus without
liver transplant (Fig. 4b). The plot is symmetric and does not
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Table 1. Summary of the Studies Used in Meta-Analysis

Study

Design

Location

Setting

Time period

No. of
liver
transplant
patients

No. of endoscopic retrograde
Seleccholangiopantion
creatography

Study quality
Comparability

Outcome/
exposure

Husing
et al [5]

Retrospective
analysis

Germany

Population
based

1998 - 2013

157

454

***

**

**

Ambrus
et al [12]

Retrospective
analysis

Denmark

Population
based

2003 - 2012

127

292

****

*

***

Law et
al [13]

Retrospective
analysis

USA,
Spain

Population
based

2000 - 2011,
2003 - 2012

301

730

****

**

***

Sanna et
al [14]

Retrospective
cohort study

Italy

Population
based

1990 - 2007

94

150

****

*

**

Balderramo
et al [15]

Retrospective
analysis

Spain

Population
based

2003 - 2010

121

243

**

*

**

Pievsky
et al [16]

Retrospective
analysis

USA

Population
based

1997 - 2012

120

219

****

*

**

Singh et
al [17]

Retrospective
review

USA

Population
based

2005 - 2011

71

159

****

*

**

Brown et
al [18]

Retrospective
review

USA

Population
based

2013 - 2017

98

98

****

**

*

Abu Rajab
et al [19]

Retrospective
review

USA

Population
based

2000 - 2007

146

146

***

**

***

Singh [20]

Retrospective
review

USA

Population
based

2005 - 2015

109

235

***

**

***

Li et al [21]

Retrospective
review

China

Population
based

2015 - 2018

48

48

****

**

**

Faleschini
et al [22]

Retrospective
analysis

Italy

Population
based

2000 - 2012

142

490

****

**

**

Ramesh
et al [23]

Retrospective
review

USA

Population
based

2002 - 2013

210

210

***

**

***

Catron et
al [24]

Retrospective
Review

USA

Population
based

2017 - 2018

43

66

***

**

***

“*”, “**”, “***” and “****”: Newcastle-Ottawa Scale Star system representing the score given by authors to included studies judged on three broad
perspectives: the selection of the study groups; the comparability of the groups; and the ascertainment of either the exposure or outcome of interest
for case-control or cohort studies, respectively.

suggest the presence of publication bias. Egger’s regression
asymmetry testing was also done to demonstrate no evidence
of publication bias (P > 0.05).
Sensitivity analysis
To review sensitivity, one study was excluded at a time to observe its individual effect on the pooled OR. The pooled effect
estimates from this analysis remained approximately the same.
A subgroup analysis including only the studies that evaluated
PEP was performed separately. It included four studies: Sanna
et al [14], Singh [20], Li et al [21], and Catron et al [24]. The
pooled OR for PEP in patients with liver transplant compared
to patients without liver transplant was 1.289 (95% CI: 0.455 262

3.653, P = 0.633, I2 = 72.88%) (Fig. 4).

Discussion
Post-operative biliary complications remain a noteworthy
cause of morbidity and mortality in liver transplant recipients
[3]. Some of these complications require surgical revision in
some cases; however, most can be managed with a less invasive approach, such as ERCP, which stands as a pivotal tool in
managing a plethora of these complications [6-8].
While management of these complications with ERCP has
become more common, the literature evaluating the safety of
this procedure in liver transplant patients remains scarce and
contradicting. Previous studies have suggested that PEP re-
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Figure 2. Forrest plot, post-ERCP all-complication rate in liver transplant patients. ERCP: endoscopic retrograde cholangiopancreatography; CI: confidence interval.

mains the most common complication before and after liver
transplant [9]. This was followed by infection, while bleeding
was the second most common complication in non-transplant
patients [9]. Although it was reported that post-ERCP bleeding
is more frequent in liver transplant patients compared to the
general population [9], other studies have shown no difference
in post-ERCP bleeding between the two populations [15].
In addition to the paucity in safety data, endoscopists
could have theoretical concerns of difficult anatomy and cannulation in this patient population. To our knowledge, this is
the first meta-analysis aimed to examine the previously published studies on post-ERCP complications in patients with
liver transplant.
Our analysis included a total of 14 studies with 1,787 patients undergoing a total of 3,192 ERCPs. The analyzed studies
covered a multitude of hospitals and universities in the USA,
Europe, and China over a broad time period (as early as 1990
to as recent as 2018). The diverse study population incorporated in this meta-analysis allows for the results to be generalizable across various settings in liver transplantation.
Indications for liver transplant were reported in many of
the studies included in our analysis. The three most common
indications for liver transplant were hepatitis B/C cirrhosis,
alcoholic cirrhosis, and hepatocellular carcinoma [5, 14, 22].
Similarly, various studies of the included cohort reported several indications for ERCP. The three most common indications
for post-transplant ERCP, among many, included bile duct
strictures, bile leaks, and choledocholithiasis [5, 13-15, 19, 22,
24]. The wide variety of indications for both liver transplant
and post-transplant ERCP allow for a more complete perspective of the therapeutic effects of ERCP in multiple populations
with variable risks.
Since the first study discussed post-ERCP complications
in 1990 by Sanna et al [14], 10 other studies were published to

date which specifically analyzed PEP, bleeding, infection, and
cholangitis [5, 12, 13, 15-19, 22, 23]. The majority of these
studies found the risk of these complications in liver transplant
patients to be comparable to historically reported risk [25-27].
A few studies from our meta-analysis, namely Sanna et al
[14], Singh [20], Li et al [21], and Catron et al [24], compared
the incidence of post-ERCP complications in patients with and
without liver transplant. While Sanna et al and Catron et al
showed that the incidence of total adverse events was similar
amongst both populations, Singh concluded that liver transplant patients are at a lower overall risk of developing PEP
compared to the general population. In contrast, Catron et al
found a non-significant trend toward higher incidence of PEP
in patients with liver transplant compared to those without liver transplant. Li et al replicated Catron et al findings, although,
with statistical significance and they further classified the risk
by discerning specific interventions, such as fistulotomy and
pancreatic deep wire cannulation which could potentially increase the risk of PEP.
The results of this meta-analysis suggest that post-ERCP
complication rates in liver transplant patients are comparable to
the general population undergoing ERCP. This could likely be
explained by merely a lack of difference in complication rates
between both groups. Another school of thought went further
to suggest that a multitude of factors including the use of immunosuppressants in transplant patients and the advancements
made in this field over the past decade might offset any potential increase in complication rates. The use of immunosuppressive agents in transplant recipients may be protective against
any possible inflammatory response implicit in complications
such as pancreatitis [17]. Furthermore, transplant patients may
also be managed more acutely at higher level centers where
procedures are performed by higher volume endoscopists, providing early recognition and prompt management hindering
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Figure 3. Forrest plots, pooled event rate for post-ERCP pancreatitis (a), bleeding (b), infection (c) and cholangitis (d). ERCP:
endoscopic retrograde cholangiopancreatography; CI: confidence interval.
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Figure 4. (a) Forrest plot, pooled OR of post-ERCP pancreatitis versus non-transplant patients. (b) Funnel plot of standard error
by log OR. OR: odds ratio; ERCP: endoscopic retrograde cholangiopancreatography; CI: confidence interval.

the need for repeat procedures and subsequently further perioperative complications.
A key limitation of our meta-analysis is the inconsistency
in controlling for patient- and technique-related characteristics
among the studies included. For example, most studies failed
to control for previous history of biliary complications, the
cause of cirrhosis, and the expertise of the endoscopist. Moreover, presence of relevant peri-operative complications such as
prolonged ischemia time and biliary leak, as well as primary
sclerosing cholangitis recurrence in transplanted graft were not
characterized as possible factors attributing to selection bias in
the analyzed studies. Additionally, only four studies of the completed cohort compared post-ERCP complications between the
general population and transplant patients. Although significant
heterogeneity was observed in our sensitivity analysis, the limited number of analyzed studies precluded us from performing
subsequent sub-group analysis or a meta-regression based on
the design, location, and quality of the studies.
In conclusion, our results suggest that post-ERCP complication rates in liver transplant patients are comparable to those
in the general population, and hence, peri-procedural evaluation and management may be continued as per the current
standards of care without pre-conceived notions about possible
increased risk of complications secondary to liver transplantation status that might lead to unnecessary delays or referrals
to higher volume centers. Future prospective randomized research is needed to confirm these results.
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