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Abstract: Endoscopic retrograde cholangiopancreatography (ERCP)

is challenging in cirrhotic patients with choledocholithiasis. We eval-

uated the safety and efficacy of ERCP in cirrhotic patients with

choledocholithiasis and accessed the model for end-stage liver disease

(MELD) scores and Child–Pugh classifications for prediction of mor-

bidity and mortality.

From January 2000 to June 2014, 77 ERCP operations were

performed in cirrhotic patients with choledocholithiasis. The data on

operative complications were analyzed. MELD scores and Child–Pugh

classifications were calculated and associated with operative outcomes

and survival. Telephone follow-up was performed to determine survival

situations.

No death, perforation, or hemorrhage caused by gastroesophageal

varices occurred as a result of the procedure. The rate of intraopera-

tive hemorrhage was 13.0%, and the rate of postoperative morbidity

was 27.3% including hemorrhage (18.2%), post-ERCP pancreatitis

(6.1%), aggravated infection of the biliary tract (1.3%), hepatic

encephalopathy (1.3%), and respiratory failure (1.3%). Four

(5.2%) patients had both intraoperative and postoperative hemor-

rhage. Receiver operating characteristic analysis identified MELD

scores higher than 11.5 as the best cutoff value for predicting

complication incidence (95% confidence interval¼ 0.63–0.87).

Twenty-one (44.7%) patients with a MELD score above 11.5 devel-

oped a complication, and 3 (10%) patients who had a lower MELD

score developed a complication (P¼ 0.001). Both MELD score and

Child–Pugh classification had prognostic value in patients without

jaundice, although sex may result in different prognostic values based

on the 2 scores. The rate of complications was not significantly

different among patients with different Child–Pugh classifications.
ang, BS, Minhua L He, BS,
, MS, and Fachao Zhi, PhD

ERCP is an effective and safe procedure in cirrhotic patients with

choledocholithiasis. MELD scores can predict the risk of operative

complications, but Child–Pugh classification system scores do not

predict the risk of complications.

(Medicine 94(3):e433)

Abbreviations: AOSC = acute obstructive suppurative cholangitis,

ENBD = endoscopic nasobiliary drainage, EPBD = endoscopic

papillary balloon dilatation, ERCP = endoscopic retrograde

cholangiopancreatography, EST = endoscopic sphincterotomy,

MELD = model for end-stage liver disease, PEP = post-ERCP

pancreatitis.

INTRODUCTION

T he incidence of gallstones has been found to be 29.4% in
cirrhotic patients and 12.8% in the noncirrhotic population.1

The frequency of choledocholithiasis in cirrhotic patients is 3
times higher than that in noncirrhotic patients.2,3 Acute cho-
langitis and acute obstructive suppurative cholangitis (AOSC)
have been reported in 44% and 19% of cirrhotic patients with
choledocholithiasis, respectively.4 Endoscopic retrograde cho-
langiopancreatography (ERCP) has become the first choice for
treatment of choledocholithiasis. The main complications, such
as hemorrhage, associated with this procedure are unavoidable
because they are caused by endoscopic sphincterotomy (EST)
and/or endoscopic papillary balloon dilatation (EPBD). Coagu-
lation dysfunction, liver function disorder, gastroesophageal
varices, and ascites may increase the risk of complications in
cirrhotic patients. Mortality rates have been shown to be
significantly higher in the cirrhotic population than in control
because of hemorrhage.5

ERCP has been recommended as the initial choice of
management for choledocholithiasis in cirrhotic patients despite
the higher complications and mortality rates when compared
with the general population.5–9 However, these reports included
only a small number of cases. Therefore, larger sample sizes and
more studies are necessary to determine a solid conclusion.
Furthermore, no indicator has been investigated to predict
morbidity related to this procedure.

Model for end-stage liver disease (MELD) scores have
been recently used to predict postoperative outcomes for cir-
rhotic patients undergoing surgical or laparoscopic pro-
cedures10–12; however, no studies have evaluated ERCP. The
tion system, first used to evaluate liver
tients, has been used to predict the risk of
ns in these patients.

www.md-journal.com | 1

mailto:zhifc41532@163.com
http://dx.doi.org/10.1097/MD.0000000000000433


We retrospectively analyzed the data of 77 consecutive
cirrhotic patients with choledocholithiasis who underwent
ERCP and evaluated the ability of MELD scores and Child–
Pugh classification scores to predict the outcomes. To our
knowledge, this study included the largest sample size to date
and predicted the complication outcomes for ERCP in cirrhotic
patients with choledocholithiasis with MELD scores for the
first time.

METHODS
Between January 2000 and June 2014, 7829 ERCP pro-

cedures were performed in Taizhou Hospital of Zhejiang Pro-
vince, China. In total, 77 consecutive cirrhotic patients with
choledocholithiasis who underwent ERCP for the first time
were enrolled in this study (Figure 1). The diagnosis was based
on the clinical history, physical examination, outcomes of
abdominal ultrasonography and/or CT scan, and endoscopic
findings. It was a retrospective study. We only collected the data
of the patients, so the ethical approval was not necessary.

MELD scores were calculated using preoperative values of
3 laboratory tests: international normalized ratio (INR), serum
total bilirubin (TBil), and serum creatinine (Cr). The following
formula was used for calculating the MELD score:
MELD¼ 9.57� loge(Cr [mg/dL])þ 3.78� loge(TBil [mg/
dL])þ 11.2� loge(INR)þ 6.43.13 Child–Pugh scores were cal-
culated using prothrombin time (PT), albumin, bilirubin,
clinical findings of encephalopathy, and ascites. Child–Pugh
classifications were defined as class A (5–6), class B (7–9), and
class C (10–15).14,15

Preoperative Preparations
Patients with coagulopathy (INR> 1.8) received fresh-

frozen plasma and platelet transfusions were performed for
the patients with platelet counts less than 30,000/mm3. Vitamin
K (30 mg) was routinely administered by intramuscular injec-
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tion in cases with INR> 1.8 or PT> 18. The patient or the
patient’s family signed an agreement after being informed of the
detailed risk and preventive measures.

Number of ERCP (n = 7829)

ERCP fo

ERCP for choledocholithiasis (n = 55

Wihout l

ERCP for choleodcholithiasis with liver cirrho

Patients had only 1 time of ERCP (n = 59) Patients ha

Patients

Numbers of patients with the first ERCP

Numbers of patients for analysis (n

FIGURE 1. Flow diagram of study selection for cirrhotic patients w
cholangiopancreatography (ERCP). ERCP¼ endoscopic retrograde ch
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Intraoperative Management
Diazepam (5 mg), pethidine (50 mg), and scopolamine

(40 mg) were routinely administered by intramuscular injection
in patients with Child–Pugh classification A or B, but only
pethidine and scopolamine at the same dose were administered
for patients with classification C to prevent hepatic encephalo-
pathy.

The diameter of the common bile duct, the size and
quantity of the stones, the patient’s condition, and the
Child–Pugh classification were the decisive factors for ERCP.
EPBD was performed if the size of the stone was �1 cm, and
EST if the size was >1 and <2 cm. A plastic biliary stent or
endoscopic nasobiliary drainage (ENBD) was performed for
stones that were �2 cm in size, presence of multiple stones, or
Child–Pugh classification C. ENBD was performed for patients
with AOSC.

Local spraying of norepinephrine or thrombin powder was
used for visible hemorrhaging, which was defined as an
intraoperative hemorrhage.

Postoperative Management
Somatostatin was administered in patients with gastric

and/or esophageal varices, and all patients fasted for at least
24 hours. Postoperative hemorrhage criteria were the following:
observation of hematemesis and/or melena, level of postopera-
tive hemoglobin decreased by over 2 g/dL compared with the
preoperative level, or requirement of transfusion therapy. Post-
ERCP pancreatitis (PEP) criteria were the following: typical
pancreatic pain without perforation and the level of amylase
increased to at least 3-fold over the normal level after the
procedure.16

One author performed telephone follow-up interviews to
determine the survival situation on July 11, 2014 and July
15, 2014.

Statistical Methods

Medicine � Volume 94, Number 3, January 2015
Statistical analysis was performed using IBM SPSS soft-
ware, version 19.0 (IBM, Armonk, NY). Associations involving
parametric data were assessed using Student t test. Dichotomous

r other reasons (n = 2254)

75)

iver cirrhosis (n = 5457)

sis (n = 118)

d more than 2 times of ERCP (n = 21)

Failure cannulation (n = 2)

Duodenal malformation (n = 1)

 with failure ERCP (n = 3)

 (n = 80)

 = 77)

Two times (n = 14)

Three times (n = 5)

Four times (n = 1)

Twelve times (n = 1)

ith choledocholithiasis who underwent endoscopic retrograde
olangiopancreatography.
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TABLE 2. Operative Characteristics and Transfusion of the 77
Cirrhotic Patients With Choledocholithiasis

n¼ 77

Kinds of ERCP
þESTþ stone removal�ENBD 40 (51.9%)
þEPBDþ stone removal�ENBD 25 (32.5%)
þENBD 8 (10.4%)
þBiliary stent 4 (5.2%)

Intraoperative hemorrhage 10 (13.0%)
Postoperative complications

Hemorrhage 14 (18.2%)
Post-ERCP pancreatitis (n¼ 66) 4 (6.1%)
Aggravated infection of biliary tract 1 (1.3%)
Hepatic encephalopathy 1 (1.3%)
Respiratory failure 1 (1.3%)

ERCP in Cirrhotic Patients With Choledocholithiasis
nonparametric data were assessed using the x2 test or Fisher
exact test. Coordinate points of a receiver operating character-
istic (ROC) curve were used to identify significant MELD score
points. The Kaplan–Meier method with a log-rank test com-
parison was used for survival analysis. P< 0.05 was considered
statistically significant.

RESULTS
In total, 77 cirrhotic patients with choledocholithiasis were

enrolled in the study, and the population and clinical charac-
teristics are shown in Table 1. Thirteen patients had a pre-
operative cholecystectomy because of gallbladder stones, and
the rest (1/14) had a procedure for gallbladder polyps. The total
incidence rate of gallbladder stones was 54.5% (42/77) in
cirrhotic patients with choledocholithiasis.

The type of ERCP operation, intraoperative and post-
operative complications, and blood transfusion rates are shown
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in Table 2. Four (5.2%) patients had both intraoperative and
postoperative hemorrhage, and 75% (3/4) underwent an EST
operation. The rate of intraoperative hemorrhage was not

TABLE 1. Clinical Characteristics of the 77 Cirrhotic Patients
With Choledocholithiasis

n¼ 77

Median (range) age, y 62.6 (34–89)
Sex ratio (male:female) 41:36
Preoperative status

Gallbladder stones 29 (37.7%)
Hepatolithiasis 19 (24.7%)
Hypertension 14 (18.2%)
Cholecystectomy 14 (18.2%)
Acute pancreatitis 11 (14.3%)
Diabetes mellitus 9 (11.7%)
AOSC 5 (6.5%)
Pneumonia 5 (6.5%)
Peptic ulcer 5 (6.5%)
Septic shock 4 (5.2%)
Hepatic carcinoma 3 (3.9%)
Hepatic encephalopathy 0 (0%)

Preoperative symptoms
Biliary colic 64 (83.1%)
Jaundice 22 (28.6%)
Fever 20 (26.0%)
Ascites

Mild 11 (14.3%)
Medium or massive 12 (15.6%)

Child–Pugh classification
A 23 (29.9%)
B 30 (39.0%)
C 24 (31.2%)

Cirrhosis etiology
Hepatitis B 42 (54.5%)
Secondary biliary 26 (33.8%)
Alcohol 3 (3.9%)
Schistosome 2 (2.6%)
Cryptogenic 1 (1.3%)
Hepatitis C 1 (1.3%)
Mixed 2 (2.6%)

AOSC¼ acute obstructive suppurative cholangitis.

Transfusion
Red blood cells 5 (6.5%)
Plasmaþ platelet 3 (3.9%)
Plasmaþ red blood cells 2 (2.6%)
Red blood cellsþ platelet 1 (1.3%)

ENBD¼ endoscopic nasobiliary drainage, EPBD¼ endoscopic

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
significantly different between patients receiving EST and those
not receiving EST (12.5% vs 13.5%, P> 0.05), and the outcomes
were similar for postoperative hemorrhage (22.5% vs 13.5%,
P> 0.05). Excluding patients with preoperative acute pancrea-
titis, the rate of PEP was 16% (4/25) in patients with EPBD and

papillary balloon dilatation, ERCP¼ endoscopic retrograde cholangio-
pancreatography, EST¼ endoscopic sphincterotomy.
0% (0/31) in patients with EST (P¼ 0.034). Only 9.1% (2/22) of
patients without jaundice had operative complications, whereas
40.0% (22/55) of patients with jaundice had operative

100.0
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60.0

40.0

20.0

0.0
0.0 20.0 40.0 60.0 80.0 100.0

100 − Specificity
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MELD > 11.5

Sensitivity = 87.5%

Specificity = 50.9%

FIGURE 2. The ROC curve of MELD scores for predicting the
incidence of intraoperative and postoperative complications after
ERCP in cirrhotic patients with choledocholithiasis (AUC¼0.75,
95% CI¼0.63–0.87). AUC¼ area under the curve, CI¼ confi-
confidence interval, ERCP¼ endoscopic retrograde cholangiopan-
creatography, MELD¼model for end-stage liver disease,
ROC¼ receiver operating characteristic.
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TABLE 3. Perioperative Variables and Their Association With MELD Scores and Child–Pugh Classification System

MELD Scores P Child–Pugh Classifications P

<11.5 (n¼ 30) >11.5 (n¼ 47) A (n¼ 23) B (n¼ 30) C (n¼ 24)

Median age, y 64 62 >0.05 59 65 63 >0.05
Hepatitis B cirrhosis 16 (53.3%) 28 (59.6%) >0.05 15 (65.2%) 16 (53.3%) 12 (50.0%) >0.05
Transfusion 2 (6.7%) 9 (19.1%) >0.05 1 (4.3%) 6 (20%) 4 (16.7%) >0.05
EST 19 (63.3%) 21 (44.7%) >0.05 15 (65.2%) 13 (43.3%) 12 (50.0%) >0.05
Multi-complications 0 (0%) 5 (10.6%) 0.007 0 (0%) 2 (6.7%) 3 (12.5%) >0.05
Total complications 3 (10.0%) 21 (44.7%) 0.001 3 (13%) 12 (40%) 9 (37.5%) >0.05

Intraoperative hemorrhage 0 (0%) 10 (21.3%) 0.005 1 (4.3%) 6 (20.0%) 3 (12.5%) >0.05
Postoperative hemorrhaging 3 (10.0%) 11 (23.4%) >0.05 2 (8.7%) 7 (23.3%) 5 (20.8%) >0.05
Post-ERCP pancreatitis 1 (3.3%) 3 (6.4%) >0.05 1 (4.3%) 2 (6.7%) 1 (4.2%) >0.05
Others 0 (0%) 3 (6.4%) >0.05 0 (0%) 1 (3.3%) 2 (8.3%) >0.05

Hospital stay, d 6 9 0.035 6 8 9 >0.05

osc
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complications (P¼ 0.008). No perforation or hemorrhage caused
by gastroesophageal varices was observed in any case.

ROC analysis identified MELD scores higher than 11.5 as
the best cutoff value for predicting the incidence of complications
(area under the curve [AUC] 0.75, 95% confidence interval
[CI]¼ 0.63–0.87; sensitivity¼ 87.5%; specificity¼ 50.9%)
(Figure 2). In total, 21 (44.7%) cases developed a complication
among patients with MELD scores higher than 11.5, and 3 (10%)
cases with a lower MELD score developed a complication
(P¼ 0.001). PEP, intraoperative hemorrhage, and postoperative
hemorrhaging occurred in 2 patients with MELD scores of 23 and
21, respectively. PEP and postoperative hemorrhaging occurred
in 2 patients with MELD scores of 24 and 14, respectively.
Intraoperative and postoperative hemorrhaging occurred in 1
patient with a MELD score of 12. Therefore, the rate of multiple

ERCP¼ endoscopic retrograde cholangiopancreatography, EST¼ end
complications was higher in patients with a MELD score higher
than 11.5 than in those with a score lower than 11.5 (P¼ 0.007).
The rate of intraoperative hemorrhage was higher in patients with

TABLE 4. The Prognostic Value of MELD Scores and Child–Pugh C
Were Also Assessed

AUC 95% CI Cu

MELD score
Gender

Male 0.77 0.63–0.92
Female 0.68 0.48–0.89

Jaundice
Yes 0.57 0.31–0.83
No 0.79 0.64–0.94

Child–Pugh classification score
Gender

Male 0.69 0.53–0.85
Female 0.71 0.53–0.89

Jaundice
Yes 0.53 0.28–0.79
No 0.72 0.58–0.86

AUC¼ area under the curve, CI¼ confidence interval, MELD¼model f
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a MELD score higher than 11.5 (P¼ 0.005). Additionally, the
average length of postoperative stay was significantly longer in
patients with a higher MELD score (P¼ 0.035). However, no
significant difference in the rate of complications was observed
among patients with different Child–Pugh classifications
(Table 3).

The prognostic value of MELD scores and Child–Pugh
classification scores according to sex and presence of jaundice
were also assessed (Table 4).

Twelve (15.6%) patients were lost to follow-up, and the 5-
year survival rate was 47% for all patients. The Kaplan–Meier
curves between the higher MELD scores (>11.5) and lower
scores (<11.5) are shown in Figure 3. The Kaplan–Meier
estimates of the 5-year overall survival rate in patients with
higher scores and lower scores were 43.9% and 51.6%, respect-

opic sphincterotomy, MELD¼model for end-stage liver disease.
ively. The median survival time was 6 years (95% CI, 4.1–7.9)
in patients with lower scores and 5 years (95% CI, 4.2–5.8) in
patients with higher scores (P¼ 0.391). Figure 4 shows that the

lassification Scores According to Sex and Presence of Jaundice

toff Value Sensitivity, % Specificity, %

15.5 78.6 70.4

11.5 78.6 65.9

6.5 80.0 73.1

8.5 50.0 82.9

or end-stage liver disease.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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estimated 5-year overall survival in patients with Child–Pugh
classifications A, B, and C was 41.1%, 51.7%, and 44.4%,
respectively. The median survival time for patients with Child–
Pugh classifications A, B, and C was 5 years (95% CI, 3.8–6.2),
8 years (95% CI, 4.7–11.2), and 4 years (95% CI, 2.1–5.8),
respectively (P¼ 0.427).

FIGURE 3. Kaplan–Meier survival curves in cirrhotic patients with
choledocholithiasis according to MELD scores. MELD¼model for
end-stage liver disease.
DISCUSSION
Because of their poor hepatic reserve, surgical treatment of

choledocholithiasis in cirrhotic patients has high morbidity
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FIGURE 4. Kaplan–Meier survival curves in cirrhotic patients with
choledocholithiasis according to the Child–Pugh classification
system.
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(66.7%) and mortality rates (44.4%).4 Laparoscopic common
bile duct exploration may be effective in these patients with a
Child–Pugh classification of A or B, but the conversion from
laparoscopic to open surgery is unavoidable with hemorrhaging
and severe adhesions.17 As a minimally invasive technique,
ERCP has become the first choice for choledocholithiasis in the
general population, and has also been reported to be useful in a
few cases of cirrhosis.5,6 Endoscopic treatment has some
advantages because several types of endoscopic technologies
can be alternatives during an operation, recovery is rapid
because the incision is small or absent, there is little restriction
from ascites, and there is no risk associated with general
anesthesia because only a sedative is used. Cirrhotic and non-
cirrhotic patients treated for choledocholithiasis showed similar
results for stone clearance, morbidity, and mortality.9

However, studies have shown that the mortality and mor-
bidity rates after EST are high,6 and long-term follow-up studies
are needed to confirm these results.18 Preoperative decision
making would be facilitated if the expected intraoperative and
postoperative morbidity could be preoperatively predicted.
Studies have shown that MELD scores are predictors for
mortality after major surgery in cirrhotic patients19 and appear
to predict morbidity more accurately than the Child–Pugh
classification system in cirrhotic patients who undergo laparo-
scopic cholecystectomy.12

In this study, the rates of multiple complications, total
complications, and intraoperative hemorrhage were signifi-
cantly increased in patients with MELD scores higher than
11.5 (P¼ 0.007, 0.001, and 0.005, respectively). Patients with
MELD scores lower than 11.5 required shorter hospital stay
days after the procedure (P¼ 0.035). All other complications
with a high death risk included aggravated infection of the
biliary tract, hepatic encephalopathy, and respiratory problems
in patients with higher MELD scores, although no significant
differences were observed (P> 0.05). The Child–Pugh classi-
fication system could not predict a significant difference in
complications or duration of hospital stay. Therefore, patients
with MELD scores higher than 11.5 should be treated carefully.
We suggest the following: sufficient preoperative discussion of
a detailed plan for each patient, avoiding emergent operations
except for significant indications, performing ENBD for life-
threatening situations and waiting for the second operation,
effective measures for coagulopathy, and operation by
experienced endoscopists.

Both the MELD score and Child–Pugh classification had a
prognostic value in patients without jaundice but not in those
with jaundice. A high level of TBil represents an acute severe
situation or coagulation disorder in cirrhotic patients with
choledocholithiasis. The high rate of complications (40.0%)
may influence the prognostic value for both scores. Addition-
ally, MELD scores had prognostic value only in male patients,
whereas Child–Pugh classification had prognostic value only in
female patients (Table 4). Mindikoglu et al considered that
lower liver transplantation rates among women on a waiting list
could be explained in part by lower MELD scores in comparison
with men as a result of lower levels of Cr in women.20 However,
the AUC values were very close to 0.70 for MELD scores in
female patients and Child–Pugh classifications in male patients
(0.68 and 0.69, respectively) in our study. We therefore consider
that sex may impact the prognostic value of both scores, but
more studies are needed.

ERCP in Cirrhotic Patients With Choledocholithiasis
MELD scores were a reliable measure of mortality risk
within 3 months in patients with end-stage liver disease.21 Our
study shows a lack of significant difference in patients with

www.md-journal.com | 5



different MELD scores or Child–Pugh classifications in terms
of median survival time (P¼ 0.391 and 0.427, respectively).
However, more than half of the patients with MELD scores
higher than 11.5 or Child–Pugh classification B died within 5
years after the operation. Furthermore, approximately 90% of
patients with MELD scores higher than 11.5 or Child–Pugh
classification C died within 10 years after the operation. No
similar studies have been reported that allow comparison with
our data.

This study has some drawbacks and limitations. First, it is a
retrospective study, which leads to an inherent selection bias
that cannot be overcome. A randomized investigation is necess-
ary to confirm the conclusions. Second, the cause of death was
not determined because only telephone follow-up was per-
formed. Third, we did not consider the effect of antiviral agents
in patients with hepatitis B. However, we plan to study this
subgroup in the future.

ERCP can be considered an effective and safe therapeutic
method in cirrhotic patients with choledocholithiasis regardless
of Child–Pugh classification. Sufficient preoperative discus-
sion and preparation for an individual may reduce the risk of
complications. MELD scores but not Child–Pugh scores can
predict the risk of operative complications.
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