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Background and aim: The number of elderly patients with biliary stones is
increasing. Endoscopic retrograde cholangiography (ERCP) is considered to
be an effective treatment for biliary stones. Having a sound knowledge of
the risk factors can help reduce the incidence and severity of complications
for ERCP. Furthermore, limited research has been published on patients aged
over 85 years undergoing endoscopic biliary stone removal. This study aims
to determine the risk factors that lead to complications of ERCP in patients
over 85 years of age.

Methods: This was a single-center retrospective study. We analyzed 156
patients aged > 85 years with biliary stones who underwent their first ERCP
at Chinese PLA General Hospital from February 2002 to March 2021. Logistic
regression models were employed to identify the independent risk factors
for complications.

Results: A total of 13 patients (8.3%) had complications. Thereinto, pancreatitis,
cholangitis, bleeding, and other complications occurred in 4 cases (2.6%), 1
cases (0.6%), 4 cases (2.6%), and 4 cases (2.6%), respectively. There was no
perforation or death related to ERCP. Independent risk factors for
complications were acute biliary pancreatitis (ABP) (P=0.017) and Charlson
Comorbidity Index (CCI) (P=0.019). Significantly, reasons for incomplete
stone removal at once were large stone (>10 mm) (P<0.001) and higher
acute physiology and chronic health evaluation scoring system (APACHE-II)
(P=10.005).

Conclusions: ERCP was recommended with caution in patients > 85 years of
age with ABP or higher CCl undergoing endoscopic biliary stone removal. In
patients with ABP without cholangitis or biliary obstruction we recommend
against urgent (within 48 h) ERCP. Patients with higher CCl who can tolerate
ERCP can undergo rapid ERCP biliary stenting or nasobiliary implantation
with later treatment of stones, and patients who cannot tolerate ERCP are
treated promptly with PTCD and aggressive conservative treatment.

Abbreviations

ERCP, endoscopic retrograde cholangiography; ABP, acute biliary pancreatitis; CCI, Charlson comorbidity
index; APACHE-II, acute physiology and chronic health evaluation scoring system; MRCP, magnetic
resonance cholangiopancreatography; EST, endoscopic sphincterotomy; ENBD, endoscopic nasobiliary
drainage; ERBD, endoscopic retrograde biliary drainage; OR, Odds ratios; ASA, American society of
anesthesiologists; EPBD, endoscopic papillary balloon dilation; EL, endoscopic lithotripsy; EHL,
electrohydraulic shock-wave lithotripsy; EML, Endoscopic mechanical lithotripsy; Alb, albumin; IQR,
interquartile range.
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Introduction

According to a report from the United Nations World
Population Prospects, increasing global life expectancy is
driving a gradual increase in the proportion of older people
(1). The number of elderly patients with biliary stones is also
increasing (2). Endoscopic retrograde cholangiopancreatography
(ERCP) is an effective treatment for pancreaticobiliary diseases
with the aid of x-ray using duodenoscope. Compared with
open surgery, ERCP is more acceptable to patients, especially
to elderly patients, because of its less invasiveness and faster
recovery (3). Although ERCP has many advantages, its
postoperative complications should not be ignored, which
usually include postoperative pancreatitis, bleeding, perforation,
cholangitis, etc., and can lead to death in severe cases (4).
ERCP is often thought to be associated with more frequent
adverse events (AEs) than other gastrointestinal endoscopic
procedures (5). In recent years, ERCP has also been effective
and safe in elderly patients >65 years of age (6, 7).
Complication rates and mortality rates in elderly patients were
6.7%-8.1% and 0%-0.2%, respectively (8-11). However, the
complications of ERCP may increase with age, especially in the
elderly (12). Having a sound knowledge of the risk factors for
ERCP can help reduce the
complications. There are few reports about therapeutic ERCP

incidence and severity of

in elderly patients, and the age stratification is mostly set at 60,
70, or 80 years of age. Furthermore, limited research has been
published on patients aged over 85 vyears undergoing
endoscopic biliary stone removal. This study aims to determine
the risk factors that lead to complications of ERCP in patients
over 85 years of age. In addition, we will explore reasons for

incomplete stone removal at one time.

Materials and methods
Study design

Data from patients who underwent their first ERCP
treatment at Chinese PLA General Hospital from February
2002 to March 2021 were retrospectively analyzed. 156
patients >85 years of age or older with biliary stones,
including common bile duct stones, Mirizzi syndrome, and
intrahepatic bile duct stones, were included for analysis. All
patients provided informed consent before ERCP and the
protocol was approved by the ethics committees at our
hospital $2021-140-01).

(Approval No. The study was
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risk factors, cholangiopancreatography,

conducted in accordance with the of the

Declaration of Helsinki.

guidelines

Instruments and equipment

Wire Guides, ERCP Catheters,
Extraction Ballon, Extraction Basket, Lithotripsy Basket,

Sphincter Incision,
Biliary Dilation Ballon (Wilson-Cook Medical Incorporated,
USA); Nasal Biliary Drainage, Bile Duct Plastic Stent (Cook
Ireland Limited, Ireland).

Surgical method

All patients undergo preoperative laboratory tests such as
routine blood tests, coagulation screening and a full set of
biochemical tests, and imaging tests such as abdominal
Computer (CT)
cholangiopancreatography (MRCP). Patients are fasted for 8 h.

Tomography or Magnetic resonance

Endoscopic  procedures were usually conducted under
conscious sedation with intravenous diazepam 5.0-10.0 mg
and pethidine 50-100 mg. During the procedure, blood
pressure, heart rate, respiration, and oxygen saturation are
strictly monitored by a multifunctional monitor. Endoscopic
ERCP is usually performed first, followed by endoscopic
sphincterotomy (EST) and/or endoscopic papillary balloon
dilation (EPBD) and/or lithotripsy. If the stone is not
removed after the first attempt, endoscopic nasobiliary
drainage (ENBD) will be performed and a second attempt will
be performed 5-7 days later. If the stone is too large and
lithotripsy fails, endoscopic biliary drainage

(ERBD) will be performed. Postoperatively, routine fasting,

retrograde

anti-infection and trypsin inhibitors will be given and
abdominal symptoms, signs, blood pressure, temperature, and
so on will be closely monitored.

Outcome and definitions

The primary outcome of this study is the risk factors for
ERCP-related complications. The categories and severity of
complications are determined according to published criteria
(13-15). Pancreatitis was assessed according to the Cotton
criteria, with severity defined as mild (elevation of pancreatic
enzymes to more than three times the upper limit of normal
moderate

and prolonged hospital stay of 1-3 days),
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(prolonged hospital stay of 4-10 days) or severe (prolonged
hospital stay of >11 days) (13, 14). Cholangitis was diagnosed
by the presence of abdominal pain and fever (temperature
>38°C) without any other foci of infection outside the
hepatobiliary system and with elevated serum bile enzyme
levels compared with pre-ERCP values (14). The severity of
cholangitis was assessed according to the Tokyo Guidelines
2018 (15). Other types of AEs were evaluated according to the
endoscopic AEs of ASGE workshop (14). Incomplete stone
removal is defined as cases wherein bile duct stones could not
be removed at once. Comorbidities are defined as diseases
that require ongoing medication during the perioperative
period of an ERCP or that require modified therapy or
medication management. We assess patients’ comorbidities
using the Charlson Comorbidity Index (CCI), which is widely
used as a predictor of mortality for a variety of diseases (16,
17). The index predicts 10-year mortality for 22 different
underlying diseases and medical conditions that include heart
disease and malignancy. Each condition is assigned a score of
1, 2, 3 or 6 based on the risk of death, and the sum of these
scores is used as the total score to predict mortality. ERCP
performed during an emergency room stay or on the day of
admission is called emergency procedure (18, 19). The degree
of the procedural difficulty was classified into 5 categories
according to Cotton PB et al. (20).

TABLE 1 Characteristics of patients.

Parameter All patients (N =156)
Female 71 (45.5)
Age, median (IQR) 87 (86-89)
Age >90 years 38 (24.4)
Clinical features

Painless jaundice 4 (2.6)
Cholangitis 113 (72.4)
Abdominal pain with increased liver enzymes 29 (18.6)
ABP 17 (10.9)
others 10 (6.4)
Anticoagulant drug intake 45 (28.8)
Pre-ERCP serum Alb <35 mg/dl 93 (59.6)
Post-cholecystectomy 30 (19.2)
cirrhosis frequency 2 (1.3)
Dialysis frequency 1 (0.6)
Chronic concomitant disease 81 (51.9)
CCI, median (IQR) 1(0-2)
CCI >3 25 (16.0)
ASA >3 81 (51.9)
APACHE-II, median (IQR) 5(5-7)

Data are presented as number (%); ERCP, Endoscopic retrograde
cholangiography; ABP, Acute biliary pancreatitis; CCl, Charlson Comorbidity
Index; APACHE-II, acute physiology and chronic health evaluation scoring
system; ASA, American Society of Anesthesiologists; Alb, albumin; IQR,
interquartile range.
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Statistical analysis

We used SPSS 27.0 (Armonk, NY: IBM Corp) to analyse the
data. Pearson x* test, Two-sample t-tests and Mann-Whitney U
test were used to compare variables between the groups. Odds
ratios [OR] were used with 95% confidence limits. P-values <
0.05 were considered statistically significant. Factors with a
P-value <0.05 by univariate analysis or potentially relevant
risk factors based on OR were included in binomial logistic
regression analysis to identify independent risk factors for
complications and reasons for incomplete stone removal at

once.

TABLE 2 Procedural details of patients treated by ERCP.

Parameter All patients
(N=156)
Emergency ERCP 18 (11.5)
Periampullary diverticulum 74 (47.4)
Cannulation time >10 min (Difficult cannulation) 21 (13.5)
Stone location
Common bile duct 153 (98.1)
Mirizzi syndrome 2 (1.3)
Intrahepatic 1 (0.6)
Multiple stones 83 (53.2)
Large stone (>10 mm) 97 (62.2)
Multiple large stones 45 (28.8)

Diameter of common bile duct [mean + SD, (range)], mm  16.8 + 4.8 (5.8-32)

Dilated common bile duct (>10 mm) 146 (93.6)
Treatment procedure

Precut 14 (9.0)
Biliary sphincterotomy 130 (83.3)
EST 142 (91.0)
EPBD 20 (12.8)
EL (EHL, EML) 15 (9.6)
ERBD or ENBD 54 (34.6)
Successful cannulation 156 (100)
Complete stone removal 119 (76.3)
Incomplete stone removal 37 (23.7)
Difficulty grade

1 23 (14.7)
2 56 (35.9)
3 75 (48.1)
4 2(1.3)
Difficulty grade >3 77 (49.4)
Treatment time in minutes, median (IQR) 23 (15-40)

Data are presented as number (%); Endoscopic retrograde cholangiography,
ERCP; endoscopic sphincterotomy, EST; endoscopic nasobiliary drainage,
ENBD; endoscopic retrograde biliary drainage, ERBD; Endoscopic papillary
balloon dilation, EPBD; endoscopic lithotripsy, EL; electrohydraulic shock-
wave lithotripsy, EHL; Endoscopic mechanical lithotripsy, EML; interquartile
range, IQR.

frontiersin.org


https://doi.org/10.3389/fsurg.2022.989061
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al.

Results

The demographics and procedural details were outlined in
Tables 1, 2. A total of 13 (8.3%) patients had complications,
of which, 9 (5.8%) were mild, 3 (1.9%) were moderate and 1
(0.6%) was severe. Pancreatitis was present in 4 cases (2.6%);

TABLE 3 Complications of ERCP.

No. Severity

(%) Mild Moderate Severe Fatal
Overall 13 (8.3) 9 (5.8) 3 (1.9) 1 (0.6) 0 (0)
Pancreatitis 4 (2.6) 2 (1.3) 2 (1.3) 0 (0) 0 (0)
Bleeding 4(2.6) 4(2.6) 0 (0) 0 (0) 0 (0)
Perforation 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Cholangitis 1(0.6)  0(0) 1(0.6) 0 (0) 0 (0)
Acute heart failure 1 (0.6) 1(0.6) 0 (0) 0 (0) 0 (0)
Low blood pressure 1 (0.6) 1 (0.6) 0 (0) 0 (0) 0 (0)
Pneumonia 1 (0.6) 0 (0) 0 (0) 1 (0.6) 0 (0)
Dizziness and 1 (0.6) 1(0.6) 0 (0) 0 (0) 0 (0)
drowsiness

Data are presented as number (%).

TABLE 4 Risk factors for complications in the univariate.

10.3389/fsurg.2022.989061

mild in 2 cases (1.3%) and moderate in 2 cases (1.3%).
Bleeding occurred in 4 cases (2.6%); mild in 4 cases (2.6%).
There were no ERCP-related perforations or deaths. Other
complications after ERCP were shown in Table 3. Table 4
showed the results of the univariate analysis of risk factors for
complications. Univariate analysis showed ABP and CCI were
risk factors for complications. For patients who could not
tolerate complete stone removal at once, univariate analysis
(Table 5) demonstrated that large stones (>10 mm),
APACHE-II, American Society of Anesthesiologists (ASA) > 3,
emergency ERCP, and multiple large stones were significant
risk factors. Independent risk factors for complications were
ABP (P=0.017) and CCI (P=0.019) (Table 6). Multi-level
logistic regression indicated that the reasons for incomplete
stone removal were large stone (>10 mm) and higher
APACHE-II (Table 6).

Discussion

ERCP is an effective diagnostic and therapeutic tool for
pancreatobiliary diseases including biliary stone. The rate of
complications and mortality in elderly patients are 6.7%-8.1%
and 0%-0.2%, respectively (8-11). Our study was in

Variables Patients with AE  Patients without AE Univariate P Adjusted odds ratio (95%
(N=13) (N=143) value CI)
Female 5 66 0.595 0.729 (0.228-2.337)
Clinical features
Cholangitis 9 104 0.787 0.844 (0.246-2.898)
ABP 4 13 0.025 4.444 (1.201-16.448)
Anticoagulant drug intake 3 42 0.633 0.721 (0.189-2.754)
Pre-ERCP serum Alb < 35 mg/dl 5 88 0.114 0.391 (0.122-1.255)
CCI, median (IQR) 2 (0-3) 1(0-2) 0.018 1.550 (1.077-2.229)
ASA >3 9 72 0.201 2.219 (0.653-7.535)
APACHE-II, median (IQR) 5(5-7) 5(5-7) 0.324 1.130 (0.887-1.439)
Periampullary diverticulum 7 67 0.630 1.323 (0.424-4.133)
Multiple stones 7 76 0.961 1.029 (0.329-3.212)
Large stone (>10 mm) 6 91 0.221 0.490 (0.156-1.535)
Multiple large stones 4 41 0.873 1.106 (0.322-3.792)
Diameter of common bile duct [Mean + SD, 15.5+4.0 (9.2-21.4) 16.9 +4.9 (5.8-32.0) 0.314 0.937 (0.824-1.064)
(range)], mm
Cannulation time > 10 min 3 18 0.298 2.083 (0.523-8.294)
EST 13 129 0.999 NS
Balloon 6 57 0.659 1.293 (0.413-4.046)
Basket 7 101 0.217 0.485 (0.154-1.530)
Difficulty grade >3 6 71 0.809 0.869 (0.278-2.714)
Treatment time in minutes, median (IQR) 33.8 (14.8-40.0) 20.7 (14.6-37.0) 0.996 1.000 (0.973-1.028)

ABP, acute biliary pancreatitis; CCl, Charlson comorbidity index; APACHE-II, acute physiology and chronic health evaluation scoring system; ASA, American society of
anesthesiologists; Alb, albumin; IQR, interquartile range; EST, endoscopic sphincterotomy; NS, no significant.
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TABLE 5 The reasons for incomplete stone removal in the univariate.

10.3389/fsurg.2022.989061

Variables complete stone removal  Incomplete stone removal  Univariate P value  Adjusted odds ratio
(N=119) (N=37) (95% CI)
Age > 90 years 31 7 0.380 1.510 (0.602-3.784)
Pre-ERCP serum Alb < 35 mg/dl 68 25 0.261 0.640 (0.294-1.394)
CCI median (IQR) 1(0-2) (0-2.5) 0.558 0.922 (0.702-1.210)
ASA >3 55 26 0.012 0.364 (0.165-0.803)
APACHE-II, median (IQR) 5 (5-7) 7 (5-9) <0.001 0.708 (0.585-0.857)
Emergency ERCP 8 10 0.002 0.195 (0.070-0.540)
Multiple stones 61 22 0.384 0.717 (0.339-1.515)
Large stone (>10 mm) 62 35 <0.001 0.062 (0.014-0.270)
Multiple large stones 28 17 0.010 0.362 (0.167-0.784)

ERCP, endoscopic retrograde cholangiography; CCl, Charlson comorbidity index; APACHE-II, acute physiology and chronic health evaluation scoring system; ASA,

American society of anesthesiologists; Alb, albumin; IQR, interquartile range.

TABLE 6 Multi-level logistic regression. Analysis of risk factors for
overall complication and the reasons for incomplete stone removal.

P value  Adjusted odds ratio (95%
CI)

Variables for overall complication

Female 0.087 0.152 (0.018-1.310)
ABP 0.017 17.284 (1.671-178.760)
CCI median (IQR) 0.019 1.606 (1.082-2.384)

Variables for reasons for incomplete stone removal

ASA >3 0.128 0.359 (0.096-1.344)
APACHE-II, median 0.005 1.384 (1.102-1.738)
(IQR)

Emergency ERCP 0.188 2.449 (0.646-9.284)
Large stone (>10 mm) <0.001 32.708 (5.439-196.699)
Multiple large stones 0.924 1.059 (0.328-3.414)

ERCP, endoscopic retrograde cholangiography; CCl, Charlson comorbidity
index; APACHE-II, acute physiology and chronic health evaluation scoring
system; ASA, American society of anesthesiologists; Alb, albumin; IQR,
interquartile range.

concordance with these figures. Therefore, ERCP was safe and

effective in elderly patients>85 vyears old undergoing
endoscopic biliary stone removal.

In the multivariate analysis, ABP was an independent risk
factor for ERCP complications. ABP predisposes patients to
fluid loss, metabolic disturbances, hypotension, sepsis and
other which

increased risk of post-ERCP complications (21). The concept

serious consequences, often results in an
of early ERCP in ABP originated from observational surgery
reports that showed that surgical relief of bile duct obstruction
in ABP reduced mortality (22). ASGE recommends ERCP to
be performed within 24-48 h of the diagnosis of ABP, but
does not specify the timing of ERCP in patients with ABP

without concomitant cholangitis (23). However, a meta-
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analysis showed that early ERCP did not reduce AEs,
mortality, and other adverse outcomes in ABP patients
without cholangitis compared with conservative treatment
(24). Therefore, for patients with ABP without cholangitis or
biliary obstruction, we recommend conservative treatment
including fluid replacement, pain control, nutritional support
and antibiotics.

This study hypothesized that CCI in patients > 85 years old
of ERCP-related
complications. This was similar to the results of a study that
concluded CCI>2 was
increased complications or mortality in patients receiving
ERCP (25). Since its introduction in 1987, CCI has been
widely used as a predictor of mortality from a variety of

was associated with an increased risk

independently associated with

diseases (16, 26). However, some studies have shown that
complications of ERCP are not related to comorbidities in
elderly patients (27). We believe there are several reasons for
this. First, they use comorbidities that could not quantitatively
analyze the severity of comorbidities, rather than CCI.
Second, selection bias may have influenced these findings.
Patients scheduled to receive ERCP were often excluded for
safety reasons due to more comorbidities. The innovative of
our study is the use of CCI, currently less used in the
prediction of complications of ERCP or other endoscopic
procedures. Elderly patients with bile duct stones with a
higher CCI have poor general status, and appropriate
treatment strategies are important. Patients who cannot
tolerate ERCP should be treated promptly with percutaneous
(PTCD)
treatment. PTCD is a standard treatment for biliary drainage
(28, 29). We recommended patients who can tolerate ERCP
can undergo rapid ERCP biliary stenting or nasobiliary

biliary drainage and aggressive conservative

implantation with later treatment of stones. Temporary
placement of a biliary stent appears to be an effective
treatment for common bile duct stones (30). Current reports
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show that 2 months of biliary stent placement can partially or
completely dissolve large stones without any complications
(31). In addition, we believe that the shortening of operation
time is the guarantee for the safety of ERCP in elderly patients.

The success rate of common bile duct stone (CBDS)
removal can reach 85%-90% through conventional methods
such as EPBD, EST and lithotripsy, but there are still 10%-
15% of CBDS that are difficult to remove at once, which are
called “difficult CBDS” (32). The reasons for difficult CBDS
mainly include three situations: firstly, the characteristics of
the stone itself, such as stone diameter >15 mm, large number
and hard texture; secondly, the presence of anatomical
variants, such as duodenal stricture and bile duct stricture;
thirdly, the patient can not tolerate endoscopic treatment,
such as advanced age with poorer general status (33, 34).
Similarly, our study found that large stones and higher
APACHE-II were common reasons for ERCP in elderly
patients who were unable to remove the bile stones at once.
In difficult cases, the ERCP strategy should be decided by a
collaborative multidisciplinary team discussion. In the future,
more high-quality clinical studies are expected to arrive at
refined optimal treatment protocols for different conditions of
difficult CBDS.

The limitations of this study are the small sample size and
the absence of a control group of patients under 65 years of
age in a single-center study, which still needs to be validated
by the results of a multicenter study with a large sample. In
addition, retrospective studies may have some bias, and
prospective studies need to be designed to further validate the
results of this study.

In conclusion, ERCP was recommended with caution in
of age with ABP or higher CCI
undergoing endoscopic biliary stone removal. In patients with
ABP  without
recommend against urgent (within 48 h) ERCP. Patients with
higher CCI who can tolerate ERCP can undergo rapid ERCP
biliary stenting or

patients > 85 years

cholangitis or biliary obstruction we

nasobiliary implantation with later
treatment of stones, and patients who cannot tolerate ERCP
are treated promptly with PTCD and aggressive conservative
treatment.
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