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Abstract:

Objective The safety and prognosis of complete stone removal for the treatment of choledocholithiasis in
older patients are unknown. This multicenter retrospective study assessed the outcomes of complete stone re-
moval in elderly patients (290 years) with respect to the prognosis.

Methods We divided patients who underwent endoscopic cholangiopancreatography for choledocholithiasis
into two groups: complete stone removal or incomplete stone removal with plastic stent insertion. The patient
characteristics, adverse events, number of endoscopic cholangiopancreatographies, overall survival rates, and
disease-specific cumulative death were compared between the groups.

Patients Two hundred and twenty-three participants 290 years old were included in the study, including 48
(22%) men and 175 (78%) women. The median age was 92 (range, 90-104) years old. There were 160 (72%)
and 63 (28%) patients in the complete and incomplete groups, respectively.

Results The age, performance status, comorbidities, severe complication rates, and stone diameter were
comparable between the groups. The proportion of patients with at least 5 stones was significantly higher in
the incomplete group than in the complete group [complete group: 8.1% (13/160) and incomplete group:
21% (13/63), p<0.01]. The overall survival rate was significantly higher in the complete group (p<0.01),
while the disease-specific cumulative death rate was higher in the incomplete group (p<0.01).

Conclusion Complete stone removal for choledocholithiasis may contribute to a better prognosis in elderly
patients 290 years old.
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Endoscopic retrograde cholangiopancreatography (ERCP)

Introduction

The World Health Organization Health Report has noted
the issue of global aging (1). The prevalence of gallbladder
and bile duct stones rises with age (2-4), while postoperative
morbidity and mortality increase with age and the presence
of comorbidities.

is an established diagnostic and therapeutic approach for
pancreaticobiliary diseases, choledocholithiasis.
However, ERCP is also associated with risks; it has a re-
ported adverse event rate of 5-10% and a mortality rate of
0.3-0.5% (5-7). Furthermore, these risks may be exacerbated
by age; thus, their consequences may be more severe and
protracted in elderly patients than in younger ones. Several
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studies have reported that complete stone removal for chole-
docholithiasis is safe (8) and may contribute to a good prog-
nosis (9), even in older patients. Although biliary stent inser-
tion may be a viable alternative to complete stone removal
in high-risk patients, the long-term outcomes remain a con-
cern (10-13). To our knowledge, few studies have assessed
the need for complete stone removal for choledocholithiasis
in patients of advanced age (290 years old) with regard to
their prognosis.

We previously reported that complete stone removal in
choledocholithiasis did not contribute to a better prognosis
in patients of advanced age; however, the insufficient num-
ber of patients limited the drawing of firm conclusions (14).
Therefore, in this multicenter retrospective study, we as-
sessed the safety and necessity of complete stone removal in
elderly patients with choledocholithiasis.

Materials and Methods

Participating institutions

This multicenter retrospective cohort study included three
institutions (Ise Red Cross Hospital, Saiseikai Matsusaka
General Hospital, and Matsusaka Chuo General Hospital) in
Mie Prefecture, Japan. All institutions are members of the
Japan Gastroenterological Endoscopy Society. The study
protocol adhered to the ethical principles of the Declaration
of Helsinki and was approved by the ethics committee of
each institution. Written informed consent was obtained
from all patients before ERCP.

Study population

In this study, we initially enrolled 233 consecutive pa-
tients 290 years old who underwent ERCP for choledocho-
lithiasis diagnosed by computed tomography (CT) or mag-
netic resonance imaging (MRI) at participating institutions
between January 2012 and December 2018.

Ten patients were excluded from the analysis, and six of
them had a surgically altered anatomy (due to total gastrec-
tomy in one and Billroth II stomach reconstruction by distal
gastrectomy in five). The other four patients, who died of
cholangitis, had severe comorbidities including pneumonia
in two, sick sinus syndrome in one, and heart failure in one.
They were considered ineligible for this study because their
comorbidities might have affected their prognosis.

A total of 223 patients (435 ERCP procedures) were in-
cluded in the final analysis. The patients were divided into
two groups: complete stone removal group (C group; under-
went complete stone removal) and incomplete stone removal
group (I group; did not undergo complete stone removal but
underwent plastic stent insertion). Patients who underwent
complete stone removal after transient biliary stenting were
assigned to group C. In addition, in the C group, complete
stone removal was initially judged as difficult in eight pa-
tients, so they were not scheduled for complete stone re-
moval. However, the stones in these patients subsequently

shrank in size, eventually enabling complete stone removal
during the follow-up period (Fig. 1). The patient characteris-
tics, adverse events, number of ERCP procedures, and long-
term survival rates were compared between the two groups.

Sedation procedure

All patients were monitored continuously for oxygen satu-
ration, heart rate, and blood pressure during ERCP. Each pa-
tient received oxygen (2 L/min) through a nasal cannula. Pa-
tients were initially injected with midazolam (1-3 mg) for
sedation and then received meperidine (5-10 mg) or penta-
zocine (7.5-15 mg) intravenously for analgesia. Additional
doses of midazolam (1 mg), meperidine (5 mg), and penta-
zocine (7.5-15 mg) were administered intermittently during
the procedure as needed.

There was no special protocol for older patients; however,
the dosage and frequency of each bolus were adjusted ac-
cording to the age and comorbidities. At all participating in-
stitutions, sedation was performed by an endoscopist.

Endoscopic procedure

After confirming that the patients were adequately se-
dated, ERCP was performed using a side-viewing endoscope
(JF-260 V and TJF-260 V; Olympus Medical Systems, To-
kyo, Japan). The common bile duct (CBD) was selectively
imaged, and the size and number of stones were confirmed.
Endoscopic sphincterotomy (EST), endoscopic papillary bal-
loon dilation (EPBD), endoscopic papillary large balloon di-
lation (EPLBD), or plastic stent insertion was performed
based on the operator’s decision. For removal of bile duct
stones, a retrieval balloon catheter or stone extraction basket
was used. When stenting the bile duct, we used a 7-Fr pig-
tail stent (Zimmon®; Cook Ireland, Limerick, Ireland), a 7-
to 8.5-Fr straight stent (Flexima™; Boston Scientific Japan,
Tokyo, Japan), or an 8.5-Fr stent (Soehendra Tannenbaum®;
Cook Medical, Bloomington, USA). Following endoscopic
stone removal, the procedure was considered successful
when no remaining radiolucent stones were visible on
contrast-enhanced imaging.

All participating endoscopists agreed that complete stone
removal was the standard, targeted, and recommended strat-
egy for treating choledocholithiasis, even in elderly patients.
However, the three participating institutions lacked unified
criteria for abandoning complete stone removal and convert-
ing to stent insertion. In addition, all ERCP procedures were
supervised by 6 well-experienced endoscopists (AK, JO, SS,
HN, MA, and HK) who had each performed >1,000 ERCP
procedures.

We previously reported the long-term outcomes of thera-
peutic ERCP for choledocholithiasis in patients 290 years
old in a single institution (14). The above-mentioned ERCP
procedures were conducted as previously described (14).

Definition of complications

Complications during endoscopy were defined as ERCP-
and/or sedation-related adverse events, including the follow-
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233 consecutive patients aged >90 years who underwent ERCP for choledocholithiasis

10 patients were excluded
P * 6 patients with surgically altered anatomy
* 4 patients who died during hospitalization for severe cholangitis
A 4
A total of 223 patients (435 ERCPs)
The unintended complete stone removal
8 patients (20 ERCPs)
h 4 h 4
The complete stone removal group The incomplete stone removal group
160 patients (295 ERCPs) 63 patients (140 ERCPs)

Figure 1.
angiopancreatography

ing: hypoxemia (oxygen saturation <90%), hypotension
(systolic blood pressure <90 mmHg), and bradycardia (heart
rate <50 bpm). Perforation was defined as retroperitoneal or
bowel wall perforation detected by any imaging technique.
The occurrence of post-ERCP pancreatitis (PEP) and its se-
verity were assessed according to the 1991 consensus guide-
lines, as specified by Cotton et al. (15).

Follow-up after ERCP

After ERCP, a protease inhibitor was administered to pre-
vent pancreatitis (16, 17). All patients underwent a routine
follow-up investigation with laboratory testing after ERCP.
For patients with abdominal pain, the serum amylase level
was measured, and abdominal CT was performed if the
symptoms persisted.

After discharge, patients were scheduled to visit our out-
patient clinic or were referred to their family doctor. We
asked their family doctor to refer them to our hospital if
biliary tract infection (cholangitis, cholecystitis, or liver ab-
scess) was suspected. In such cases, laboratory tests, ab-
dominal CT, and then ERCEP, if necessary, were performed.
In this study, planned regular stent exchange is not a stan-
dard strategy in participating institutions.

In this study, we evaluated the overall survival (OS) and
disease-specific survival (DSS) to determine the need for
complete stone removal in patients of advanced age with re-
gard to their prognosis. The survival time for all patients
was calculated from the date of initial ERCP to the date of
the final survival confirmation.

Disease-specific death was defined as death associated
with biliary tract infection due to either retrograde biliary
infection, stent occlusion/shedding, or stone recurrence or as
death due to uncontrollable bleeding, perforation, or other

Flowchart displaying the patient enrollment process. ERCP: endoscopic retrograde chol-

complications associated with ERCP. All long-term follow-
up data were collected by communicating with family doc-
tors of patients, from outpatient notes, or through phone
calls to patients’ homes. The follow-up period started from
the first date of ERCP to the date of the last visit to the pa-
tient’s family doctor or our outpatient clinics, or upon con-
firmation of the survival through a phone call.

Measured outcomes of therapeutic ERCP

The evaluation outcomes were the total number of proce-
dures, number and size of biliary stones, procedure time, en-
doscopic procedure (EST, EPBD, and/or EPLBD), rate and
type of complication, causes of death, and OS and DSS. The
total number of procedures was defined as all endoscopic
procedures required for complete stone removal, recurrent
stones, and retrograde cholangitis in C group and for stent
exchange due to biliary tract infection for stent dysfunction
in I group during the follow-up period. The number of bili-
ary stones was confirmed using cholangiography, and the di-
ameter of the stones was measured with reference to the di-
ameter of the endoscope. The procedure time was defined as
the amount of time required from the insertion to the re-
moval of the endoscope. EPLBD was defined as mechanical
dilation of the major duodenal papilla using a balloon with a
diameter 212 mm. The OS rate was defined as the percent-
age of included patients who remained alive at the date of
the final survival confirmation, and the DSS rate was de-
fined as the percentage of included patients who did not die
from biliary tract infection (cholangitis, cholecystitis, or liver
abscess) from the date of initial ERCP to the date of the fi-
nal survival confirmation.
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Table 1. Patient Characteristics.

Complete stone

Incomplete stone

removal (n=160) removal (n=63) p value
Sex, male: female 39:121 9:54 0.11%
Age, years, mean 92.8 92.7 0.97%*
Performance status, mean 2.5 2.8 0.11*
Comorbidities, % (n)
Coronary heart disease 11.9 (19/160) 19.0 (12/63) 0.20%*
Respiratory disease 5.0 (8/160) 7.9 (5/63) 0.53*
Cerebrovascular disease 11.9 (19/160) 25.4 (16/63) 0.12%*
Renal failure with dialysis 3.1 (5/160) 0 (0/63) 0.33*
Dementia 34.4 (55/160) 50.8 (32/63) 0.03*
Use of antithrombotic drugs, % (n) 27.5 (44/160) 34.9 (22/63) 0.35%
Cholangitis, % (n) 66.3 (106/160) 73.0 (46/63) 0.41*
Patients with naive papillae, % (n) 87.5 (140/160) 96.8 (61/63) 0.03*

*Fisher’s exact test, ** Student’s ¢-test.

Statistical analyses

Continuous variables are presented as the mean values,
whereas categorical variables are reported as patient num-
bers and percentages. Continuous variables were compared
using Student’s #-test or the Mann-Whitney U test, and cate-
gorical variables were compared using Fisher’s exact tests,
as appropriate. To describe the OS, we used Kaplan-Meier
estimates of survival curves and fitted a Cox proportional
hazard model. In addition, we used Gray’s test to analyze
the DSS. Specifically, we investigated the cumulative inci-
dence (death in this case) caused by biliary events versus
non-biliary events with respect to the C and I groups.

Statistical significance was set at p<0.05. For all statistical
analyses, we used the R environment for statistical comput-
ing and graphics (R Core Team, 2017) (18), with the graphi-
cal user interface “EZR” (Easy R) (19).

Results

Patient characteristics

The study population comprised 48 men (21.5%) and 175
(78.5%) women. The median age at the time of the first
ERCP procedure was 92 (range, 90-104) years old. A total
of 160 patients (71.7%) had complete stone removal (C
group), while 63 patients (28.3%) had incomplete stone re-
moval with plastic stent insertion (I group). The men:women
ratio, age, performance status, and comorbidities did not dif-
fer significantly between the two groups. However, the pro-
portion of patients with dementia was significantly higher in
the T group than in the C group [C group: 34.4% (55/160)
vs. I group: 50.8% (32/63), p=0.03].

Furthermore, the proportion of patients with naive papil-
lae at at the time of their first ERCP procedure was signifi-
cantly higher in the I group than in the C group [C group:
87.5% (140/160) vs. I group: 96.8% (61/63), p=0.04] (Ta-
ble 1).

Results of endoscopic procedures

The total number of procedures performed was 295 and
140 in the C and I groups, respectively. The median number
of procedures performed was 1 (range 1-5 and 1-23 in the C
and I groups, respectively). However, since the stent was re-
placed whenever stent occlusion occurred, 1 patient in I
group therefore underwent ERCP a total of 23 times. The
proportion of patients with at least 5 common bile duct
stones was significantly higher in the I group than in the C
group [C group: 8.1% (13/160) vs. I group: 20.6% (13/63),
p<0.01]. The median diameter of the largest stone was 10
mm (range, 1-25 mm) and 13 mm (range, 1-32 mm) in the
C and I groups, respectively. Patients with complete stone
removal had significantly smaller stones than those with in-
complete removal (p<0.01). The median procedure time was
31 minutes (range, 7-159 min) and 23 minutes (range, 6-125
min) in the C and I groups, respectively. The procedure time
was significantly shorter in the I group than in the C group
(p<0.01). In the C group, EST, EPBD, and EPLBD were
performed in 42.4% (125/295), 9.5% (28/295), and 7.1%
(21/295) of cases, respectively. Conversely, in the I group,
EST was performed in 16.4% (23/140) of cases, EPBD in
3.6% (5/140), and EPLBD in 3.6% (5/140) (Table 2).

Complications

The incidence of hypoxemia was significantly higher in
the I group than in the C group [C group: 3.1% (9/295) vs.
I group: 7.9% (11/140), p<0.01], as was the incidence of
bradycardia [C group: 1.7% (5/295) vs. I group: 7.1% (10/
140), p<0.01]. In the T group, one patient had perforation
during EPLBD, and another had Mallory-Weiss syndrome;
both patients recovered with conservative treatment. How-
ever, the rate of PEP did not significantly differ between the
two groups and was markedly low in both groups [C group:
3.1% (9/295) vs. I group: 0.7% (1/140), p=0.24] (Table 3).
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Table 2. Results of Endoscopic Procedures.

Complete stone  Incomplete stone

removal (n=160) removal (n=63) p value

Total number of procedures, n 295 140
Number of procedures, median (range) 1(1-5) 1(1-23) 0.36%*
Patients with at least five stones, % (n) 8.1 (13/160) 20.6 (13/63) <0.01%*
Maximum size of stone, mm, median (range) 10 (1-25) 13 (1-32) <0.01**
Procedure time, min, median (range) 31 (7-159) 23 (6-125) <0.01**
Endoscopic procedure, % (n)

EST 42.4 (125/295) 16.4 (23/140) <0.01*

EPBD 9.5 (28/295) 3.6 (5/140) 0.05*

EPLBD 7.1 (21/295) 3.6 (5/140) 0.21*

*Fisher’s exact test, **Mann-Whitney U test.

EST: endoscopic sphincterotomy, EPBD: endoscopic papillary balloon dilation, EPLBD: endoscopic papillary

large balloon dilation

Table 3. Complications of Endoscopic Procedures.

Complete stone removal

Incomplete stone removal

(n=160) (n=63) p value
Complications, % (n)
During ERCP  Hypoxemia 3.1 (9/295) 7.9 (11/140) <0.01%*
Hypotension 13.6 (40/295) 17.1 (24/140) 0.09*
Bradycardia 1.7 (5/295) 7.1 (10/140) <0.01*
Perforation 0 (0/295) 0.9 (1/140) NS
Mallory-Weiss syndrome 0 (0/295) 0.9 (1/140) NS
Post-ERCP Pancreatitis 3.1 (9/295) 0.7 (1/140) 0.24%*

*Fisher’s exact test.

ERCP: endoscopic retrograde cholangiopancreatography, NS: not significant

The long-term prognosis

Over a median follow-up period of 492 days (range, 6-
2,366 days) in the C group and 415 days (range, 0-2,085
days) in the I group, deaths were significantly higher in the
I group than in the C group [C group: 32.5% (52/160) vs. 1
group: 61.9% (39/63), p<0.01]. In the C and I groups, 1 and
5 patients, respectively, died of biliary tract infection, and 51
and 34 patients, respectively, died of other diseases. In the C
and I groups, the respective causes of death irrelevant to
biliary tract infection were senility (20 and 13 patients), in-
fection other than biliary tract infection (11 and 9 patients),
heart or cerebrovascular diseases (6 and 5 patients), renal or
hepatic failure (5 and 2 patients), cancer (3 and O patients),
and unknown (6 and 5 patients) (Table 4).

The number of deaths described was used as a competing
risk event in the DSS analysis. The Kaplan-Meier survival
curves showed that the OS of the C group was significantly
higher than that in the I group (Log-rank p<0.01) (Fig. 2).
This was confirmed by the Cox proportional hazard model
(z=-3.559; p<0.01).

Gray’s test showed that the probability of an incident
(death) was higher in group I compared to group C, in both
cases “Other cause of death” (statistic=6.788; p<0.01) and a
“Biliary cause of death” (statistic=7.397; p<0.01) (Fig. 3)

was higher. The latter result could be attributed to the very
small number of deaths caused by biliary tract infection (n=
6).

Patients died with biliary tract infections

In this study, six patients died of biliary tract infection.
One patient in the C group died of retrograde cholangitis
834 days after initial ERCP achieved complete stone re-
moval. The other five patients in the I group died of cho-
langitis due to stent occulusion (Table 5).

Discussion

This multicenter retrospective study demonstrated signifi-
cantly higher OS and DSS values in patients >90 years old
who underwent complete stone removal for choledocholithi-
asis than in those who did not undergo complete stone re-
moval. To our knowledge, this is the first multicenter study
to evaluate the impact of complete stone removal for pa-
tients 290 years old in terms of the prognosis. Complete
stone removal is a standard method for treating choledocho-
lithiasis. Although patients of advanced age tend to have
multiple comorbidities and functional disorders, ERCP still
appears to be a safe and effective method for their treat-
ment.
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Table 4. Causes of Death during the Follow-up Period.

Complete stone removal

Incomplete stone removal

(n=160) (n=63) p value
Follow-up period, median, days (range) 492 (6-2366) 415 (0-2085) 0.27%*
Deaths during the follow-up period, % (n) 32.5 (52/160) 61.9 (39/63) <0.01*
Causes of death, n
Senility 20 13 0.12%*
Infection other than biliary tract infection 11 9 0.14*
Heart/cerebrovascular disease 6 5 0.34*
Renal/hepatic failure 5 2 NS
Biliary tract infection 1 5 NS
Cancer 3 0 NS
Unknown 6 5 0.34*
*Fisher’s exact test, **Mann-Whitney U test.
NS: not significant
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Figure 2. Kaplan-Meier survival curves showing that the overall survival was significantly higher

in the complete removal group than in the incomplete removal group.

In previous studies, the rates of technical success, com-
plete stone removal, complications, and mortality were re-
portedly 80.5-100%, 86.0-98.0%, 5.0-7.9%, and 0-3.2%, re-
spectively (15-17, 20, 21). Obana et al. reported no signifi-
cant difference in the rate of complications between patients
>80 years old and younger patients (22). Excluding the rate
of complete stone removal, our results were in concordance
with previous findings. Regarding complications, there was
no hypoxemia, hypotension, or bradycardia resulting in the
termination of ERCP. There were no serious complications
related to advanced age, and these results were similar to
those of previous studies (15-17, 20, 21). In particular, the
incidence of PEP, which can result in patient death, was
quite low in both groups [C group: 3.1% (9/295) vs. 1

group: 0.7% (1/140), p=0.24]. Therefore, it was considered
that therapeutic ERCP procedures for patients of advanced
age (290 years old) could be safely performed. However, the
incidences of hypoxemia and bradycardia were significantly
higher in the I group than in the C group. Unfortunately, it
was not possible to compare the differences in sedation due
to the different medications used, and the timing of addi-
tional doses varied among institutions. However, stent place-
ment may have been decided early in patients with vital
changes due to normal sedetion, which may have led to the
differences in complication rates observed between the two
groups.

The rate of complete stone removal was 71.7% (160/223),
which was lower than that reported in previous studies. One
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Figure 3. Gray’s test showing that the probability of an incident (death) was higher in the incom-
plete removal group than in the complete removal group.

Table 5. Patients Died with Biliary Tract Infections.
follow-up . . .

Age at Sex State of stone period Nurpber Qf ERCPS Presence or absence of  Type of biliary tract infection that
death removal days ’ in their life ERCP before death caused death

97 Female Complete 834 2 Presence Retrograde cholangitis

97 Female Incomplete 1,940 23 Presence Cholangitis due to stent occlusion
96 Male Incomplete 453 3 Presence Cholangitis due to stent occlusion
97 Female Incomplete 158 2 Presence Cholangitis due to stent occlusion
90 Male Incomplete 115 2 Presence Cholangitis due to stent occlusion
93 Female Incomplete 95 1 Absence Cholangitis due to stent occlusion

possible explanation for this is that the proportion of pa-
tients with dementia was significantly higher in the I group
than in the C group [C group: 34.3% (55/160) vs. I group:
50.7% (32/63), p=0.03]. Dementia is not a pertinent factor
for complete stone removal. However, in such cases, the
treatment strategy may be decided by the attending physi-
cian and the patient’s family, and whether or not treatment
could result in a better prognosis may not have been clear at
that time. When patients of advanced age require aggressive
treatment with possible complications, if there are no data
clearly demonstrating an improved survival, it is reasonable
to choose a safer strategy (such as stent insertion for chole-
docholithiasis). In the present study, although they eventu-
ally recovered with conservative treatment, one patient who
underwent EPLBD had perforation.

Furthermore, the OS rates were 67.5% (108/160) and
38.1% (24/63), and the DSS rates were 99.4% (159/160)
and 92.1% (58/63) in the C and I groups, respectively, dur-
ing the follow-up period. The median follow-up period for
both groups was 456 days (range, 0-2,366 days). The OS in
the Kaplan-Meier test and DSS in the Gray’s test were sig-

nificantly higher in the C group than in the I group (p<
0.01). Therefore, even for patients of advanced age, it may
be possible to improve the survival by completely removing
bile duct stones. However, we cannot explain the significant
difference in the OS observed between the two groups both
theoretically and statistically. We speculate that the patients’
comorbidities affected the OS, but there were no statistically
significant differences in the evaluated comorbidities-namely
coronary heart disease, respiratory disease, cerebrovascular
disease, and renal failure with dialysis-between the two
groups. One reason for the difference in the OS may be the
lack of an evaluation of certain factors, such as activities of
daily living, the body mass index, the patient’s own willing-
ness to undergo treatment, and the attending physician’s
willingness to prescribe treatment. Considering the afore-
mentioned factors, patients who can be expected to have a
favorable long-term prognosis may have been able to un-
dergo aggressive complete stone removal.

A few studies have reported the mortality rate of ERCP.
Sobani et al. (23) and Mitchell et al. (24) reported all-cause
inpatient mortality rates of 12.2% and 13%, respectively,
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while Hui et al. (25) reported a 30-day mortality rate of
7.8% in patients undergoing emergency ERCP procedures
for cholangitis. In the present study, the mortality rates were
32.5% and 61.9% in the C and I groups, respectively. These
rates were higher than those in previous studies, most likely
because our follow-up period was longer.

In our study, the presence of dementia may have influ-
enced the choice of treatment. For patients >90 years old
with multiple and large bile duct stones, physicians (and
possibly patients) tend to choose plastic stent insertion,
which is easier and faster than complete stone removal. Al-
though there were no significant differences in the age, per-
formance status, or comorbidities, except for dementia, be-
tween the two groups, we did not investigate the severity of
comorbidities. In addition, there might have been various
factors affecting the patients’ conditions that we did not
consider. Regarding the DSS, Gray’s test showed that the
probability of an incident (death) was higher in the I group
than in the C group for both “other causes of death” and
“biliary cause of death.” Gray’s test is very sensitive; there-
fore, owing to the very small number of deaths from biliary
tract infection (n=6), the p value for biliary tract infection
should be treated very carefully. At a minimum, given the
small number of deaths from biliary tract infection, the low
incidence of severe complications in the C group, the eight
patients in the C group who underwent subsequent complete
stone removal after an aborted first attempt, and the possi-
bility that biliary tract infections were underestimated, we
can conclude that it is not necessary to avoid complete stone
removal in patients due merely to advanced age.

Several limitations associated with the present study war-
rant mention. First, because of its retrospective nature, infor-
mation on the cases excluded from therapeutic ERCP was
not available. Older patients with severe comorbidities are
likely at a greater risk of developing complications than
young patients; furthermore, there are no established indica-
tions for endoscopic procedures in older populations. Sec-
ond, the treatment strategy for choledocholithiasis in nona-
genarian patients was not randomized. Although individual
factors, such as the age, underlying disease, and patient
preference, may have affected treatment decisions, perform-
ing a randomized trial was not possible for ethical reasons.
Third, data regarding the long-term outcomes after therapeu-
tic ERCP were dependent on the diagnosis by the family
doctor of each patient, so the incidence of biliary tract infec-
tion as a long-term outcome may have been underestimated.
Fourth, although patients were followed up for a median du-
ration of 456 days, this timing was insufficient to evaluate
the occurrence of biliary tract infection or death after treat-
ment.

In conclusion, this multicenter, comparative, retrospective
study showed that the OS and DSS were significantly higher
in the C group than in the I group. Gray’s test is very sensi-
tive; therefore, owing to the very small number of deaths
from biliary tract infection (n=6). Therefore, the p value for
the biliary tract infection should be treated very carefully.

We were therefore unable to firmly conclude that complete
stone removal leads to a good prognosis in extremely eld-
erly patients. However, we did notice a trend toward a better
prognosis even in patients 290 years old who underwent
complete stone removal for choledocholithiasis than in those
who did not undergo complete stone removal. In addition, in
the I group, all patients died of cholangitis due to stent oc-
culusion. Therefore, an advanced age should not be the sole
reason to forgo complete stone removal in patients with
choledocholithiasis, as this procedure may contribute to a
better prognosis in these patients.

The study protocol adhered to the ethical principles of the
Declaration of Helsinki and was approved by the Ethics Commit-
tee of each institution. Written informed consent was obtained
from all patients before ERCP.
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