World J Surg (2020) 44:721-729
https://doi.org/10.1007/s00268-019-05241-2

t‘)

Check for
updates

Bile Duct Stones Predict a Requirement for Cholecystectomy

in Older Patients

Yoichi Matsui' - Satoshi Hirooka' - Tatsuma Sakaguchi' - Masaya Kotsuka’ - So Yamaki' -
Tomohisa Yamamoto' - Hisashi Kosaka' - Sohei Satoi' - Mitsugu Sekimoto'

Published online: 25 October 2019
© The Author(s) 2019

Abstract

Background The requirement for elective cholecystectomy in older patients is unclear. To determine predictors for
requiring elective cholecystectomy in older patients, a prospective cohort study was performed.

Methods All patients with gallstone disease who presented to our department from 2006 to 2018 were included if
they met the following criteria: (1) age 75 years or older, (2) presentation for elective cholecystectomy, and (3)
preoperative diagnosis of cholecystolithiasis. Two therapeutic options, elective surgery and a wait-and-see approach,
were offered at their initial visit. Enrolled patients were assigned to one arm of the study according to their choice of
the therapeutic options. The primary endpoint was the incidence of gallstone-related complications. The endpoint was
compared between patients who underwent cholecystectomy (CH group) and those who chose a wait-and-see
approach (No-CH group).

Results During the study period, there were 344 patients in the CH group and 161 in the No-CH group. Among
patients with a history of bile duct stones, the incidence of gallstone-related complications in the No-CH group was
significantly higher (45% within 3 years, including two gallstone-related deaths) than that in the CH group (RR 2.66,
95% confidence interval 1.50-4.77, p = 0.0009). Among patients with no history of bile duct stones, the incidence of
gallstone-related complications in the No-CH group reached only 10% over the 12 years.

Conclusion Cholecystectomy is recommended for older patients with both histories of cholecystolithiasis and bile
duct stones, whereas a wait-and-see approach is preferable for patients with no bile duct stone history. A history of

bile duct stones is a good predictor for cholecystectomy in older patients.

Introduction

Recent rapid increases in the aging population have created
an impending “silver tsunami” in developed countries.
Indications for surgical treatments in this population are a

This study received IRB approval from our institution (Protocol
Number, 2016697).

< Yoichi Matsui
matsui @hirakata.kmu.ac.jp

Department of Surgery, Kansai Medical University, 2-5-1
Shinmachi, Hirakata, Osaka 573-1010, Japan

serious issue because most older patients have multiple
concomitant systemic diseases. The incidence of gallstone
disease is especially high among the older population, and
the indications for treatment, including surgical proce-
dures, are complicated. Gallstone disease is one of the most
common and costly digestive diseases associated with
aging. The current standard of care for patients presenting
with cholecystolithiasis is early elective cholecystectomy
to reduce gallstone-related complications (G-RCs) and
medical costs. Although laparoscopic cholecystectomy is
the best modality for gallstone disease, its safety in geri-
atric patients remains controversial because of multiple
competing risks [1, 2].
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Age is an independent predictor of poorer outcomes
after cholecystectomy [3, 4]. Associated chronic illness
increases the morbidity and mortality of elective chole-
cystectomy. Many older patients may have a limited life
expectancy because of comorbidities and may succumb to
chronic medical conditions, such as heart disease, before
developing symptoms of gallstone disease. Older patients
also have an increased risk of developing G-RCs [5-10].
Unless the expected life span is short, cholecystolithiasis
and subsequent choledocholithiasis are likely to recur.
Indeed, a meta-analysis that compared cholecystectomy
after endoscopic sphincterotomy (EST) versus a wait-and-
see approach showed a significantly higher risk of biliary
complications and death in the latter group [11]. Once
biliary complications occur, treatment-related morbidity
and mortality rates significantly increase in this vulnerable
population. However, management of older patients who
present with symptomatic cholecystolithiasis has not been
well described. Surgeons have recently become more
aggressive in treating gallstone disease, especially in older
patients. Despite this trend, many patients continue to be
treated non-operatively [12, 13].

Because the selection criteria for non-operative man-
agement may have changed, the effect of this approach
needs to be reinvestigated. This study aimed to compare
the outcomes of cholecystectomy versus a wait-and-see
approach in patients aged >75 years with cholecystolithi-
asis. We also examined predictors of the requirement for
elective cholecystectomy after an episode of symptomatic
cholecystolithiasis in this older population.

Patients and methods

This prospective cohort study was performed to examine
predictors of whether elective cholecystectomy is indicated
following an episode of symptomatic cholecystolithiasis in
older patients. All consecutive patients with gallstone dis-
ease who presented for cholecystectomy at the Department
of Surgery of Kansai Medical University, Hirakata
Hospital from January 2006 to December 2018 were
included if they met the following criteria: (1) age
>75 years, (2) presentation for elective cholecystectomy,
and (3) preoperative diagnosis of cholecystolithiasis.
Exclusion criteria were as follows: (1) presentation for
emergency surgery, (2) ongoing symptomatic cholecys-
tolithiasis, (3) silent gallstones with no history of associ-
ated symptoms, and (4) preoperative diagnosis of
concomitant gallbladder malignancy.

In our institution, magnetic resonance cholangiogra-
phy is routinely performed for patients with gallstone
diseases. Per our institutional policy, if bile duct stones
(BDSs) are found, these patients are supposed to be
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treated by gastroenterologists using an EST procedure,
not with surgery. Therefore, most of the patients with
BDSs were treated by gastroenterologists including an
emergency EST before presentation to the surgical
department.

Two therapeutic options, elective surgery and a wait-
and-see approach, were offered at the initial visit of all
patients who presented to our department for elective
cholecystectomy. Enrolled patients were assigned to one
arm of the study according to their choice of therapeutic
option. If patients selected surgical treatment, laparo-
scopic cholecystectomy was planned within 2 months;
patients were observed postoperatively at least once per
year. Patients who chose the wait-and-see approach were
also observed yearly. The primary endpoint was the
incidence of G-RCs, and the secondary endpoint was
overall survival. The definition of G-RCs was as follows:
choledocholithiasis; cholangitis; obstructive jaundice
resulting from BDS; pancreatitis resulting from BDS;
and cholecystitis in patients who chose a wait-and-see
approach. These complications were defined as those
requiring admission. Outcomes were evaluated until
death or at the end of the observation period. Addi-
tionally, information was obtained on patients’ charac-
teristics, treatment modality for recurrence, and cause of
death. Follow-up was performed by reviewing the
medical records and conducting telephone interviews
with patients, their families, or home doctors.

Informed consent was obtained from all patients for
their being included in the study. All procedures followed
were in accordance with the ethical standards of the insti-
tutional committee on human experimentation and with the
Helsinki Declaration. This study received IRB approval
from our institution (Protocol Number, 2016697).

Statistics

Statistical data analyses were performed with JMP version
10.0.2 (SAS Institute Inc., Cary, NC, USA). A continuous
variable was analyzed with the Student’s t test. Categorical
variables were analyzed with the chi-square test or Fisher’s
exact test. Multivariate logistic regression analysis was
performed to identify significant factors for predicting
complications. The cumulative incidence of G-RCs and
overall survival were calculated with the Kaplan—Meier
method and compared between groups with the log-rank
test. Risk ratios (RRs) and 95% confidence intervals (CIs)
were calculated with a proportional hazards model. Sta-
tistical significance was set at p values <0.05.
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Fig. 1 Flowchart of the study

Results

A flowchart of the current study is shown in Fig. 1. During
13 years from January 2006 to December 2018, 2736
consecutive patients presented to our institution with
benign gallbladder disease. Of these 2736 patients, 2307
underwent laparoscopic cholecystectomy and 268 under-
went open cholecystectomy. Among all 2736 patients, 505
met the inclusion and exclusion criteria, among whom 344
underwent cholecystectomy and 161 chose a wait-and-see
approach. During the observation period, 19 patients who
underwent cholecystectomy and four who chose a wait-
and-see approach withdrew from follow-up. The remaining
325 patients who underwent cholecystectomy (CH group)
and 157 who chose a wait-and-see policy (No-CH group)
were compared. The follow-up rate was 94.5% in the CH
group and 97.5% in the No-CH group.

The patients’ clinical background information is shown
in Table 1. Age, performance status, and American Society
of Anesthesiologists (ASA) classification scores in the No-
CH group were significantly higher than those in the CH
group. There were no significant differences in sex and a
history of BDS between the groups. All patients with a

history of BDS had undergone endoscopic retrograde
cholangiography and EST to remove BDS before presen-
tation to our department for cholecystectomy.

A total of 35 G-RCs occurred in 23 of 325 (7.1%)
patients in the CH group, and 49 G-RCs occurred in 30 of
157 (19.1%) patients in the No-CH group (Table 2).
Endoscopic retrograde cholangiography was performed 34
times in the CH group and 33 times in the No-CH group for
recurrence or development of BDS. During the observation
period, 14 patients in the No-CH group required chole-
cystectomy, including five urgent and nine elective surg-
eries. The five urgent surgeries were performed for acute
cholecystitis. The remaining nine elective surgeries were
performed because patients chose to undergo cholecystec-
tomy to avoid repeated endoscopic retrograde cholan-
giography for recurrent BDS, a recurrent gallstone attack,
or cholecystitis. Rate of urgent treatments including
endoscopic and surgical procedures for the G-RCs was
significantly higher in the No-CH group (19.7%) than in
the CH group (4.3%) (p < 0.0001) (Table 2).

Most of the causes of death in both groups were non-
specific and consistent with those common in the aging
population (Table 2). However, two gallstone-related
deaths occurred in the No-CH group, whereas no gallstone-
related deaths occurred in the CH group. One case of
gallstone-related mortality was an 84-year-old woman who
died of severe acute pancreatitis resulting from BDS. The
second case of mortality was an 87-year-old woman who
died of sepsis resulting from acute gangrenous cholecys-
titis. Both patients had a history of BDS as indicated by
asterisks in Figs. 2, 3 and 4.

Multivariate analysis of the predictors of G-RCs and
overall survival are shown in Table 3. Cholecystectomy
significantly reduced the incidence of G-RCs (p < 0.0012).
In contrast, a history of BDS was significantly associated
with an increased incidence of G-RCs (p < 0.0001). With
regard to overall survival, age and ASA classification were
significant variables (p = 0.016 and p < 0.0001, respec-
tively), whereas cholecystectomy was not.

Kaplan-Meier analysis was performed to compare
overall survival between the groups (Fig. 2). Although
overall survival in the No-CH group tended to be lower
than that in the CH group, this difference was not signifi-
cant (RR 1.46, 95% CI 0.93-2.28; p = 0.10). During the
observation period, 33 of 157 (21.0%) patients died in the
No-CH group, including two gallstone-related deaths, and
46 of 325 (14.2%) patients died in the CH group.

Figure 3 shows that the cumulative incidence of G-RCs
was significantly higher in the No-CH group than in the CH
group (RR 2.88, 95% CI 1.70-4.93; p < 0.0001). In the
No-CH group, the incidence of G-RCs, including the two
gallstone-related deaths, reached 26% within 4 years,
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Table 1 Clinical background information

Cholecystectomy group (n = 325) No cholecystectomy group (n = 157) p
Age 79* (75-91)° 81 (75-94) <0.0001
Sex (male/female) 175/150 87/70 0.746
PS (0-2/3,4) 308/17 140/17 0.029
ASA classification (1,2 / 3) 283/42 123/34 0.016
History of bile duct stones (yes / no) 145/180 70/87 0.995

PS performance status; ASA American Society of Anesthesiologists
“Median

"Range

Table 2 Types of gallstone-related complications, treatments for gallstone-related complications, and causes of death

Cholecystectomy group (n = 325)

No cholecystectomy group (n = 157)

Number of the patients with gallstone-related complications 23 (7.1%) 30 (19.1%)
Types of complications

Bile duct stones 34 34
Pancreatitis 1 3
Cholecystitis - 12
Treatment for complications

ERC 34 33
PTGBD - 1
Conservative 6
Choledochotomy 0 1
Cholecystectomy - 14

Urgent treatment 14 31

Causes of death

Malignancy 21 (45.7%) 13 (39.4%)
Vascular 10 (21.7%) 7 (21.2%)
Respiratory 8 (17.4%) 5 (15.2%)
Gallstone-related complications 0 (0.0%) 2° (6.1%)
Other 7 (15.2%) 6 (18.2%)

ERC endoscopic retrograde cholangiography; PTGBD percutaneous trans-hepatic gallbladder drainage

*The total number of events includes recurrent types and treatments for recurrence

"One death resulted from severe acute pancreatitis secondary to bile duct stones and another from sepsis secondary to acute gangrenous

cholecystitis

whereas this incidence reached 12% within 8 years in the
CH group.

Because most of the G-RCs in both groups were BDS
(Table 2), subgroup analysis was performed according to
the presence or absence of a history of BDS. The results of
subgroup analysis are shown in Fig. 4. Patients in the No-
CH group with a history of BDS (BDS subgroup) had a
45% incidence of G-RCs within 3 years, whereas this
incidence in this subgroup reached 30% within 8 years in
the CH group. Among patients in the BDS subgroup, the
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RR for the occurrence of G-RCs in the No-CH group
compared with the CH group was 2.66 (95% CI 1.50-4.77,
p = 0.0009). Additionally, two gallstone-related deaths
occurred in the BDS subgroup of the No-CH group. In
contrast, among patients with no history of BDS (No-BDS
subgroup), the incidence of G-RCs in the No-CH group
reached only 10% within 12 years, while that in the CH
group was only 2% within 12 years.

During the observation period, the rate of BDS among
gallstone patients was increasing according to age, and it
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reached 47.5% among the gallstone patients aged 80 years
or older (Figs. 5 and 6). Therefore, the rate of BDS in this
study population was relatively high, and the average of the
rate of BDS was 44.6% (215/482) at the time of their
presentation (Table 1).

Discussion

Because the management of older patients who present
with symptomatic cholecystolithiasis has not been well
described, the decision to pursue elective cholecystectomy
in this population is complicated [2]. Some of these
patients choose non-operative management, while others
undergo elective surgery. The reason for pursuing non-
operative management may be a surgeon’s reticence to
operate on very old patients, the patient’s preference, or the
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Cholecystectomy with no duct stone 180 148 127 103 86 70 55 40 29 16 9 3 0 0
Table 3 Multivariate analysis of predictive variables for gallstone-related complications and overall survival
B SE OR (95% CI) P
Gallstone-related complications rate
Age (by year) —0.028 0.045 0.972 (0.887-1.059) 0.530
Sex (female/male) —0.036 0.173 0.931 (0.466-1.829) 0.836
PS (3,4/0-2) —0.330 0.615 0.719 (0.221-2.536) 0.591
ASA classification (3/1,2) 0.086 0.222 1.187 (0.477-2.750) 0.699
Initial diagnosis (cholangitis, pancreatitis/cholecystitis) —0.417 0.216 2.305 (0.961-5.308) 0.061
History of bile duct stones (yes/no) —0.879 0.207 5.804 (2.671-13.809) <0.0001
Cholecystectomy (yes/no) —0.563 0.175 0.324 (0.161-0.642) 0.0012
Overall survival
Age (by year) 0.094 0.034 1.098 (1.027-1.174) 0.006
Sex (female/male) —0.027 0.139 0.947 (0.548-1.629) 0.844
PS (3,4/0-2) —0.182 0.519 1.200 (0.424-3.281) 0.726
ASA classification (3/1,2) 0.712 0.163 4.155 (2.181-7.898) <0.0001
Initial diagnosis (cholangitis, pancreatitis/cholecystitis) —0.246 0.213 1.635 (0.684-3.687) 0.260
History of bile duct stones (yes/no) —0.169 0.142 1.401 (0.802-2.446) 0.235
Cholecystectomy (yes/no) —0.071 0.143 0.867 (0.498-1.537) 0.621

S regression coefficient; SE standard error; OR odds ratio; CI confidence interval; PS performance status; ASA American Society of

Anesthesiologists

presence of comorbidities or complicated disease
[5, 14-16]. Increased comorbidity, which for older patients
may increase the risk of early death, is a protective factor
for subsequent biliary complications. While this finding
appears counterintuitive, the number of comorbidities in
this vulnerable cohort of older patients likely limits their
life expectancy. Many patients with multiple comorbidities
may die from chronic medical conditions, such as heart
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disease and/or malignancies, before they develop symp-
toms of gallstone disease [2]. We estimated the effect of
operative versus non-operative management in older
patients with cholecystolithiasis and analyzed which
patients experienced recurrence following operative versus
non-operative treatment.

Although cholecystectomy is the standard of care for
patients presenting with symptomatic cholecystolithiasis,
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Fig. 6 Relationship between age and incidence of bile duct stones
in the patients who underwent cholecystectomy for cholelithiasis

approximately one-third of older patients with cholecys-
tolithiasis in this study did not undergo elective cholecys-
tectomy. Among these patients, 80% did not ultimately
experience late biliary complications requiring surgery
and/or hospitalization during the 13-year observation per-
iod. However, the remaining 20% of patients required
repeated interventional treatments for choledocholithiasis
and/or cholecystectomy. This incidence of 20% for biliary
events over the 12-year period means a difficult decision
for whether operative treatment or non-operative manage-
ment is preferable for patients aged >75 years.

Because the presence of gallstones is a risk factor for
recurrent biliary complications, subsequent cholecystec-
tomy is approved as accepted management to prevent
delayed biliary complications in patients with residual
gallstones after endoscopic removal of BDS with EST
[17, 18]. Two randomized studies reported that subsequent
cholecystectomy reduced recurrent biliary events and
should be recommended [19, 20]. Although these trials did
not focus on older patients, cholecystectomy after EST
resulted in superior outcomes compared with a wait-and-
see policy. Many of the patients in the wait-and-see group

developed recurrent biliary events, necessitating subse-
quent cholecystectomy in most cases. Cholecystectomy is
commonly performed after endoscopic treatment, and it is
assumed to be the standard medical care [21].

In the current study, the rate of BDS history among
gallstone patients was relatively high compared with the
rate of BDS in the general population. We recently
reported that the rate of BDS among gallstone patients was
increasing according to age in an aging society, and it
reached over 40% among gallstone patients aged 80 years
or older [10]. In this study, all patients were 75 years or
older, which is the reason why the rate of BDS is high in
this study. The prevalence of choledocholithiasis, which
increases with age and approached 50% among octoge-
narians with gallstone disease at our institution, is shown in
Figs. 5 and 6.

Our results indicated that G-RC recurrence was mainly
attributable to the presence or absence of a history of BDS.
Patients with retained gallstones in the BDS subgroup
showed a high incidence of late G-RCs, most of which
were recurrent BDS. All recurrent biliary complications in
the CH group were recurrent BDS; 80% of biliary com-
plications in the No-CH group were recurrence or devel-
opment of BDS. Therefore, we performed subgroup
analysis to estimate the rate of recurrent biliary events
according to the BDS history. This analysis showed that, in
the No-CH group, recurrent biliary complications in the
BDS subgroup reached 45% within only 3 years, including
two gallstone-related deaths. Therefore, cholecystectomy
appears to be recommended for older patients with a his-
tory of BDS. However, even in the CH group, we found a
high incidence of recurrent BDS in the BDS subgroup,
which reached 30% during the observation period. There
are several possible reasons for recurrent BDS after
cholecystectomy. BDS may arise de novo within the bile
duct. Additionally, EST might contribute to the develop-
ment of recurrent de novo BDS. Although there is little
evidence to confirm the effect of EST on BDS development
[22], the finding that all patients in the BDS subgroup had
undergone the previous EST treatment in the current study
strongly suggests such an influence.

Because adverse events of BDS may be serious and life
threatening, BDSs are generally recommended to be
removed. Although the incidence of post-EST complica-
tions in patients with choledocholithiasis is relatively high,
such complications are easily managed with repeated
endoscopic procedures. EST may be an option in high-risk
patients with comorbidity if the dominating pathology is
BDS, although repeated interventions are often necessary
[23]. A higher incidence of perioperative complications of
cholecystectomy might be expected in older patients
because of the high prevalence of concomitant medical
disorders, such as cardiopulmonary and cerebrovascular

@ Springer



728

World J Surg (2020) 44:721-729

diseases, and the poor general condition of this population.
Therefore, conservative management, such as endoscopic
procedures, for these patients is an option, especially for
patients who are poor candidates for surgery [21].

As shown in the subgroup analysis, patients with no
history of BDS (No-BDS subgroup) had an unexpectedly
low incidence of recurrent biliary events. Patients in the
No-BDS subgroup who underwent cholecystectomy had a
recurrence rate of only approximately 2% during 12 years.
For patients without a history of BDS who did not undergo
cholecystectomy, the recurrence rate was only 10% during
this period. Therefore, for older patients with gallstones
who have no history of BDS, who have concomitant
medical disorders, and who are poor candidates for surgery,
individualized management with a wait-and-see approach
appears reasonable.

Overall survival in the No-CH group appeared to be
lower than that in the CH group, although this was not
significant. The main reasons for this finding are the higher
mean age and higher ASA classification score in the No-
CH group because these patients are likely to choose a
wait-and-see approach. The overall survival results in this
study indicated that cholecystectomy in older patients at
least did not worsen overall survival. Overall survival in
the CH group was similar to that in a common aging
population. Perioperative mortality in the CH group was
mainly caused by malignancy and vascular or respiratory
diseases, which was also observed in the No-CH group.
These causes of death are also similar to well-known
causes of death in an aging society with the exception of
two patients who died of G-RCs in the No-CH group.

Multivariate analysis showed that a history of BDS and
cholecystectomy is a significant predictive variable for the
G-RCs. Although the initial diagnosis was not significantly
different between the two groups, the initial diagnosis of
cholangitis or pancreatitis tended to increase the risk of
G-RCs (OR 2.305, 95% CI 0.961-5.308, p = 0.061) com-
pared with the initial diagnosis of cholecystitis. These
diagnoses of cholangitis and pancreatitis might be a con-
founding factor for G-RC occurrence because all patients
whose initial diagnosis was cholangitis or pancreatitis had
a history of BDS.

There are some limitations to our study. BDS can be
divided into two categories according to the site of stone
formation as follows: primary stones, which are formed de
novo in the bile duct; and secondary stones, which are
formed in the gallbladder and exit into the bile duct. Sec-
ondary BDSs include cholesterol gallstones and pigment
stones, whereas primary BDSs are typically pigment stones
[24]. Therefore, the role of the gallbladder in recurrent
BDS is different depending on whether cholesterol stones
or pigment stones are the major component. The current
study did not assess the type of BDS, and thus, we could
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not demonstrate the definitive role of the gallbladder in
recurrent BDS. Further prospective studies are required to
examine the influence of stone type on BDS recurrence.

Conclusion

Cholecystectomy is recommended for older patients with
both histories of cholecystolithiasis and BDS, whereas a
wait-and-see approach may be better for older patients with
a history of cholecystolithiasis without a BDS history. The
presence or absence of a history of BDS is an important
predictor of the requirement for elective cholecystectomy
in patients aged >75 years with gallstones.
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