Gastric Cancer
DOI 10.1007/s10120-017-0698-5

CrossMark

@

ORIGINAL ARTICLE

Analysis of gallstone disease after gastric cancer surgery

Tsung-Jung Liang' + Shiuh-Inn Liu"? + Yu-Chia Chen' + Po-Min Chang' -

Wei-Chun Huang®? - Hong-Tai Chang'? + I-Shu Chen'

Received: 17 July 2016/ Accepted: 23 January 2017

© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2017

Abstract

Background The incidence rate of newly developed gall-
stone disease after gastrectomy for gastric cancer is thought
to be higher than that in the general population. However,
the presentation and management of these gallstones
remain under debate, and the role of prophylactic chole-
cystectomy remains questionable.

Methods Data on adult patients who were diagnosed with
gastric cancer and received gastrectomy between 2000 and
2011 were extracted from the Taiwan National Health
Insurance Research Database. A patient was excluded if he
or she had gallstone disease or received cholecystectomy
before the index date. The incidence of newly developed
gallstone disease and its subsequent management were
recorded. Data were analyzed to evaluate the factors
associated with gallstone development and treatment
options.

Results A total of 17,325 gastric cancer patients who
underwent gastrectomy were eligible for analysis. During
the follow-up period (mean 4.1 years; median, 2.9 years),
1280 (7.4%) patients developed gallstone disease and 560
(3.2%) patients subsequently underwent cholecystectomy.
The in-hospital mortality for cholecystectomy was 1.8%
(10/560). Development of gallstone disease was associated
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with older age, total gastrectomy, duodenal exclusion,
diabetes, cirrhosis, and more comorbidities. Factors asso-
ciated with the use of cholecystectomy to treat gallstone
disease included younger age, fewer comorbidities, medi-
cal center admission, and presentation as cholecystitis.
Conclusions Although few patients required further gall-
bladder removal after gastrectomy for gastric malignancy,
the increased mortality rate for subsequent cholecystec-
tomy was worth noting. The decision to undergo prophy-
lactic cholecystectomy might be individualized based upon
patient characteristics and the surgeon’s discretion.

Keywords Gallstone - Gastric cancer - Cholecystitis -
Gastrectomy - Cholecystectomy

Introduction

Gastric cancer is the fifth most common malignant neo-
plasm worldwide, with half of the cases occurring in East
Asia [1]. It also ranked as the third leading cause of cancer-
related death in 2012 [1]. Complete surgical resection of
the gastric malignancy plus removal of adjacent lymph
nodes is the best way to cure and achieve long-term sur-
vival [2]. However, several studies have shown a higher
rate of gallstone formation after gastrectomy [3]. The
reported incident rate was usually around 10-25%, but
rates as high as 47 and 60% had been cited in previous
studies [3-5]. Possible mechanisms associated with this
increased incidence included vagotomy, extent of gastrec-
tomy, method of gastrointestinal reconstruction, and lymph
node dissection [6, 7]. Some authors advocated prophy-
lactic cholecystectomy, simultaneous removal of the gall-
bladder during gastric resection to prevent potential
gallstone-related  sequelae, such as cholecystitis,
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cholangitis, and pancreatitis [8]. This approach also avoi-
ded the possibility of subsequent cholecystectomy, which
might be difficult owing to potential adhesion at the upper
abdomen caused by previous gastrectomy and lymph node
dissection [9]. A multicenter, randomized controlled trial,
the Cholegas study, was initiated in November 2008 to
evaluate prophylactic cholecystectomy; however, the final
result has not been disclosed yet [10].

However, recent reports stated that the incidence rate of
gallstone development after gastrectomy is not as high as
we expected [11, 12]. Even if a gallstone develops after
gastrectomy, it is usually asymptomatic, and its surgical
removal is rarely needed [13]. Moreover, if cholecystec-
tomy is indicated, it is still feasible to do it laparoscopically
[11, 14]. In this circumstance, it seems reasonable to pre-
serve the gallbladder, and prophylactic cholecystectomy is
not justified [3]. The debate remains unresolved because of
the lack of a large-scale study; thus, no concrete suggestion
can be provided.

The present study aimed to evaluate the incidence of
newly developed gallstone disease after gastrectomy for
gastric cancer, including its rate, associated factors, and
management. Using a nationwide population-based data set,
we analyzed sufficient patient data to answer this question.

Methods
Patients and study design

We performed a nationwide cohort study using adminis-
trative claims data obtained from the Taiwan National
Health Insurance Research Database (NHIRD), a nation-
wide population data set that encompasses more than 99%
of Taiwan residents. The accuracy of the NHIRD has been
validated in many aspects of clinical studies [15-17]. All
adult patients who were hospitalized with a primary diag-
nosis of gastric cancer [International Classification of
Diseases, Ninth Edition, Clinical Modification (ICD-9-
CM) code 151] for the first time and had undergone gas-
trectomy without cholecystectomy between 1 January 2000
and 31 December 2011 comprised the study population
(Table 1). The diagnostic accuracy of gastric cancer was
confirmed by inclusion in the Registry for Catastrophic
Illness Patients Database (RCIPD), a subset database that
generally requires registration of the surgical pathology of
patients. Patients could have copayment exemption once
they were enrolled in RCIPD.

Patients diagnosed with gastric cancer before 1 January
2000 were excluded to ensure that the gastric cancer was
newly diagnosed. Patients were also excluded if they were
(1) younger than 18 years, (2) had a history of cholelithi-
asis, (3) had ever received cholecystectomy (either before
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Table 1 Detail of ICD-9-CM diagnosis and procedure codes

Diagnosis/procedure

Codes

Gastric cancer
Cholelithiasis
With cholecystitis

Without cholecystitis
Gastrectomy
Partial gastrectomy
Total gastrectomy
Duodenal anastomosis
Duodenal exclusion
Laparoscopy
Lymph node dissection
Cholecystectomy
Open
Laparoscopic
PTGBD
ERCP

151.x
574.x, 575.0, 575.1, 575.6

574.0, 574.1, 574.3, 574.4, 574.6,
574.7, 574.8, 575.0, 575.1

5742, 574.5, 574.9, 575.6
43.5-43.9

43.5-43.8

43.9

43.6

43.5,43.7, 43.8, 439
54.21

40.29, 40.3, 40.50, 40.52, 40.59
51.22,51.23

51.22

51.23

51.01

51.10

ERCP endoscopic retrograde cholangiopancreatography; ICD-9-CM
International Classification of Diseases, ninth edition clinical modi-
fication; PTGBD percutaneous transhepatic gallbladder drainage

the index date or concomitant), (4) had a history of hepa-
tobiliary cancer, or (5) had died within 30 days of the index
admission. Concomitant cholecystectomy is defined as the
presence of a cholecystectomy code during the same hos-
pitalization for gastrectomy.

This study was approved by the Human Research
Committee of Kaohsiung Veterans General Hospital.

Main outcome measurements

Development of gallstone disease after gastrectomy was
defined as rehospitalization with a diagnosis of cholelithiasis
after the index hospitalization (Table 1). Managements of
these newly developed gallstones, such as insertion of per-
cutaneous transhepatic gallbladder drainage (PTGBD),
endoscopic retrograde cholangiopancreatography (ERCP), or
cholecystectomy, were also recorded. Nonoperative treatment
was defined as no procedure coding of cholecystectomy dur-
ing the rehospitalization period. The time interval to gallstone
disease development and the interval to cholecystectomy were
calculated from the date of the index hospitalization. All
patients were followed up until death, withdrawal from the
national health insurance program, or the end of 2013.

Covariate assessment

The type of gastrectomy was divided into partial and total
gastrectomy. Post-gastrectomy reconstructions were
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categorized as duodenal anastomosis and duodenal exclu-
sion. Laparoscopic gastrectomy was defined as the pres-
ence of a laparoscopy code in conjunction with coding for
gastrectomy. Lymph node dissection is defined as the
presence of relevant procedure codes and analyzed as a
dichotomous variable (with or without lymph node dis-
section). Cholecystectomy was subcategorized as an open
and laparoscopic approach. Because the surgical procedure
code is associated with reimbursement that is paid by the
national health insurance program, it is under strict scrutiny
by medical reimbursement specialists, and a false insurance
claim is punishable by significant fines, thus enhancing the
accuracy of the coded information. Patients with
cholelithiasis were further classified into groups with and
without cholecystitis. Hospital levels were categorized as
medical center, regional hospital, and district hospital.

Statistical analysis

To compare between different groups, the y* or Fisher’s
exact test was used for categorical variables, and the Mann-
Whitney U test was used for continuous variables. The
cumulative incidence of gallstone formation after gastrec-
tomy for gastric cancer was calculated using the Kaplan-
Meier method. The factors that were possibly related to
gallstone development were estimated with univariate and
multivariate Cox proportional hazards regression model. A
logistic regression model was used to analyze the associ-
ated factors for using cholecystectomy (versus nonopera-
tive treatment) to treat newly developed gallstone disease.
Hospital costs were obtained from the NHIRD. It included
hospital room, laboratory, radiology, anesthetist, surgeon,
operating room, pharmacy, special material, physical
therapy, and miscellaneous costs during the designated
hospitalization. Hospital costs were expressed in US dol-
lars by conversion from New Taiwan dollars with the
average exchange rate during the study period (1:30.5).

Statistical analyses were performed using IBM SPSS
version 20 (IBM Corp., Armonk, NY, USA) and SAS 9.4
(SAS Institute, Inc., Cary, NC, USA). Statistical signifi-
cance was defined as a 95% confidence interval (CI) not
overlapping 1 and p value <0.05.

Results
Patient demographics

After excluding patients with cholelithiasis or receiving
cholecystectomy before the index date, a total of 17,325
gastric cancer patients who underwent gastrectomy for the
first time between 2000 and 2011 were enrolled in this study
(Fig. 1). Patient’s median [interquartile range (IQR)] age was

gastric cancer underwent gastrectomy between 2000-2011
(N=23,408)

excluded:
age <18 (N=7)
previous cholecystectomy (N=572)
Previous cholelithiasis (N=974)
previous hepatobiliary cancer (N=52)
missing data (N=222)

elegible
(N=21,581)

Excluded:

concomitant cholecystectomy
(N=3,934)

30-day mortality (N=322)

included
(N=17,325)
I_I_I
no gallstone
(N=16,045)(92.6%)

gallstone
(N=1,280)(7.4%)

medical treatment
(N=720)(4.2%)

cholecystectomy
(N=560)(3.2%)

laparoscopic
(N=121)(0.7%)

open
(N=439)(2.5%)

Fig. 1 Flowchart of subject selection

66.4 years (range 54.2-75.3 years), and 63.3% of the patients
were male. Approximately half of the patients (49.5%) were
morbid, with a Charlson comorbidity index (CCI) >2; 61.3%
of the operations were performed in the medical center, and
68.9% of the patients underwent subtotal gastrectomy,
whereas others received total gastrectomy. Duodenal anasto-
mosis (Billroth I) accounted for only 8.4% of the patients.
Lymph node dissection was done in half of the patients
(51.2%). The mean follow-up duration for this study was
4.1 years [standard deviation (SD), 3.7; median, 2.9; IQR
1.1-6.3 years]. During the study period, the overall death was
10,535 (60.8%) patients. The 1-, 3-, and 5-year overall sur-
vival rates were 76.7, 53.4, and 44.3%, respectively.

Incidence of gallstone disease and its predictors
During the follow-up period, 1280 (7.4%) patients devel-
oped gallstone disease. The 1-, 2-, 5-, and 10-year cumu-

lative incidence of gallstone formation was 2.2, 4.3, 9.5,
and 15.7%, respectively. Notably, the incidence curve does
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Fig. 2 Incidence of gallstone formation after gastrectomy

not end with a plateau yet (Fig. 2). The mean time to
gallstone development was 3.1 years (SD, 2.8; median, 2.2;
IQR 0.9-4.5 years). Among those patients, 732 (57.2%)
presented with cholecystitis.

Table 2 shows a comparison between patients with and
without cholelithiasis. Univariate and multivariate analyses
showed that the development of gallstone disease was
significantly associated with older age, total gastrectomy
(versus subtotal gastrectomy), gastric anastomosis exclud-
ing duodenum, and presence of diabetes, cirrhosis, and
more comorbidities (Table 3).

Treatment options for gallstone disease

Regarding gallstone management, PTGBD was inserted in
110 (8.6%) patients. A total of 720 (4.2%) patients were
treated nonsurgically, and 560 (3.2%) patients subse-
quently underwent cholecystectomy.

Cholecystectomy was done by an open and laparoscopic
approach in 78.4 and 21.6% of the surgical patients,
respectively. The mean time interval to cholecystectomy
after gastric resection was 3.7 years (SD, 2.8; median, 3.0;
IQR 1.5-5.2 years). The in-hospital mortality for chole-
cystectomy was ten patients (1.8%).

Table 4 shows the characteristics and management of
gallstone disease after gastrectomy. Age, CCI, and hospital
level were significantly different between the cholecys-
tectomy and nonoperative groups. Cholecystitis presented
more in the operation group, whereas PTGBD was per-
formed more in the nonoperative group. Both the chole-
cystectomy and nonoperative groups have similar
percentages of patients who received ERCP (2.7 vs. 2.5%),
respectively. Compared with the nonoperative group, the
cholecystectomy group had a longer time interval for
gallstone formation, longer hospital stay, and higher hos-
pital cost.
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On multivariate logistic regression models, medical
center admission and presentation as cholecystitis were
independently associated with an increased likelihood of
receiving cholecystectomy rather than the nonoperative
approach to treat those newly developed gallstone disease
(Table 5). In contrast, older age and higher CCI were
associated with a significantly lower preference for per-
forming cholecystectomy for cholelithiasis. Sex, type of
gastrectomy, laparoscopy use, lymph node dissection, DM,
or cirrhosis did not have an influence on the treatment
approach for newly developed gallstone disease.

Discussion

This study explored the incidence rate of newly developed
gallstone disease and its management in patients with
gastric cancer who underwent gastrectomy. By adopting
nationwide population-based claim data, a sufficient num-
ber of patients with newly developed -cholelithiasis
(N = 1280) were retrieved for analysis. To our knowledge,
this is currently the largest patient enrollment for this
condition. We identified factors not only associated with
gallstone development but also with the use of cholecys-
tectomy to manage those gallstones.

The prevalence of gallstones in Taiwan’s general pop-
ulation is around 4.3-14.4%, and the prevalence of
cholecystectomy for cholelithiasis is around 43.6-61.6 per
100,000 persons [18, 19]. In our study, the incidence of
newly developed gallstone disease is 7.4%, which is
comparable to two recent Korean studies [11, 12]. Based
on their reports, gallstone disease occurred in 5.2% (128/
2480) and 7.2% (106/1480) of the gastric cancer patients
who had undergone gastrectomy, respectively. However,
note that the incidence curve of gallstone formation in our
study did not end with a plateau yet; thus, the incidence of
cholelithiasis may continue to increase if given more time,
and additional years of follow-up is warranted (Fig. 2).
Despite this, the incidence is lower compared with other
earlier studies [3, 5]. Racial disparity may be one of the
reasons since cholelithiasis is known to be more prevalent
in Western countries [20, 21]. In contrast, gallstone disease
only affects 5-10% of the general population in East Asia
[22, 23].

In a Japanese study done by Fukagawa et al. [13], 173
patients (25.7%) developed gallstones, and 64.7% of the
gallstones were detected within 1 year after gastrectomy
postoperatively and an additional 19.1% of the gallstones
were detected in the following year. Their data imply that
more than 80% of the gallstones were formed within the
first 2 years [4, 13]. Another study suggested that the
lithogenesis caused by gastrectomy is transient [4]. Inoue
et al. [24] reported that most of the gallbladder sludge
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Table 2 Characteristics of the

enrolled patients Characteristics Gallstone (—), N = 16,045 Gallstone (+), N = 1280 P
N (%) N (%)

Age® 64.3 13.7) 66.5 12.7) <0.001

Sex 0.672
Male 10,156 (63.3) 818 (63.9)
Female 5889 (36.7) 462 (36.1)

Type of gastrectomy 0.007
Total gastrectomy 4953 (30.9) 442 (34.5)
Subtotal gastrectomy 11,092 (69.1) 838 (65.5)

Duodenal exclusion <0.001
Yes 14,666 91.4) 1207 (94.3)
No 1379 (8.6) 73 5.7)

Laparoscopy 0.408
Yes 634 4.0) 44 (34
No 15,411 (96.0) 1236 (96.6)

Lymph node dissection 0.045
Yes 8257 (51.5) 621 (48.5)
No 7788 (48.5) 659 (51.5)

DM 0.001
Yes 2280 (14.2) 225 (17.6)
No 13,765 (85.8) 1055 (82.4)

Cirrhosis 0.036
Yes 354 2.2) 40 3.1)
No 15,691 (97.8) 1240 (96.9)

Charlson comorbidity index® 35 (3.2) 3.1 (3.0) 0.003

Hospital level 0.815
Medical center 9845 (61.4) 781 (61.0)
Regional hospital 5668 (35.3) 460 (35.9)
Distric hospital 532 3.3) 39 3.0

DM diabetes mellitus

# data presented as mean (standard deviation)

detected in the early stage after gastrectomy will disappear
within 1 year, along with the gradual recovery of gall-
bladder contractility. However, our study showed that the
mean and median time intervals between gastrectomy and
gallstone formation were 3.1 and 2.2 years, respectively,
which were much longer than those of the Japanese study,
and long-term surveillance might account for the late
occurrence of gallstones.

In the present study, we noticed that gallstone formation
was independently associated with older age, total gas-
trectomy, duodenal exclusion, diabetes, cirrhosis, and
higher CCI. This is consistent with previous studies that
reported gallstone formation was more likely in patients
who received total rather than subtotal gastrectomy and
those with gastrointestinal reconstruction that bypass the
duodenum (i.e., Roux-en-Y, Billroth II) rather than anas-
tomosing the residual stomach to the duodenum in end-to-
end fashion (Billroth I) [7].

Besides, many authors believe that lymph node dissec-
tion, especially the removal of lymph node in the hepato-
duodenal ligament (station 12 lymph node), was associated
with gallstone formation [7]. Damage of the nerve fiber
that innervated the gallbladder in the hepatoduodenal
ligament may be the underlying mechanism for this phe-
nomenon [6]. However, the extent and detail of lymph
node dissection done for the patients were not available in
our database. This lack of information may be one of the
reasons why our results show no significant association
between lymph node dissection and gallstone formation.

Patients who develop gallstone disease after gastrec-
tomy are usually treated medically or observed without
surgery because the condition is usually asymptomatic
[7, 13, 25]. This was also true in our study. Our study also
showed that the different surgical treatments for gastric
cancer (such as extent of gastric resection, method of
gastrointestinal reconstruction, lymph node dissection or
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Table 3 Factors associated

with gallstone formation after Variables Univariate Multivariate
gastrectomy HR (95% CI) p HR (95% CI) P
Age 1.025 (1.021-1.030) <0.001 1.023 (1.018-1.028) <0.001
Sex (male) 1.131 (1.009-1.268) 0.035 1.019 (0.908-1.143) 0.747
Type of surgery
Total gastrectomy 1.443 (1.286-1.620) <0.001 1.297 (1.153-1.462) <0.001
Duodenal exclusion 2.168 (1.711-2.746) <0.001 1.851 (1.457-2.355) <0.001
Laparoscopy 0.910 (0.673-1.230) 0.539
LN dissection 0.846 (0.758-0.945) 0.003 0.908 (0.812-1.015) 0.091
DM 1.482 (1.283-1.12) <0.001 1.255 (1.082-1.455) 0.003
Cirrhosis 1.661 (1.212-2.277) 0.002 1.572 (1.144-2.159) 0.005
CCI 1.051 (1.032-1.070) <0.001 1.032 (1.013-1.051) 0.001
Hospital level
Medical center 0.860 (0.623-1.186) 0.358
Regional hospital 0.962 (0.694-1.334) 0.817
District hospital 1

CCI Charlson comorbidity index, CI confidence interval, DM diabetes mellitus, HR hazard ratio, LN lymph

node

not) do not appear to have any influence on the later
management of gallstone disease. Multivariate analysis
only found that younger age, fewer comorbidities, medical
center admission, and presentation as cholecystitis were
associated with the use of cholecystectomy instead of
medical treatment for the management of newly developed
gallstone disease.

Only 3.2% of our patients subsequently received
cholecystectomy for their newly developed gallstone dis-
ease, and 21.6% (121/560) of the operations were done
laparoscopically. Concerning the potential severe adhesion
around the gallbladder, Lai et al. [25] reported that all of
their subsequent cholecystectomies after gastrectomy were
done directly through the open method. Nevertheless, Jun
et al. [11] reported that in their series of late cholecystec-
tomy after gastrectomy for gastric cancer, the gallbladder
was removed laparoscopically in nearly half of their cases
(49.2%, 29/59). The laparoscopic group had shorter oper-
ation time, shorter hospital stay, and fewer complications
compared with the open group, but patients in the open
group were much older [11]. The proportion of common
bile duct stones with/without cholangitis was also higher in
the open group. Thus, it is unsurprising that during
cholecystectomy, concurrent common bile duct exploration
(choledochotomy) was done more frequently in the open
group than in the laparoscopic group [11].

In our study, the in-hospital mortality of patients who
received subsequent cholecystectomy for their newly
developed gallstone disease was 1.8%. The median age of
these deceased patients was 753 years (IQR
70.8-83.6 years), which is 9 years older than the median
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age of the whole study population; 90% of the cases pre-
sented with cholecystitis, and all gallbladders were
removed using the open approach. This high mortality rate
for cholecystectomy was probably related to the patient’s
old age and to difficulty in tackling an inflamed gallbladder
in an operative field that has been violated by previous
gastrectomy and lymph node dissection.

However, the in-hospital mortality rate of patients who
underwent nonsurgical management of gallstone disease
was even higher (6.8%, 49/720). Careful examination of
the data showed that apart from the diagnosis of
cholelithiasis, 27 (55.1%) of the 49 deceased patients had
metastatic lesions involving the liver, peritoneum, lymph
node, bone, or lung. These findings may imply that many of
the deaths were possibly more attributable to the progres-
sion of the underlying gastric cancer rather than to the
management of gallstone disease.

Since the incidence of gallstone formation after gas-
trectomy was not very high in our study and most of the
cases could be managed medically without cholecystec-
tomy, the role of prophylactic cholecystectomy may not be
justified. However, prophylactic cholecystectomy may be
beneficial in a non-Asian population where the incidence of
gallstones is much higher. It may also be considered in
patients who have undergone Roux-en-Y reconstruction
because ERCP would be difficult to conduct if a common
bile duct stone develops.

In the Cholegas study, adding cholecystectomy to gas-
tric cancer surgery did not significantly affect perioperative
morbidity, mortality, and costs. However, one case (1.5%)
of biliary leakage that was probably caused by prophylactic
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Table 4 management of

gallstone disease after Characteristics Cholecystectomy (N = 560)  No operation (N = 720) p
gastrectomy N % N %
Age® 65.1 (12.0) 67.6 (13.1) <0.001
Sex 0.639
Male 362 (64.6) 456 (63.3)
Female 198 (35.4) 264 (36.7)
Type of gastrectomy 0.343
Total gastrectomy 185 (33.0) 257 (35.7)
Subtotal gastrectomy 375 (67.0) 463 (64.3)
Duodenal exclusion 0.903
Yes 529 (94.5) 678 (94.2)
No 31 (5.5) 42 (5.8)
Laparoscopy 0.164
Yes 24 4.3) 20 (2.8)
No 536 (95.7) 700 97.2)
Lymph node dissection 0.176
No 276 (49.3) 383 (53.2)
Yes 284 (50.7) 337 (46.8)
DM 0.300
Yes 91 (16.2) 134 (18.6)
No 469 (83.8) 586 (81.4)
Cirrhosis 0.747
Yes 16 2.9) 24 (3.3)
No 544 97.1) 696 (96.7)
Charlson comorbidity index® 2.8 2.9) 33 (3.0 0.003
Hospital level 0.026
Medical center 358 (63.9) 423 (58.8)
Regional hospital 192 (34.3) 268 (37.2)
Distric hospital 10 (1.8) 29 (4.0)
Cholecystitis <0.001
Yes 398 (71.1) 334 (46.4)
No 162 (28.9) 386 (53.6)
PTGBD 0.009
Yes 35 6.2) 75 (10.4)
No 525 (93.8) 645 (89.6)
ERCP 0.860
Yes 14 2.7) 18 (2.5)
No 545 (97.3) 702 (97.5)
Time to gallstone formation®, year 3.5 (2.8) 2.8 2.7) <0.001
2nd Length of stay®, day 153 (21.5) 114 (16.4) <0.001
2nd Hospital cost®, USD 4006.9 (5783.3) 2027.3 (4036.2) <0.001
In-hospital mortality 10 (1.8) 49 (6.8) <0.001

d day, DM diabetes mellitus, ERCP endoscopic retrograde cholangiopancreatography, PTGBD percuta-
neous transhepatic gallbladder drainage, USD United States dollars, y year

? Data presented as mean (standard deviation)

cholecystectomy was observed [10]. Another Japanese  gastrectomy for gastric cancer. Nevertheless, the medical
study concluded that the addition of laparoscopic chole-  cost was significantly higher [26].

cystectomy did not alter complications, mortality, and In Taiwan, the average length of hospital stay for open
length of stay in patients undergoing laparoscopic  and laparoscopic cholecystectomy is 13.1 and 4.9 days,
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Table 5 Factor associated with

cholecystectomy for gallstone Variables Univariate Multivariate
(versus no oepration) OR (95% CI) p OR (95% CI) P
Age 0.985 (0.976-0.993) 0.001 0.984 (0.975-0.993) <0.001
Sex (male) 0.945 (0.750-1.189) 0.628
Type of surgery
Total gastrectomy 0.889 (0.704-1.122) 0.321
Duodenal exclusion 1.057 (0.656-1.705) 0.820
Laparoscopy 1.567 (0.857-2.867) 0.145
LN dissection 1.169 (0.937-1.459) 0.165
DM 0.849 (0.633-1.137) 0.271
Cirrhosis 0.853 (0.449-1.622) 0.627
CCI 0.944 (0.909-0.980) 0.003 0.930 (0.894-0.968) <0.001
Hospital level
Medical center 2.454 (1.180-5.105) 0.016 2.534 (1.179-5.446) 0.017
Regional hospital 2.078 (0.989-4.364) 0.054 2.059 (0.950-4.463) 0.067
Distric hospital 1
Cholecystitis 2.839 (2.247-3.588) <0.001 2.988 (2.353-3.795) <0.001

CCI Charlson comorbidity index, CI confidence interval, DM diabetes mellitus, LN lymph node, OR odds

ratio

respectively, which is longer than that reported in other
countries, not to mention those performing laparoscopic
cholecystectomy as an outpatient procedure [19, 27]. The
longer hospital stay in Taiwan may be related to the dif-
ferent treatment protocol or cultural difference [19]. In our
study, the mean hospital stay for cholecystectomy is
15.3 days (open, 17.5; laparoscopic, 7.3). Despite the
longer stay, the copayment, which is usually 10% of the
total cost, is affordable for most patients in Taiwan.

This study has several limitations. First, the definition of
gallstone formation was based on the diagnostic coding of
the inpatient database. If gallstone formation was detected
through an imaging study arranged in the outpatient clinic
and by chance the patient did not indicate any subsequent
management (i.e., gastric cancer—related adjuvant therapy,
follow-up, or treatment of cholelithiasis), we might not be
able to identify those newly developed gallstones, thus
underestimating the incidence of cholelithiasis. Neverthe-
less, the lack of hospitalization might also imply that the
gallstone is asymptomatic or clinically insignificant. There-
fore, this limitation did not compromise our main results.
Second, details of lymph node dissection were not available
in our database, such as the extent of lymph node dissection
(i.e., DO, D1, and D2) and dissection in the hepatoduodenal
ligament (station 12 lymph node). Thus, we were unable to
analyze further the impact of lymph node dissection on the
development of cholelithiasis. Third, the tumor stage of
gastric cancer was not recorded in our database. However,
about half of the patients underwent gastrectomy without
lymph node dissection in our study, and 60% of our patients
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died during the study period. These findings might imply
that a certain proportion of the enrolled patients were in the
advanced stage and received palliative surgery. Fourth, our
study intended to exclude patients who received concomi-
tant cholecystectomy in the first place. However, the coding
accuracy is likely lower since cholecystectomy is a sec-
ondary procedure performed in addition to the gastrectomy
and inclusion of patients who already had their gallbladders
removed would underestimate the real incidence of
cholelithiasis.

In conclusion, the incidence of cholelithiasis after gas-
trectomy for gastric cancer was not very high, and less than
half of those cases require further surgery to remove the
gallbladder. However, the increased mortality rate for the
subsequent cholecystectomy was worth noting. Therefore,
the decision to undergo prophylactic cholecystectomy
might be individualized based upon patient characteristics
and the surgeon’s discretion.
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