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Background: Recent rapid increases in the aging population have created an impending “Silver Tsunami”
in advanced countries. The overall prevalence of gallstone disease and its related complications will soon
increase, and there will be a larger demand for gallbladder surgery.

Methods: We examined the outcomes of cholecystectomy according to age among patients with
cholelithiasis to determine how a patient's age influences the outcome of cholecystectomy. All patients
with gallstone disease who presented for cholecystectomy at our institute from January 2006 to
December 2018 were analyzed.

Results: All perioperative outcomes (operation length, length of hospital stay, rate of open surgery, ur-
gent surgery, postoperative complications, incidental gallbladder cancer, postoperative hospital death,
concomitant bile duct stones, and total medical costs per patient) increased as patients aged.
Conclusions: To prevent the progression of biliary disease, elective laparoscopic cholecystectomy is
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recommended before patients with cholelithiasis advance in age.
© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Recent rapid increases in the aging population have created an
impending “Silver Tsunami” in advanced countries. Gallstone dis-
ease is one of the most common and costly digestive diseases
associated with aging."” The current standard of care for patients
with gallstones is cholecystectomy. Considering the rapid rate of
aging of the global population, the overall prevalence of gallstone
disease and its related complications will soon increase, and there
will be a larger demand for gallbladder surgery and endoscopic
treatment in the near future.>*

Many reports advocate the safety of laparoscopic cholecystec-
tomy for gallstone disease in patients of advanced age, including
octogenarians and nonagenarians.” '° In contrast, several studies
have indicated some problems associated with cholecystectomy in
older patients, such as poor outcomes and higher costs in these
patients.">!"'2 Under these conditions, an understanding of the
outcomes of cholecystectomy according to age would be useful in
preparation for the “Silver Tsunami.” In the present study, we

* Corresponding author.
E-mail address: matsui@hirakata.kmu.ac.jp (Y. Matsui).

https://doi.org/10.1016/j.amjsurg.2019.01.021

examined the outcomes of cholecystectomy according to age
among patients with cholelithiasis to determine how a patient's
age influences the outcome of cholecystectomy.

Methods

All consecutive patients with gallstone disease who presented
for cholecystectomy at the Department of Surgery of Kansai Med-
ical University from January 2006 to December 2018 were included.
Using the prospectively collected database in our department, we
obtained information on patient characteristics, operative data,
length of hospital stay, postoperative complications (Clav-
ien—Dindo grades I-V), postoperative hospital death, histopatho-
logical status of the gallbladder, rate of concomitant bile duct
stones, and medical costs per patient. Preoperative diagnoses of
gallstones and bile duct stones were made using ultrasonography,
computed tomography, and magnetic resonance cholangiography.

Medical costs included the treatment costs for all gallstone-
related diseases, including bile duct stones. Gallstone-related dis-
eases in this study were cholecystolithiasis, choledocholithiasis,
obstructive jaundice resulting from bile duct stones, and pancrea-
titis resulting from bile duct stones. These diseases were defined as
those requiring admission. Most concomitant bile duct stones were
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treated with endoscopic retrograde cholangiography and sphinc-
terotomy by endoscopists before cholecystectomy. The costs of the
treatments for all of these gallstone-related diseases were included
in the medical cost per patient.

Statistical analysis

One-way analysis of variance and Student's t-test were used to
estimate the change in age during the observation period (Fig. 2).
For one-way analysis of variance, the difference in age was esti-
mated annually. For the t-test, the patients were divided into two
groups according to the median number of patients [the first half of
the study period (before June 2012) and the latter half of the study
period (after July 2012)] to compare the average age between the
first and latter halves of the study period. For estimation of each
perioperative parameter, the patients were dichotomized into two
groups: those aged <70 years and those aged >70 years; the chi-
square test or t-test was then performed (Table 1). All statistical
analyses were performed using JMP version 10.0.2 (SAS Institute
Inc., Cary, NC, USA). A p-value of <0.05 was considered statistically
significant).

Results

During the 13-year study period, 2587 consecutive patients
presented to our institution with benign gallbladder diseases. The
number of female patients peaked in the sixth decade of life while
the number of male patients peaked in the seventh decade (Fig. 1),
and the male:female ratio was 1.00:1.06 (1256:1331). The average
and median age of these patients steadily increased each year
(Fig. 2). The average age of patients in the latter half of the study
period was significantly higher than that in the first half
(63.6 +13.8 vs. 60.4+14.0 years, respectively; p<0.0001). The
average age increased by an average of 0.6 years annually during
the study period.

All perioperative outcomes (operation length, length of hospital
stay, rate of open surgery, urgent surgery, postoperative compli-
cations, incidental gallbladder cancer, postoperative hospital death,
concomitant bile duct stones, and total medical costs per patient)
significantly increased as patients aged (Fig. 3). Among patients
aged >80 years, open surgery was performed in 22.5%, urgent
surgery was performed in 25.1%, postoperative complications
occurred in 18.7%, incidental gallbladder cancer was found in 8.0%,
hospital death occurred in 2.1%, and concomitant bile duct stones
were found in 40.1%. The medical cost per patient among those
aged >80 years was two-fold higher than that among patients aged
<50 years (Fig. 3).

Table 1 shows the differences in the perioperative parameters

Table 1
Comparison of perioperative parameters of cholecystectomy for gallstone diseases
between patients aged <70 and > 70 years.

Patient age, years p
<70 (n=1704) >70(n=23883)
Operation length, min 742 +36.2 83.0+45.2 <0.0001

Postoperative hospital stay, days 4.3 +3.7 6.9+8.5 <0.0001
Open surgery 113 (6.6) 165 (18.7) <0.0001
Urgent surgery 174 (10.2) 152 (17.2) <0.0001
Postoperative complications 107 (6.3) 106 (12.0) <0.0001
Incidental gallbladder cancer 28 (1.6) 54 (6.1) <0.0001
Postoperative hospital death 0(0.0) 10 (1.1) <0.0001*
Concomitant bile duct stones 277 (16.3) 264 (29.9) <0.0001
Medical cost per patient, USD 3714 + 2737 5289 + 3816 <0.0001

Data are presented as n (%) or mean + standard deviation.
*Fisher's exact test was used.

No.

400

300

200

100 l

A AR AN
0 10 20 30 40 50 60 70 80

90 Age (y)

Fig. 1. Number of patients by age who underwent cholecystectomy for gallstone dis-
eases from January 2006 to December 2018. Dark gray indicates men, and light gray
indicates women. The number of patients peaked in the sixth and the seventh decades,
and the male:female ratio was 1.00:1.06 (1256:1331).

between the patients aged <70 and > 70 years. All parameters were
significantly higher in the patients aged >70 than <70 years.

Postoperative hospital deaths were caused by mainly pulmo-
nary or cardiovascular diseases (aspiration pneumonia, n=3;
myocardial infarction, n = 1; pulmonary embolism, n = 1; superior
mesenteric artery embolization, n=1; duodenal penetration,
n = 1; colonic perforation, n = 1; small intestinal perforation, n = 1;
and fulminant hepatitis, n = 1). All deaths occurred among patients
aged >70 years, and the mortality rate reached 1.1% among these
patients (Table 1). In 9 of these 10 patients, the preoperative per-
formance status score was 3 or 4. Five of these 10 patients under-
went emergent cholecystectomy, and 6 of 10 underwent open
surgery.

Discussion

The change in the age distribution makes it increasingly
important to monitor the outcomes of the most common surgical
procedures in older patients. Cholecystectomy is the most common
procedure performed in this age group, and age is an independent
predictor of a worse outcome after cholecystectomy.'®

Our results of the histogram showed that many patients were in
an advanced age group and that the numbers of male and female
patients were almost equal. These results mean that the 5-F risk
factors for gallstones (female, forty, fatty, fair, fecund)'>~'> do not fit
the aging society. The average age has increased during the most
recent 13 years. This trend is expected to persist, reflecting the era
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Fig. 2. Annual average (thick line) and median (thin line) age of the patients who
underwent cholecystectomy for gallstone diseases. The average age increased by an
average of 0.6 years annually.
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Fig. 3. Perioperative outcomes of cholecystectomy for gallstone diseases according to age. A: Operation length. B: Length of hospital stay. C: Rate of open surgery. D: Rate of urgent
surgery. E: Rate of postoperative complications (Clavien—Dindo grades I — V). F: Rate of incidental gallbladder cancer by postoperative histopathological examination. G: Rate of
postoperative hospital death. H: Rate of concomitant bile duct stones. I: Total medical cost per patient for gallstones and their related diseases, including bile duct stones. All

perioperative outcomes significantly worsened as patients aged.

of an aging population in advanced countries.

Longer operations in older patients are mainly due to the higher
rate of open surgery and/or urgent surgery in these patients. In
addition, although this study did not estimate how long the pa-
tients were symptomatic preoperatively, we consider that many
experienced repeated gallstone symptoms for a long time, resulting
in chronic cholecystitis. These chronic gallbladder conditions in
turn caused the longer operations and poorer prognosis in the older
patients of the present study. In contrast, the operation length in
the patients aged <50 years was slightly longer than that among
patients in their 50s and 60s. The reason for this is that single-
incision surgery was introduced in our department in 2009 ac-
cording to previously reported criteria.'®!” Single-incision surgery
takes a relatively longer operation time, and this procedure was
mainly performed in younger and middle-aged patients in our
department, not in patients of advanced age.

The rate of open surgery increased with age. Possible reasons for
this are the higher rate of previous upper abdominal surgery in
older patients and the much more frequent performance of urgent
cholecystectomy for acute cholecystitis in these older patients.
Indeed, one-quarter of the patients aged >80 years underwent
urgent surgeries.

The postoperative hospital mortality rate was around 0.9%
among patients in their 70s and 2.1% among those in their 80s; no
mortality occurred among patients aged <70 years. Postoperative
mortality is an important factor in decision-making regarding
elective cholecystectomy for patients of advanced age."®’ Addi-
tionally, we cannot overlook the higher rate of incidental cancer
among the patients aged >70 years. The results indicate that inci-
dental gallbladder cancer is more likely to be diagnosed in older
patients, as previously reported.'”® Although whether gallstones
cause gallbladder cancer is controversial,”®~?! this result strongly

suggests that gallstones possibly lead to gallbladder cancer because
most of these older patients had chronic gallstones for a long time.

The rate of concomitant bile duct stones dramatically increased
with age, and >40% of the patients aged >80 years had concomitant
bile duct stones. Most of these older patients had a long history of
gallstones since middle-age. Having gallstones for a long time
would increase the incidence of stones exiting the gallbladder and
entering the bile duct. Therefore, patients with silent gallstones are
expected to have a high incidence of developing bile duct stones
when they become octogenarians.

All of these worsening outcomes with aging result in higher
medical costs among patients of advanced age. In particular, the
longer hospital stay, the higher rate of postoperative complications,
and the higher rate of bile duct stones directly led to higher medical
costs among the older patients in this study. Indeed, the medical
cost per patient aged >80 years was two-fold higher than that per
patient aged <50 years.

The authors recognize several limitations to this study. One of
the main limitations is that this was a retrospective, descriptive,
observational, non-comparative single-center study. These char-
acteristics of the study design limit the generalizability of our re-
sults. Especially among developing countries in which the
population comprises a higher number of younger than older
people, the 5-F risk factors for gallstones would be true; thus, our
data do not fit for these countries or areas. However, our results
may be applied to advanced countries showing signs of an
impending “Silver Tsunami.”

Physicians and surgeons can use these outcomes to make
informed decisions regarding cholecystectomy. Earlier recognition
and intervention in patients with cholelithiasis could prevent the
progression of biliary disease to acute cholecystitis, cholangitis, or
biliary pancreatitis and mitigate the need for urgent surgery, thus
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also lowering medical costs. In conclusion, when gallstone symp-
toms have occurred, it seems reasonable to recommend elective
laparoscopic cholecystectomy before the patients advance in age.
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