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Purpose: Cholecystectomy is the gold standard treatment for gallbladder disease. As life expectancy 
increases, awareness of cholecystitis treatment in the elderly changes. The safety and feasibility of 
cholecystectomy in octogenarians have been proven in many studies. Surgical treatment for cholecystitis 
should be considered in octogenarians and even nonagenarians. In this study, we aimed to assess the 
outcomes of cholecystectomy in octogenarians and nonagenarians with acute cholecystitis.
Methods: A total of 393 patients aged 80 to 89 years (352 octogenarians) and 90 to 99 years (41 
nonagenarians) diagnosed with acute cholecystitis underwent cholecystectomy between March 2012 and 
June 2020. All patients were classified according to the Tokyo guidelines. The evaluated parameters 
included demographic data, surgical outcomes, American Society of Anesthesiologists physical status 
classification, and Tokyo guidelines.
Results: All 393 patients were analyzed and divided into two groups according to age; octogenarians (83.57 
± 2.64 years) and nonagenarians (92.98 ± 3.15 years). The survival rate was 97.7% for octogenarians and 
97.6% for nonagenarians. Laparoscopic surgery was performed more in both groups (96.8% in 
octogenarians and 92.7% in nonagenarians) than open surgery (3.2% in octogenarians and 7.3% in 
nonagenarians). The operation time of the nonagenarian group (74.63 ± 30.83 minutes) was shorter than 
the octogenarian group (75.85 ± 34.63 minutes). The incidences of postoperative complications in the 
octogenarian and nonagenarian groups were as follows: pneumonia, 5.7% and 7.3%; bleeding, 1.7% and 
2.4%; gastrointestinal symptoms, 6.0% and 2.4%; and bile leakage, 0.6% and 2.4%, respectively.
Conclusion: Cholecystectomy is a safe and efficient procedure for the treatment of acute cholecystitis in 
both octogenarians and nonagenarians.
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INTRODUCTION

The increase in the number of elderly patients due to the rise in 
the average life expectancy is a global trend. According to the 
2015 Statistics Office in Korea, 4.51% and 0.3% of the population 
aged 80 to 89 years and 90 to 99 years, respectively. Elderly indi-
viduals are the fastest-growing segment of the world population. 
The population of Korean senior citizens is expected to be num-

ber one worldwide by 2050 [1]. As life expectancy increases in the 
industrialized world, illnesses requiring appropriate treatment 
have become more common in elderly patients. Considering the 
future increase in the average life expectancy, evaluation and 
treatment of elderly patients become important.

Gallstone disease is one of the most common and costly of all 
digestive diseases. Gallstones frequently affect the elderly, and 
their prevalence increases with age. About 15% of males and 25% 
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of females aged over 70 years are likely to develop gallstones 
[2]. The incidence of gallstones increases with age because of an 
increase in gallbladder dysfunction. Complications secondary 
to gallstones, such as cholecystitis, cholangitis, and pancreatitis, 
also increase with age. Acute cholecystitis is the most common 
and life-threatening condition, particularly in elderly patients. 
Because of bile lithogenicity and gallbladder dysmotility, cystic 
duct obstruction by gallstones and bacterial infection result in 
acute cholecystitis, which can progress to sepsis and multiple or-
gan failure [3].

Antimicrobial therapy is an important treatment approach, but 
surgical intervention is the best method. Laparoscopic surgery is 
considered to be the gold standard in gallbladder surgery. To take 
advantage of its benefits, the number of laparoscopic procedures 
carried out on elderly patients is increasing daily. However, sur-
geons are reluctant to perform this procedure on these patients. 
Because of the characteristics of cholecystitis, the incidence of 
this disease and occurrence of postoperative complications are 
more common and higher, respectively, in the elderly group than 
in the younger group. For this reason, conservative and antimi-
crobial therapies are chosen for acute cholecystitis treatment. 
However, elderly patients who did not undergo cholecystectomy 
after their initial presentation with symptomatic gallstones are 
at risk of presenting again in an emergent setting with gallstone 
complications [3]. Currently, preoperative, postoperative, and 
intensive care have improved, which leads to safer outcomes for 
elderly patients. Accordingly, more complex and aggressive sur-
gical treatment becomes a more important option [4].

Considering the incidence of gallstone disease and the rapid 
aging rate of the global population, the overall prevalence of 
gallstone disease is increasing, and a larger demand for gall-
bladder surgery is expected in the near future [5]. While often 
underappreciated, the gallbladder may be affected by various 
pathological processes that have specific clinical correlates. Reac-
tive changes within cholecystitis may mimic dysplasia [6].

Whether surgical or nonsurgical treatment should be recom-
mended to the expected increasing number of elderly patients 
with cholecystitis presents a dilemma in clinical practice. Nowa-
days, the safety and feasibility of cholecystectomy in octogenar-
ians have been proven in many studies [3,4,7]. According to the 
increase in the average life expectancy, cholecystectomy in nona-
genarians also should be considered. But there are fewer studies 
and evidences about cholecystectomy in nonagenarians. This 
study compares outcomes of octogenarians with outcomes of no-
nagenarians and shows safety and feasibility of cholecystectomy 
in nonagenarians.

MATERIALS AND METHODS

We surveyed 393 patients aged 80 to 99 years who were diag-

nosed with cholecystitis and underwent surgical treatment be-
tween March 2012 and June 2020. The octogenarians (aged 80–89 
years) and the nonagenarians (aged 90–99 years) comprised 352 
and 41 of the patients, respectively. Diagnosis of cholecystitis was 
performed using abdominal computed tomography, blood test, 
abdominal ultrasound, and physical examination.

Prior to surgery, third-generation cephalosporin antibiotics 
were administered for all patients. Blood culture was performed, 
and bile culture was also carried out when percutaneous gall-
bladder drainage was performed. If patients were critically ill, 
antibiotics were changed to carbapenem or piperacillin-tazobac-
tam. 

Percutaneous transhepatic gallbladder drainage (PTGBD) was 
performed when the gallbladder was very large, the patient’s 
right upper quadrant pain was severe, the liver function test was 
severely elevated, or a risk of rupture exists. When cholecystitis 
was accompanied by cholangitis, endoscopic retrograde cholan-
giopancreatography was performed while maintaining an endo-
scopic nasobiliary drainage tube. After the surgery, the presence 
or absence of common bile duct stones was assessed through a 
tubogram, and the stones were removed.

The severity of cholecystitis was classified according to the To-
kyo guidelines. The American Society of Anesthesiologists (ASA) 
physical status (PS) classification, prothrombin time (PT), and 
medication history, as well as the levels of aspartate transferase, 
alanine transaminase, alkaline phosphatase, blood urea nitrogen, 
total bilirubin, and gamma-glutamyl transpeptidase were de-
termined. Surgical outcomes were evaluated with survival rate, 
mean operation time, type of operation (laparoscopic or open), 
and postoperative complications.

Statistical analysis of data was performed using IBM SPSS 
version 1.0.0.1406 (IBM Corp., Armonk, NY, USA). Quantita-
tive variables are expressed as medians and standard deviations, 
and qualitative variables as frequencies and percentages. The 
chi-square test was used to evaluate any potential association 
between the two groups. One-way analysis of variance was per-
formed to assess differences in continuous variables between the 
two groups of patients. Statistical significance was considered for 
p values of less than 0.05. 

RESULTS

The demographic characteristics of the 393 patients are shown 
in Table 1. Among these patients, 352 were octogenarians and 41 
were nonagenarians. The common underlying diseases in the 
two groups were diabetes mellitus, hypertension, cerebrovascular 
attack history, and pulmonary disease. The patient’s PS is more 
important than the underlying disease. Hypertension was the 
most common underlying disease in the octogenarians and no-
nagenarians (60.2% and 61.0%, respectively), followed by diabetes 
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mellitus (24.7% and 12.2%, respectively). However, no statistically 
significant differences were found in hypertension, diabetes 
mellitus, lung disease, cardiac disease, liver disease, and kidney 
disease.

The mean age was 83.57 ± 2.64 years in octogenarians and 
92.98 ± 3.15 years in nonagenarians. The sex ratio was similar 
in both groups, and no statistically significant difference was 
noted between the two groups (p = 0.946). Both patient groups 
were admitted more through the emergency department than 
the outpatient clinic, but the difference was not statistically 
significant. ASA PS classification was compared using the chi-
square test, and significant differences were found between the 
two groups (p = 0.006). ASA PS classifications of I, II, and III 
were not significantly different between the groups, but the ASA 
PS classification of IV was significantly different. PTGBD was 
performed in the two groups and more frequently performed in 

the nonagenarian group (58.5%). The severity of cholecystitis was 
classified according to the Tokyo guidelines. The patient ratios 
were similar in the groups. No statistically significant difference 
was found in the Tokyo guideline classification (Table 1).

In preoperative laboratory finding, aspartate transferase, ala-
nine transaminase, and alkaline phosphatase levels were higher 
in the nonagenarian group, and significant differences were 
noted in the three categories (p = 0.017, p = 0.044, and p < 0.001). 
PT and levels of total bilirubin, albumin, gamma-glutamyl trans-
peptidase, cholesterol, blood urea nitrogen, and creatinine were 
higher in octogenarians, but no statistically significant differ-
ences were found in PT and levels of total bilirubin, cholesterol, 
blood urea nitrogen, and creatinine (p = 0.946, p = 0.281, p = 0.503, 
p = 0.262, and p = 0.257, respectively). The gamma-glutamyl 
transpeptidase and albumin levels were significantly different (p 
= 0.025 and p = 0.007, respectively) (Table 2).

The survival rate was high in both the octogenarian and nona-
genarian groups (97.7% and 97.6%, respectively). The laparoscopic 
procedure was more frequently performed in both groups than 
the open procedure. The operation time was higher in the octo-
genarian group (75.85 ± 34.63 minutes and 74.63 ± 30.83 minutes, 
respectively), but no statistically significant difference was ob-
served (p = 0.06). Causes of death were multiple organ failure due 
to septic shock and pneumonia. 

We analyzed postoperative complications using Clavien-Dindo 
classification. The proportion of the patients with Clavien-Dindo 
grade I or higher was significantly higher in the nonagenarian 
group (14.7% vs. 22.0%) with a p value of <0.001. Postoperative 
complications were classified as bleeding, pneumonia, bile leak-
age, common bile duct injury, gastrointestinal symptoms (nausea, 
vomiting, and diarrhea), and cardiac problems (myocardial in-
farction and angina). Gastrointestinal symptoms were frequent 
in both groups. Hospital days were longer in the nonagenarian 
group (14 ± 5.86 days) than the octogenarian group (13 ± 7.22 
days) with statistical significance (p < 0.001) (Table 3).

DISCUSSION

Cholecystectomy has rapidly become the gold standard in the 
treatment of gallstone disease since the late 1980s [8]. Cholecys-
tectomy is the most common general surgery procedure per-
formed in elderly patients because the incidence of gallstones 
and gallstone complications increases with age. However, elderly 
patients with gallstone complications are less likely to undergo 
cholecystectomy than younger patients. The sequelae of acute 
cholecystitis include cholangitis, septic shock, and even death. 
For these reasons, the current management of acute cholecystitis 
is primarily intravenous antibiotics and PTGBD, followed by 
prompt cholecystectomy [9,10], which leads to satisfactory results 
in the treatment of acute cholecystitis.

Table 1.Table 1. Demographical data of octogenarians and nonagenarians

VariableVariable OctogenarianOctogenarian NonagenarianNonagenarian pp value value

No. of patients 352 41

Age (yr) 83.57 ± 2.64 92.98 ± 3.15 0.946

Male sex 158 (44.9) 13 (31.7) 0.954

Admission route 0.272

   Outpatient clinic 100 (28.4) 7 (17.1)

   Emergency room 252 (71.6) 34 (82.9)

ASA PS classification 0.006

   I 119 (33.8) 14 (34.1)

   II 126 (35.8) 14 (34.1)

   III 94 (26.7) 11 (26.8)

   VI 13 (3.7) 2 (4.9)

Tokyo guidelines 0.165

   I 220 (62.5) 29 (70.7)

   II 86 (24.4) 7 (17.1)

   III 46 (13.1) 5 (12.2)

Hypertension 212 (60.2) 25 (61.0) 0.079

Diabetes mellitus 87 (24.7) 5 (12.2) 0.932

Lung disease 27 (7.7) 5 (12.2) 0.742

Cardiac disease 54 (15.3) 3 (9.4) 0.211

Liver disease 4 (1.1) 0 (0) 0.758

Kidney disease 11 (3.1) 0 (0) 0.607

PTGBD 160 (45.5) 24 (58.5) 0.412

Values are presented as number only, mean ± standard deviation, or 
number (%). 
ASA, American Society of Anesthesiologists; PS, physical status; PTGBD, 
percutaneous transhepatic gallbladder drainage.
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Whether elderly patients have acute cholecystitis is difficult 
to determine because of their comorbidity and age, with a more 
severe spectrum of gallbladder pathology [11]. The observation 
that complications in the elderly population are difficult to pre-
dict has led to the recent use of the concept of frailty to identify 
patients at risk [12]. Thus, elderly people who easily get ill should 

be monitored carefully. Although cholecystectomy is a safe and 
necessary procedure for seniors, the complicated biliary dis-
ease is associated with increased postoperative morbidity, and 
patients need to receive intensive care. In addition, aggressive 
management, such as PTGBD and surgical treatment, should 
be performed before complications occur or before they reach 

Table 2.Table 2. Preoperative laboratory findings of octogenarians and nonagenarians 

VariableVariable Octogenarians (n = 352)Octogenarians (n = 352) Nonagenarians (n = 41)Nonagenarians (n = 41) pp value value

AST (U/L) 114.00 ± 242.20 145.61 ± 310.4 0.017

ALT (U/L) 81.21 ± 136.52 95.29 ± 155.24 0.044

Total bilirubin (mg/dL) 1.65 ± 1.61 1.48 ± 1.38 0.281

PT (sec) 12.67 ± 3.77 12.32 ± 2.29 0.946

ALP (U/L) 109.37 ± 83.26 111.20 ± 91.81 <0.001

γ-GTP (U/L) 124.63 ± 171.27 120.61 ± 200.36 0.025

Albumin (g/dL) 3.70 ± 4.16 3.25 ± 0.43 0.007

Cholesterol (mg/dL) 139.23 ± 46.47 119.15 ± 36.36 0.503

BUN (mg/dL) 21.26 ± 50.09 19.73 ± 10.87 0.262

Creatinine (mg/dL) 1.06 ± 1.05 0.86 ± 0.43 0.257

Values are presented as mean ± standard deviation. 
AST, aspartate transferase; ALT, alanine transaminase; PT, prothrombin time; ALP, alkaline phosphatase; γ-GTP, gamma-glutamyl transpeptidase; BUN, 
blood urea nitrogen.

Table 3.Table 3. Comparison of surgical outcome between octogenarians and nonagenarians

VariableVariable Octogenarians (n = 352)Octogenarians (n = 352) Nonagenarians (n = 41)Nonagenarians (n = 41) pp value value

Survival rate (%) 97.7 97.6

Type of operation 0.216

   Laparoscopic 341 (96.8) 38 (92.7)

   Open 11 (3.2) 3 (7.3)

Operation time (min) 75.85 ± 34.63 74.63 ± 30.83 0.060

Clavien-Dindo grade <0.001

   I 301 (85.3) 32 (78.0)

   ≥II 51 (14.7) 9 (22.0)

Postoperative complication 42 (11.9) 4 (9.8) <0.001

   Bleeding 6 (1.7) 1 (2.4)

   Pneumonia 20 (5.7) 3 (7.3)

   Bile leakage 2 (0.6) 1 (2.4)

   CBD injury 1 (0.3) 0

   Gastrointestinal symptom 21 (6.0) 1 (2.4)

   Cardiac problem 4 (1.1) 0

Hospital day 13 ± 7.22 14 ± 5.86 <0.001

Values are presented as percentage only, number (%), or mean ± standard deviation. 
CBD, common bile duct.
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octogenarians and nonagenarians, particularly inpatients with 
underlying disease in an effort to improve surgical results [13].

Many of the complications found in several papers, such as 
pulmonary and cardiac complications as well as death, can be 
attributed to reduced physiological reserves and pre-existing 
comorbidities rather than to the surgical procedure itself [14]. 
Higher morbidity and mortality in octogenarians and nonage-
narians are often the result of aggravated systemic inf lammation 
response and deterioration of comorbidities with low physiologi-
cal reserve [15,16].

Octogenarians and nonagenarians are associated with in-
creased morbidity following cholecystectomy for acute cholecys-
titis as well as a greater risk of conversion from a laparoscopic to 
open procedure [17,18]. When urgent intervention is impossible 
and no contraindications exist, patients should be scheduled for 
elective cholecystectomy after discharge, admission, or conser-
vative therapy [19,20]. PTGBD and antibiotic therapy should be 
performed first in patients with a high risk of cholecystitis and 
surgery, and they are expected to reduce postoperative complica-
tions and mortality. It is recognized as a method [4,21,22]. PTGBD 
is a minimally invasive procedure designed to decompress the 
acutely inf lamed gallbladder in patients who are unresponsive 
to medical therapy or who are at high risk for cholecystectomy. 
PTGBD only, surgery following PTGBD, and surgery without 
PTGBD are management methods for patients with cholecystitis. 
For high-risk elderly patients, PTGBD and antibiotic therapy are 
good for treating cholecystitis [9,23,24].

Experienced surgeons are needed to treat elderly patients with 
acute cholecystitis. During the learning curve, a more experi-
enced surgeon is important because lack of training is one of 
the key factors for conversion procedure. Inexperienced surgery 
skills can result in induced bleeding, iatrogenic injury of the bile 
duct, and liver injury. Elderly patients are often confronted with 
severe acute cholecystitis; thus, gallbladder resection follow-
ing the anatomical structure is difficult. In this study, a skillful 
surgeon performed cholecystectomy, which contributed to the 
survival rate [10].

This study shows comparable outcomes after cholecystectomy 
in the nonagenarians group even in the octogenarian group. 
Comparing with other studies, this study will suggest the direc-
tion of the treatment of cholecystitis in nonagenarians. 

However, this study has several limitations. First, retrospective 
analysis might have caused selection bias and systematic error. 
Second, this study did not analyze long-term outcomes of sur-
gery. Finally, we did not consider pneumoperitoneum after lapa-
roscopic surgery. Pneumoperitoneum can cause complications 
such as cardiac and pulmonary problems and pain. 

In conclusion, postoperative outcomes after cholecystectomy 
in nonagenarians were comparable to those in octogenarians, 
and surgical treatment for acute cholecystitis in extremely elderly 

patients can be considered as a safe and feasible procedure.
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