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Nonagenarian patients, also known as super-elderly patients, are an age group in progressive
growth [1]. According to the projections and retro projections of the national population in
Colombia for the period 2018-2070, based on CNPV 2018, the population over 90 years of age
represents 0.46% and is expected to reach 2.02% by the year 2070 [2], which for our population
would represent 1,273,071 people, these projections are even greater for other latitudes [3]. In
this age group, indications for surgical procedures, including cholecystectomy, will be
increasingly frequent, as biliary pathology and its complications are frequent in this population

group [3].

Some studies have identified a greater difficulty in laparoscopic cholecystectomy with increasing
age, and although it is considered a safe procedure in elderly patients, it has been associated with
greater technical difficulty, higher conversion rate, and increased complications of cholelithiasis
associated with age [4-7]. The scales developed to predict the difficulty of cholecystectomy
include age as one of its variables [8, 9]. In addition, the older the age, the greater the presence of
multiple comorbidities and the reduction of functional reserves, and as a result performing
surgical procedures on this group of patients is associated with a greater risk of complications
[10].

Several studies have shown higher complications rates, conversion, and prolonged hospital stays
as postoperative outcomes for groups of septuagenarian and octogenarian patients [6, 10-12], but
few published studies have evaluated surgical outcomes in patients over 90 years of age.

The main objective of this study was to analyze the safety and outcomes of laparoscopic
cholecystectomy in patients older than 90 years.

Patients and methods
Study design

A retrospective observational cohort study was designed. Between January 2014 and December
2021, 13.192 laparoscopic cholecystectomies were performed at the University Hospital Mayor
and University Hospital Barrios Unidos—Mederi. Patients were classified in 4 age groups for
analysis (under 50 years, 50-69 years, 70-89 years, and over 90 years) and a simple random
sampling was performed until the sample calculated for each age group was reached. For the
group over 90 years of age, all were included in the analysis because the calculated sample was
not reached. The variables were collected in an anonymous database. This study was reviewed
and approved by the ethics committee of the Universidad del Rosario (number DVOO005
1904CV1544). We followed the STROBE guidelines to report this study [13].

Patients

Patients under 18 years of age; patients scheduled for open cholecystectomy; patients diagnosed
with gallbladder cancer; patients whose cholecystectomy was associated with another surgical
procedure (e.g., gastrectomy or pancreatoduodenectomy); and patients without postoperative
follow-up or whose records did not have variables of interest were excluded.

Laparoscopic cholecystectomy was indicated in all cases by benign disease (biliary colic,
pancreatitis, choledocholithiasis, cholecystitis, or the combination of these), and in all cases there
was at least one image indicating biliary disease. In cases of acute cholecystitis, diagnosis,
severity classification, and treatment were established according to Tokyo guidelines [14, 15].
Additionally, the American guidelines protocol was followed to identify the risk of
choledocholithiasis: In low-risk cases, cholecystectomy was performed without further studies;



in intermediate-risk cases, magnetic resonance cholangiopancreatography was performed; and in
high-risk cases, endoscopicretrograde cholangiopancreatography (ERCP) was performed [16]. In
cases of pancreatitis, cholecystectomy was defined when pancreatitis was clinically resolved.
All patients attended an outpatient monitoring appointment where the clinical evolution, surgical
wounds, and histopathological outcome of the surgical specimen were reviewed. We analyzed the
following variables: Demographic characteristics of the patients; body mass index, ASA Physical
Status Classification, presence of diabetes mellitus, arterial hypertension, chronic obstructive
pulmonary disease, chronic Kidney disease, cardiovascular disease, liver disease, the use of
anticoagulants or antiplatelet agents, Charlson comorbidity index; preoperative laboratories and
bile duct diameter on preoperative imaging; indication of surgical procedure; classification of
severity of cholecystitis; preoperative ERCP; history of cholecystostomy; type of admission; time
from admission to surgical procedure; preoperative risk scale for difficult laparoscopic
cholecystectomy; intraoperative findings; conversion rate; type of cholecystectomy (total or
subtotal); drain use; surgical time; complications associated with procedure and hospitalization;
hospital stay; reintervention; and mortality.

The preoperative risk scale for difficult laparoscopic cholecystectomy evaluated was that
described by Nassar, which includes factors related to laparoscopic cholecystectomy difficulty
using the following preoperative criteria: age, ASA Physical Status Classification, primary
diagnosis, thickening of gallbladder walls, preoperative ERCP, bile duct diameter, and type of
admission. The scale used for intraoperative findings was the modified scale described by Nassar
[9, 17]

Surgical procedure

Laparoscopic cholecystectomy was performed using the standard 4-port technique in the
American position. Dissection of the Calot triangle was performed until the critical safety window
was reached, always performing dissection above the Rouviere’s sulcus and from lateral to
medial. After reaching the critical view of safety, two proximal and one distal clip were placed in
the cystic duct and the cystic artery separately and then cut between the clips and anterograde
dissection of the gallbladder was performed. In cases where the critical view of safety was not
reached, the surgeon decided at their discretion to perform a fundus first, subtotal
cholecystectomy, or conversion to open procedure. In none of the cases was intraoperative
cholangiography performed. It was also the surgeon’s discretionary decision to accommodate a
drain on the surgical site.

Statistical analysis

We calculated a sample of 206 patients for each age group with an expected complication rate of
8% for those over 90 years of age and a complication rate for those under 90 years of age of 2%,
with a confidence interval of 95%, and a power of 80%.

Demographic, clinical, paraclinical, surgical, and outcome variables were described. The
distribution was evaluated with the Shapiro-Wilk and Kolmogorov—Smirnov test and a
nonnormal distribution was found. Categorical variables were described as proportions and
continuous variables as medians with their respective interquartile range (IQR). A bivariate
analysis was performed, using the likelihood ratio chi-square test in the case of categorical
variables and the Kruskal-Wallis test in the case of continuous variables to evaluate differences
between the variables according to the previously established age groups, considering a
statistically significant difference p < 0.05. Moreover, we calculated a post hoc multiple
comparisons test in order to establish in which groups were differences found. A multivariate



analysis, which included variables considered clinically relevant, was performed to identify
factors associated with mortality and complications classified with the Clavien-Dindo scale.
The entire analysis was performed in SPSS®26, considering a statistically significant p < 0.05.

Results

A total of 600 patients were included in the study, who were divided according to age groups into
161 under 50 years, 167 between 50 and 69 years, 170 between 70 and 89 years, and 102 over
90 years.

The patients evaluated had a median age of 65.0 (IQR: 34.0) years and there was a female
predominance (61.8%). In Table 2, the demographic, paraclinical, and clinical characteristics of
the patients and the differences between these characteristics according to the age group are
presented.

We found that patients with an age > 90 years had a statistically significant difference in the
variables BMI, ASA classification, chronic obstructive pulmonary disease, Charlson comorbidity
index, bile duct diameter, biliary colic, choledocholithiasis, preoperative ERCP, type of
admission, time from admission to surgical procedure, and preoperative risk scale for difficult
laparoscopic cholecystectomy compared to all other age groups. On the other hand, variables
diabetes mellitus, arterial hypertension, chronic kidney disease, cardiovascular disease,
leukocytes, hemoglobin, and bilirubin had statistically significant differences between the >
90 years group age and all other age groups except for the age group 70-89 years. When
comparing age group > 90 years and the group < 50 years we found a statistically significant
difference with antiplatelet therapy. Cholecystitis had a statistically significant difference
comparing age group > 90 years and age group 50-69 years. Anticoagulant therapy,
intraoperative findings, and history of cholecystostomy did not present statistically significant
differences when comparing the age group > 90 years with the rest of the groups.

The overall mortality rate was 1.6%. Mortality in the age group over 90 years was 6.8%.

We found a statistically significant difference between the group age > 90 years in comparison to
the other groups in the following proportions: conversion to open procedure, subtotal
cholecystectomies, drain usage, hospital stay, bile duct injury, pulmonary embolism, surgical site
infection, complications according to Clavien-Dindo, reintervention, and mortality.

We performed two models, one of ordinal regression and the other a Cox regression with constant
time to evaluate the risk factors associated with complications according to the Clavien—Dindo
classification and mortality, respectively (Tables 4 and 5). Age, body mass index, ASA Physical
Status Classification, Charlson comorbidity index, white blood cells, hemoglobin, bilirubin,
alkaline phosphatase, bile duct diameter, diagnosis of cholecystitis, preoperative ERCP, type of
admission, time from admission to cholecystectomy, and intraoperative findings in the models.
The preoperative risk scale for difficult laparoscopic cholecystectomy was excluded from the
model because it includes variables already found in it.

Collinearity was observed between age and Charlson comorbidity index, so the Charlson
comorbidity index variable was excluded from the model, which is expected due to the higher age
burden of comorbidities.

Regression models showed that age over 90 years, presence of acute cholecystitis, and time from
admission to cholecystectomy were the variables that presented statistically significant
differences as risk factors for mortality and complications.

The ordinal regression model and Cox regression with constant time were consistent in finding
the same factors (age over 90 years, acute cholecystitis, and time from admission to
cholecystectomy) that were associated with complications according to the Clavien-Dindo
classification and mortality, respectively.

Discussion



Discussion Acute cholecystitis is one of the most frequent causes of emergency consultation in
hospitals. In general, the incidence of biliary disease is 19% in women and 10% in men, as is
observed in our population where there is also a female predominance [1]. When not operated on,
25% of patients who consult for biliary colic will develop biliary complications such as
pancreatitis, acute cholecystitis, or obstructive jaundice in the first year [1].

Elderly patients—and more often nonagenarians—who present with cholecystitis have a lower
probability of spontaneous resolution of symptoms than younger patients, and an increased risk
of gangrenous cholecystitis, biliary peritonitis, and choledocholithiasis [1]. The risk of recurrence
in patients receiving non-operative management reaches 39% at 2 years [18] and failure to
perform the surgical procedure during the initial hospitalization has been associated with worse
survival at two years (hazard ratio 1.56, CI95% 1.47-1.65) [1]. For these reasons, urgent
cholecystectomy is the preferred initial approach unless there are contraindications for the
procedure.

Other published studies coincide with the findings in our study. A meta-analysis showed that with
increasing age there was a significantly higher rate of global complications, major postoperative
complications, conversion to open cholecystectomy, biliary leaks, postoperative mortality, and
hospital stay [10]. A perioperative mortality risk was found to be 10 times greater in patients older
than 80 years [10]. Our study also found that increasing age increased the conversion rate,
complications, subtotal cholecystectomy rate, hospital stay, reintervention rate, and mortality.
The use of drain was decided at the discretion of the surgeon, increasing its use with age, which
is probably related to greater difficulty of the procedure.

In a series that included 22 nonagenarian patients who were compared with those under 90 years
of age, a statistically significant difference in conversion rate and hospital stay was observed,
however, it is a study limited by the small sample [3].

The mortality in nonagenarians reported in another study was 5.5% and in another series of
patients older than 70 years mortality was 6%, both of which are similar to the rate found by us
in our study [19, 20]. In another series, mortality rate in this age group reached 19.4% [21].

A study comparing the surgical results of cholecystectomies between octogenarians and
nonagenarians showed a similar mortality rate, but with a higher rate of complications and a
longer hospital stay in the nonagenarians [22].

Another study compared octogenarian patients presenting with cholecystitis according to their
degree of severity, showing that patients with severe cholecystitis had a longer surgical time,
needed an additional port insertion, and a longer hospital stay. In addition, patients with
pulmonary comorbidity presented a higher risk of major complications [11]. Other studies have
found that gangrenous cholecystitis and comorbidities such as diabetes, cerebrovascular events,
chronic kidney disease, and lung disease are risk factors for a higher rate of postoperative
complications [23]. In our patients, we can observe a collinearity between age and Charlson
comorbidity index as risk factors for mortality and complications.

Furthermore, with an increase in age we can observe a decrease in the rate of elective surgeries
and a longer time from admission to the performance of the procedure, which is probably related
to the greater number of comorbidities and the perioperative management that these require.
Because of the higher rate of complications and mortality in elderly patients, which in many cases
could be considered high risk, therapeutic alternatives such as non-operative management have
been proposed. In cases of biliary colic or chronic cholecystitis, conservative management with
diet and weight control may be considered [10]. However, later on the patient could be readmitted
for cholecystitis, which would make the surgical procedure more difficult and would be related
to a higher rate of complications [24].

Another option that could be considered in elderly patients would be the performance of a
cholecystostomy, although there is increasing evidence suggesting the superiority of
cholecystectomy to cholecystostomy, with a lower rate of major complications, hospital stay, and



mortality [25-27]. In patients who underwent cholecystostomy, more than 25% were readmitted
30 days after discharge, in addition to a higher mortality rate, infection after the procedure,
bleeding, and hospital stay compared with cholecystectomy [10]. In a clinical trial between
laparoscopic cholecystectomy and cholecystostomy in patients with high risk defined as
APACHE Il greater than or equal to 7, similar mortality was found between the groups but with
a higher rate of complications in the cholecystostomy group [28]. A meta-analysis to evaluate
cholecystostomy outcomes in elderly patients found that cholecystostomy had a higher rate of
mortality and readmissions than cholecystectomy [29].

Elderly patients often have gallstones for many years and therefore characteristics of chronic
cholecystitis like obliteration of the planes in the Calot triangle and chronic f istulas such as
Mirizzi syndrome; these are related to greater intraoperative difficulty evidenced by the
intraoperative difficulty scale by Nassar we used. As we observe in our results, nonagenarians
have more severe intraoperative findings, which has been related to unfavorable clinical outcomes
[8-10, 30]. On the other hand, when we evaluate the risk of difficult cholecystectomy
preoperatively, we also found a greater risk in nonagenarian patients which has been associated
with a higher rate of bleeding, biliary leakage, conversion to open procedure, and failure to reach
a critical view of safety [9].

Multidisciplinary assessment and proper optimization of comorbidities preoperatively with an
experienced surgical team and a suitable technical team can help improve outcomes in
nonagenarian patients [23]. When the decision for laparoscopic cholecystectomy is made, which
is the treatment of choice for biliary pathology, we can resort to tools such as ACS-NSIQIP risk
calculator that is validated and that can help us make decisions in this group of patients knowing
probabilities of success and avoiding subjective judgments [31].

Within the limitations we found that this was a retrospective study and that the sample calculated
for nonagenarian patients was not reached.

This study showed that laparoscopic cholecystectomy in the group of patients over 90 years of
age is not an uncommon procedure in a general hospital today and is associated with a higher rate
of morbidity and mortality. Additional studies comparing cholecystectomy and cholecystostomy
in patients older than 90 years are needed to assess which one has better surgical outcomes.

Conclusion

Cholecystectomy in nonagenarian patients has a higher rate of complications, conversion rate,
subtotal cholecystectomy rate, and mortality. Therefore, an adequate perioperative assessment is
necessary to optimize comorbidities and improve outcomes. Also, it is important to know the risks
when signing informed consent, choosing the surgical equipment, and scheduling the procedure.



