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Factors affecting cholecystostomy tube removal and interval
cholecystectomy timing after percutaneous cholecystostomy for acute
cholecystitis
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Abstract

Purpose: Percutaneous cholecystostomy (PC) is an established treatment option for high-risk patients with
acute cholecystitis who are unsuitable for immediate surgery. However, the optimal timing of cholecystostomy
tube removal and subsequent interval cholecystectomy (IC) remains controversial. This study aimed to evaluate
factors influencing PC tube removal and IC timing and to identify predictors associated with surgical outcomes.
Materials and methods: This retrospective single-center study included patients who underwent PC for
acute cholecystitis between 2015 and 2025. Demographic characteristics, comorbidities, American Society
of Anesthesiologists (ASA) scores, Charlson Comorbidity Index (CCI), Tokyo 2018 acute cholecystitis grade,
gallbladder perforation, operative status, surgical approach, and mortality were analyzed.

Results: A total of 102 patients were included, with a mean age of 64.4+15.4 years. Interval cholecystectomy
was performed in 71 patients (69.6%), while 31 (30.4%) were managed non-operatively. Operated patients were
significantly younger and had lower ASA and CCI scores than non-operated patients (p<0.05 for all). The mean
cholecystostomy tube removal time was 38.1+20.4 days. Tube removal timing was not associated with sex,
calculous cholecystitis, gallbladder perforation, operative approach, or conversion to open surgery. Likewise, IC
timing did not significantly affect operative approach or conversion rates. Patients with acalculous cholecystitis
had a significantly longer interval to surgery (p=0.034). Mortality was significantly higher among non-operated
patients (25.8% vs. 1.4%, p<0.001). Advanced age, higher ASA scores, and gallbladder perforation were
associated with increased mortality.

Conclusion: PC is an effective bridge-to-surgery strategy in high-risk patients with acute cholecystitis. Neither
tube removal timing nor IC timing significantly influenced surgical outcomes. Surgical decision-making appears to
be driven primarily by patient-related factors rather than a fixed procedural timeline, supporting an individualized
management approach.

Keywords: Acute cholecystitis, percutaneous cholecystostomy, interval cholecystectomy, cholecystostomy
tube, surgical timing.
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Oz

Amag: Perkltan kolesistostomi (PK), akut kolesistit nedeniyle acil cerrahiye uygun olmayan yuksek riskli
hastalarda yaygin olarak kullanilan bir tedavi yontemidir. Bununla birlikte, kolesistostomi tlptnin ¢ikariima
zamani ve sonrasinda uygulanacak interval kolesistektominin (iK) en uygun zamanlamasi halen tartismalidir.
Bu calismada, PK tipiinin gikarilma siiresi ve IK zamanlamasini etkileyen faktérlerin degerlendirilmesi ve
cerrahi sonuglarla iligkili belirleyicilerin arastirilmasi amaclandi.
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Gereg ve yontem: Bu retrospektif tek merkezli calismaya, 2015-2025 yillari arasinda akut kolesistit nedeniyle
perkitan kolesistostomi uygulanan hastalar dahil edildi. Hastalarin demografik 6zellikleri, komorbiditeleri,
Amerikan Anesteziyoloji Dernegi (ASA) skorlari, Charlson Komorbidite indeksi (CKi), Tokyo 2018 akut kolesistit
derecesi, safra kesesi perforasyonu, cerrahi uygulanma durumu, cerrahi yaklasim ve mortalite verileri analiz
edildi.

Bulgular: Calismaya yas ortalamasi 64,4+15,4 yil olan toplam 102 hasta dahil edildi. Hastalarin 71’ine (%69,6)
interval kolesistektomi uygulanirken, 31’i (%30,4) cerrahi disgi olarak takip edildi. Cerrahi uygulanan hastalar
anlamli olarak daha geng olup daha diisiikk ASA ve CKi skorlarina sahipti (tiim karsilastirmalar igin p<0,05).
Ortalama kolesistostomi tlipl gikarilma siresi 38,1+20,4 guin olarak bulundu. Tp ¢ikariima zamani ile cinsiyet,
tasl kolesistit varligi, safra kesesi perforasyonu, cerrahi yaklagim veya acik cerrahiye gegis arasinda anlamh
iliski saptanmadi. Benzer sekilde, interval kolesistektomi zamanlamasinin cerrahi yaklasim veya konversiyon
oranlar Uzerine anlamh etkisi bulunmadi. Tassiz kolesistitli hastalarda cerrahiye kadar gecgen surenin daha
uzun oldugu gorildu (p=0,034). Mortalitenin cerrahi uygulanmayan hastalarda anlaml derecede daha yiksek
oldugu saptandi (%25,8’e karsi %1,4; p<0,001). ileri yas, yiiksek ASA skoru ve safra kesesi perforasyonu artmig
mortalite ile iligkiliydi.

Sonug: Perkiitan kolesistostomi, akut kolesistitli yliksek riskli hastalarda etkili bir kopri tedavi yontemidir.
Bu calismada tlp c¢ikarilma zamani ve interval kolesistektomi zamanlamasinin cerrahi sonuglar Gzerinde
anlamli etkisi gosterilememistir. Cerrahi karar verme sirecinin sabit zaman araliklarindan ziyade hastaya
ait klinik ozellikler tarafindan yonlendirildigi gortlmektedir. Bu nedenle, perkiitan kolesistostomi sonrasinda
bireysellestiriimis zamanlama stratejileri daha uygun olabilir.

Anahtar kelimeler: Akut kolesistit, perkutan kolesistostomi, aralikli kolesistektomi, kolesistostomi tlpu, cerrahi
zamanlama.
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Introduction surgical tolerance, or a high risk of postoperative
mortality, where rapid control of sepsisis essential
[5, 6]. Nevertheless, tube-related complications
are frequently encountered following the
procedure, often necessitating additional
interventions. Furthermore, approximately one-
quarter of patients with calculous cholecystitis
who do not undergo definitive cholecystectomy
experience recurrent attacks within the first
three weeks after removal of the percutaneous
cholecystostomy tube. Therefore, interval
cholecystectomy (IC) has become the
standard treatment strategy for patients who
recover from the acute inflammatory episode
and subsequently become suitable surgical
candidates. This approach has been shown
surgery. to be effective in preventing both tube-related
complications and recurrent biliary events [7].

Acute cholecystitis (AC) is one of the most
common causes of abdominal pain encountered
in emergency departments and general
surgery outpatient clinics [1]. Laparoscopic
cholecystectomy is currently accepted as the
standard surgical treatment for this condition [2].
Traditionally, initial conservative management
followed by elective interval cholecystectomy
had been recommended for patients with acute
cholecystitis. However, growing evidence over
recent years has demonstrated that early
cholecystectomy performed within the first 72
hours after symptom onset provides superior
outcomes compared with delayed interval

In elderly patients, individuals with
significant comorbidities, or those presenting
with severe critical illness, perioperative
mortality rates may reach up to 19% [3]. In

Despite the widespread use of percutaneous
cholecystostomy, there is still no clear
consensus regarding the optimal timing of

this high-risk patient population, placement of subsequent cholecystectomy, and the available
a percutaneous cholecystostomy (PC) tube evidence remains limited. The 2018 Tokyo

allows decompression of the gallbladder and Guidelines highlighted the lack of robust
may contribute to reducing mortality rates [3, 4]. data on the timing of cholecystectomy after
Percutaneous ch.ole-cystostomy haslemergeld percutaneous cholecystostomy and identified
as a valuable bridging therapy, particularly in s issue as a priority area for future research
patients with hemodynamic instability, poor g1 Although several cohort studies have been
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published, variations in the definitions of early
versus delayed cholecystectomy, along with the
heterogeneity of patient populations, make it
difficult to generalize the findings and establish
definitive recommendations. Based on recently
published national and institutional data,
Woodward et al. [9] suggested that the most
favorabletimingforinterval cholecystectomy may
be between 4 and 8 weeks after percutaneous
cholecystostomy placement. In another study
using healthcare data from New York State,
the optimal timing of interval cholecystectomy
following percutaneous cholecystostomy tube
(PCT) placement was evaluated. The authors
demonstrated that interval cholecystectomy
performed within the first 8 weeks after PCT
placement was associated with increased
surgical morbidity and prolonged hospital
stay. However, no significant differences were
observed regarding 30-day readmission,
emergency department visits, or common bile
duct injury rates [10].

The present study aimed to investigate the
factors influencing the timing of percutaneous
cholecystostomy tube removal and interval
cholecystectomy (IC), as well as to identify
potential predictors affecting these intervals.

Materials and methods

This retrospective study was conducted at the
General Surgery Department of Pamukkale
University Hospital to evaluate patients who
underwent percutaneous cholecystostomy (PC)
for acute cholecystitis. Patients treated with
percutaneous cholecystostomy between 2015
and 2025 were included in the study. Clinical
data were retrospectively obtained from the
hospital’s electronic medical record system.
Permission was obtained from the Pamukkale
University Non-Interventional Clinical Research
Ethics Committee for the study ((permission date:
12/05/2026 and permission number: E-60116787-020-
872231).

Patients older than 18 years of age who
underwent percutaneous cholecystostomy for
acute cholecystitis were eligible for inclusion.
Patients with incomplete clinical data, biliary
obstruction secondary to malignancy, or those

who underwent biliary drainage procedures for
indications other than acute cholecystitis were
excluded from the study.

Demographic and clinical variables including
age, sex, Charlson Comorbidity Index (CCI),
American Society of Anesthesiologists (ASA)
score, severity grade of acute cholecystitis
according to the Tokyo 2018 Guidelines,
gallbladder  wall  thickness, gallbladder
diameter, presence of gallbladder perforation,
and calculous versus acalculous cholecystitis
were recorded. In addition, the duration until
percutaneous cholecystostomy tube removal,
interval to cholecystectomy, surgical approach
(laparoscopic or open), conversion to open
surgery, intensive care unit requirement, length
of hospital stay, and mortality outcomes were
evaluated.

Statistical analyses were performed using
SPSS Statistics for Windows Version 22.0
(IBM Corp., Armonk, NY, USA). Distribution of
continuous variables was assessed using the
Kolmogorov—Smirnov and Shapiro-Wilk tests.
Normally distributed variables were expressed
as mean * standard deviation. Continuous
variables between two independent groups
were compared using the Independent Samples
t-test. Categorical variables were analyzed
using the chi-square (x?) test or Fisher’s exact
test when appropriate.

Results

A total of 102 patients who underwent
percutaneous cholecystostomy were included
in the study. Of these, 56 patients (54.9%) were
male and 46 (45.1%) were female. Calculous
cholecystitis was present in 69.6% of cases,
while gallbladder perforation was identified in
47.1% of patients. Interval cholecystectomy
was performed in 71 patients (69.6%), whereas
31 patients (30.4%) did not undergo definitive
surgical treatment. Among the operated
patients, 41 (57.7%) underwent laparoscopic
surgery and 30 (42.3%) underwent open
surgery. The conversion rate to open surgery
was 35.2% among patients who underwent
operative management. The overall mortality
rate was 8.8% (n=9) (Table 1).
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Table 1. Baseline clinical and demographic characteristics of the study population

n:102
Age (years), mean * SD 64.40+15.44
Charlson Comorbidity Index, mean * SD 3.03+2.21
ASA score, mean * SD 2.53+0.63
Gallbladder diameter (mm), mean * SD 46.08+9.86
Gallbladder wall thickness (mm), mean * SD 6.28+3.77
Acute cholecystitis grade, mean + SD 2.44+0.50
Cholecystostomy tube removal time (days), mean * SD 38.15+20.44
Male sex, n (%) 56 (54.9)
Female sex, n (%) 46 (45.1)
Calculous cholecystitis, n (%) 71 (69.6)
Gallbladder perforation, n (%) 48 (47.1)
Operated patients, n (%) 71 (69.6)
Non-operated patients, n (%) 31(30.4)
Laparoscopic surgery, n (%) t 41 (57.7)
Open surgery, n (%) t 30 (42.3)
Conversion to open surgery, n (%) t 25 (35.2)
Mortality, n (%) 9 (8.8)

Values are presented as mean + standard deviation or number (%)

The mean age of the entire cohort was
64.40£15.44 years. The mean Charlson
Comorbidity Index was 3.03+2.21, and the
mean ASA score was 2.53+0.63. The mean
gallbladder diameter and wall thickness were
46.08+9.86 mmand 6.28+3.77 mm, respectively.
The mean acute cholecystitis severity grade
was 2.44+0.50. The average duration until
percutaneous cholecystostomy tube removal
was 38.15+£20.44 days.

Comparison between operated and non-
operated patients demonstrated that patients
who did not undergo surgery were significantly
older (72.68+11.03 years vs. 60.79+15.75 years,
p=0.001). Similarly, non-operated patients had
significantly higher Charlson Comorbidity Index
scores (4.45+2.10 vs. 2.41+£1.96, p<0.001) and
ASAscores (2.74+0.45 vs. 2.44+0.67, p=0.023).
Acute cholecystitis severity grade was also
significantly higher in the non-operated group
(2.61£0.50 vs. 2.37+0.49, p=0.021). In addition,
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gallbladder diameter was significantly greater in
patients who were not operated on (49.38+11.88
mm vs. 44.71+8.63 mm, p=0.041). However, no
significant difference was observed between
the groups regarding gallbladder wall thickness
(p=0.439). No significant association was
observed between operative management
and sex, presence of calculous cholecystitis,
or gallbladder perforation. Although 73.9% of
female patients and 66.1% of male patients
underwent surgery, this difference did not reach
statistical significance (p=0.392). Similarly,
the operative rate was 73.2% in patients with
calculous cholecystitis compared with 61.3% in
patients with acalculous cholecystitis, without
a statistically significant difference (p=0.228).
The proportion of patients undergoing surgery
was also comparable between those with and
without gallbladder perforation (70.8% vs.
68.5%, respectively; p=0.800) (Table 2).
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Table 2. Comparison of clinicopathological characteristics according to operative status

Non-operated (n=31)

Operated (n=71) P

Age (years), mean * SD 72.68+11.03 60.79+15.75 0.001* (t=3.809)
Charlson Comorbidity Index, mean * SD 4.45+2.10 2.41+1.96 <0.001* (t=4.741)
ASA score, mean * SD 2.74+0.45 2.44+0.67 0.023* (t=2.319)
Gallbladder diameter (mm), mean * SD 49.38+11.88 44.71+8.63 0.041* (t=2.070)
Gallbladder wall thickness (mm), mean * SD 6.93+5.20 5.97+2.91 0.439 (t=0.781)
Acute cholecystitis grade, mean * SD 2.61+0.50 2.37+0.49 0.021* (t=2.347)
Female sex, n (%) 12 (38.7) 34 (47.9)

0.392 (x*=0.734)
Male sex, n (%) 19 (61.3) 37 (52.1)
Calculous cholecystitis, n (%) 19 (61.3) 52 (73.2) 0.228 (x*>=1.456)
Gallbladder perforation, n (%) 14 (45.2) 34 (47.9) 0.800 (x>=0.064)
Cholecystostomy removal time (days), mean + SD  37.16+23.97 38.58+18.87 0.750 (t=-0.320)

x% Chi-square test, t: Independent samples t-test, *p<0.05 considered statistically significant

Factors affecting the duration until
percutaneous cholecystostomy tube removal
were also evaluated. Female patients
demonstrated a shorter catheter removal interval
compared with male patients (34.65+15.68 days
vs. 41.02+23.40 days); however, the difference
was not statistically significant (p=0.118).
Although patients with acalculous cholecystitis
had a longer catheter removal time than those
with  calculous cholecystitis (42.81£22.43
days vs. 36.11£19.32 days), this finding did
not achieve statistical significance (p=0.129).
Likewise, patients with gallbladder perforation
tended to have shorter catheter removal
times compared with those without perforation
(35.48+17.63 days vs. 40.52+22.55 days),
although this difference was not significant
(p=0.216).

No significant difference in catheter removal
time was observed between patients undergoing
open versus laparoscopic surgery (38.73+23.79
days vs. 38.46+£14.58 days, p=0.953). Similarly,
catheter removal times were comparable
between patients with and without conversion
to open surgery (p=0.894).

When factors affecting the timing of
interval cholecystectomy were analyzed, the
interval between catheter removal and surgery
appeared longer in female patients compared
with male patients (25.244+32.52 days vs.
18.51£20.83 days); however, this difference
was not statistically significant (p=0.300).
Similarly, patients with acalculous cholecystitis
demonstrated a longer interval to surgery than
those with calculous cholecystitis (26.00£24.55
days vs. 20.17+28.00 days), although this
difference also failed to reach statistical
significance (p=0.426). Gallbladder perforation,
surgical approach, and conversion to open
surgery did not significantly affect the interval to
surgery (all p>0.05) (Table 3).

However, the total duration from
percutaneous cholecystostomy placement to
cholecystectomy was significantly longer in
patients with acalculous cholecystitis compared
with  those with calculous cholecystitis
(73.21£25.11 days vs. 55.60+31.99 days,
p=0.034). This finding suggests that patients
with acalculous cholecystitis tend to undergo
delayed transition to interval surgery.

645



Pamukkale Medical Journal 2026;19(3):641-652

Yilmaz et al.

Table 3. Factors affecting cholecystostomy tube removal time and interval cholecystectomy

Cholecystostomy

removal time

Interval between
tube removal and

(days) P surgery (days)

Mean * SD Mean * SD
Male sex 41.02423.40 (t=-1.577)  18.51420.83 (t=1.046)
Calculous cholecystitis absent 42.81+22.43 0.129 26.00+24.55 0.426
Calculous cholecystitis present  36.11£19.32 (t=1.531)  20.17428.00 (t=0.801)
Perforation present 35.48+17.63 (t=1.246)  19.741+20.86 (t=0.593)
Open surgery 38.73+23.79 0.953 17.77+21.46 0.294
Laparoscopic surgery 38.46+14.58 (t=0.059)  24.63+30.47 (t=-1.057)
No conversion to open surgery 37.40+18.72 0.894 11.20£10.62 0.463
Conversion to open surgery 39.00+25.00 (t=-0.135)  19.08+22.95 (t=-0.744)
Age <65 yearst 34.82+18.64 19.64124.83

0.184 0.417

Age 265 yearst 41.27+21.91 24.88+29.67

t: Independent samples t-test,SD:Standart Deviation, *p<0.05 considered statistically significant

The effect of percutaneous cholecystostomy
tube removal timing on surgical approach was
also evaluated. No significant difference was
observed in catheter removal duration between
patients undergoing open versus laparoscopic
surgery. The mean catheter removal time was
38.73+23.79 days in the open surgery group
and 38.46114.58 days in the laparoscopic
group (p=0.953). Likewise, the interval between
catheter removal and surgery did not significantly
differ between open and laparoscopic surgery
groups (17.77+21.46 days vs. 24.63+30.47
days, p=0.294).

Furthermore, when patients with and without
conversion to open surgery were compared, no
significant difference was identified regarding
the duration until percutaneous cholecystostomy
tube removal (39.00+25.00 days vs.
37.40+18.72 days, p=0.894). Similarly, the
interval between catheter removal and surgery
did not significantly influence the likelihood of
conversion to open surgery (19.08+22.95 days
vs. 11.20+£10.62 days, p=0.463). These findings
suggest that neither the timing of percutaneous
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cholecystostomy tube removal nor the interval
to cholecystectomy significantly affected the
choice of surgical approach (open versus
laparoscopic) or the risk of conversion to open
surgery. The impact of age on percutaneous
cholecystostomy tube removal time and interval
cholecystectomy timing was also evaluated.
Advanced age appeared to play a significant
role, particularly in determining whether patients
proceeded to definitive surgical treatment.
Patients who did not undergo surgery were
significantly older than those who underwent
operative management (72.68+11.03 vyears
vs. 60.79+15.75 years, p=0.001). This finding
indicates that advanced age is an important
clinical factor reducing the likelihood of surgical
intervention.

However, among patients who underwent
surgery, age was not found to have a direct
significant effect on either the timing of
percutaneous cholecystostomy tube removal or
the interval to cholecystectomy. No statistically
significant relationship was observed between
age and catheter removal time. Likewise, age
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did not appear to be a determining factor for
interval surgery timing. Collectively, these
findings suggest that age primarily influences
the decision to proceed with surgery rather than
the timing of surgery itself in patients deemed
suitable for operative management.

In the mortality analysis, mortality rates were
found to be markedly higher among patients
who did not undergo surgery. While 25.8% of
non-operated patients died during follow-up,
the mortality rate among operated patients was
only 1.4% (p<0.001). Factors associated with
mortality were further analyzed within the non-
operated patient group. Patients who died were
significantly older than survivors (80.13+6.69
years vs. 70.09+11.16 years, p=0.022). In
addition, ASA scores were significantly higher
in patients who developed mortality (3.00+0.00
vs. 2.65+0.49, p=0.008). Although the
Charlson Comorbidity Index was also higher
in the mortality group, this difference did not
reach statistical significance (5.50+2.78 vs.
4.09+1.73, p=0.102). No significant association
was observed between mortality and either sex
or the presence of calculous cholecystitis (both
p=0.935). In contrast, gallbladder perforation
demonstrated a strong association with mortality.
The mortality rate was 50.0% in patients with
gallbladder perforation compared with 5.9% in
those without perforation (p=0.005).

Discussion

In the present study, factors affecting the
timing of percutaneous cholecystostomy
tube removal and interval cholecystectomy
(IC) following percutaneous cholecystostomy
were investigated, with the aim of identifying
potential predictors associated with these
intervals. While the presence of calculous
cholecystitis, severity of acute cholecystitis,
and gallbladder perforation did not significantly
influence the timing of catheter removal, the
interval to cholecystectomy was found to be
significantly shorter in patients with gallbladder
perforation.  Although no independent
predictor was identified for catheter removal
time, the presence of gallbladder perforation
demonstrated a tendency toward earlier interval
cholecystectomy.

Advanced age is one of the most important
indications for percutaneous cholecystostomy
in patients with acute cholecystitis. Previous

studies have reported that the mean age of
patients undergoing PC ranges from 54.7 to
83 years, with male patients accounting for
52.7%-78.3% of cases [11]. In a large-volume
series comparing PC and cholecystectomy in
patients with acute cholecystitis, the mean age
was reported as 72.9 years in the PC group and
54.4 years in the cholecystectomy group. In
the same study, the proportion of male patients
was 52.7% in the PC group and 38.9% in the
cholecystectomy group [12]. Consistent with
these findings, the mean age of our cohort was
64 years, and males represented 54.8% of the
study population. Comorbidity burden represents
a major determinant in the decision to perform
percutaneous cholecystostomy. Concomitant
diseases substantially influence both surgical
and anesthesia-related morbidity and mortality.
Gallbladder decompression achieved through
PC may contribute to reducing mortality in
high-risk patients [3, 4]. In the literature, patient
comorbidity burden is commonly assessed
using the ASA classification and Charlson
Comorbidity Index [11].

Kaya and Tahtabasi [13] reported
hypertension,  coronary artery disease,
and diabetes mellitus as the most common
accompanying comorbidities among patients
undergoing PC. Similarly, studies by Hsieh
et al. [14] and Peters et al. [15] reported that
approximately three-quarters of patients
undergoing PC were classified as ASA lll, while
the remaining patients were ASA IV. In our
study, the mean Charlson Comorbidity Index
(CClI) was 3, and the mean ASA score was 2.5,
with the majority of patients classified as ASA
(=111,

Percutaneous cholecystostomy may serve
either as definitive treatment in patients deemed
unfit for surgery or as a bridge to delayed
cholecystectomy in those who become suitable
surgical candidates after resolution of the acute
inflammatory process [16]. Reported rates of
cholecystectomy following PC vary considerably
across the literature. Leveau et al. [17] reported
a cholecystectomy rate of 7.6%, Bundy et al.
[18]29.6%, and Pang et al. [19] 45.1%, whereas
studies from Turkiye have demonstrated rates
of 46.2% in the study by Kaya and Tahtabasi
[13] and 58.3% in the series reported by Arik et
al. [20].
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Younger age has consistently been
identified as a predictive factor for undergoing
cholecystectomy after PC [19, 21]. Pang et al.
[19] reported that younger age, shorter hospital
stay, and intensive care unit admission were
associatedwith agreaterlikelihood of undergoing
interval cholecystectomy, whereas advanced
age and severe respiratory comorbidities
reduced the probability of operative treatment.
In that study, 32 of 71 patients (45.1%) who
underwent PC subsequently underwent
cholecystectomy; among them, 21 patients
underwent laparoscopic and 11 underwent
open cholecystectomy [19].

In the present study, cholecystectomy was
performed in 69.6% of patients, a rate higher
than that reported in most previous series. Of
these, 61.8% underwent laparoscopic surgery,
while the remaining patients required an open
surgical approach. Consistent with the existing
literature, patients who did not undergo surgery
in our study were significantly older than those
who underwent operative treatment. In addition,
the non-operated group demonstrated higher
Charlson Comorbidity Index and ASA scores.
Furthermore, patients who were not operated
on had higher acute cholecystitis severity
grades and larger gallbladder diameters.
These findings further support previous
evidence suggesting that PC is more frequently
preferred in elderly patients, in those with
marked gallbladder distension, and in patients
presenting with more severe acute cholecystitis.
Among patients who underwent surgery, those
requiring open surgery were significantly
older than patients treated laparoscopically.
Moreover, patients undergoing open surgery
had higher CCI scores and slightly higher ASA
scores compared with the laparoscopic group.
These findings indicate that patients requiring
an open surgical approach carried a greater
comorbidity burden and represented a clinically
more fragile population.

To date, no high-level prospective study has
definitively established the optimal timing for
percutaneous cholecystostomy tube removal
[22]. One of the major concerns following
tube removal is the potential development
of bile leakage into the peritoneal cavity and
subsequent biliary peritonitis, which may lead to
serious clinical consequences [23]. D’Agostino
et al. [24] suggested that the optimal timing
for PC tube removal should correspond to
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consolidation of the cholecystocutaneous fistula
tract in order to minimize the risk of bile leakage.
However, the available evidence regarding the
protective role of the cholecystocutaneous tract
is largely limited to isolated case series.

In a recently published systematic review
evaluating the timing of PC tube removal,
the duration of catheter placement ranged
widely from 1 to 427 days. Notably, most
studies included in the review reported a mean
catheter dwell time shorter than 1-2 weeks
[25]. In contrast, Bundy et al. [18] reported a
substantially longer mean catheter duration
of 89 days, which exceeded the durations
described in most previous studies. The authors
attributed this prolonged catheterization period
to the higher frequency of cholecystoscopic
stone extraction procedures performed in their
cohort.

In our study, the mean duration until PC
catheter removal was 37.3 days. Catheter
removal time did not significantly differ between
male and female patients, and neither disease
severity nor clinical presentation characteristics
such as calculous cholecystitis or gallbladder
perforation had a statistically significant impact
on catheter removal timing. Demonstrated a
longer catheter duration time compared with
those who underwent open surgery.

Several studies have investigated the optimal
timing of interval cholecystectomy following
percutaneous cholecystostomy, with proposed
intervals ranging from a few days to 4 or even
8 weeks after the procedure [9, 26, 27]. In an
analysis of the New York Statewide Planning
and Research Cooperative System (SPARCS)
database conducted by Altieri et al. [10], an
8-week interval was used as the cutoff point for
comparison after PC placement. Their findings
demonstrated that patients who underwent
interval cholecystectomy within 8 weeks
experienced higher complication rates and
longer hospital stays. However, no significant
differences were observed regarding 30-day
readmission rates or bile duct injuries within this
cohort. Similarly, based on recently published
national and institutional data, Woodward
et al. [9] suggested that the most favorable
timing for interval cholecystectomy may be
between 4 and 8 weeks following percutaneous
cholecystostomy.
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A recent study investigating the effect of the
interval between percutaneous cholecystostomy
(PC) and interval cholecystectomy (IC) on
perioperative outcomes reported that a longer
PC-IC interval was associated with prolonged
intensive care unit stay. However, no significant
differences were identified in hospital length
of stay, procedure-related readmissions,
emergency department Vvisits, reoperations,
bile leaks, or reintervention rates. Interestingly,
patients who underwent cholecystectomy more
than 8 weeks after PC placement were more
likely to be discharged directly home than those
who underwent surgery within 8 weeks [28].

In our cohort, the mean duration until
PC catheter removal was 37.3 days, while
the mean total duration from percutaneous
cholecystostomy  placement to interval
cholecystectomy was 76.5 days. We found
that sex, disease severity, and the presence
of calculous cholecystitis did not significantly
affect the timing of cholecystectomy after PC.
However, patients with gallbladder perforation
underwent surgery within a shorter interval. In
addition, patients who underwent laparoscopic
cholecystectomy had a longer interval to surgery
compared with those requiring open surgery.

One of the notable findings of the present
study was the association of gallbladder
perforation with both increased mortality and a
shorter interval to definitive surgical treatment.
Gallbladder perforation is generally regarded
as an indicator of advanced disease severity
and uncontrolled local inflammation and has
been associated with worse clinical outcomes
in patients with acute cholecystitis. Previous
studies have shown that complicated acute
cholecystitis, particularly when accompanied
by perforation, is associated with increased
morbidity, prolonged hospitalization, and
higher mortality rates due to the risk of biliary
peritonitis, sepsis, and systemic inflammatory
response syndrome [8, 13]. Consistent with
these observations, patients with gallbladder
perforation in our cohort demonstrated
significantly higher mortality rates. Interestingly,
these patients also underwent interval
cholecystectomy earlier than patients without
perforation. This finding may reflect a more
aggressive clinical approach by surgeons, who
may prefer earlier definitive treatment after

stabilization because of concerns regarding
recurrent biliary events, persistent inflammation,
or progression of disease-related complications
[29].

Procedure-related morbidity ~ following
percutaneous cholecystostomy has been
reported in the literature at rates ranging
from 8% to 44%. These complications
are most commonly minor events such as
catheter malposition, catheter dislodgement,
and intracystic bleeding, whereas major
complications including bile leakage and bile
duct injury occur less frequently [30, 31]. Since
patients undergoing PC are typically considered
high-risk surgical candidates with substantial
comorbidity burden and poor overall clinical
status, relatively high mortality rates have also
been reported in the literature.

In a systematic review including 53 studies
and 1,918 patients, mortality outcomes were
evaluated as overall mortality, biliary mortality,
and procedure-related mortality. The mortality
rate attributable to biliary infection was reported
as 3.6%, whereas procedure-related mortality
was only 0.36%; the overall mortality rate was
15.4% [3]. In the study by Pang et al. [19],
mortality was reported in 29 of 71 patients who
underwent PC. Similarly, Kaya and Tahtabasg!
[13] reported a mortality rate of 15.4%, identifying
increased severity of cholecystitis, higher ASA
scores, and advanced age as significant factors
associated with mortality. In our cohort, the
overall mortality rate was 12.2%. Mortality was
markedly higher among patients who did not
undergo surgery; while 25.8% of non-operated
patients died, the mortality rate among operated
patients was only 1.4%. Higher ASA scores and
the presence of gallbladder perforation were
identified as factors significantly associated with
mortality.

Despite increasing evidence, no universally
accepted timing strategy has yet been
established, and current recommendations
remain largely based on retrospective studies
and expert opinion.

Limitations

This study has several limitations that should be
acknowledged. First, due to its retrospective and
single-center design, the possibility of selection
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bias and incomplete data collection cannot be
entirely excluded. In addition, the relatively
limited sample size may have reduced the ability
to adequately evaluate rare complications.

Although no perioperative or postoperative
bile duct injury was observed in our cohort,
which is a favorable finding, this result should be
interpreted cautiously given the low event rate
and limited sample size. Bile duct injury is known
to be a rare complication following laparoscopic
cholecystectomy, occurring at relatively low
frequencies in the literature. Therefore, the
present cohort may not have been sufficiently
powered to perform a meaningful risk analysis
for this specific complication.

Furthermore, due to incomplete
documentation in patient records, not all
minor complications related to percutaneous
cholecystostomy could be fully evaluated.
Certain factors that may influence surgical
timing, including surgeon experience and
technical variations, could not be analyzed in a
standardized manner. In addition, heterogeneity
in follow-up duration limited the assessment of
long-term outcomes.

Future prospective, multicenter studies with
larger patient cohorts are needed to better define
the optimal timing of interval cholecystectomy
after percutaneous cholecystostomy and to
more clearly identify predictors associated with
postoperative complications and surgical timing.

Additionally, multivariable regression
analyses were not performed because of the
relatively limited sample size and the low number
of outcome events, particularly mortality cases.
Under these circumstances, multivariable
models were considered susceptible to
overfitting and unstable estimates. Therefore,
the reported associations should be interpreted
as findings derived from univariate analyses
rather than independent predictors.

In conclusion, this study evaluated the clinical
factors influencing the timing of percutaneous
cholecystostomy tube removal and interval
cholecystectomy  following percutaneous
cholecystostomy. Our findings demonstrated
that advanced age, higher ASA scores, and
increased comorbidity burden significantly
reduced the likelihood of patients proceeding to
definitive surgical treatment. In contrast, neither
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the timing of PC tube removal nor the interval
to cholecystectomy had a significant impact on
the choice of surgical approach (open versus
laparoscopic) or on conversion to open surgery
rates. One notable finding was the tendency
toward earlier interval surgery in patients with
gallbladder perforation. In addition, the markedly
higher mortality observed among non-operated
patients supports the continued importance of
definitive surgical management in appropriately
selected patients. The absence of perioperative
or postoperative bile duct injury in our cohort
further suggests that interval cholecystectomy
can be performed safely in experienced centers.

Despite increasing evidence in the literature,
there is still no clear consensus regarding the
optimal timing of surgery after percutaneous
cholecystostomy. Our findings suggest that
surgical timing should not be determined solely
according to a fixed time interval, but rather
individualized based on patient age, comorbidity
burden, clinical recovery, and inflammatory
status. Larger prospective multicenter studies
are warranted to better define the ideal
timing of interval cholecystectomy following
percutaneous cholecystostomy.
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