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Abstract

Background Acute cholecystitis (AC) is a common and serious condition characterized by gallbladder inflammation,
most often caused by cystic duct obstruction due to gallstones. Although laparoscopic cholecystectomy (CC) is

the preferred surgical treatment, percutaneous cholecystostomy (PC) is frequently considered for high-risk surgical
patients. The optimal management strategy for these patients remains a topic of debate. These systematic review
and meta-analysis aim to provide an updated evaluation of studies comparing the clinical outcomes of AC patients
treated with PC versus those undergoing CC, as well as the outcomes of CC alone versus PC followed by CC.

Methods A literature search was carried out across Web of Science, Medline, Embase, and PubMed up to April
2024. Observational studies comparing patients undergoing PC versus CC, as well as CC versus PC followed by CC,
and reporting mortality, morbidity, and readmission were included. Data extraction and quality assessment were
independently performed by two reviewers, with bias risk evaluated using the Newcastle-Ottawa Quality Scale. The
pooled odds ratio (OR) was obtained through meta-analyses by using STATA software (Version 18).

Results A total of 27 studies were included, with 16 comparing PC versus CC and 11 assessing PC followed by CC
versus CC alone. Meta-analyses revealed that CC was associated with significantly lower mortality (OR=0.26; 95%
C1=0.14-0.48) and readmission rates (OR=0.37; 95% Cl=0.18-0.75) compared to PC. The benefits of laparoscopic
cholecystectomy over percutaneous cholecystostomy were particularly evident for mortality (OR=0.17; 95%
C1=0.09-0.33), while a non-significant trend towards reduced readmission rates was also observed (OR=0.28; 95%
Cl=0.07-1.13). However, PC was identified as a viable alternative in high-risk surgical patients. Studies examining PC
followed by CC versus CC alone showed diverse results, with some indicating reduced surgical complications and
improved outcomes, while others reported no significant benefits.

Conclusion This work highlights that CC is associated with better outcomes, including lower mortality and
readmission rates, compared to both PC alone and PC followed by CC. The combined approach did not show a
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significant advantage over immediate CC. Further research with larger studies and standardized protocols is needed

to refine treatment strategies for high-risk AC patients.

Keywords Cholecystostomy, Cholecystectomy, Acute cholecystitis, Surgical treatment, Outcome

Background

Acute cholecystitis (AC) is a common and significant
condition marked by inflammation of the gallbladder,
most often resulting from the obstruction of the cys-
tic duct by gallstones. This blockage leads to bile stasis,
gallbladder distension, and, ultimately, an inflammatory
response that can escalate if untreated. The condition is a
major contributor to acute abdominal pain presentations
in emergency settings and frequently necessitates prompt
medical attention, often culminating in surgical interven-
tion [1, 2]. The disease not only poses a substantial bur-
den on healthcare systems but also represents a critical
condition that requires timely diagnosis and management
to prevent severe complications, such as gallbladder gan-
grene, perforation, or systemic sepsis. The urgency of
treatment is underscored by the fact that delayed inter-
vention can lead to significant morbidity and mortality.
The estimated overall prevalence of gallstones is 10—-15%
in the general population, with some differences across
countries. Between 20 and 40% of patients with gall-
stones will develop gallstone-related complications, with
an incidence of 1-3% annually; acute calculus cholecys-
titis (ACC) is the first clinical presentation in 10-15% of
the cases [3]. Gallstones, a primary risk factor, are impli-
cated in approximately 85% of cases. The prevalence of
AC correlates strongly with advancing age, particularly
among individuals over 60, where up to 30% may have
cholelithiasis. This condition not only heightens the risk
of cholecystitis but also underscores the importance of
targeted prevention and management strategies in older
populations [4, 5].

AC typically presents with pain in the right upper quad-
rant, fever, nausea, and vomiting. To establish a diagnosis,
healthcare providers rely on a thorough clinical assess-
ment, along with ultrasound imaging and laboratory tests
[1]. The severity of the condition can vary widely, rang-
ing from mild to severe, with serious complications such
as gallbladder gangrene or perforation that can lead to
significant morbidity and even mortality. To ensure con-
sistent and effective management, the Tokyo Guidelines
were created to offer a clear framework for diagnosing
and treating AC, also providing a classification system
for the severity of the disease and evidence-based pro-
tocols to improve patient outcomes [5]. According to the
Tokyo Guidelines, cholecystectomy (CC), particularly the
laparoscopic method, is the preferred surgical treatment
for AC, especially when performed within 72 h of symp-
tom onset, as it is associated with fewer complications
and shorter hospital stays [5]. However, in patients at

high surgical risk or those presenting later in the disease
course, percutaneous cholecystostomy (PC), commonly
referred to as drainage, represents a valuable alternative
in clinical context [6]. While percutaneous drainage is
associated with higher mortality and longer hospital stays
compared to CC, it remains a critical option for patients
who are not candidates for surgery [7, 8]. In certain cases
[2], percutaneous drainage may be employed as a tempo-
rary solution, while in others, it can serve as a definitive
therapeutic approach [1, 4, 9].

Recent meta-analyses have consistently shown that
early CC, preferably laparoscopic, is associated with bet-
ter outcomes compared to PC, even in high-risk surgical
patients with AC [8, 10, 11]. The 2020 World Society of
Emergency Surgery (WSES) guidelines strongly recom-
mend early laparoscopic CC as the first-line treatment,
reserving PC for patients unfit for surgery [3]. However,
the role of PC, either as a definitive treatment or as a
bridge to delayed surgery, remains debated in specific
clinical scenarios.

These systematic review and meta-analysis aim to pro-
vide a comprehensive and updated evaluation in light of
these guidelines and recent evidence, providing a com-
parison not only between PC and CC but also evaluates
the outcomes of a staged approach (PC followed by CC)
versus immediate CC. This dual perspective offers novel
insights into the optimal management strategies for high-
risk patients with acute cholecystitis.

Methods
Literature search and selection criteria
A systematic literature search was conducted across the
Web of Science, Medline, Embase, and PubMed data-
bases from their inception to April 2024. Two indepen-
dent reviewers (G.F. and G.B.) performed the search
using a predefined set of search terms: (acute cholecystitis
OR cholecystitis OR acute calculous cholecystitis) AND
(cholecystectomy OR laparoscopic cholecystectomy OR
open cholecystectomy OR laparotomic cholecystectomy)
AND (cholecystostomy OR percutaneous cholecystostomy
OR gallbladder drain OR gallbladder tube OR gallblad-
der drainage OR cholecystostomy tube). The methodology
adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and
followed the recommendations outlined in the Cochrane
Handbook [12]. The PRISMA checklist is provided as a
Supplementary file; Supplementary file 1.

Studies were deemed eligible for inclusion if they were
observational in nature, available as full-text articles
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published in English, and included populations diagnosed
with AC or acute calculous cholecystitis. Additionally,
eligible studies were required to provide comparisons
of clinical outcomes between PC and CC patients. No
restrictions were applied regarding the type of CC, and
both laparoscopic and open procedures were considered
acceptable for inclusion. Studies were excluded if they
focused on populations with conditions other than AC or
acute calculous cholecystitis, or if they did not compare
outcomes between PC and CC patients. Further exclu-
sion criteria encompassed conference abstracts, letters,
editorials, comments, case reports, case series, narrative
reviews, systematic reviews, and meta-analyses.

Data extraction

For each eligible study, two authors (G.F. and G.B.) inde-
pendently extracted key information using a structured
format, including the first author, year of publication,
country, and study design. Data collected for both PC
and CC patients included the total number of patients,
age, number of male patients, length of hospital stay,
mortality, morbidities, and readmissions. Any discrepan-
cies between investigators were resolved through consul-
tation with a third author (A.A.).

Assessment of bias risk and study quality

The quality of the studies was assessed by two authors
(G.F. and G.B.) utilizing the Newcastle-Ottawa Qual-
ity Assessment Scale (NOS), with particular attention to
potential biases in patient selection, comparability, and
outcomes. Publication bias was evaluated through visual
inspection of the funnel plot and the application of Egg-
er’s test.

Statistical analyses

The primary objective of this meta-analysis was to com-
pare clinical outcomes in patients with AC treated with
PC versus CC, as well as to compare outcomes between
CC and PC followed by CC. For each clinical outcome,
including mortality, morbidity and readmission, we cal-
culated the odds ratio (OR) with a 95% confidence inter-
val (95%CI). The pooled estimate was derived through
meta-analysis and reported as the OR for each surgical
treatment comparison. A subgroup analysis has been
conducted for studies comparing laparoscopic CC versus
PC. Heterogeneity across studies was assessed using the
Q-statistic test and the I* index, with significant hetero-
geneity defined as P<0.1 for the Q-statistic and I* > 50%.
In the presence of significant heterogeneity, a random-
effects model was applied. Statistical analyses were con-
ducted using STATA (version 18).
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Results

Study selection and characteristics of included studies
Figure 1 illustrates the study selection process following
the PRISMA 2020 flowchart. A total of 1818 records were
retrieved from database searches. After screening titles
and abstracts, 1620 records were excluded. During the
full-text eligibility evaluation of 198 studies, 171 articles
were excluded for the following reasons: 71 studies did
not compare surgical and medical treatments; 74 stud-
ies did not analyze clinical outcomes of PC versus CC;
20 studies did not specifically address high-risk patients
with AC; 6 studies compared patients undergoing PC and
those undergoing PC followed by CC. Thus, 27 studies
were included in the current systematic review. Accord-
ing to the NOS, the quality score was evaluated for the
25 retrospective and 2 prospective studies included in the
systematic review. All studies showed a low-to-moderate
risk of bias, with total scores ranging from 4 to 7. Spe-
cifically, most studies received a maximum of 3 stars out
of 4 in the selection category, 1 star out of 2 in the com-
parability category, and 3 stars in the exposure/outcome
category. The subsequent sections summarize the find-
ings from the included studies, organized by their meth-
odological approaches and results.

Efficacy and risks of PC versus CC in acute cholecystitis

Sixteen studies compared the outcomes of PC and CC in
patients with AC, focusing on mortality, morbidity, hos-
pital stay, readmission rates, and overall clinical effec-
tiveness. Table 1 shows that these studies were published
between 2011 and 2023, with 5 conducted in the United
States, 1 in the United Kingdom, 2 in Spain, 2 in China, 1
in Taiwan, 1 in Holland, 1 in Colombia, 1 in Turkey, 1 in
Egypt, 1 in Switzerland, and 1 in the Netherlands. Among
these, 14 studies were retrospective, and 2 were prospec-
tive. The number of patients undergoing PC ranged from
14 to 73.841, while the number of patients undergoing
CC ranged from 19 to 2.005.728. Although results are
controversial, some studies have highlighted the advan-
tages of CC over PC. For example, Hall and colleagues,
analyzing data from the Vizient UHC database in the
United States, concluded that emergency CC is not only
a safer option but also more cost-effective compared to
PC, thereby reinforcing the clinical preference for sur-
gical management in patients with AC [13]. Similarly,
Wiggins and colleagues, utilizing data from the Hospital
Episode Statistics database in England, highlighted the
efficacy of surgical treatment by demonstrating that, in
patients over 80 years of age, emergency CC was associ-
ated with significantly lower rehospitalization rates and
reduced one-year mortality compared to PC [4]. Ander-
son and colleagues also observed that patients undergo-
ing PC were generally older and presented with a higher
prevalence of comorbidities compared to those treated
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

Identification of studies via databases

)
=
2
3 Records identified from
% Databases (n = 1818)
H
=

~——

— }

Records screened by title and
abstract (n = 1818)

v

Records excluded
(n = 1620)

Screening

Reports assessed for eligibility

Records excluded:

(n=198)

Studies induded in review

—®| _studies did not comparing surgical and medical

interventions (n=71)

-Studies not comparing clinical outcomes of
percutaneous cholecystostomy and
laparoscopic cholecystectomy (n = 74)
-Studies not focusing on high-risk patients with
acute cholecystitis (n = 20)

-Studies comparing patients undergoing
cholecystostomy and those undergoing
cholecystostomy followed by cholecystectomy
(n=6)

(n=27)

[ ncluded | |

Source: Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.

This work is licensed under CC BY 4.0. To view a copy ofthis license, visit htips:/creativecomm ons. org/licenses/by/4.0/

Fig. 1 PRISMA flow diagram of study selection process

with CC. Their analysis revealed that the PC group expe-
rienced significantly higher mortality rates and longer
hospital stays than the CC group [2]. Building on these
insights, the study by Zehetner and colleagues revealed
that patients undergoing PC faced increased morbid-
ity and longer hospital stays than CC [5]. The findings of
Hadidi and colleagues further support this perspective,
demonstrating that while the overall outcomes of both
treatments were comparable, laparoscopic CC was pre-
ferred over the open surgical approach due to its associ-
ated benefits [14]. Although mortality rates were similar
between the two groups, the study by Loozen and col-
leagues revealed that the PC group had a higher inci-
dence of major complications, more reinterventions, and
increased readmission rates, suggesting that PC may be

associated with a greater risk of complications compared
to cholecystectomy [15].

By contrast, some studies have highlighted that PC may
be more beneficial in certain cases. Rodriguez-Sanjuan
and colleagues suggested that PC may provide greater
benefits for very elderly and high-risk surgical patients,
offering a viable alternative to CC in these cases [16]. Jin
and colleagues conducted a comparative analysis of open
CC, laparoscopic CC, and PC in the management of AC,
and notably found that PC offered distinct advantages,
including faster recovery, improved survival rates, fewer
complications, and more rapid normalization of labora-
tory values when compared to CC [17]. In a similar vein,
Teoh and colleagues conducted a propensity score analy-
sis of patients with AC, concluding that PC may be con-
sidered a valid option for patients who are not candidates
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for CC, as both treatments demonstrated comparable
complication rates [18]. In a broader context, Wadhwa
and colleagues found that the use of PC procedures has
been steadily increasing and offers a higher success rate
compared to non-intervention, with outcomes compara-
ble to those of CC, reinforcing the growing acceptance of
PC as an effective treatment option [1]. Garcés-Albir and
colleagues, in their study on elderly patients with sub-
stantial comorbidities, found that while PC was linked to
higher mortality and longer hospitalization compared to
CC, it was associated with fewer severe complications,
indicating its potential role as a viable option for high-
risk patients [19].

Some evidence suggests that both PC and CC may
offer effective management strategies for AC in selected
patients. Melloul et al., for instance, observed that
although CC was linked to increased iatrogenic morbid-
ity, PC alone frequently failed to achieve definitive reso-
lution. These results reinforce current recommendations
advocating for post-cholecystostomy cholecystectomy to
ensure effective control of sepsis in high-risk populations
[20]. In line with this, Akarsu et al. investigated the man-
agement of AC in patients with elevated anesthetic risk
and found that both PC and CC were comparably effec-
tive in controlling sepsis, suggesting that either approach
may be appropriate for high-risk patients when tailored
to their clinical status [21]. The study by Simorov and
colleagues suggested that while PC is particularly benefi-
cial for patients with severe comorbidities, CC remains
the definitive treatment, best suited for clinically stable
individuals [22]. However, the study by Ramirez and col-
leagues underscored the complexity of managing frail
patients, suggesting that neither treatment can be defini-
tively recommended for elderly patients with AC, as both
approaches are associated with high morbidity and mor-
tality rates [23]. The study by Lu and colleagues indicated
that PC had poorer prognoses, suggesting that the role of
PC in the Tokyo guidelines may be overestimated. This
implies that its use should be limited to elderly patients
and those in critical condition [24].

Meta-analyses comparing outcomes in CC and PC patients

Overall, the meta-analyses showed that patients undergo-
ing CC had significantly lower odds of death (OR=0.26;
95% CI=0.14—-0.48) (Fig. 2) and readmission (OR=0.37;
95% CI=0.18-0.75) (Fig. 3) compared to those treated
with PC. However, the majority of included studies
(n=10) encompassed both open and/or laparoscopic
CC procedures, without distinguishing outcomes based
on surgical technique. In contrast, a smaller number of
studies (n=6) explicitly analyzed patients treated exclu-
sively with laparoscopic CC. In this subgroup analysis,
the benefits of cholecystectomy (CC) were even more
evident, with patients undergoing laparoscopic CC
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exhibiting significantly lower odds of death (OR=0.17;
95% CI=0.09-0.33) compared to those treated with per-
cutaneous cholecystostomy (PC). Although a reduction
in readmission rates was also observed (OR=0.28; 95%
CI=0.07-1.13), this difference did not reach statistical
significance.

To assess the presence of publication bias in the studies
included in the present meta-analysis, funnel plots were
visually inspected and Egger’s test was performed. How-
ever, although Egger’s test was not significant (p =0.655
for mortality and p=0.896 for readmission; Supplemen-
tary files 2 and 3), the funnel plots inspection did not
completely rule out the presence of publication bias.

In addition, comorbidity profiles were assessed to
evaluate whether baseline patient characteristics could
account for differences in clinical outcomes between
treatment groups. The overall meta-analysis revealed
no statistically significant difference in the prevalence
of comorbidities between patients undergoing CC and
those treated with PC (OR=1.41; 95% CI=0.74-2.67;
P>0.05) (Supplementary File 4). Subgroup analysis focus-
ing on studies that exclusively included laparoscopic CC
confirmed these findings, showing comparable comor-
bidity rates between laparoscopic CC and PC patients
(OR=0.76; 95% CI=0.26-2.23; P> 0.05).

Is there still a role for PC as a bridge to delayed CC?

Eleven studies have investigated the outcomes of PC fol-
lowed by CC compared to CC alone (Table 2). All the
included studies - published between 2004 and 2023
- employed a retrospective design, with 5 conducted in
Korea, 2 in China, 1 in Japan, 1 in Turkey, 1 in Egypt,
and 1 in Israel. The number of patients undergoing PC
followed by CC ranged from 21 to 201, and from 44 to
627 for those who undergone CC alone. It is important to
note that all included studies referred to laparoscopic CC
when reporting outcomes for CC patients.

Several studies have highlighted the potential ben-
efits of a staged approach, combining PC followed by
CC, particularly in patients deemed high-risk for surgi-
cal intervention. Building on these insights, Karakayali
and colleagues focused on patients with AC classified
as ASA II or III, suggesting that this sequential strat-
egy may reduce surgical risk and shorten recovery time.
Specifically, their study demonstrated that patients who
underwent PC followed by CC experienced fewer surgi-
cal complications and a shorter overall hospital stay com-
pared to those treated with immediate CC alone [25].
El-Gendi and colleagues noted that both treatments were
found to be highly effective in resolving sepsis induced
by AC. However, the combination of PC followed by CC
demonstrated better outcomes, with a lower conversion
rate to open surgery and shorter overall hospital stays,
highlighting its potential advantages over CC alone [26].



Fanciulli et al. World Journal of Emergency Surgery (2025) 20:50 Page 7 of 12

CC patients PC patients QOdds ratio Weight
Study Dead Alive Dead Alive with 95% CI (%)
Akarsu et al.,2018 0 217 4 98 —W— 0.05[0.00, 0.94] 297
Anderson et al.,2013 4,016 294,711 1,038 6,982 B 0.09[0.09, 0.10] 10.02
El Hadidi et al.,2019 4 156 5 60 —l 0.31[0.08, 1.18] 6.67
Garces et al.,2020 9 230 42 180 . = 0.17[0.08, 0.35] 8.70
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Jin et al.,2022 3 17 0 14 —f—®——580[0.28, 121.72] 2.81
Loozen et al.,2018 2 64 6 62 — 0.32[0.06, 1.66] 5.76
Lu et al.,2017 4987 220,571 1,827 9,357 L] 0.12[0.11, 0.12] 10.03
Melloul et al.,2011 3 16 3 20 —— 1.25[0.22, 7.05] 5.49
Rodriguez et al.,2012 0 32 5 24 ——W— 0.07[0.00, 1.30] 295
Simorov et al., 2017 21 1,000 18 686 . 3 0.80[0.42, 151 9.02
Teoh et al.,2021 0 30 2 28 — 0.19[0.01, 4.06] 2.77
Whadhwa et al.,2021 16,046 1,989,682 7,384 66,457 [ | 0.07[0.07, 0.07] 10.03
Wiggins et al.,2018 1,698 1,841 951 390 ] 0.38[0.33, 0.43] 9.99
Zehetner et al.,2014 0 23 3 20 ——m—— 0.12[0.01, 256] 284
Overall < 0.26[0.14, 0.48]
Heterogeneity: ° = 0.94, I’ = 99.58%, H’ = 236.84
Test of 6i = 6;: Q(14) = 1617.79, p<0.01
Testof 6 =0:z=-4.36, p <0.01

1/256 1/32 1/4 2 16
Random-effects REML model

Fig. 2 Forest plot showing the proportion of deaths in PC and CC patients

CC patients PC patients Odds ratio Weight
Study Readmission No readmission Readmission No readmission with 95% CI (%)
Garces et al.,2020 30 209 78 144 ] 0.26[0.17, 0.42] 13.44
Hall et al.,2018 215 7,664 33 1,649 || 1.40[0.97, 2.03] 13.75
Loozen et al.,2018 8 58 45 23 —- 0.07[0.03, 0.17] 11.64
Lu et al.,2017 3,137 222,421 386 10798 [ | 0.39[0.35, 0.44] 14.24
Ramirez et al.,2023 7 58 1 30 ————3.62[0.43, 30.81] 6.19
Simorov et al.,2017 164 857 204 500 [ | 0.47[0.37, 0.59] 14.07
Teoh et al.,2021 3 27 4 26 —— 0.72[0.15, 3.54] 8.30
Wiggins et al.,2018 595 2,944 665 676 [ | 0.21[0.18, 0.24] 14.21
Zehetner et al.,2014 0 23 9 14 — 0.03[0.00, 0.60] 4.16
Overall > 0.37[0.18, 0.75]
Heterogeneity: 1° = 0.91, I’ = 97.94%, H* = 48.55
Test of 6 = 8;: Q(8) = 142.62, p < 0.01
Testof 6=0:z=-2.76, p < 0.01

1/512  1/32 112 8
Random-effects REML model

Fig. 3 Forest plot showing the proportion of readmissions in PC and CC patients
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In a similar manner, Ke et al. reported that the group
undergoing both PC and subsequent CC demonstrated
improved outcomes, characterized by a reduced con-
version rate and fewer ICU admissions, despite experi-
encing an extended length of hospital stay [27]. Jia and
colleagues focused on elderly, high-risk patients with
AC, suggesting that the combination of PC and CC was
an effective treatment option for this group, with some
patients showing even better outcomes compared to
those who had cholecystectomy alone [28].

Although the combined approach of PC followed by
CC shows potential benefits, several studies have empha-
sized its limitations. Choi et al. reported increased com-
plication rates and longer hospital stays with delayed CC
after PC, suggesting added risks compared to direct CC
[29]. Likewise, Mizrahi et al. observed that this staged
strategy was linked to prolonged hospitalization, more
frequent surgical complications, and higher readmission
rates [30].

In contrast to studies highlighting clear advantages or
disadvantages of the combined approach, several inves-
tigations have reported that adding PC prior to CC offers
no significant benefit compared to immediate CC alone.
For instance, Oh and colleagues conducted a comparative
analysis in which patients were divided into two groups:
one undergoing PC followed by CC, and the other treated
with CC alone. Their findings revealed no significant dif-
ferences in clinical outcomes between the two groups,
suggesting that while PC may be a suitable option for
high-risk patients, it does not adversely affect the success
or safety of subsequent cholecystectomy [31]. Lee and
colleagues found that, despite more severe baseline con-
ditions in patients undergoing both PC and CC, surgical
complication rates were comparable to those treated with
CC alone. They therefore recommended considering PC
as a preparatory step for patients with elevated anesthetic
risk [32]. Similarly, Kim and colleagues found no clear
advantage to the combined approach of PC followed by
CC, suggesting that this strategy should be reserved for
carefully selected cases where immediate surgery is not
feasible [33]. In addition, Park and colleagues assessed
postoperative quality of life in patients undergoing either
PC followed by CC or CC alone. Their analysis revealed
no significant differences between the two groups, sup-
porting the notion that the staged approach remains
a viable option for elderly or high-risk patients when
direct cholecystectomy poses excessive risk [34]. Finally,
the study by Tsumarra and colleagues showed that lapa-
roscopic CC after selective Percutaneous transhepatic
gallbladder drainage (PTGBD) in high-risk AC patients
shows comparable surgical outcomes and recovery to
non-PTGBD cases, supporting its safety and efficacy [35].
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Discussion

AC is a frequent clinical condition with considerable
implications, particularly in critically ill or high-risk sur-
gical patients. While laparoscopic CC is the gold standard
for stable patients [4, 13], the optimal strategy for those
with significant comorbidities remains debated. In these
cases, PC is often employed as a less invasive, temporiz-
ing measure. However, its role remains controversial due
to reported associations with higher complication and
mortality rates, and uncertain long-term outcomes [2, 5].

Our work aimed to assess current evidence comparing
outcomes in patients treated with PC, CC, and PC fol-
lowed by delayed CC. All included studies predominantly
evaluated high-risk patients, often classified as ASA III
or IV. Across the literature, there is general agreement
favoring CC over PC in terms of short-term outcomes,
particularly for patients who are clinically stable. Multi-
ple systematic reviews and meta-analyses support these
findings. Markopoulos et al. reported a fivefold increase
in mortality and a threefold increase in readmissions
among elderly patients managed with PC compared to
those undergoing CC [10]. Similarly, Huang et al. high-
lighted nearly threefold higher mortality and a greater
incidence of recurrent biliary events in high-risk patients
treated with PC [8]. Our findings further support exist-
ing literature by demonstrating that CC, and particularly
laparoscopic CC, is associated with significantly lower
mortality rates compared to PC. A significant reduction
in readmission rates was also observed with CC overall,
although this benefit was less evident in the subgroup
analysis limited to laparoscopic procedures, where only
a non-significant trend was noted. Regarding postopera-
tive complications, no substantial differences emerged
between CC and PC. Given the absence of significant
differences in comorbidity profiles between treatment
groups, these outcomes suggest that the poorer results
observed with PC are likely attributable to the intrinsic
limitations of the procedure itself, rather than to base-
line patient characteristics. These findings reinforce the
preference for early laparoscopic cholecystectomy when
feasible, reserving PC for cases where surgery poses an
unacceptable risk.

This recommendation is consistent with the 2020
WSES guidelines, which advocate urgent laparoscopic
CC as the preferred treatment - even in high-risk patients
- when technically and clinically feasible [3]. According
to these guidelines, PC should be reserved for critically
ill patients who are temporarily unfit for surgery, par-
ticularly in cases of sepsis or gallbladder empyema. The
CHOCOLATE randomized controlled trial further vali-
dated this approach by showing significantly fewer major
complications with early laparoscopic CC compared to
PC in high-risk patients [15].
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Despite these clear recommendations, clinical prac-
tice often includes the use of PC as a bridge to delayed
CC, particularly in frail or elderly individuals [1, 16-19].
PC, introduced by Radder, is a non-surgical method for
decompression of the gallbladder, often performed under
local anesthesia [8]. While some view PC as a final treat-
ment that makes follow-up CC unnecessary, this remains
a topic of debate. The 2018 Tokyo guidelines suggest PC
can serve as a bridge to surgery, particularly in high-risk
patients [36]. Some studies suggest this staged approach
can reduce surgical risk, minimize ICU admissions, and
optimize patient conditions preoperatively [25, 26]. In
patients with severe or moderate AC, delaying surgery
may seem intuitive. However, many patients treated
with PC never undergo definitive surgery, with one study
reporting that only 23% proceeded to elective CC [37].
This leads to higher recurrence rates, prolonged catheter
dependency, and increased risk of complications such as
tube dislodgement and infection [20, 24]. Furthermore,
the optimal timing of surgery following PC remains
uncertain. A systematic review by Kourounis et al. found
no clear advantage in performing CC within 30 days ver-
sus later, underscoring the need for further investigation
[38]. In our systematic review, results from the compari-
son between patients undergoing immediate CC and
those treated with PC followed by delayed CC are con-
troversial. Due to the limited number of studies provid-
ing comparable quantitative data, a meta-analysis for this
comparison could not be reliably performed. These find-
ings, based on qualitative assessment, challenge the pre-
sumed advantage of a staged approach and suggest that,
when early CC is clinically feasible, it should be favored
over initial decompression followed by interval surgery.

The strength of our work lies in its comprehensive
and up-to-date evaluation of existing studies comparing
clinical outcomes of critically ill patients with AC treated
with PC versus CC, as well as PC followed by CC. A key
novelty of our study is the direct comparison between
PC followed by CC and CC alone, which provides
unique insights into the added benefits of this sequential
approach. Additionally, our work is particularly valuable
as it also includes a direct comparison between PC and
CC within the same study, offering a more complete per-
spective on the effectiveness, safety, and long-term out-
comes of these treatment strategies.

This study, however, presents several limitations that
must be acknowledged when interpreting the results.
First, the relatively small number of included studies
and patients, particularly in certain subgroups, limits
the generalizability of our findings and highlights the
need for larger, multicenter studies to develop standard-
ized protocols. Additionally, significant heterogeneity
was observed across the studies, stemming from varia-
tions in patient selection criteria, definitions of critically
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ill patients, surgical techniques (both for CC and PC),
and differences in postoperative management protocols.
Although statistical methods were applied to account for
this variability, clinical heterogeneity - driven by factors
such as disease severity, comorbidity profiles, surgical
expertise, and institutional practices - remains a critical
element influencing outcomes. Notably, while comorbid-
ity rates appeared similar between groups in our meta-
analysis, subtle clinical differences may not have been
fully captured in aggregated data. Another important
limitation is the inconsistent and incomplete reporting
of key clinical outcomes, such as postoperative compli-
cations and length of hospital stay. This lack of uniform
data prevented us from performing meta-analyses on
several clinically relevant endpoints, thereby reducing
the overall strength and precision of our conclusions.
Future studies should also explore subgroup analyses
based on patient age, comorbidities, and disease severity
to better identify which patients may benefit most from
PC, CC, or a staged approach. Furthermore, the majority
of the included studies were retrospective in nature and
potentially subject to selection bias, as many focused on
patients with high ASA scores or significant comorbidi-
ties. This selective focus restricts the applicability of our
results to the broader population of patients with acute
cholecystitis, particularly those with milder disease pro-
files. A critical gap in the available literature - and con-
sequently in our analysis - is the absence of standardized
data regarding the timing of cholecystectomy following
PC. Given that the optimal interval remains a subject of
ongoing debate, this omission limits guidance for clinical
decision-making and underscores the need for prospec-
tive studies addressing this issue. Moreover, long-term
outcomes, including recurrence rates, delayed complica-
tions, and patient-reported quality of life, were rarely and
inconsistently reported. This hampers a comprehensive
evaluation of the sustained effectiveness and safety of PC
compared to CC. Finally, it is important to highlight that
not all studies clearly distinguished between laparoscopic
and open CC, which may have introduced heterogeneity
into the overall analysis. Given that laparoscopic proce-
dures are generally associated with superior postopera-
tive outcomes compared to open surgery, this variability
in surgical approach could have influenced the pooled
results. To address this limitation, a subgroup analy-
sis was performed including only studies that explicitly
reported outcomes for patients treated with laparoscopic
CC. This analysis confirmed and even reinforced the ben-
efits observed in the overall population, underscoring
that the advantages of CC over PC are particularly evi-
dent when minimally invasive techniques are employed.
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Conclusions

In conclusion, this systematic review and meta-analysis
aligns with previous evidence and confirms that CC, pref-
erably laparoscopic, should remain the first-line treat-
ment for AC whenever feasible, due to its association
with lower mortality and readmission rates. PC remains
a valuable option for critically ill patients unfit for sur-
gery. The staged approach (PC followed by CC) does
not appear to offer significant advantages over immedi-
ate CC. Clinicians should carefully evaluate patient risk
profiles to tailor the most appropriate treatment strategy.
Future research should focus on defining optimal timing
for delayed surgery, long-term outcomes, and the role of
minimally invasive techniques in high-risk populations.
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