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ABSTRACT

BACKGROUND: Acute cholecystitis (AC) is a common hepatobiliary condition that requires surgical intervention. The Tokyo
Guidelines 2018 (TG18) recommend early laparoscopic cholecystectomy (LC) for moderate AC (Grade Il) and percutaneous transhe-
patic gallbladder drainage (PTGBD) for high-risk patients. However, the optimal timing for LC following PTGBD remains controversial.

METHODS: This retrospective study analyzed data from 432 patients with Grade |l AC treated at a high-volume center between
January 2022 and February 2024. Patients were divided into two groups: early LC (n=131) and delayed LC following PTGBD (n=43).
Clinical outcomes, postoperative complications, and length of hospital stay were compared using statistical analyses, including linear
regression modeling.

RESULTS: No significant differences were observed between the groups in conversion to open surgery (4.7% vs. 9.9%, p=0.27), post-
operative bleeding (6.9% vs. 1.5%, p=0.006), or biliary tract complications (4.7% vs. 3%, p=0.638). However, postoperative systemic
inflammatory response syndrome (SIRS) occurred significantly more frequently in the PTGBD group (23.3% vs. 6.9%, p=0.003). Linear
regression analysis identified conversion to open surgery, postoperative SIRS, and biliary complications as independent predictors of
prolonged hospital stay, whereas PTGBD itself was not associated with increased hospitalization duration (p=0.304).

CONCLUSION: Early LC is a feasible approach for most patients with Grade Il AC, with outcomes comparable to those of PTGBD
followed by delayed LC. PTGBD remains a valuable alternative for high-risk patients. Further large-scale prospective studies are needed
to refine treatment strategies and determine the optimal timing for LC following PTGBD.
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INTRODUCTION

Laparoscopic cholecystectomy (LC) is the standard surgical
treatment for acute cholecystitis (AC), a common hepatobili-
ary condition requiring definitive surgical management. Since
the introduction of the Tokyo Guidelines in 2007, the man-
agement of AC has been stratified according to disease sever-
ity, enabling clinicians to select more appropriate treatment

strategies.I'! The Tokyo Guidelines 2018 (TGI18) provide
recommendations for the optimal management of AC and
serve as an important reference for clinical decision-making.
[ According to TGI8, patients with moderate AC and lim-
ited comorbidity may benefit from early LC, particularly when
performed in centers with substantial laparoscopic expertise.
B3] Furthermore, TG18 suggests that LC may also be consid-
ered in selected patients with severe AC (Grade Ill) who do
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not have unfavorable prognostic factors despite the presence
of organ dysfunction.l!

Since its introduction in the 1980s, percutaneous transhe-
patic gallbladder drainage (PTGBD) has been primarily used
as a therapeutic option for patients who are poor surgical
candidates and as a bridge to definitive surgery in severe AC.
PTGBD remains an important component of treatment for
moderate and severe (Grade Il/Ill) AC because it can stabilize
patients prior to surgery.®% The Tokyo Guidelines 2018 pro-
vide an important framework for the management of acute
cholecystitis and recommend percutaneous transhepatic
gallbladder drainage followed by elective cholecystectomy in
selected patients with Grade Il/lll AC who have poor gen-
eral health status or do not respond adequately to antibiotic
therapy.l'”!

However, Grade Ill AC is associated with systemic illness
and organ dysfunction and does not represent an indication
for straightforward LC. For these patients, TG 18 prioritizes
prompt medical management and organ support. The deci-
sion to proceed with surgery should be based on compre-
hensive evaluation of the patient’s clinical condition, including
comorbidities and associated complications.”!

When selecting between PTGBD and early LC for patients
with Grade Il and Ill AC, the presence of unfavorable risk
factors and organ dysfunction plays a critical role. Careful
perioperative management and mitigation of surgical risk are
essential, particularly in patients considered for percutane-
ous transhepatic gallbladder drainage, who are often older
and have substantial comorbidity burdens. In clinical practice,
adherence to the TG 18 recommendations for urgent or early
cholecystectomy may be limited by constraints in institutional
infrastructure and available medical resources. Clinicians of-
ten employ PTGBD as an initial treatment strategy for pa-
tients with Grade Il and lll AC to reduce inflammation before
performing delayed cholecystectomy. However, this approach
may result in the development of dense adhesions, increasing
technical difficulty during subsequent laparoscopic cholecys-
tectomy.

Treatment guidelines are periodically updated to incorporate
emerging findings. In the initial management of patients with
Grade Il acute cholecystitis, the choice of surgical approach
is generally secondary to systemic treatment and manage-
ment of organ dysfunction. This study aimed to evaluate the
outcomes of laparoscopic cholecystectomy following percu-
taneous transhepatic gallbladder drainage and to assess the
feasibility of early laparoscopic cholecystectomy by compar-
ing these two treatment strategies in patients with Grade |
acute cholecystitis.

MATERIALS AND METHODS

This retrospective study was approved by the Local Ethics
Committee of Training and Research Hospital (Approval No:
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2024/04/04/041). All procedures were conducted in accor-
dance with the principles of the Declaration of Helsinki.

Retrospective data were collected from patients diagnosed
with acute cholecystitis and hospitalized for treatment at
Bagcilar Training and Research Hospital. All surgical proce-
dures were performed by teams with extensive experience
in laparoscopic cholecystectomy. Our institution is a high-
volume center, performing approximately 1,000-1,500 LC
procedures and more than 100 PTGBD procedures annually.
Data collected between January 2022 and February 2024
were systematically recorded in an electronic database.

Medical records of 470 patients who underwent surgical
treatment for AC were reviewed. Complete data were avail-
able for 432 patients, who were subsequently classified ac-
cording to the Tokyo Guidelines 2018. Patients classified as
Grade | or Grade Il were excluded. The remaining patients
were divided into two groups: delayed LC following PTGBD
(n=43) and early LC (n=131) (Fig. 1).

Statistical Analysis

All statistical analyses were performed using Python (Jupyter
Notebook) with the SciPy and pandas libraries. Categorical
variables are presented as number (percentage) and were
compared using Fisher’s exact test when expected cell counts
were small; otherwise, the chi-square test was applied. Con-
tinuous variables were assessed for normality and, because
distributions were non-normal, are presented as median and
interquartile range (IQR) and compared using the Mann—
Whitney U test.

To identify factors independently associated with postopera-
tive systemic inflammatory response syndrome (SIRS), mul-
tivariable binary logistic regression analysis was performed.
The model included treatment group (PTGBD vs. early LC),
age (continuous), and preoperative white blood cell count
(WBC) as an indicator of baseline inflammatory status. Be-
cause WBC demonstrated a skewed distribution, values were
log-transformed before analysis. A composite comorbidity
variable (*any major comorbidity”) was included as an adjust-
ment factor and defined as the presence of at least one of the
following conditions: cardiovascular disease (CVD), chronic
obstructive pulmonary disease (COPD), or chronic kidney
disease (CKD). Results are reported as adjusted odds ratios
(aOR) with 95% confidence intervals (ClI).

Length of hospital stay (LOS) was analyzed as a continuous,
right-skewed outcome. Accordingly, median (t=0.5) quantile
regression was used to evaluate the association between
postoperative complications and LOS while adjusting for po-
tential confounders. “Any postoperative complication” was
defined as the occurrence of at least one of the following:
conversion to open surgery, postoperative bleeding, biliary
complication, or postoperative SIRS. Quantile regression re-
sults are reported as beta coefficients representing the esti-
mated change in median LOS (days) with 95% CI. A two-sided
p value <0.05 was considered statistically significant.
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Figure 1. Flow diagram of patient selection and study inclusion.

RESULTS

Patients were divided into two treatment groups: PTGBD
followed by delayed LC and early LC. The clinical and de-
mographic characteristics of both groups are summarized in
Table I.

Postoperative outcomes were compared between patients
undergoing PTGBD and those undergoing early LC while ac-
counting for demographic and perioperative characteristics.

No significant differences were observed between the groups
in rates of conversion to open surgery (relative risk [RR]
0.47, 95% CI 0.11-1.99; p=0.27), postoperative bleeding
(7.0% vs. 1.5%; RR 4.57, 95% CI 0.79-26.45; p=0.06), or bili-
ary tract complications (4.7% vs. 3%; p=0.638). A statistically
significant difference was observed only in the incidence of
postoperative SIRS, which occurred more frequently in the
PTGBD group than in the early LC group (23.3% vs. 6.9%; RR
3.39, 95% CI 1.47-7.78; p=0.003) (Table 2).

The median interval between PTGBD and subsequent LC was
60 days. Factors associated with length of hospital stay were
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evaluated using linear regression models. In univariable anal-
yses, several factors were significantly associated with pro-
longed length of hospital stay across both treatment groups.
Postoperative complications—including conversion to open
surgery, postoperative bleeding, biliary complications, and
SIRS—were each associated with significantly longer hospital
stays (Table 3). Preoperative PTGBD was not significantly as-
sociated with length of hospital stay in either univariable or
multivariable linear regression models (p=0.304 and p=0.638,
respectively). In median quantile regression analysis, the oc-
currence of any postoperative complication was indepen-
dently associated with a three-day increase in median length
of hospital stay (3=3.0 days, 95% CI 2.36-3.64; p<0.001), af-
ter adjustment for treatment group, age, baseline WBC level,
and major comorbidity status.

Multivariable logistic regression demonstrated that PTGBD
remained independently associated with postoperative SIRS
after adjustment for age, preoperative WBC (log-trans-
formed), and major comorbidity status (aOR 5.27, 95% ClI
1.78-15.65; p=0.003) (Table 4).
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Table 1. Clinical characteristics
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Variable PTGBD (n=43) Early LC (n=131) P

Age 61 (56-64) 55 (45-64) 0.010
Preoperative WBC, x10°/L 16.94 (12.18-18.07) 15.38 (12.89-18.01) 0.298
Total bilirubin 0.8 (0.1-3.4) 1.0 (0.1-4.8) 0.177
INR 1.2 (0.9-2.0) 1.2 (0.2-1.7) 0.697
History of abdominal surgery 14 (32.5%) 21 (16.0%) 0.027
CVD 18 (41.9%) 38 (29.0%) 0.134
COPD 8 (18.6%) 7 (5.3%) 0.012
CKD 5(11.6%) 13 (9.9%) 0.775
Any major comorbidity (CVD/COPD/CKD) 25 (58.1%) 50 (38.2%) 0.032

Values are presented as median (IQR) or n (%). Continuous variables were compared using the Mann—Whitney U test. Categorical variables were compared
using the Fisher’s exact test when expected cell counts were small. PTGBD: Percutaneous transhepatic gallbladder drainage; LC: Laparoscopic cholecystec-
tomy; WBC: White blood cell count; INR: International Normalized Ratio; CVD: Cardiovascular disease; COPD: Chronic obstructive pulmonary disease;
CKD: Chronic kidney disease.

Table 2. Postoperative outcomes

Variable PTGBD Early LC RR (95% CI) OR (95% CI) P
Interval from PTGBD to surgery (days) 60 (20-152) 0.123
Postoperative SIRS 10 (23.3%) 9 (6.9%) 3.39 (1.47-7.78) 4.11 (1.54-10.94) 0.003
Biliary complications

2 (4.7%) 4 (3.0%) 1.52 (0.29-8.03) 1.55 (0.27-8.77) 0.638
Postoperative bleeding

3 (6.9%) 2 (1.5%) 4.57 (0.79-26.45) 4.84 (0.78-29.98) 0.006
Conversion to open surgery 2 (4.7%) 13 (9.9%) 0.47 (0.11-1.99) 0.44 (0.10-2.05) 0.27
Length of hospital stay (days) 3.53 (1-20) 3.5 (2-11) 0.814

Values are presented as n (%). Relative risks (RR) and odds ratios (OR) are reported with 95% confidence intervals (Cl). Group comparisons were performed
using the chi-square test. Statistical significance was defined as p<0.05. PTGBD: Percutaneous transhepatic gallbladder drainage; LC: Laparoscopic cholecys-
tectomy.

Table 3. Length of hospital stay according to postoperative complications

Complication PTGBD - no PTGBD - p
complication LOS, complication LOS,

median (IQR) median (IQR)

Early LC - no Early LC - P
complication LOS, complication LOS,
median (IQR) median (IQR)

Conversion to open surgery 3 (24) 8 (6-11) <0.001 3 (24) 6 (4-8) 0.003
Postoperative bleeding 3 (24) 6 (5-8) 0.02 3 (24) 5 (4-7) 0.04
Biliary complications 3 (24) 8 (6-10) 0.006 3 (24) 6 (4-9) 0.0l
Postoperative SIRS 3(24) 6 (4-8) <0.001 3(24) 54-7) <0.001

Values are presented as median (interquartile range). Length of hospital stay was compared between patients with and without each complication within
treatment groups using the Mann—Whitney U test. PTGBD: Percutaneous transhepatic gallbladder drainage; LC: Laparoscopic cholecystectomy; LOS: Length
of hospital stay; IQR: Interquartile range.
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Table 4. Multivariable logistic regression analysis for postop-
erative systemic inflammatory response syndrome
(SIRS)

Predictor aOR 95% ClI P

PTGBD (vs. Early LC) 527 1.78-15.65 0.003

Age (per one-year increase) 099 0.94-1.04 0.637

In(WBC) (per | In-unit increase) 0.18  0.05-0.66 0.010

Any major comorbidity 1.76  0.58-5.29 0.316

aOR: Adjusted odds ratios; Cl: Confidence intervals; PTGBD: Percutane-
ous transhepatic gallbladder drainage; WBC: White blood cell count.

DISCUSSION

For high-risk patients with AC, PTGBD represents a less inva-
sive therapeutic strategy that may reduce the need for emer-
gency surgery. LC remains the definitive treatment following
stabilization. However, the optimal timing of LC after PTGBD
remains controversial, with observational studies reporting
heterogeneous findings.

Surgical treatment of Stage Il/lll AC carries risks including
bleeding, bile duct injury, and prolonged hospitalization. The
Tokyo Guidelines provide recommendations supporting ear-
lier surgical intervention under appropriate conditions to im-
prove outcomes.” Nevertheless, as with previous versions of
the guidelines, these recommendations remain a subject of
ongoing debate. Based on these recommendations, we evalu-
ated the feasibility of early surgery in patients with Grade |
AC. In our study, postoperative complications and length of
hospital stay did not differ significantly between the early LC
and PTGBD groups. These findings support the feasibility of
early surgical intervention in appropriately selected patients
and are consistent with the recommendations of the TG18.
Additionally, our results demonstrated that patients who un-
derwent LC following PTGBD achieved surgical outcomes
comparable to those of patients undergoing early LC despite
a greater burden of comorbidities and more challenging op-
erative conditions.

In current clinical practice, delayed surgery following PTGBD
is often considered a safe strategy for patients with increased
perioperative risk related to comorbidities and general anes-
thesia.l' PTGBD is generally regarded as an adjunctive treat-
ment for AC rather than definitive therapy. However, several
studies have suggested that PTGBD may improve survival and
reduce postoperative complications in patients with AC. Ad-
ditionally, elective LC following PTGBD in high-risk patients
with Grade Il/lll AC has demonstrated outcomes comparable
to those of early LC.I''l However, another study reported
that patients undergoing early LC had higher rates of postop-
erative mortality, intraoperative and postoperative complica-
tions, and conversion to open surgery compared with those
treated with PTGBD.I'*'®! These findings suggest that elective
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LC following PTGBD may provide clinical benefit compared
with early LC. Notably, studies involving older patients and
those with multiple comorbidities have demonstrated im-
proved postoperative outcomes in these patient groups.['s!]
A decision-tree algorithm proposed by previous authors in-
corporates readily available clinical parameters, including C-
reactive protein (CRP) level, gallbladder wall thickness, and
age, to preoperatively predict complicated acute cholecysti-
tis. Incorporating low-cost and accessible risk-stratification
tools may help clinicians individualize treatment decisions be-
tween PTGBD and early LC, particularly in resource-limited
settings.I'® Additionally, a recent meta-analysis highlighted
substantial heterogeneity and lack of consensus regarding the
definition of high-risk patients suitable for PTGBD, emphasiz-
ing the need for standardized predictive models.['”!

Another study reported that preoperative PTGBD before
planned LC significantly reduced operative duration, intra-
operative blood loss, postoperative length of hospital stay,
conversion to open surgery, and postoperative complications
in elderly patients with AC. These findings suggest that PT-
GBD followed by planned LC may be the optimal treatment
strategy.?%!

Consistent with current guideline recommendations, our
findings demonstrated that surgical outcomes in the PTGBD
group were not substantially inferior to those in the early LC
group. Furthermore, our results suggest that early LC may be
safely performed in clinically stable patients without routinely
delaying surgery for 6—8 weeks after PTGBD.

Therefore, the timing of surgery should not be determined
solely by prior PTGBD status but should also consider pa-
tient comorbidities, physiologic reserve, and operative toler-
ance. Collectively, these findings support a personalized, risk-
based approach to optimize treatment timing and modality in
moderate to severe acute cholecystitis.

There is currently no consensus regarding the optimal in-
terval between PTGBD and LC, with previous studies re-
porting heterogeneous findings. Some studies have demon-
strated that LC performed within one week after PTGBD
achieves comparable intraoperative outcomes, postoperative
complication rates, and conversion rates to open cholecys-
tectomy, suggesting that early intervention is feasible and
safe.2!?2 In contrast, other studies have proposed that the
optimal timing for LC ranges from 7 to 26 days after PTGBD
and have suggested that surgery performed within 216 hours
may be technically more challenging.”*** Future revisions of
the Tokyo Guidelines and incorporation of emerging evidence
may help clarify the optimal timing of surgical intervention.

Recent studies have continued to expand treatment ap-
proaches beyond current guideline recommendations for
moderate to severe AC. Specifically, a recent study of pa-
tients with moderate to severe AC reported that a more
aggressive surgical strategy, including subtotal cholecystec-
tomy following PTGBD, was associated with a higher rate of
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successful laparoscopic completion. The authors concluded
that laparoscopic partial cholecystectomy is a feasible and
safe treatment option in selected patients.?*! Another study
evaluated the association between a predictive scoring sys-
tem and perioperative complications and developed a model
to estimate the likelihood of requiring additional emergency
interventions and conversion to open surgery during LC fol-
lowing PTGBD. The authors concluded that this scoring sys-
tem may be a useful tool for identifying patients at increased
risk of conversion and additional surgical intervention and for
predicting perioperative outcomes.?’]

Several recent studies have investigated emerging approaches
for the management of AC. One study evaluated the use of
PTGBD-guided cholangiography to improve preoperative de-
lineation of biliary anatomy.?® This approach may facilitate
surgical planning and optimize outcomes in patients undergo-
ing subsequent procedures. Another investigation examined
the impact of improving gallstone mobility after PTGBD in pa-
tients with AC caused by impacted gallstones.? Collectively,
these studies advance our understanding of AC management
and its potential treatment approaches. Their findings may
contribute to future refinements of clinical recommendations
and support improvements in patient care and decision-mak-
ing. However, additional validation and further investigation
are necessary before broader implementation and incorpora-
tion into clinical guidelines.

Supplementary Figures |-3 provide descriptive visual summa-
ries of outcome prioritization and the relationship between
postoperative complications and length of hospital stay.
These figures are intended for descriptive purposes only and
do not replace inferential statistical analyses.

When interpreting the results, it is important to consider the
limitations of this study. First, the retrospective design and
investigation of a single-center cohort limit the generalizabil-
ity of the findings. Therefore, large-scale prospective studies
are required to confirm our results. Second, this study dem-
onstrated a lower incidence of biliary complications than is
generally reported in the literature, which may be explained
by the relatively small overall sample size.

Due to the limited number of cases and the inclusion of
multiple variables in the regression analysis, there are some
limitations regarding the interpretation of these analyses. A
larger sample size is needed to obtain more robust and reli-
able results. Small sample sizes may lead to unstable and less
reliable estimates, emphasizing the need for larger studies to
strengthen the statistical findings. Lastly, the broad interval
between PTGBD and LC in the PTGBD group may have in-
troduced variability that affected the accuracy of the results.
Despite these limitations, we believe this study provides valu-
able clinical insights.

Our study contributes to the ongoing discussion by directly
comparing early LC and LC following PTGBD in patients with
Grade Il acute cholecystitis and by incorporating detailed
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analyses of postoperative complications, length of hospital
stay, and patient comorbidity burden.

CONCLUSION

Our findings suggest that early laparoscopic cholecystectomy
is a feasible treatment strategy for most patients with Grade
Il AC. For patients with substantial comorbidity burden or
increased perioperative risk related to general anesthesia, PT-
GBD may serve as an alternative initial treatment approach.
Additional large-scale prospective studies are needed to de-
termine the optimal interval between PTGBD and LC. Con-
tinued evaluation of management approaches may improve
patient outcomes and long-term prognosis.
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ORIJINAL CALISMA - 6Z

762

Akut orta dereceli kolesistitte tedavi yontemlerinin sonuglari: Perkiitan transhepatik safra
kesesi drenaji ve erken laparoskopik kolesistektomi

AMAC: Akut kolesistit (AK), cerrahi miidahale gerektiren yaygin bir hepatobiliyer rahatsizliktir. Tokyo 2018 Kilavuzu (TG18), orta dereceli AK (De-
rece |l) igin erken laparoskopik kolesistektomi (LK) ve yliksek riskli hastalar icin perkiitan transhepatik safra kesesi drenaji (PTGBD) onermektedir.
Ancak, PTGBD sonrasi LK'nin optimal zamanlamasi hala tartismalidir.

GEREC VE YONTEM: Bu retrospektif calismada, Ocak 2022 ile Subat 2024 tarihleri arasinda yiiksek hacimli bir merkezde tedavi edilen Derece Il
AK'li 432 hastanin verileri analiz edilmistir. Hastalar iki gruba ayrilmistir: erken LK (n=131) ve PTGBD sonrasi gecikmis LK (n=43). Klinik sonuglar,
postoperatif komplikasyonlar ve hastanede kalig siiresi, dogrusal regresyon modellemesi de dahil olmak izere istatistiksel analizler kullanilarak
karsilastirilmigtir.

BULGULAR: Iki grup arasinda acik cerrahiye gecis (%4.7-%9.9, p=0.27), postoperatif kanama (%6.9-%1.5, p=0.097) veya safra yolu komplikas-
yonlari (%4.7-%3, p=0.638) agisindan anlamli bir fark gézlenmemistir. Ancak, postoperatif sistemik inflamatuar yanit sendromu (SIRS), PTGBD
grubunda anlamli derecede daha yiiksek saptanmistir (%23.3-%6.9, p=0.003). Dogrusal regresyon analizi, agik cerrahiye gecis, postoperatif SIRS ve
safra yolu komplikasyonlarini hastanede kalis siiresinin uzamasi igin risk faktorleri olarak belirlerken, PTGBD'nin kendisi daha uzun hastanede kalig
stiresiyle iligkili gorilmemistir (p=0.304).

SONUC: Erken LK, ¢ogu Evre Il AK vakasi igin uygulanabilir bir yaklasimdir ve sonuglar PTGBD ve ardindan gelen gecikmis LK ile karsilastirilabilir
diizeydedir. PTGBD, yuksek riskli hastalar i¢in degerli bir alternatif olmaya devam etmektedir. Tedavi stratejilerini gelistirmek ve PTGBD sonrasi LC
icin optimal zamanlamay belirlemek igin daha genis dlgekli prospektif calismalara ihtiyag vardir.

Anahtar sozcilikler: Akut kolesistit; perkitan transhepatik kolesistostomi; laparoskopik kolesistektomi.
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Supplementary Figure 1. Heatmap summarizing p-values for
comparisons between treatment groups across postoperative out-
comes. Color intensity reflects longer duration of hospitalization.
These figures are intended for descriptive visual interpretation only
and do not represent effect sizes or inferential statistical analyses.

Supplementary Figure 3. HHeatmap illustrating the relative distri-
bution of variables between the two treatment groups. For continu-
ous variables, mean values were calculated, whereas categorical
variables are presented as percentages. To ensure comparability,
variables were reindexed across both groups.
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Supplementary Figure 2. Heatmap illustrating the median length
of hospital stay according to individual postoperative complica-
tions, stratified by treatment group (percutaneous transhepatic
gallbladder drainage [PTGBD] vs. early laparoscopic cholecystec-
tomy [LC]). Color intensity reflects longer duration of hospitaliza-
tion. This figure is intended for descriptive visualization.



