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Original Article

Backgrounds/Aims: The optimal timing of percutaneous transhepatic gallbladder drainage (PTGBD) and subsequent laparoscopic 
cholecystectomy (LC) according to the severity of acute cholecystitis (AC) has not been established yet.
Methods: This single-center, retrospective study included 695 patients with grade I or II AC without common bile duct stones who 
underwent PTGBD and subsequent LC between January 2010 and December 2019. Difficult surgery (DS) (open conversion, subtotal 
cholecystectomy, adjacent organ injury, transfusion, operation time ≥ 90 minutes, or estimated blood loss ≥ 100 mL) and poor postop-
erative outcome (PPO) (postoperative hospital stay ≥ 7 days or Clavien-Dindo grade ≥ II postoperative complication) were defined to 
comprehensively evaluate intraoperative and postoperative outcomes, respectively.
Results: Of 695 patients, 403 had grade I AC and 292 had grade II AC. According to the receiver operating characteristic curve and 
multivariate logistic regression analyses, an interval from symptom onset to PTGBD of > 3.5 days and an interval from PTGBD to LC 
of > 7.5 days were significant predictors of DS and PPO, respectively, in grade I AC. In grade II AC, the timing of PTGBD and subse-
quent LC were not statistically related to DS or PPO.
Conclusions: In grade I AC, performing PTGBD within 3.5 days after symptom onset can reduce surgical difficulties and subsequent-
ly performing LC within 7.5 days after PTGBD can improve postoperative outcomes. In grade II AC, early PTGBD cannot improve the 
surgical difficulty. In addition, the timing of subsequent LC is not correlated with surgical difficulties or postoperative outcomes. 
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INTRODUCTION

Acute cholecystitis (AC) is a common biliary disease for 
which laparoscopic cholecystectomy (LC) is the best treatment 
option [1]. Percutaneous transhepatic gallbladder drainage 
(PTGBD) was first reported in 1980 [2]. Since then, it has 
been used as an alternative treatment to avoid urgent sur-

gery in high-risk or elderly patients [3]. Considering the high 
recurrence rate of AC, subsequent LC is the only definitive 
treatment. Severity grading of AC according to the Tokyo 
Guidelines 2018 (TG 18) is significantly associated with intra-
operative findings and postoperative outcomes [4]. Even in pa-
tients with AC undergoing PTGBD and subsequent LC, the dif-
ficulty of surgery and the postoperative complication rate may 
vary depending on the severity grading of the disease. When 
performing LC in patients with AC, main concerns are techni-
cal difficulties and postoperative complications associated with 
acute inf lammation, adhesion, and severe fibrosis [5]. These 
factors may vary depending on whether and when PTGBD 
catheter is inserted. Therefore, it is essential to determine the 
optimal timing of PTGBD and subsequent LC. Additionally, 
the change after PTGBD may differ depending on the initial 
severity grading. However, studies on the optimal interval 
from the onset of symptoms to PTGBD and from PTGBD to 
LC according to the severity grading of AC are limited. Thus, 
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the aim of the current study was to determine the relationship 
among surgical difficulties, postoperative outcomes, and the 
timing of PTGBD and subsequent LC.

MATERIALS AND METHODS

Patients and data definitions
Patients with AC who underwent subsequent LC after 

PTGBD at Konyang University Hospital between January 2010 
and December 2019 were considered for inclusion. Patients 
with grade III AC or common bile duct (CBD) stones were ex-
cluded. A total of 695 patients were included in the study. The 
diagnosis and severity grading of AC were based on TG 18 [4]. 

This study was approved by the Institutional Review Board 
of Konyang University Hospital (approval no. 2021-08-016). 
The requirement for informed consent was waived owing to its 
retrospective study design.

In principle, patients with AC who cannot fit for immediate 
surgery due to the high risk of surgery at the time of presenta-
tion are indicated for PTGBD in our institution. Details differ 
depending on the grade of AC. PTGBD was performed in all 
patients with grade II or III AC if immediate LC was not pos-
sible for any reason. Patients with grade I AC were not treated 
with PTGBD at the time of presentation. However, PTGBD was 
performed during preparation for surgery if the clinical course 
worsened despite medical treatment. Other indications for 
PTGBD in grade I AC were jaundice (total bilirubin ≥ 2 mg/dL) 
without CBD problems and impacted cystic duct stones.

The following patient characteristics were analyzed: age at 
surgery, sex, body mass index (BMI), American Society of An-
esthesiologists physical status (ASA-PS) classification, history 
of previous abdominal surgery, onset of symptoms, method of 
LC, interval between PTGBD and LC, initial laboratory find-
ings, intraoperative findings, and postoperative outcomes. The 
general condition and physical fitness of each patient were eval-
uated using the ASA-PS classification [6]. Information on the 
onset of symptoms such as fever, abdominal pain, and dyspep-
sia were obtained from patients’ medical records. The method 
of LC was classified into single-incision LC and conventional 
multiport LC. The interval between PTGBD and LC was de-
fined as the number of days from PTGBD catheter insertion 
to the subsequent LC surgery. Subtotal cholecystectomy was 
defined as making an incision in the gallbladder, aspirating the 
contents, and removing as much of the gallbladder wall as pos-
sible, with the aim of treating the stump instead of removing 
the entire gallbladder [7]. Adjacent organ injury was defined 
as unintended damage (requiring repair) to organs other than 
the gallbladder, such as the bile duct, duodenum, small bow-
el, and colon. The operation time was calculated as the time 
from skin incision to skin closure. Blood loss estimates were 
obtained from surgical records. Postoperative complications 
were graded according to the Clavien-Dindo classification [8]. 
Postoperative hospital stay was defined as the number of days 

of hospitalization after LC. Incisional hernia was defined as a 
hernia at the umbilical incision site postoperatively confirmed 
by physical examination and imaging studies.

Definitions of difficult surgery and poor postoperative  
outcomes

We comprehensively evaluated surgical outcomes by dividing 
them into intraoperative and postoperative factors. We defined 
difficult surgery (DS) as the occurrence of one of the following 
intraoperative outcomes: open conversion, subtotal cholecys-
tectomy, adjacent organ injury during surgery, intraoperative 
transfusion, operation time ≥ 90 min, and estimated blood loss 
(EBL) ≥ 100 mL. We defined poor postoperative outcome (PPO) 
as a postoperative hospital stay of ≥ 7 days or a Clavien-Dindo 
≥ grade II postoperative complication.

Statistical analysis
Continuous variables are expressed as mean and standard 

deviation. They were compared using Student’s t-test or anal-
ysis of variance. Categorical variables are presented as counts 
and percentages. They were compared using the chi-squared 
test. Multivariate analyses of significant factors identified in 
the univariate analyses were performed using a logistic regres-
sion model. We also conducted receiver operating characteris-
tic curve analyses of the relationship between the interval from 
the onset of symptoms to PTGBD and from PTGBD to LC and 
surgical outcomes. The cutoff value was calculated according 
to the Youden index. All tests were two-sided and p-values < 
0.05 were considered statistically significant. All statistical 
analyses were performed using IBM SPSS version 22 (IBM 
Corp., Armonk, NY, USA).

RESULTS

Study cohort
Demographics and surgical outcomes of all patients accord-

ing to the severity grading of AC are shown in Table 1. Among 
the 695 included patients, 403 were classified as having grade 
I AC and 292 were classified as having grade II AC. Patients 
with grade II AC were older (64.7 vs. 67.1 years; p = 0.031) than 
those with grade I AC. The proportion of patients with ASA-
PS ≥ 3 was higher in the grade II AC group than in the grade 
I AC group, showing a marginal significance between the two 
(31.1% vs. 38.0%; p = 0.064). The type of surgical method was 
not significantly different between the two groups (single-in-
cision LC: 16.6% vs. 15.1%; p = 0.580). The mean interval from 
PTGBD to LC was not significantly different either (6.0 vs. 6.3 
days; p = 0.435). Subtotal cholecystectomy (0.2% vs. 1.0%; p = 
0.180), adjacent organ injury during surgery (1.2% vs. 3.1%; p = 
0.088), and intraoperative transfusion (0.0% vs. 0.7%; p = 0.096) 
were more frequent in grade II AC than in grade I AC, al-
though these differences were not statistically significant. The 
open conversion rate was significantly higher in patients with 



Percutaneous transhepatic gallbladder drainage and laparoscopic cholecystectomy

www.ahbps.org

161

Table 1. Patients’ demographics and surgical outcomes according to the severity of acute cholecystitis

Variable Total (n = 695) Grade I (n = 403) Grade II (n = 292) p-value

Sex 0.370
   Female 285 (41.0) 171 (42.4) 114 (39.0)
   Male 410 (59.0) 232 (57.6) 178 (61.0)
Age (yr) 65.7 ± 14.6 64.7 ± 14.6 67.1 ± 14.4 0.031
BMI (kg/m2) 24.7 ± 3.5 24.8 ± 3.8 24.5 ± 3.4 0.421
ASA-PS classification 0.064
   < 3 458 (65.9) 277 (68.7) 181 (62.0)
   ≥ 3 237 (34.1) 126 (31.3) 111 (38.0)
Previous abdominal surgery 109 (15.7) 67 (16.6) 42 (14.4) 0.422
Method of surgery 0.580
   Single-incision LC 111 (16.0) 67 (16.6) 44 (15.1)
   Conventional multiport LC 584 (84.0) 336 (83.4) 248 (84.9)
Interval from symptom onset to PTGBD (day) 3.0 ± 3.3 2.1 ± 1.6 4.2 ± 4.4 < 0.001
Interval from PTGBD to LC (day) 6.2 ± 5.2 6.0 ± 4.5 6.3 ± 6.0 0.435
Initial WBC count (103/mm3) 13.5 ± 5.5 11.8 ± 3.6 15.8 ± 6.7 < 0.001
Initial hemoglobin level (g/dL) 13.4 ± 1.9 13.5 ± 1.9 13.3 ± 1.9 0.183
Initial platelet count (103/mm3) 221.3 ± 74.6 217.9 ± 64.1 226.1 ± 86.8 0.153
Initial PT (INR) 1.13 ± 0.14 1.09 ± 0.11 1.18 ± 0.16 < 0.001
Initial creatinine level (mg/dL) 1.01 ± 0.96 0.99 ± 0.82 1.04 ± 1.13 0.546
Initial total bilirubin level (mg/dL) 1.58 ± 1.42 1.48 ± 1.36 1.72 ± 1.49 0.031
Initial AST level (IU/L) 94.9 ± 228.0 94.7 ± 194.8 95.1 ± 267.5 0.983
Initial ALT level (IU/L) 69.0 ± 132.8 74.1 ± 140.4 61.8 ± 121.2 0.226
Subtotal cholecystectomy 4 (0.6) 1 (0.2) 3 (1.0) 0.180
Open conversion 11 (1.6) 2 (0.5) 9 (3.1) 0.007
Adjacent organ injury 14 (2.0) 5 (1.2) 9 (3.1) 0.088
   Duodenum 2 (0.3) 1 (0.2) 1 (0.3)
   Bile duct 5 (0.7) 1 (0.2) 4 (1.4)
   Hepatic artery 4 (0.6) 2 (0.5) 2 (0.7)
   Colon 1 (0.1) 0 (0.0) 1 (0.3)
   Small bowel 2 (0.3) 1 (0.2) 1 (0.3)
Intraoperative transfusion 2 (0.3) 0 (0.0) 2 (0.7) 0.096
Operation time (min) 61.8 ± 27.9 57.1 ± 23.1 68.2 ± 32.3 < 0.001
Estimated blood loss (mL) 27.0 ± 54.1 22.7 ± 45.3 33.1 ± 63.9 0.012
Drain insertion 184 (26.5) 70 (17.4) 114 (39.0) < 0.001
Difficult surgery 121 (17.4) 52 (12.9) 69 (23.6) < 0.001
Postoperative hospital stay (day) 3.9 ± 5.0 3.5 ± 4.3 4.5 ± 5.8 0.009
Total hospital stay (day) 10.5 ± 7.1 10.0 ± 6.8 11.1 ± 7.5 0.062
Postoperative overall complication 78 (11.2) 37 (9.2) 41 (14.0) 0.045
Postoperative complication ≥ grade II CDC 77 (11.1) 37 (9.2) 40 (13.7) 0.061
Postoperative complication ≥ grade III CDC 32 (4.6) 13 (3.2) 19 (6.5) 0.042
Mortality at 30 days 4 (0.6) 2 (0.5) 2 (0.7) 0.746
Poor postoperative outcomes 101 (14.5) 46 (11.4) 55 (18.8) 0.006
Postoperative incisional hernia 4 (0.6) 2 (0.5) 2 (0.7) 0.746
Acute cholecystitis in pathology 352 (50.6) 181 (44.9) 171 (58.6) < 0.001

Values are presented as number (%) or mean ± standard deviation.
BMI, body mass index; ASA-PS, American Society of Anesthesiologists physical status; LC, laparoscopic cholecystectomy; PTGBD, percutaneous 
transhepatic gallbladder drainage; WBC, white blood cell; PT, prothrombin time; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; CDC, Clavien-Dindo classification.
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grade II AC (3.1% vs. 0.5%; p = 0.007). The operation time (68.2 
min vs. 57.1 min; p < 0.001) and postoperative hospital stay (4.5 
days vs. 3.5 days; p = 0.009) were significantly longer and EBL 
(33.1 mL vs. 22.7 mL, p  = 0.012) was significantly higher in 
patients with grade II AC than in those with grade I AC. Post-
operative overall complications (14.0% vs. 9.2%; p = 0.045) also 
more frequently occurred in patients with grade II AC. The in-
cisional hernia incidence (0.5% vs. 0.7%; p = 0.746) was similar 
between the two groups. There were four mortalities, two (0.5%) 
in grade I AC and two (0.7%) in grade II AC. All four patients 
with age of 75 years or older died of pneumonia after LC. They 
were not included in the DS group.

Patients with grade I AC
Results of receiver operating characteristic curve analyses 

for DS and PPO are shown in Fig. 1. The area under the curve 
(AUC) for the relationship between DS and the interval from 
symptom onset to PTGBD was 0.589 (95% confidence interval 
[CI], 0.502–0.676; p  = 0.038). The cutoff was calculated to be 
3.5 days. The AUC for the relationship between DS and the 

interval from PTGBD to LC was 0.473 (95% CI, 0.390–0.556; 
p = 0.528). The AUC for the relationship between PPO and the 
interval from symptom onset to PTGBD was 0.487 (95% CI, 
0.394–0.579; p = 0.769). The AUC for the relationship between 
PPO and the interval from PTGBD to LC was 0.622 (95% CI, 
0.530–0.714; p = 0.007). The cutoff was calculated as 7.5 days.

In univariate analysis for DS, BMI ≥ 30 kg/m2 and interval 
from symptom onset to PTGBD > 3.5 days were statistically 
significant predictors of DS. In a multivariate logistic regres-
sion model that included these significant factors identified 
in the univariate analyses, BMI ≥ 30 kg/m2 and interval from 
symptom onset to PTGBD > 3.5 days were also statistically 
significant predictors of DS (Table 2). In univariate analysis 
for PPO, age ≥ 70 years, BMI < 20 kg/m2, ASA-PS ≥ 3, interval 
from PTGBD to LC > 7.5 days, and DS were statistically signif-
icant predictors of PPO. In multivariate analysis, ASA-PS ≥ 3, 
interval from PTGBD to LC of > 7.5 days, and DS were statisti-
cally significant predictors for PPO (Table 3).
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Fig. 1. ROC curve analysis in patients with 
grade I acute cholecystitis. (A) ROC curves 
between difficult surgery and interval from 
symptom onset to PTGBD. The AUC is 0.589. 
*The cutoff is calculated as 3.5 days. (B) 
ROC curves between difficult surgery and 
interval from PTGBD to LC. The AUC is 0.473. 
(C) ROC curves between poor postoperative 
outcome and interval from symptom onset 
to PTGBD. The AUC is 0.487. (D) ROC curves 
between poor postoperative outcome and 
interval from PTGBD to LC. The AUC is 0.622. 
*The cutoff is calculated as 7.5 days. AUC, 
area under the curve; CI, confidence interval; 
LC, laparoscopic cholecystectomy; PTGBD, 
percutaneous transhepatic gallbladder drain
age; ROC, receiver operating characteristic.
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Patients with grade II AC
Results of receiver operating characteristic curve analyses for 

DS and PPO are shown in Fig. 2. The AUC for the relationship 
between DS and the interval from symptom onset to PTGBD 
was 0.437 (95% CI, 0.356–0.518; p  = 0.114). The AUC for the 
relationship between DS and the interval from PTGBD to LC 
was 0.493 (95% CI, 0.418–0.569; p  = 0.868). The AUC for the 
relationship between PPO and the interval from symptom on-
set to PTGBD was 0.376 (95% CI, 0.291–0.460; p = 0.004). The 
cutoff was calculated as 2.5 days. The AUC for the relationship 
between PPO and the interval from PTGBD to LC was 0.560 
(95% CI, 0.471–0.650; p = 0.164). 

In univariate analysis, age ≥ 70 years, BMI < 20 kg/m2, ASA-
PS ≥ 3, interval from symptom onset to PTGBD < 2.5 days, and 
DS were statistically significant predictors of PPO. In multivar-
iate analysis, ASA-PS ≥ 3 and DS were statistically significant 
predictors of PPO. However, interval from symptom onset to 
PTGBD < 2.5 days was not a statistically significant predictor 
of PPO in multivariate analysis (Table 4).

DISCUSSION

PTGBD is an alternative treatment that is used to avoid ur-
gent surgery in high-risk patients with AC. Subsequent LC 

after PTGBD is considered the definitive treatment. Several 
observational studies have inconsistently reported the optimal 
timing of subsequent LC after PTGBD [9-12]. Another obser-
vational study has reported the ideal timing of PTGBD after 
the onset of AC [13]. However, no study has investigated the 
optimal timing of PTGBD or subsequent LC according to the 
severity of AC. The present study is meaningful as it is the first 
to report the optimal timing of PTGBD and subsequent LC ac-
cording to the severity of AC.

Grade III AC is associated with organ or system dysfunction. 
It is not an indication for straightforward LC. According to TG 
18, appropriate organ support with initial medical treatment 
is recommended for grade III AC. LC should be chosen after 
a careful consideration of the patient’s background, including 
complications and comorbidities [1]. Therefore, even if LC is 
selected, it is difficult to arbitrarily control the timing of sur-
gery. Therefore, patients with grade III AC were excluded from 
the present study.

Several factors can be used for the evaluation of surgical out-
comes. They can be divided into intraoperative factors (such 
as operation time and EBL) and postoperative factors (such as 
postoperative complications and length of hospital stay). Al-
though these factors can influence each other, they sometimes 
have independent effects. It is difficult to evaluate each of these 

Table 2. Univariate and multivariate analyses of risk factors for difficult surgery in patients with grade I acute cholecystitis

Factor
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Sex
   Female 1 (reference) -
   Male 1.779 (0.952–3.326) 0.071
Age
   < 70 years 1 (reference) -
   ≥ 70 years 1.489 (0.831–2.671) 0.181
Body mass index
   < 30 kg/m2 1 (reference) - 1 (reference) -
   ≥ 30 kg/m2 2.719 (1.141–6.478) 0.024 2.734 (1.130–6.615) 0.026
ASA-PS classification
   < 3 1 (reference) -
   ≥ 3 0.702 (0.361–1.367) 0.298
Previous abdominal surgery
   No 1 (reference) -
   Yes 1.833 (0.918–3.660) 0.086
Interval from symptom onset to PTGBD
   ≤ 3.5 days 1 (reference) - 1 (reference) -
   > 3.5 days 2.757 (1.401–5.423) 0.003 2.766 (1.397–5.476) 0.004
Initial total bilirubin
   < 2 mg/dL 1 (reference) -
   ≥ 2 mg/dL 1.580 (0.780–3.200) 0.204

OR, odds ratio; CI, confidence interval; ASA-PS, American Society of Anesthesiologists physical status; PTGBD, percutaneous transhepatic gallbladder 
drainage.
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various factors in one study to determine the optimal timing 
of a procedure. Thus, it is necessary to evaluate them in an 
integrated manner. Therefore, we defined DS and PPO for a 
comprehensive evaluation of surgical outcomes.

Postoperative outcomes can be clearly evaluated on the ba-
sis of postoperative complications and length of hospital stay. 
However, the evaluation of intraoperative factors is difficult to 
define. The most serious intraoperative complication during 
LC is damage to the bile duct, vessels, or adjacent organs. TG 
18 recommends choosing bail-out procedures to prevent bile 
duct injury according to intraoperative findings. Bail-out pro-
cedures for difficult LC include open conversion, subtotal cho-
lecystectomy, and the fundus-first technique [7]. Iwashita et al. 
[14] have reported that most surgeons consider extensive blood 
loss as an unstable situation. In addition, most previous stud-
ies have used operation time [15,16] or open conversion rate 
[17,18] as surrogate markers of surgical difficulty. Therefore, 
we defined DS as the occurrence of open conversion, subtotal 
cholecystectomy, adjacent organ injury during surgery, intra-
operative transfusion, prolonged operation time, or large EBL.

Most previous observational studies on the optimal timing 

of subsequent LC recommended delayed surgery after PTGBD. 
Previous studies reported that better surgical outcomes were 
obtained when LC was performed at 5 days [9], 9 days [12], or 
between 7 and 26 days [11] after PTGBD. However, in the pres-
ent study, patients with grade I AC who underwent subsequent 
LC within 7.5 days after PTGBD showed better postoperative 
outcomes. In multivariate analysis, an interval from PTGBD to 
LC of > 7.5 days was statistically significant predictor of PPO. It 
was confirmed that early LC within 7.5 days after PTGBD had 
a greater effect on postoperative outcomes than age or BMI in 
patients with grade I AC regardless of the difficulty of surgery. 
In contrast, the timing of subsequent LC was not correlated with 
postoperative outcomes in patients with grade II AC. Our re-
sults also revealed that the interval from PTGBD to subsequent 
LC did not influence the difficulty of LC in grade I or grade II 
AC. Therefore, a long interval from PTGBD to subsequent LC is 
not recommended because it is associated with prolonged hospi-
talization, high medical costs, and poor quality of life.

Studies on the optimal timing of PTGBD for the treatment 
of AC are rare. Yamada et al. [13] have reported that the most 
important predictor of successful LC after PTGBD for AC is 

Table 3. Univariate and multivariate analyses of risk factors for poor postoperative outcomes in patients with grade I acute cholecystitis

Factor
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Sex
   Female 1 (reference) -
   Male 1.054 (0.565–1.965) 0.869
Age
   < 70 years 1 (reference) - 1 (reference) -
   ≥ 70 years 2.440 (1.300–4.577) 0.005 1.416 (0.683–2.936) 0.349
Body mass index
   ≥ 20 kg/m2 1 (reference) - 1 (reference) -
   < 20 kg/m2 2.606 (1.050–6.467) 0.039 2.168 (0.818–5.749) 0.120
ASA-PS classification
   < 3 1 (reference) - 1 (reference) -
   ≥ 3 3.017 (1.616–5.633) 0.001 2.251 (1.076–4.711) 0.031
Previous abdominal surgery
   No 1 (reference) -
   Yes 0.728 (0.296–1.792) 0.490
Interval from PTGBD to LC
   ≤ 7.5 days 1 (reference) - 1 (reference) -
   > 7.5 days 3.284 (1.720–6.271) < 0.001 2.672 (1.342–5.321) 0.005
Initial total bilirubin
   < 2 mg/dL 1 (reference) -
   ≥ 2 mg/dL 0.714 (0.290–1.757) 0.463
Difficult surgery
   No 1 (reference) - 1 (reference) -
   Yes 2.797 (1.340–5.837) 0.006 3.370 (1.534–7.406) 0.002

OR, odds ratio; CI, confidence interval; ASA-PS, American Society of Anesthesiologists physical status; PTGBD, percutaneous transhepatic gallbladder 
drainage; LC, laparoscopic cholecystectomy.
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an interval from symptom onset to PTGBD of ≤ 73.5 hours. 
The authors believed that this was because PTGBD prevented 
the progression of AC. Similarly, in the present study, PTGBD 
within 3.5 days of symptom onset was reported as an import-
ant factor for successful LC in patients with grade I AC. How-
ever, our study found that the timing of PTGBD from symptom 
onset did not influence the postoperative outcomes of patients 
with grade II AC according to multivariate logistic regression 
analysis. Ábrahám et al. [19] have reported that after PTGBD, 
the level of gallbladder inflammation plays a decisive role in 
the course of AC (the higher the severity of AC, the higher the 
mortality rate). Our results also revealed that early PTGBD did 
not improve surgical outcomes of patients with grade II AC. 
Therefore, for patients with grade II AC diagnosed within 72 h, 
early LC without PTGBD is recommended if the patient’s gen-
eral condition allows surgery, as recommended by TG 18 [1].

In general, it is believed that intraoperative findings or events 
can affect postoperative outcomes. When analyzing predictive 
factors of PPO, DS was included in the present study. As a re-
sult of multivariate analysis, it was confirmed that DS was the 

most significant predictor for PPO in both grade I and II AC. 
Therefore, after complicated LC with difficulty, more detailed 
and meticulous postoperative management is necessary for 
preventing PPO.

Our study had several limitations. First, as this was a ret-
rospective study, a selection bias might exist. In addition, the 
timing of symptom onset might not be accurate because this 
study relied on medical records. Second, this was the first 
study to define DS and PPO for a comprehensive evaluation of 
intraoperative and postoperative outcomes, respectively. How-
ever, the fact that we did not perform a detailed comparison of 
each surgical outcome factor could be viewed as a disadvan-
tage. Finally, we excluded patients with CBD stones because the 
timing of LC might be affected by the treatment course of CBD 
stones. However, because many patients with AC have CBD 
stones, additional studies including patients with CBD stones 
are needed.

In conclusion, the optimal timing of PTGBD and that of sub-
sequent LC can differ according to the severity of AC. In grade 
I AC, performing PTGBD within 3.5 days after symptom onset 

Fig. 2. ROC analysis in patients with grade 
I I  acute cholec yst i t is .  (A)  ROC cur ves 
between dif f icult surger y and inter val 
from symptom onset to PTGBD. The AUC 
is 0.437. (B) ROC curves between difficult 
surgery and interval from PTGBD to LC. The 
AUC is 0.493. (C) ROC curves between poor 
postoperative outcome and interval from 
symptom onset to PTGBD. The AUC is 0.376. 
*The cutoff is calculated as 2.5 days. (D) 
ROC curves between poor postoperative 
outcome and interval from PTGBD to LC. 
The AUC is 0.560. AUC, area under the curve; 
CI, confidence interval; LC, laparoscopic 
cholecystectomy; PTGBD, percutaneous 
transhepatic gallbladder drainage; ROC, 
receiver operating characteristic.
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can reduce surgical difficulties and subsequently performing 
LC within 7.5 days after PTGBD can improve postoperative out-
comes. In grade II AC, early PTGBD does not improve the sur-
gical difficulty. In addition, the timing of subsequent LC is not 
correlated with surgical difficulties or postoperative outcomes.
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