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Abstract

Background: Compare outcomes of early laparoscopic cholecystectomy (ELC) and percutaneous

trans-hepatic drainage of gallbladder (PTGBD) as an initial intervention for AC and to compare operative

outcomes of ELC and delayed laparoscopic cholecystectomy (DLC).

Methods: English-language studies published until December 2020 were searched. Randomised

controlled trials (RCTs) and observational studies compared EC and PTGBD with delayed cholecys-

tectomy for patients presented with acute cholecystitis were considered. Main outcomes were mortality,

conversion to open, complications and length of hospital stay.

Results: Out of 1347 records, 14 studies were included. 205,361 (94.7%) patients had EC and 11,565

(5.3%) patients had PTGBD as an initial intervention for AC. Mortality was higher in PTGBD; HR, 95% CI:

[3.68 (2.13, 6.38)]. In contrast, complication rate was significantly higher in EC group (47%) vs PTGBD

group (8.7%) in patients admitted to ICU; P-value = 0.011. Patients who had ELC were at higher risk of

post-operative complications compared to DLC; RR [95% CI]: 2.88 [1.78, 4.65]. Risk of bile duct injury

was six folds more in ELC; RR [95% CI]: 6.07 [1.67, 21.99].

Conclusion: ELC may be a preferred treatment option over PTGBD in AC. However, patient and dis-

ease specific factors should be considered to avoid unfavourable outcomes with ELC.
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Introduction

Acute cholecystitis (AC) is the most common complication of
gallstone disease with about 12% of gallstone patients can
develop AC in their lifetime.1 Complications of AC, such as
gangrene, gallbladder perforation and emphysematous AC, can
happen in 7.2–26% of patients with AC.2,3 Severe sepsis resulting
in organ dysfunction and a need for organ support is a possible
consequence of severe disease.4

Cholecystectomy is the definitive treatment for symptomatic
gallstone disease aiming to eliminate or reduce biliary pain and it
also reduces risk of complications such as recurrence of AC,
common bile duct stones or gallstone pancreatitis.5 Moreover,
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
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early cholecystectomy for AC is associated with less gallstone
disease related hospital admissions and less total treatment cost
even in elderly patients.6

For uncomplicated AC in low risk surgical patient, early
laparoscopic cholecystectomy (ELC) is the recommended treat-
ment option.7,8 Management can be difficult in complicated AC
or in high risk surgical patients not responding to conservative
treatment and percutaneous transhepatic gallbladder drainage
(PTGBD) is an option to avoid possible high risk surgery.7,8

However, PTGBD is not a definitive treatment and is associ-
ated with more unfavourable long-term outcomes such as total
hospital stay and recurrent admissions.9–11
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There is an agreement between Tokyo guidelines (TG) 2018,
National Institute for Health and Care Excellence (NICE), As-
sociation of Upper Gastrointestinal surgery of Great Britain and
Ireland (AUGIS) and World Society of Emergency Surgery
(WSES) 2020 guidelines that ELC should be offered to AC pa-
tients as first option whenever the risk of surgical intervention
deemed acceptable.7,8,12,13 In TG 2018 and WSES guidelines,
PTGBD is an alternative option if the surgical treatment is
considered high risk and expected to be associated with more
unfavourable outcomes compared with PTGBD. However, there
is discrepancy in criteria to select ELC or PTGBD and most of
recommendations were based on low-quality evidence.14

The aim of this review is to compare outcomes of ELC and
PTGBD as an initial intervention for AC and to compare oper-
ative outcomes of ELC and post PTGBD delayed laparoscopic
cholecystectomy (DLC). Predictors of selecting PTGBD over ELC
in practise are also studied. This allows comparing early chole-
cystectomy vs PTGBD followed by DLC as two management
pathways for patients admitted with AC.
Methods

This review was prepared in line with the Preferred Reporting
Items for Systematic reviews and Meta-analyses (PRISMA)
statement. This systematic review was registered to PROSPERO
(registration number: CRD42021262443).
English-language studies published between 1946 and

December 2020 were searched.
Randomised controlled trials (RCTs) and observational studies

compared early cholecystectomy (EC) and percutaneous trans-
hepatic drainage of gallbladder (PTGBD) with delayed chole-
cystectomy for patients presented with acute cholecystitis were
initially considered. Systematic reviews were excluded but
considered in discussion. Only studies with target population of
patients acutely presented with acute cholecystitis (AC) were
included. Patients who presented with AC and did not require
any intervention at index admission, whether PTGBD or EC
were excluded. Main outcomes were mortality, conversion to
open, complications and length of hospital stay.
Electronic database search was conducted in Ovid Medline,

Embase, Cochrane Central Register of Controlled Trials (CEN-
TRAL) and the Cochrane Database of Systematic Review
(CDSR). The search was conducted by a senior information
specialist from the library department of the Royal College of
Surgeons of England and was executed on the 17th of December
2020. Patient Intervention Control Outcome (PICO) framework
was used to guide the search (Supplementary Table 1). Full
electronic search strategy is shown in Supplementary
Tables 2a–c.
Two independent blinded reviewers performed the abstract

screening. Any conflicts were resolved by a third reviewer to
produce the final list of studies eligible for full-text review. Full
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
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text review carried out by one reviewer and results were checked
by a senior researcher.
Data from individual studies were extracted by two indepen-

dent blinded researchers on Excel spread sheet and checked by
another independent researcher to confirm adequacy and accu-
racy of data extracted. Data included individual study details,
demographic data, type of treatment, disease characteristics and
outcomes in both treatment arms. Follow up period from each
study were also noted. Observational studies were classified ac-
cording to Mathes and Pieper criteria.15 The revised Cochrane
risk-of-bias tool for RCTs (RoB2 Tool) was used to assess risk of
bias in RCTs and Joanna Briggs Institute (JBI) assessment tool
used to assess observational studies.16,17 For JBI appraisal tool,
overall risk of bias of specific study was decided based on how
many questions were answered with yes, no or unclear. The study
will be of low concern of bias if there is unfavourable answer to
one question or less, some concern if 2 to 3 questions and high
concern if 4 or more questions.

Statistical analysis
Count, percentages, and ratios were used to represent non-
continuous variables and median (range) was used to represent
continuous data as stated in each individual study. Range of
mean values was used to represent continuous variable across
studies that could not be combined. Meta-analysis of categorical
variables such as post-operative complications, were represented
by risk ratios (RR) (hazard ratio (HR) for mortality) and 95%
confidence interval (CI). Continuous variables such as age were
represented by mean difference (MD) and 95% CI.
Meta-analysis was conducted using RevMan (Review Man-

ager) software version 5.4 if allows. I2 and Tau2 tests were
performed to assess heterogeneity. If I2 > 50%, significant het-
erogeneity will be considered and Mantel–Haenszel (M−H)
random effect model to be employed.18

Chi-square test was used to compare the studies reporting
number of high-risk surgical patients and/or patients with
complicated AC who had PTGBD compared to the rest of
studies. A P-value of less than 0.05 was taken as statistically
significant.

Handling of confounding factors
Patients and disease characteristics were highlighted and
compared in EC vs PTGBD and ELC vs DLC comparisons.

Operational definitions
EC: early cholecystectomy performed at the index admission for
AC.
ELC: early laparoscopic cholecystectomy.
PTGBD: Percutaneous transhepatic gallbladder drainage.
DLC: Delayed laparoscopic cholecystectomy performed after

PTGBD.
Post PTGBD-DLC: DLC after PTGBD.
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Complicated acute cholecystitis: Tokyo classification of
Grade II or more AC19 or Presence of systemic sepsis, empyema,
gangrene, perforation, abscess, or gallbladder (GB) wall
thickness � 4 mm.
Grade II acute cholecystitis: AC that fulfils any one of the

following criteria: elevated white blood cell count (>18,000/
mm3), palpable tender mass in the right upper abdominal
quadrant, duration of complaints >72 h, or marked local
inflammation (pericholecystic abscess, gangrenous cholecystitis,
hepatic abscess, biliary peritonitis, emphysematous
cholecystitis).19

Major complications: Clavien–Dindo classification (CD)20 of
3 or more or presence of intra-abdominal abscess, pneumonia,
myocardial infarction or pulmonary embolism within 30 days
after randomisation or recurrent biliary disease or need for
reintervention within one year.
BDI: Bile duct injury. This term also included bile leak or

biloma.

Patient’s morbidity and risk evaluation systems

- APACHE II: Acute physiology assessment and chronic health
evaluation II.21

- ASA: The American Society of Anaesthesiologists
classification.22

- SOI: Severity of illness scoring system.23

High risk surgical patient is defined as a patient who meets
any of these criteria: APACHE II score of 7 or more, SOI score of
3 or more, ASA score of 3 or more or admission to intensive care
unit (ICU).
Results

Study selection process is demonstrated on the PRISMA diagram
(Fig. 1). 1347 records were identified on the initial search after
excluding 646 duplicates. 21 studies were eligible for full text
review. Of which, 7 studies were excluded for either not fulfilling
the study question criteria or no comparison performed to
produce a final list of 14 studies. 2 studies were randomised
controlled trials and 12 were observational studies. Risk of bias
assessment for RCTs has shown some concern for one study10

and high concern for the other study24 (Supplementary
Table 3). Six observational studies were identified to have high
concerns of bias (Supplementary Tables 4a, b and
Table 1).4,6,11,25–27

Out from 14 studies, 205,361 (94.7%) patients had early
cholecystectomy and 11,565 (5.3%) patients had PTGBD as an
initial intervention for acute cholecystitis. In 13 studies, laparo-
scopic intervention was the initial approach in 10,253 (85.7%)
patients undergoing early cholecystectomy.4,10,11,24–33 From
2276 patients had PTGBD, 1618 (71.1%) patients had subse-
quent cholecystectomy as reported from 10 studies.24–33
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
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Timing of early cholecystectomy (EC)
Timing of early cholecystectomy was not specified in seven
studies.4,6,11,26,27,30,33 On the remaining seven studies, there was a
high variation, and range of time interval from hospital admission
to surgery was from 24 h to 7 days.10,24,25,28,29,31,32 Two studies
specified at least 72 h from the onset of symptoms as an inclusion
criteria.24,30 Mean duration of symptoms before intervention
ranged from 2.25 to 7.4 days in four studies.10,26,30,31 (Table 1).

Time interval between PTGBD and delayed
cholecystectomy
A considerable variability was present across studies. From nine
studies, time interval ranged from 3 to 802 days.10,24,25,28–33

(Table 1).

Patients and disease characteristics and predictors of
PTGBD
Mean age ranged from 49.65 to 80 years in 13 studies.4,6,10,24–33

There was no significant age difference between PTGBD and EC
groups; MD, 95% CI: [0.97 (−2.29, 4.22)]. 101,741 (47.3%)
patients were males and male gender was not a risk factor for
PTGBD; RR, 95% CI: [0.97 (0.87, 1.07)].4,6,10,11,24,25,27–33 Body
mass index (BMI) was statistically higher in patients had EC in
four studies; MD, 95% CI: [−0.43 (−0.67, −0.19)].10,28,29,32 Mean
ASA score ranged from 1.24 to 4.06 in eight studies and tended to
be higher in PTGBD group; MD,95% CI: [0.29 (0.00,
0.59)].10,24–27,29–31 (Supplementary Fig. 1).
Four studies included only high risk surgical patients according

to different scoring systems (Table 1).4,10,11,29 In those four studies,
incidence of PTGBD (21.6%) was significantly higher than the rest
of studies (4.7%); P-value <0.00001. Six studies included only
patients with complicated acute cholecystitis4,24–26,29,32 and the
PTGBD incidence (46.9%) was significantly higher than the rest of
studies (5.2%); P-value <0.00001. Two studies included 128 high
risk surgical patients admitted with complicated AC4,29 and
PTGBD was significantly more commonly performed (47.7%)
compared to studies included only high risk surgical patients with
uncomplicated AC (21.2%); P-value <0.00001.10,11 However, there
was no statistical significance between high-risk surgical patients
with complicated AC and patients with only complicated AC; P-
value = 0.88 (Supplementary Table 5).
Patients with diabetes mellitus [RR, 95% CI (1.6

(1.3,1.98))],4,6,10,26–29,32,33 cardiovascular disease [RR, 95% CI
(1.78 (1.75,1.81))],4,6,10,26–29,32,33 respiratory disease [RR, 95%
CI (1.57 (1.08, 2.28))],4,6,10,24,26–29,32 cerebrovascular disease
[RR, 95% CI (1.72 (1.27, 2.33))],25,28,29,32,33 chronic kidney
disease [RR, 95% CI (2.21, (1.33,3.67))],4,6,10,27–29,32 and liver
disease [RR, 95% CI (1.63 (1.25, 2.13))]27–29,32 were at higher
risk to have PTGBD rather than EC (Supplementary Fig. 2a, b).
Body temperature at admission was higher in PTGBD group

but this was not statistically significant; MD, 95% CI [0.37
(−0.06, 0.81)].24,31,33 There was no difference between PTGBD
and EC groups regarding duration of symptoms prior to
on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
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intervention; MD, 95% CI [−0.04 (−0.19, 0.11)]10,26,30,31

(Supplementary Fig. 3).
C-reactive protein (CRP) was significantly higher in patients

underwent PTGBD; MD, 95% CI [3.37 (2.71,
4.03)].10,24,25,28,30,32,33 However, there was no difference in white
blood count (WBC) between both groups; MD, 95% CI [0.74
(−0.32, 1.8)]24–26,29–33 (Supplementary Fig. 4).
Liver functions tests (LFTs) did not show significant difference

between both groups for aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP) and
bilirubin with MD, 95% CI: 7.44 (−9.40, 24.27), 3.62 (−10.14,
17.38), 28.35 (4.05, 52.65) and 0.30 (−0.08, 0.67), respectively
from two studies26,32 (Supplementary Fig. 5).
Albumin level was lower in PTGBD group but this was not sig-

nificant;MD, 95%CI:−2.81 (−6.88, 1.26).29,32 APACHE II scoring
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
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system did not show considerable difference in three studies; MD,
95% CI: 0.53 (−0.62, 1.68)10,26,33 (Supplementary Fig. 6).

Outcomes of PTGBD vs EC
Patients who had PTGBD were at more than three times risk of
mortality compared to EC group; HR, 95% CI: [3.68 (2.13,
6.38)] (Supplementary Fig. 7).4,6,10,11,26,27 For patients aged 65
years or older, overall post-procedural complications were
significantly higher in patients who had PTGBD (30.6%)
compared to patients who had EC (15.2%); P-value <0.0001.6

Likewise, in high risk surgical patients, PTGBD group had
about three folds complications rate (13.3%) compared to EC
group patients who had laparoscopic approach (4.9%); P-
value<0.05.11 In contrast, complication rate was significantly
higher in EC group (47%) vs 8.7% in PTGBD group in patients
on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
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Table 1 Study details

Study
and year

Risk
of bias

Design Inclusion/exclusion
criteria

Early
cholecystectomy

Timing/definition of
EC

DLC + PTGBD Timing of LC
after PTGBD

Outcome domains

Choi
et al. 201225

High
concerns

Retrospective
cohort

Included only patients
with diagnosis of
complicated AC
based on clinical,
imaging and peri-
operative findings.
Excluded patients
with cholangitis
based on ERCP or
MRCP

63 LC within 72 h from
admission

40 Average 7.9 days
– minimum 5
days

Operative time,
development of
complications,
LOS

El-Gendi
et al. 201724

High
concerns

Randomised
controlled trial

Patients with grade II
acute cholecystitis
and presented
>72 h after onset of
symptoms.
Excluded patients
admitted to ICU,
pregnancy and a
calcular
cholecystitis

75 Within 24 h 75 6 weeks Conversion to open,
complications,
mortality, post-
operative LOS

Endo
et al. 201728

Low
concerns

International
multicentre
Retrospective
cohort

Diagnosis of AC in
patients aged 18
years or more

2947
1921 (67.4%) had
primary
laparoscopic
approach

Within median
interval of 3 days
(70% had
cholecystectomy
by day 3)

1239 had
cholecystectomy
following PTGBD
531 had PTGBD
alone

Median interval
of 22 days
(range: 1–802
days)
Mean ± SD
39.9 ± 76.4
days

Post-operative bile
leak, major BDI,
conversion to
open, overall
morbidity,
operative time,
LOS and post-
operative
complications

Hall
et al. 201811

High
concerns

Multicentre,
retrospective
cohort

Included high risk
surgical patients
based of SOI
scoring system.
Included only
patients scored 3
or 4

7879
7221 (91.6%) had
primary
laparoscopic
approach

Not specified 1682 (PTGBD only) Not specified LOS, cost, mortality,
complications

Huang
et al. 200726

High
concerns

Retrospective
cohort

Included patients with
GB perforation
secondary to AC.
Excluded patients
younger than 14
years old and
patients with
traumatic GB
perforation

16 (OC) Not specified 17 (PTGBD) – 6 had
elective OC

Not specified Mortality, LOS,
complications

Jia
et al. 201829

Some
concerns

Retrospective
cohort

Included patients with
clinical and
radiological
evidence of AC
associated with
severe systemic
disease and ASA
score of 3 or more.
Excluded patients
with CBD stones or
cholangitis.

48 Within 1 day 38 3–5 days Operative time and
complications,
conversion to
open, post-
operative
complications,
LOS, mortality

Karakayali
et al. 201430

Low
concerns

Prospective
cohort

Only included low risk
surgical patients
with ASA score of 1
or 2 presented with
symptoms for 72 h
or more and not
responded to
medical treatment
for at least 48 h due
to AC

48 Not specified 43 4–8 weeks Conversion to open,
intraoperative
bleeding, post-
operative
complications,
LOS

Kim
et al. 201131

Some
concerns

Retrospective
cohort

Included patients with
AC who had initial
medical treatment
for 12–24 h.
Excluded
asymptomatic
patients, known
chronic
cholecystitis,
gallbladder polyps

147 mean time interval
42.2 h from
admission

97 had PTGBD – 94
(97%) had DLC

(DLC <7 days
after PTGBD)
Mean time
interval
188.4 h

Operative time,
conversion to
open,
complications,
mortality, LOS

HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
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Table 1 (continued )

Study
and year

Risk
of bias

Design Inclusion/exclusion
criteria

Early
cholecystectomy

Timing/definition of
EC

DLC + PTGBD Timing of LC
after PTGBD

Outcome domains

or malignancy on
permanent
treatment

La Greca
et al. 201727

High
concerns

Retrospective
cohort

Included patients
admitted with AC
based on clinical
and radiological
criteria

556 During index
admission

90 (13 of them had
subsequent LC)

Not specified Mortality, LOS,
Clavien–Dindo
classification of
post-operative
morbidity

Lee
et al. 201732

Some
concerns

Retrospective
cohort

Included patients
underwent LC for
moderate to severe
AC according to
TG13. Excluded
patients with a
history of upper
abdominal surgery
or ERCP for CBD
stones.

41 36 had LC within
24 h/3 had LC 1-
3d/2 had LC > 7d

44 mean 30 days
after PTGBD

Operative time,
conversion to
open, post-
operative
complications.
Evaluated
predictors of
prolonged
operative time in
PTGBD + LC group

Loozen
et al. 2018
(CHOCOLATE
trial)10

Some
concerns

Multicentre
Randomised
controlled Trial

Included adults with
calculous
cholecystitis and a
high surgical risk
defined by
APACHE II of 7 or
more
Excluded patients
with APACHE II
score of 15 or more

66 (2 patients did
not have LC: one
needed ERCP
and one had
hyponatremia)

Within 24 h of
randomisation
time interval from
the onset of
symptoms:
median (IQR): 3
(2–3) days

68 randomised to
PTGBD. PTGBD
was left for 3
weeks then
checked by
cholangiogram.
Further treatment
was left to the
discretion of
treating clinician

3 weeks Primary end points:
death within one
year and major
complications.
(Major
complications
defined as
presence of intra-
abdominal
abscess,
pneumonia,
myocardial
infarction or
pulmonary
embolism within 30
days after
randomisation or
recurrent biliary
disease or need for
reintervention
within one year).
Secondary end
points: individual
components of
primary outcome,
minor
complications and
difficulty of
cholecystectomy
(as scored by a
visual analogue
from 1 to 10)

Melloul
et al. 20114

High
concerns

Retrospective
cohort

Patients with sepsis
related to acute
calculous/
acalculous
cholecystitis
admitted to ICU.
Excluded patients
with additional
cholangitis or
pancreatitis

19
Only 10 (52.6%)
had primary
laparoscopic
approach.

Not specified 23 (PTGBD) Not specified 90 days mortality,
overall, minor and
major complication
rates, LOS in
hospital and in ICU

Ni
et al. 201533

Some
concerns

Retrospective
case-control

Patients diagnosed
with acute
cholecystitis and
underwent LC or
PTGBD. Excluded
patients had open
surgery, history of
previous upper
abdominal surgery,
CBD stones,
complications of
other acute
abdominal
condition

33 Not specified 26 (64 patients did
not have PTGBD-
36 – had PTGBD
alone)

Within 1 year Remission of
symptoms,
operative time,
intra-operative
blood loss,
conversion to
open, LOS

(continued on next page)

HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
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Table 1 (continued )

Study
and year

Risk
of bias

Design Inclusion/exclusion
criteria

Early
cholecystectomy

Timing/definition of
EC

DLC + PTGBD Timing of LC
after PTGBD

Outcome domains

Schlottmann
et al. 20186

High
concerns

Retrospective
national cohort

Included 65 years or
older patients
admitted with a
primary diagnosis
of acute
cholecystitis who
underwent either
cholecystectomy
of PTGBD during
index
hospitalisation

193,399 Not specified 7516 had PTGBD Not specified Post-procedural
complications,
mortality, LOS and
total cost

ERCP, endoscopic retrograde cholangiopancreatography; MRCP, magnetic resonance cholangiopancreatography; LC, laparoscopic
cholecystectomy; LOS, length of hospital stay; ICU, intensive care unit; GB, gallbladder; OC, open cholecystectomy; TG13, Tokyo Guidelines
2013; CBD, common bile duct.

Figure 2 Intra-operative outcomes (ELC vs post PTGBD-DLC); a) operative time, b) blood loss(ml), c) risk of conversion to open

HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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admitted to intensive care unit (ICU) for sepsis related to AC; P-
value = 0.011.4

There was no significant difference in complications rate
between PTGBD and open approach EC in patients admitted
with GB perforation secondary to AC; 64.7% and 50%,
respectively.26

Seven (7.7%) patients from PTGBD group compared to 23
(4.1%) patients from EC group had major complication but this
was not significant in one study.27 Loozen et al., a multicentre
RCT (CHOCOLATE trial), compared 1-year mortality and
major complications between patients who had ELC and PTGBD
for AC.10 The risk of major complications was about five times
less in ELC group (12%) compared to PTGBD group (65%); RR
(95% CI): 0.19 (0.10–0.37), P value <0.001.10 Moreover, ELC
had about 10 folds less risk of having recurrent biliary disease
and 10 folds less risk of need for surgical intervention within one
year of randomisation; RR (95% CI): 0.09 (0.03–0.27) and 0.10
(0.03–0.30), P-values: <0.001, respectively.10

Total number (range per patient) of visits to the emergency
department was significantly higher in PTGBD vs ELC group
within one year from intervention; 56 (0–5) vs 7 (0–1), P value
<0.001, respectively.10

Patients who had PTGBD needed to stay longer in ICU
compared with patients receiving EC but this was not statistically
significant; Mean (range): 10.5 (2–71) vs 32–31 days, respectively;
P value = 0.17.4

Outcomes of ELC vs post PTGBD-DLC

- Characteristics of both groups:

Eight studies compared outcomes of ELC and post PTGBD-
DLC.24,25,28–33 Laparoscopic approach was the main primary
approach in the majority of patients (Table 1). 3458 (67.7%)
patients had ELC, and 1653 (32.3%) patients had post PTGBD-
DLC. Patients were nearly 4 years younger in ELC group; MD
(95% CI): −3.72 [−7.14, −0.30].24,25,28–33 Less males were in the
ELC compared to post PTGBD-DLC groups; RR (95% CI); 0.95
[0.90, 0.99].24,25,28–33 serum CRP tended to be lower in the ELC;
MD (95% CI): −3.37 [−4.03, −2.72].24,25,28,30,32,33 Body mass
index (BMI) was higher in the ELC group; MD (95% CI): 0.45
[0.20, 0.69].28,29,32 Patients with DM, hypertension, cardiovas-
cular disease, cerebrovascular disease or liver disease are less
likely to have ELC; RR (95% CI): 0.69 [0.61, 0.77],24,25,28,29,32,33

0.83 [0.73, 0.94],24,25,28,29,33 0.51 [0.41, 0.65],24,25,28,29,32,33 0.58
[0.43, 0.79]25,28,29,32,33 and 0.65 [0.49, 0.87],28,29,32 respectively.
Duration of symptoms was longer in ELC group, but this was not
significant; MD (95% CI): 0.37 [−0.07, 0.81] days.30,31

- Intra-operative outcomes:

Operative time was about 13 min longer in ELC but
this was not significant; MD (95% CI): 13.21 (−3.11,
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
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29.54) min.24,25,29–33 ELC group had significantly more intra-
operative blood loss than post PTGBD-DLC group; MD (95%
CI): 34.2 (4.15, 64.25) ml.24,25,29,33 Patients underwent ELC were
at about two times risk of open conversion of laparoscopic
cholecystectomy compared to post PTGBD-DLC group but this
was not statistically significant; RR (95% CI): 2.16 [0.93, 5.00]
(Fig. 2).24,25,29–33 No patient had subtotal cholecystectomy in
post PTGBD-DLC group compared to 13 (17.3%) patients in the
ELC group; P value <0.001.24

- Post-operative outcomes:

There was no difference in mortality between the two groups;
HR (95% CI): 1.30 [0.60, 2.83].28,29 Patients had ELC are at
about three times risk of post-operative complications compared
to those had post PTGBD-DLC; RR [95% CI]: 2.88 [1.78,
4.65].24,25,29–31 Risk of bile leak or bile duct injury (BDI) was six
folds more in ELC; RR [95% CI]: 6.07 [1.67, 21.99].24,25,29,30

Similarly, ELC group were at higher risk of developing sub-
hepatic collection but this was not significant; RR [95% CI]:
2.62 [0.83, 8.34].24,25,30 Likewise, risk of wound site complica-
tions was higher in ELC but not statistically significant; RR [95%
CI]: 1.73 [0.65, 4.58].24,29,30,32 (Fig. 3).
Patients from ELC group were likely to stay one day more in

the hospital post-operatively compared to patients had post
PTGBD-DLC; MD [95% CI]: 1.09 [0.52, 1.66].29–32 However,
ELC patients are likely to stay about six days less than post
PTGBD-DLC patients in total; MD [ 95% CI]: −6.60
[−10.10, −3.09].25,29,31–33 (Fig. 4).

- Outcomes in complicated AC:

From four studies, operative time was longer in ELC than post
PTGBD-DLC but this was not statistically significant; MD [95%
CI] 20.9 [−2.19,43.99] min.24,25,29,32 Intra-operative blood loss
was significantly more in ELC group; MD [95% CI] 56.57 [8.82,
104.32] ml.24,25,29 Open conversion was about 4 times higher in
ELC; RR [95% CI] 4.29 [1.91, 9.63]24,25,29,32 (Supplementary
Fig. 8).
Post-operative hospital stay was longer in ELC but it was not

statistically significant; MD [95% CI] 0.47 [−0.34, 1.27].29,32

Post-operative complications did not show statistical signifi-
cance but was about 3 times higher in ELC; RR [95% CI] 2.93
[0.82, 10.47].24,25,29 BDI was 7 times higher in ELC compared
with post PTGBD-DLC; RR [95% CI] 7.07 [1.38, 36.21].24,25,29

There was no significant difference regarding risk of subhepatic
collection or wound site complications; RR [95% CI] 2.56
[0.14, 46.36]24,25 and 1.71 [0.59, 4.99],24,29,32 respectively
(Supplementary Fig. 9).
Mortality was only reported in one study included high risk

surgical patients with complicated AC with one mortality in ELC
group (2%), but no mortality recorded in post PTGBD-DLC
group.
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Figure 3 Post-operative outcomes (ELC vs post PTGBD-DLC); a) mortality, b) post-operative complications, c) bile duct injury, d) sub-hepatic

collection, e) wound site complications
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Discussion

In this review, about 94.7% patients with AC had EC which
constitutes a much higher proportion of patients compared to
United Kingdom (UK) practise.34–36 We compared outcomes of
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
open access
the initial intervention with either ELC or PTGBD for patients
with AC. Operative outcomes of ELC vs post PTGBD-DLC were
also compared. This is in order to assess the two pathways of
management. Predictors of performing PTGBD in practise were
on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
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Figure 4 Length of hospital stay (ELC vs post PTGBD-DLC); a) post-operative hospital stay, b) total hospital stay
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also studied and this helped to detect potential confounding
factors which can affect the interpretation of significant differ-
ence in the outcomes between PTGBD and ELC groups. Patients
underwent PTGBD had more co-existing diseases such as dia-
betes mellitus, cardiovascular disease, cerebrovascular disease,
chronic kidney disease or liver disease. Serum CRP was the only
laboratory marker to be significantly higher in PTGBD group.
ASA grade and body temperature at admission tended to be
higher in PTGBD group but were not statistically significant.
There was no difference regarding duration of symptoms or
LFTs. 21.6% of high-risk surgical patients and 46.9% of patients
with complicated AC had PTGBD and this was significantly
higher from the rest of studies (P < 0.00001).
The overall mortality was 3 folds higher in PTGBD group in six

studies, but this can be partly or totally attributed to confounding
factors like higher incidence of co-existing medical diseases in pa-
tients had PTGBD.However, therewas nodifference inmortality in
CHOCOLATE trial where both groups’ characteristics were com-
parable, supporting the role of co-existing diseases in affecting
mortality. Post-procedural complications were 3 times higher in
high-risk surgical patients underwent PTGBD compared to ELC in
one study with high concerns of bias and this also can be explained
by significant confounding factors.11 In contrary to this, in patients
needed admission to ICU, total number of complications was
significantly higher inECgroup (47%) than PTGBDgroup (8.7%);
P-value: 0.011. Likewise, incidence of major complications in EC
group (21%)was significantly higher than PTGBD groupwhere no
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
open access
patient had major complications; P-value: 0.03 for patients
admitted to ICU.4 These findings support that PTGBD can be su-
perior than EC in significantly high risk surgical patients admitted
to ICU. However, in CHOCOLATE trial, which included high-risk
surgical patients, incidence of major complications in 1-year time
was significantly lower in ELC group (12%) compared to 65% in
PTGBD group; RR (95% CI): 0.19 (0.1, 0.37); P-value<0.001.10

Worthy to mention, ELC procedures were performed by experi-
enced surgeons performing more than 100 laparoscopic proced-
ures, yearly and this may explain more favourable outcomes in
CHOCOLATE trial.
In comparing ELC and post PTGBD-DLC, meta-analysis has

shown significantly higher risk of more blood loss, BDI (6 times
higher risk), post-operative complications and longer post-
operative hospital stay in ELC group. On the other side, post
PTGBD-DLC is associated with longer total hospital stay but no
significant difference in open conversion rate or mortality be-
tween both groups. El-Gendi et al., which is the second RCT in
this review but of high concerns of bias, reported overall more
favourable results in post PTGBD-DLC group but similar mor-
tality between the two groups.24

In this review, another meta-analysis comparing ELC and post
PTGBD-DLC in complicated AC showed ELC is associated with
about 4 times higher risk of open conversion and 7 times risk of
BDI. Total hospital stay was longer in post PTGBD-DLC group
but there was no difference in overall complications and post-
operative hospital stay.
on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an
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Huang et al., is another systematic review which compared
outcomes of ELC and DLC and reported similar results.37

Operative and post-operative outcomes of ELC and DLC were
only compared. There was no description of patient character-
istics or severity of AC.
This review has some limitations. The majority of included

studies were retrospective observational studies. Seven studies
were assessed as having high risk of bias. Several potential
confounding factors could not be stratified for each outcome.
Data could not be pooled from all studies because some studies
used different grouping systems. Laparoscopic approach was not
the primary approach for EC in 14.3% of patients from 13
studies and this confounding factor can affect estimating out-
comes and could not be controlled.
PTGBD provides a quick approach to drain the gallbladder

and control sepsis in high-risk surgical patients. However, there
is no high-quality study which has proven superiority of PTGBD
over ELC.38,39 Adding to this, CHOCOLATE trial, included in
this review, is the first RCT to compare ELC and PTGBD in high-
risk surgical patients and results were in favour of ELC for this
cohort of patients. Therefore, PTGBD should be reserved for
those patients with considerably high risk of mortality from
surgical intervention such as patients admitted to ICU with
organ failure.
While laparoscopic cholecystectomy is the definitive recom-

mended treatment of complicated gallstone disease,7,8 it may not
be the best initial treatment option during the acute attack of
complicated cholecystitis or in high risk patients and trial with
conservative treatment should be considered first. However, ELC
for AC should be the preferred intervention over PTGBD and
DLC if operative risks of both pathways were comparable in any
particular patient.1,7

In TG 2018, ELC can be performed in all grades of AC, including
severe (grade III) AC.8 The evidence in this review supports this for
patients not needing ICU admission. Endo et al. is the largest good
quality international multicentric cohort study included in this
reviewcomparedoutcomes of ELCandpost PTGBD-DLC in severe
ACandconcludedmortality is similar inboth groups in the absence
of predictive factors of mortality such as BMI < 20.28 TG 2018,
recommended PTGBD in grade II AC if failed medical treatment
even in a fit patient which is not supportedwith strong evidence. In
this review, ELC in complicated AC is associated with higher risk of
open conversion and BDI. However, this did not result in signifi-
cantly longer post-operative stay which may indicate minimal bile
collection or leak not requiring prolonged hospital stay nor surgical
intervention. In contrary, total hospital staywas significantly longer
in post PTGBD-DLC group. Therefore, ELC should be considered
in complicated AC patients with acceptable surgical risks as long as
experienced surgeon and high level post-operative care are avail-
able. TG2018 safe steps in laparoscopic cholecystectomy should be
followed in those cases.40 Delay in definitive treatment of compli-
cated gallstone disease can expose patients to more complications,
re-intervention and increase costs of treatment.10,36
HPB 2022, 24, 1622–1633 Crown Copyright © 2022 Published by Elsevier Ltd
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In conclusion, ELC may be a preferred treatment option over
PTGBD in AC. However, patient and disease specific factors
should be considered to avoid unfavourable outcomes with ELC.
Within the constraints of comparing emergency with elective
procedure, ELC is associated with less total hospital stay but
more intra-operative blood loss and post-operative complica-
tions compared to DLC following PTGBD. Future high-quality
studies are needed to assess different management strategies in
high-risk surgical patients with complicated AC.
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