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ABSTRACT

Background: The purpose of this meta-analysis is to appraise the efficacy and safety of delayed laparoscopic cholecystectomy after
percutaneous transhepatic gallbladder drainage (PTGBD) versus emergency laparoscopic cholecystectomy (ELC) for acute cholecystitis.
Methods: The kinds of literature were searched by Web of Science, PubMed, OVID, Cochrane Library, and EMBASE between the year
2000 and 2019. RevMan 5.3 was used for meta-analysis.

Results: Seventeen studies with 2135 participants were included in our study. Compared with the ELC group, delayed laparoscopic cho-
lecystectomy after percutaneous transhepatic gallbladder drainage group (PTGBD group) had a significant better effect in intraopera-
tive bleeding (P = .002), conversion rate to open surgery (P =.02), postoperative complications (P < .00001), bile leakage (P = .01), bile
duct injury (P =.02), and wound infection (P =.02). There was no significant difference between the two groups in operative time (P= 32),
postoperative hospital stay (P =.30), and intraperitoneal hemorrhage (P =.39). PTGBD group had a significantly longer overall hospital
stay than the ELC group (P < .00001).

Conclusion: Compared with the ELC group, the PTGBD group has several advantages, including bile duct injury, intraoperative bleeding,
bile leakage, conversion rate to open surgery, postoperative complications, and wound infection. The only drawback in the PTGBD group

is to lengthen the total hospital stay.
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INTRODUCTION

Acute cholecystitis (AC) is distension and chemical or
bacterial inflammation of the gallbladder that results
from obstruction of the cystic duct, usually by a gall-
stone.! An increase in the incidence of AC has been
reported in recent years.? It is one of the most common
diseases in the emergency department. Based on refine-
ments in laparoscopic technique and increased surgi-
cal experience, laparoscopic cholecystectomy (LC) has
replaced the traditional open cholecystectomy (OC),
and become a standard therapy of cholecystitis, espe-
cially for chronic disease. For the treatment of AC, there
has been controversy over the advantages of emergency
LC (ELC) versus delayed surgery after gallbladder drain-
age, like percutaneous transhepatic gallbladder drain-
age (PTGBD).3® In 1980, PTGBD was first introduced by
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Radder.® Because it has the advantages of causing mini-
mal injury, lower complication rate, and being a simple
procedure with rapid symptom relief,” PTGBD has been
widely performed as a safer substitute for ELC. There
have been a lot of arguments about the safety and effi-
cacy between PTGBD +LC and ELC for AC. The purpose
of this study is to compare the outcome of delayed LC
after PTGBD to ELC.

MATERIALS AND METHODS

Search Strategy

We conduct this study according to the Preferred
Reporting Items for Systematic Review and Meta-analysis
statement. Related articles were searched by two authors
in Web of Science, PubMed, OVID, Cochrane Library, and
EMBASE using the following keywords: “percutaneous
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transhepatic gallbladder drainage,” “laparoscopic chole-
cystectomy,” “acute cholecystitis.” All studies were pub-
lished between the years 2000 and 2019. Languages were
limited to English and Chinese.

Inclusion Criteria: (1) All patients were diagnosed with
AC; (2) the PTGBD group received PTGBD before LC; (3)
the ELC group underwent emergency LC without PTGBD;
and (4) the PTGBD group had no severe complication
during and after PTGBD.

Exclusion Criteria: (1) Patients diagnosed with chronic
cholecystitis or gallbladder cancer; (2) incomplete data;
(3) duplicate studies; (4) based on animals or non-human
samples and (5) case reports or reviews.

Data Extraction

Two reviewers separately performed the search, then
reviewed the titles, abstracts, and full texts of all stud-
ies and extracted the following data from each eligible
study. The following data were collected from each study:
author, publication year, patient's characteristic, study
type, inclusion and exclusion criteria, number of sub-
jects, and the evaluation index included operative time
(minutes), intraoperative bleeding (mL), postoperative
and overall hospital stay (days), conversion rate to open
surgery, and postoperative complications, including bile
duct injury, bile leakage, intraperitoneal hemorrhage, and
wound infection.

Quality Assessment

The quality of RCT was measured by the modified Jadad
method. Studies awarded four or more points were con-
sidered high-quality studies. The quality of non-random-
ized studies was assessed by the Newcastle-Ottawa
scale (NOS),® and more than seven stars were defined as
high quality, 4-6 stars as medium quality, and <4 stars as
low quality.

Statistical analysis

RevMan 5.3 was used for meta-analysis. Heterogeneity
among the studies was analyzed by the Chi-square test
and I? test. P < .05 and I?> 50% were considered as sta-
tistically significant heterogeneity and a random-effects
model was selected. Otherwise, a fixed-effects model
was selected. Dichotomous data were calculated by odds
ratio (OR) and 95% confidence interval (95% CI), whereas
continuous data were calculated by mean difference (MD)
and 95% CI. A probability value of P < .05 was considered
statistically significant. A funnel plot was used to assess
publication bias.

RESULTS

Base Characteristic

A total of 307 studies were identified, 96 studies were
excluded after duplicate removal by EndNote. After
examining the titles and abstracts, we excluded 170
articles because of the following reasons: Other compari-
son (n = 69), not a controlled trial (n = 40), case report
(n = 22), guideline and consensus (n = 8), and others
(n = 31). Twenty-four studies were excluded after full-
text article review for the following reasons: Other com-
parison (n = 17) and others (n = 7). Finally, 17 articles?"9-2%
were enrolled for analysis, including 2135 patients, 938
patients in the PTGBD group, and 1197 patients in the
ELC group (Figure 1). The characteristics and baseline
demographic data of the patients are listed in Table 1.

Meta-Analysis Results

Operative Time: The operative time was reported in 15
studies. Significant heterogeneity was found (P <.00001,
2 = 94%). Therefore, the random-effects model was
adopted, and there was no significant difference between
the PTGBD group and ELC group [MD = -6.23, 95% CI
(-18.567 to 6.11), P = .32] (Figure 2).

Intraoperative Bleeding: Data for intraoperative bleeding
was provided in seven studies. High heterogeneity was
observed (P < .0001, 2 = 80%). Therefore, the random-
effects model was used. The meta-analysis showed that
the amount of intraoperative bleeding in the PTGBD
group was lower than the ELC group, and the difference
was significant [MD = —26.41, 95% CI (-43.16 to —-9.66),
P =.002] (Figure 3).

Postoperative Hospital Stay: Thirteen studies reported
the postoperative hospital stay. Due to the high hetero-
geneity (P <.00001, 2= 90%), the random-effects model
was used, and no significant difference was found [MD =
—0.60, 95% CI (-1.74 to 0.54), P = .30] (Figure 4).

Overall Hospital Stay: The overall hospital stay was
reported in 11 studies. Heterogeneity among studies was
high (P < .00001, I2 = 86%), therefore the random-
effects model was used. The results showed that the
overall hospital stay in the PTGBD group was signifi-
cantly longer than the ELC group [MD = 6.41, 95% CI
(4.63 to 8.18), P <.00001] (Figure 5).

Conversion Rate to Open Surgery: The conversion rate to
open surgery was reported in all 17 studies, reporting the
comparison of the conversion rate to open surgery between
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Figure 1. Flow diagram of study screening and inclusion.

Table 1. Characteristics of the Included Studies

Overall number of
search result

n=307

Search overlap

n=96

Other comparison
n=69

Not a controlled
trial=40

report, comment,

Abstract review No abstract or full
text available, etc)
]
n=211 n=61

Excluded n=170

other(review, case

Full text review
———
n=41 n=7

Excluded n=24

Other comparison n=17

other(review, comment, etc)

17 studies

included

No. of Patients

First Author Year  Study Design Total Cases (PTGBD: ELC) Included Outcomes Quality
Jia 2018 Retrospective 86 38:48 ab,cdefgh,ij 8
Lee 2017 Retrospective 85 44:41 a,c,d,e,f, 6
Jung 2017 Retrospective 294 128:166 acdefg.i 6
Ahmed 2017 RCT 150 75:75 a,befgh,ij 5 (Jadad)
Ni 2015 Retrospective 59 26:33 a,b,def 6

Na 2015 Retrospective 116 39:77 cdefgh 7

Hu 2015 RCT 70 35:35 ab.cefgij 4 (Jadad)
Uchiyama 2013 Retrospective 21 5:16 ab,cdefj 6
Choi 2012 Retrospective 103 40:63 ab,defg,i 6
Kim 2011 Retrospective 244 97:147 a,cde,f 6
Kim 2009 Retrospective 133 73:60 efgj 8
Kim 2008 Retrospective 99 37:62 acdefg,ij 6
Tsumura 2004  Retrospective 133 60:73 ab.cefgh,j 6
Chikamori 2002  Retrospective 40 31:9 acdegh,j 8
Kim 2018 Retrospective 325 131:194 acdefg.i 6

Yu 2017 Prospective 86 36:50 acefghii 9
Karakayali 2014 Prospective 91 43:48 acefgh,j 8

Included outcomes: a, operative time; b, intraoperative bleeding; c, postoperative hospital stay; d, overall hospital stay; e, conversion rate to open surgery; f,
postoperative complications; g, bile leakage; h, bile duct injury; i, intraperitoneal hemorrhage; j, wound infection.
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PTGBD ELC Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
Ahmed 2017 3809 823 75 878 3306 75 7.3% -49.71 [[57.42,-42.00] —
Chikamori 2002 89 33 31 118 24 9 6.3% -27.00[46.51,-7.49)
Choi 2012 85.88 28.01 40 99.84 4537 B3 6.8% -13.96[28.13,0.21]
Hu 2015 558 233 35 914 251 35 7.0% -3580[-47.15, -24.45) -
JIA2018 7816 1885 38 8877 2076 48 7.2% -10.61[19.00,-2.22) I
Jung 2017 82 407 128 788 393 166 7.2% 3.20[-6.04,12.44] -1
Karakayali 2014 106 27 43 114 38 48 6.9% -8.00[-21.44,5.44] I
Kim.l.G. 2011 1196 634 97 104 487 147 69% 16.60 [2.37, 28.83] I
Kim.J.H. 2008 7486 3542 37 8218 2669 62 6.9% -7.32[-20.53,5.89) 1
Kim.S.Y. 2018 117 436 131 99 413 194 7.2% 18.00[8.54, 27.46) I
Lee 2017 734 287 44 914 356 41 B69%  -18.00[-31.81,-419) -
Ni 2015 116.7 308 26 110 47 33 6.3% 6.70[-13.23, 26.63) -1
Tsumura 2004 124 a1 60 107 48 73 6.6% 17.00[0.04, 33.96)
Uchiyama 2013 192 471 5 1709 57 16 34%  2110[-28.74,70.94]
Yu 2017 78.61 2387 36 B77 1863 50 7.2% 10.91 [1.56, 20.26] I
Total (95% Cl) 826 1060 100.0% -6.23[-18.57,6.11] q

Heterogeneity: Tau®=528.85; Chi* = 215.45, df=14 (P < 0.00001); F= 94%
Testfor overall effect: Z= 0.99 (P = 0.32)

-50

-25

0 25 50

Favours [PTGBD] Favours [ELC]

Figure 2. Forest plot of the operative time between the PTGBD group and the ELC group.

PTGBD ELC Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% Cl|
Ahmed 2017 26.33  23.86 75 4173 51.08 75 206% -1£.40[-23.16,-2.64] Sl
Chol 2012 18674 21641 40 3b1.bs 218.45 b3 3.3% 10553 261 9%, -8481) Y
Fu 2015 287 15.2 35 60.4 16.4 35 22.4% -31.70[-3911,-24.29] =
JA 2018 83.95 10.4 38 -30.37 6585 18 15.7% 46.42 [ 7079, 22.058) —
N 2015 329 377 26 348 246 33 19.0% -190[-18.65, 14.85] -
Tsumura 2004 ‘7 48 60 26 85 73 16.2% -900[-31.97,13.97] i B
Lchiyvama 2013 49 4.2 5 948 1704 16 29% -45.£0[-137.85, 46.25) —
Total (95% CI) 279 343 100.0% -26.41 [-43.16, -9.66] L 4
Feterogeneity: Tau? = 312.23; Chi*= 29.41, df= 6§ (P < 0.0001}; F= 8% t " t t
Test foroverall effect: Z= 2.09 (P =0.002) -mgavou;s [[]FE’ITGBD] LlFavour‘lsu[gLC] 200
Figure 3. Forest plot of the intraoperative bleeding between the PTGBD group and the ELC group.
PTGBD ELC Mean Difference Mean Difference
Study or Subgroup _ Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chikamori 2002 9 4 kil 9 3 9 65% 0.00[-2.41,2.41] -1
Hu 2015 3 13 35 F. 35  88% -400[471,-3.29) -
JIA 2018 9.18 2.81 38 965 28 48 8.3% -0.47 [-1.66,0.72] - 1
Jung 2017 73 T3 128 64 47 166 8.0% 0.90[-0.55, 2.35) ]
Karakayali 2014 3 24 43 53 33 48 8.3% -230[3.48,-112]
Kim.l.G. 2011 T2 41 97 6.5 42 147 8.5% 0.70[-0.36, 1.76] T
Kim.J.H. 2008 389 26 37 37 28 62 8.4% 0.20 [-0.89, 1.29] -1
Kim.S.Y. 2018 7174 1A 54 42 194 80% 1.70[0.30,310] -
Lee 2017 5 2B 44 54 25 41 84%  -0.40[-1.48 0.69] I
Na 2015 6.08 627 339 884 508 77T 689% -286[-488-073
Tsumura 2004 118 71 60 111 71 73 65% 0.70[-1.72,3.12) - ]
Uchiyama 2013 e 23 5 & 56 16 50% -0.20[-3.60,3.20
Yu 2017 4.83 3.07 36 612 2.56 50 83% -1.29[-252,-0.06]
Total (95% ClI) 724 966 100.0% -0.60 [-1.74, 0.54] q
Heterogeneity: Tau®= 3.71; Chi*= 115.93, df= 12 (P < 0.00001); = 90% 3 5 5 3 i

Test far overall effect: Z=1.04 (P = 0.30) Favours [PTGBD] Favours [ELC]

Figure 4. Forest plot of the postoperative hospital stay between the PTGBD group and the ELC group.
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PTGBD ELC Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chikamori 2002 15 7 3 14 ] 9 66% 1.00[[3.63, 563 -
Choi 2012 20008 7.33 40 1292 563 63 9.3% 7.16([4.50,9.82] -
JIA 2018 13.05 261 38 9B5 28 48 11.2% 3.40([2.25, 4.55) -
Jung 2017 176 144 128 106 7 166 9.3% 7.00[4.29,9.71] -
Kim.l.G. 2011 149 B 97 9 45 147 11.0% 5.90([4.50,7.30] -
Kim.J.H. 2008 125 4.3 37 7.6 4 62 106% 490[3.19,6.61] -
Kim.8Y. 2018 156 103 13 11 51 184 104% 4.60(2.70,6.50] =
Lee 2017 173 7.9 44 63 35 41 95% 11.00[8.43,13.57) &
Na 2015 16.38 8.02 38 1343 656 7T BE% 295[-0.24,6.14] T
Ni 2015 185 45 26 82 39 33 100% 10.30([8.12 12.48] i
Uchiyama 2013 304 845 5 1148 53 16 2.5% 18.90[11.01, 26.79)
Total (95% CI) 616 856 100.0% 6.41[4.63,8.18] ‘
Heterogeneity: Tau® = 6.96; Chi*= 70.50, df=10 (P < 0.00001); F= 86% _2'0 _1'0 0 1'0 2'0

Testfor overall effect: Z=7.07 (P < 0.00001)

Favours [PTGBD] Favours [ELC]

Figure 5. Forest plot of the overall hospital stay between the PTGBD group and the ELC group.

the PTGBD group and the ELC group. Significantly high
heterogeneity was observed (P =.0001, [2 = 66 %), thus the
random-effects model was used. The meta-analysis
showed that the conversion rate to open surgery in the
PTGBD group was significantly lower than the ELC group
[OR=0.50,95% ClI (0.28 to 0.89), P = .02] (Figure 6).

Postoperative Complications: A total of 16 studies
reported postoperative complications. There was no sig-
nificant heterogeneity between these studies (P =.07, 2=

PTGBD ELC

Ahmed 2017 2 75 18 75 6.4%
Chikarori 2002 1 K} 3 g9 3.8%
Choi 2012 2 40 I 63 5.9%
Hu 2015 3 35 10 35 6.8%
JIAZ2018 0 38 4 48 2.9%
Jung 2017 31 128 32 166 100%
Karakayali 201 4 g 43 19 48 25%
Kim.H.0. 2009 B 73 1M B0 21%
Kitnl.G. 2011 4 97 23 147 7.9%
Kim.JH. 2008 1 37 4 62 4.2%
Kim.SY. 2018 8 13 5 194 T7%
Lee 2017 2 44 3 41 5.3%
MNa 2015 g 39 25 7 21%
Mi 2015 5 26 1 33 4.3%
Teurnura 2004 2 60 7 73 6.0%
Uchiyama 2013 0 5 0 16

Yuz2m7 5 36 1 50 4.3%
Total (95% Cl) 938 1197 100.0%
Total events 35 173

Heterogeneity: Tau? = 0.82; Chi*= 43.67, df= 15 (P = 0.0001); F= 66%

Testfor overall efiect Z=2.34 (P = 0.02)

Qdds Ratio
Study or Subgroup  Events Total Ewvents Total Weight M-H.

37%), therefore, the fixed-effects model was used. Com-
pared to the ELC group, the PTGBD group had signifi-
cantly lesser postoperative complication [OR=0.47, 95%
Cl (0.34 to 0.64), P < .00001] (Figure 7).

Bile Leakage: The bile leakage was reported in 13 studies.
Compared to the ELC group, the PTGBD group had a
lesser bile leakage [OR = 0.46, 95% CI (0.25 to 0.86),
P = .01] in the fixed-effects model (P =.67, > = 0%)
(Figure 8).

Qdds Ratio
Random, 95% CI M-H. Random, 95% CI
0.08 [0.02, 0.39]
0.07 [0.01, 0.75]
0.421[0.08,2.14]
0.23 [0.06, 0.94]
0.13[0.01, 2.46]
1.34 [0.77, 2.34]
0.35[0.13,0.91]
0.40[0.14,1.15)
0.23[0.08, 0.69]
0.40[0.04, 3.75)
2.46[0.79, 7.69)
0.60[0.10, 3.81]
0.31[0.11, 0.88]
7.62[0.83, 69.90]
0.33 [0.06, 1.63]
Mot estimahle
7.90(0.88, 70.87)

il

——
PR —
_—
—_—
—_—
—————————

—_—

0.50 [0.28, 0.89] -

0.1 10
Favours [PTGBD] Favours [ELC]

0.005 200

Figure 6. Forest plot of the conversion rate to open surgery between the PTGBD group and the ELC group.
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PTGBD ELC 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M.H. Fixed. 95% Cl M.-H. Fixed. 95% CI
Ahmed 2017 2 74 20 75 166%  0.08([0.02 034 -
Choi 2012 7 40 15 63 8.2% 0.68 [0.25,1.85] I
Hu 2015 2 35 8 35 B.4%  0.20(0.04,1.04)
JIA 2018 2 38 6 48 43%  0.29([0.07, 2.05 e
Jung 2017 4 128 1 166 0.7% 5.32(059, 4821]
Karakayali 2014 4 43 17 43 12.4% 0.19 [0.06, 0.61] - -
Kim.H.Q. 2009 5 73 12 60 10.4% 0.29 [0.10, 0.89] - =
Kim.l.G. 2011 3 97 8 147 5.2% 0.55[0.14, 2.14] - 1
Kim.J.H. 2008 3 a7 7 62 41% 069017, 2.86) -1
Kim.S.Y. 2018 1 131 2 184 1.4%  0.74[0.07 823
Lee 2017 B 14 7 1 53% 0.77 [0.23, 2.51) - 1
Na 2015 10 34 20 77 8.5% 0.98 [0.41, 2.37] -1
Ni 2015 0 26 0 33 Mot estimable
Tsumura 2004 7 G0 8 T3 54%  1.07([0.37, 315 -1
Uchiyama 2013 0 5 4 16 1.8%  0.25([0.01,554)
Yu 2017 3 36 14 50 91% 0.23 [0.06, 0.89)
Total (95% CI) 907 1188 100.0% 0.47 [0.34, 0.64] L
Total events 59 149
Heterogeneity: Chi®= 22.32, df= 14 (P = 0.07); I*= 37% 0 o1 011 ] 110 100=
Testfor overall effect Z= 467 (P <0.00001) ' Favou'rs [PTGBD] Favours [ELC]

Figure 7. Forest plot of the postoperative complications between the PTGBD group and the ELC group.

Bile Duct Injury: Seven studies reported the bile duct Intraperitoneal Hemorrhage: The intraperitoneal hemor-
injury and showed that the PTGBD group had a lesser bile  rhage was reported in nine studies. There was no significant
duct injury than the ELC group [OR = 0.24, 95% CI difference in intraperitoneal hemorrhage between the two
(0.07 to 0.82), P = .02]. There was no heterogeneity groups [OR = 0.62, 95% CI (0.21 to 1.84), P = .39]. There
observed (P = 0.61, 2= 0%), thus the fixed-effects model was no significant heterogeneity observed (P = .33, I? =

was used (Figure 9). 13%), thus the fixed-effects model was used (Figure 10).
PTGBD ELC 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M.H. Fixed. 95% Cl M.H. Fixed. 95% CI
Ahmed 2017 0 74 8§ 75 255%  0.05[0.00 093 ¢ .
Chikamaori 2002 0 31 0 9 Mot estimable
Choi 2012 0 40 2 63 5.8% 0.30 [0.01, 6.49]
Hu 2015 1 35 2 35 589% 0.49 [0.04, 5.61]
JIA 2018 1 k1 2 48 52%  0.62[0.05 713
Jung 2017 1 128 0 166 1.3% 3.92(0.16, 96.97]
Karakayali 2014 1 43 il 48 14.0% 0.20[0.0Z2,1.83]
Kirn.H.C. 20049 3 73 6 60 191%  0.29[0.09,1.51)] —
Kim.JH. 2002 0z 1 62 4%  0.55(0.02,12.77)
Kim.5.Y. 2018 1 13 1 194 24% 1.45(0.09, 23.95]
Na 2015 3 34 3 7T A6B% 2.06[0.40 1069 -1
Tsumura 2004 1 &0 3 73 BD% 0.40 [0.04, 3.90]
Yu217? 0 26 1 50 3.8% 0.45(0.02,11.42)
Total (95% CI) 766 960 100.0% 0.46 [0.25, 0.86] -
Total events 12 34
Heterogeneity Chi*= 8.47, df=11 (P = 0.67); 1*= 0% = f y i
Testfor overall effect 2= 2.46 (P =0.01) 4 Favo?;:s [PTGBD]1 Favours [E1I?(;] L

Figure 8. Forest plot of the bile leakage between the PTGBD group and the ELC group.
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PTGBD ELC Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ahmed 2017 0 7a 3 75 B62.3% 0.05(0.00, 0.83) ¢ L
Chikamori 2002 0 kil 0 9 Mot estimable
JIA 2018 0 38 1 48 9.7% 0.41[0.02,10.38) &
Karakayali 2014 0 42 0 438 Mot estimahle
Na 2015 0 34 2 TTO123% 0.38 (0.02, §.16)
Tsumura 2004 1 60 1 73  65% 1.22[0.07,19.93
Yu 2017 0 26 1 50 92% 0.45[0.02 11.42)
Total (95% CI) 322 380 100.0%  0.24 [0.07, 0.82] Rl
Total events 1 13
Heterogeneity Chi®= 2.71, df= 4 (P = 0.61); 1*= 0% 062 0:1 ] 110 5=D

Testfor overall effect 2= 227 (P=0.02)

Favours [PTGBD] Favours [ELC]

Figure 9. Forest plot of the bile duct injury between the PTGBD group and the ELC group.

Wound Infection: The wound infection was reported
in nine studies. Compared to ELC group, PTGBD group
had a lesser wound infection [OR = 0.38, 95% CI (0.17 to
0.85), P =.02] in the fixed-effects model (P =.92, 2= 0%)
(Figure 11).

Publication Bias: Funnel plots were constructed for
each outcome and used to assess the publication bias
(Figure 12).

DISCUSSION

Acute cholecystitis is an inflammatory gallbladder
disease that results from the bacterial invasion and
obstruction of the cystic duct. Acute cholecystitis is
one of the most common reasons for emergency surgi-
cal admission.?* In the past, AC was a contraindication to
LC because of severe adhesion or difficult exposure of
the gallbladder triangle. Especially, in elderly AC patients

with other life-threatening comorbidities, LC can lead to
high morbidity of up to 41% and mortality of up to 4.5%
during the acute phase.252¢ With the increase in lapa-
roscopic experience and the improvement in the lapa-
roscopic devices and instruments, LC has become the
standard treatment for AC.?” However, we sometimes
experience difficulty during LC because of inflammation
with severe fibrosis, dense adhesions, or tissue friability
near the triangle of the gallbladder. These can increase
postoperative complications, such as bile duct injury, bile
leakage, Intraperitoneal hemorrhage, bowel injury, and
other complications.

In 1980, PTGBD was first introduced by Radder,® since
then, it has become an emergency replacement proce-
dure for high-risk AC. PTGBD is performed as a simple
procedure, which can lessen pain to the patients, with low
requirement for advanced equipment, high efficiency,
and fast recovery.283' Hu et al.'® consider that PTGBD

PTGBD ELC Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Ahmed 2017 0 7a 0 75 Mot estimahle
Chikamori 2002 0 31 2 9 440% 0.05(0.00,1.10] * =
Choi 2012 1 40 0 63 4.4% 4.82[018,121.33] >
Hu 2015 0 35 1 I/ 17I% 0.32[0.01, 223 "
JIA 2018 0 28 1 48 154% 0.41([0.02,10,38]
Jung 2017 0 128 0 166 Mot estimable
Kim.JH. 2008 0 37 0 62 Mot estimable
Kim.S.Y. 2013 0 1 1 184 141% 0.48[0.02,1213 -
Yu2M7? 1 26 0 50 47% 4.27[017,107.80] >
Total (95% Cl) 551 702 100.0% 0.62 [0.21, 1.84] "
Total events 2 5
Heterogeneity: Chi*= 5.73, df= 5 (P = 0.33); 1= 13% 10.01 051 - 1:0 100=

Testfor overall effect 2= 0.86 (P=0.39)

Favours [PTGBD] Favours [ELC]

Figure 10. Forest plot of the intraperitoneal hemorrhage between the PTGBD group and the ELC group.
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Figure 11. Forest plot of the wound infection between the PTGBD group and the ELC group.

not only decompresses gallbladder swelling and prevents
gallbladder perforation, but also improves local circula-
tion and controls local infection. High-risk patients can
undergo an operation after PTGBD without the increase
of postoperative morbidity. This was in agreement with
some researchers. They®? found that the success rate of
percutaneous gallbladder drainage was almost 100% and
the symptom remission rate reached from 78% to 100%.
However, the morbidity rate and the mortality rate merely
ranged from 3% to 13% and 0% to 11%, respectively.
Compared with OC in critical patients, it has been con-
sidered as a less invasive operation with low mortality and
morbidity.3334 As most AC is caused by obstruction of bile
outflow because of a gallstone, PTGBD cannot solve the
problem. Hence, PTGBD has been used as a bridge to an
elective cholecystectomy.

Based on our meta-analysis, there was no significant
difference between PTGBD group and ELC group for
operative time [MD = —6.23, 95% CI (—18.57 to 6.11),
P = .32], postoperative hospital stay [MD = —0.60, 95%
Cl (-1.74 to 0.54), P = .30], intraperitoneal hemorrhage
[OR =0.62,95% CI (0.21 to 1.84), P = .39]. This result was
possibly associated with that in some reports patients in
the PTGBD group had worse general condition and dis-
ease severity than patients in the ELC group, such as the
proportion of ASA grade 3-4 and the proportion of severe
AC patients.

The overall hospital stay in PTGBD group was signifi-
cantly longer than ELC group [MD = 6.41,95% CI (4.63 to
8.18), P < .00001]. Percutaneous transhepatic gallblad-
der drainage group patients had longer hospital stay than
ELC group because PTGBD group patients needed to be

hospitalized much longer or even twice to complete the
entire therapy. This might be the only drawback in the
PTGBD group.

The intraoperative bleeding of the PTGBD group was sig-
nificantly lower than the ELC group [MD = -26.41,95% ClI
(—-43.16 to —9.66), P = .002]. The conversion rate to open
surgery was significantly lower in the PTGBD group than
the ELC group [OR = 0.50, 95% CI (0.28 to 0.89), P =.02].
Postoperative complications in the PTGBD group were
significantly lesser than the ELC group [OR = 0.47, 95%
Cl (0.34 to 0.64), P < .00001]. There was a significant
increase in incidence of bile leakage [OR = 0.46, 95% ClI
(0.25 to 0.86), P = .01], bile duct injury [OR = 0.24, 95% CI
(0.07 to 0.82), P = 0.02] and wound infection [OR = 0.38,
95% CI (0.17 to 0.85), P =.02] in ELC group.

Some asymmetric was seen in the funnel plots, which
identified the presence of publication bias. Significant
heterogeneity was observed in some results too. The rea-
son may be surgical experience, surgical instruments, the
proportion of ASA grade 3 and 4, severity grading of acute
cholecystitis, and different discharge standards. The dif-
ferent interval from PTGBD to LC is another important
factorthat causes heterogeneity. The best time of delayed
LC after PTGBD has been controversial until now. The
optimal time of delayed LC differs among various centers
based on their experience and policy." Jia et al.®® sug-
gested that patients who underwent LC within 5 days
after PTGBD had significantly lesser operating time, blood
loss, postoperative peritoneal drainage time, postopera-
tive oral intake time, and postoperative complications
compared to those who underwent LC more than 5 days.
Another study®® showed that the Sl group, LC performed
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Figure 12. The funnel plots of each outcome. A, operative time; B, intraoperative bleeding; C, postoperative hospital stay; D, overall hospital
stay; E, conversion rate to open surgery; F, postoperative complications; G, bile leakage; H, bile duct injury; |, intraperitoneal hemorrhage;
J, wound infection.

within 216 hours after PTGBD, had significantly longer
operative time, more postoperative complications, except
surgical site infection, and higher rates of necrosis/
abscess formation and adhesions around the gallbladder

neck than LI group, LC performed more than 216 hours
after PTGBD. Therefore, it requires more studies, espe-
cially well-designed, large, randomized controlled studies,
to confirm the best time of delayed LC after PTGBD.
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Perform PTGBD before LC has several benefits. First,
PTGBD is a simple, less invasive, high-efficiency pro-
cedure, especially for high-risk AC patients who are not
suitable for LC. Second, PTGBD is a useful procedure
for LC because it not only decompresses the gallbladder
distention but also attenuates the gallbladder wall and
inflammation.” Last, after PTGBD, scheduled LC can be
performed when the patient’s condition stabilized.

This meta-analysis has some limitations, such as the sam-
ple size was too small in the intraoperative bleeding anal-
ysis, most of the articles in our study were retrospective
studies, heterogeneity in some results, etc. These might
have affected the results. Therefore, well-designed, large,
multicenter, high-quality, randomized controlled articles
should be performed to verify the results.

CONCLUSIONS

This study indicates that, although the operative time,
postoperative hospital stay and intraperitoneal hemor-
rhage did not differ significantly between the two groups,
patients in the PTGBD group had better outcomes, such
as intraoperative bleeding, conversion rate to open sur-
gery, postoperative complications, bile duct injury, bile
leakage, and wound infection, than those in ELC group.
The only drawback in PTGBD group is to lengthen total
hospital stay.
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