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Abstract

Background: This study aimed to comprehensively evaluate the
impact of low- and standard-abdominal pressure on intraoperative,
postoperative, and survival outcomes of Laparoscopic Cholecystec-
tomy (LC).

Methods: A literature search of the databases, PubMed, Web of
Science, Embase, and Cochrane Library was performed until April 30,
2021. Studies comparing low abdominal pressure and standard ab-
dominal pressure for LC were included. Two reviewers independently
screened the studies, extracted the data of interest, and assessed the
risk of bias. Meta-analysis was performed using RevMan 5.3.

Results: Thirty-seven RCTs, including 2,104 patients, met the eligi-
bility criteria. Low-abdominal pressure showed lower shoulder pain
(RR: 0.55,95% Cl: 0.46, 0.67; p<0.001), lower analgesic use (RR: 0.54,
95% Cl: 0.30, 0.99; p=0.039), lower pain score 0-6 h after operation
(SMD: -0.28, 95% Cl: -0.57, 0.00; p=0.04), lower pain score 7-12 h
after operation (SMD: -0.81, 95% Cl: -1.35, -0.28; p=0.003), lower
pain score 13-24 h after operation (SMD: -0.66, 95% Cl: -1.06, -0.26;
p=0.001), longer operative time (WMD:1.52, 95% Cl: 0.26, 2.78, p
=0.02), and length of hospital stay (WMD: -0.31, 95% Cl: -0.54, -0.07;
p=0.01). Conversion to open surgery (RR, 0.86; 95% Cl: 0.28, 2.64;
p=0.79) was not significantly different between the two groups.

Conclusion: Low abdominal pressure showed impressive improve-
ment of shoulder pain and reduction of analgesic use. The pain score
after surgery and length of hospital stay was also improved compared
with standard abdominal pressure. The conclusions should be inter-
preted with caution because of the moderate to high degree of het-
erogeneity.
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Introduction

Laparoscopic Cholecystectomy (LC) has been shown to be
more beneficial than traditional cholecystectomy for patients
with cholecystitis [1]. As a minimally invasive technique, LC
improves the quality of postoperative living conditions and de-
creases the overall complications. LC is strongly recommended
by the clinical guidelines worldwide [2]. However, some risk
factors may affect the safety and efficacy of LC, especially ab-
dominal pressure, which is considered to be one of the most
important factors influencing postoperative complications [3].

For laparoscopic surgery, gas abdominal pressure caused by
the input air is inevitable. Hence, postoperative complications,
such as shoulder pain, may significantly affect the patient’s
quality of life [4,5]. Moreover, postoperative pain is the most
significant complication according to patients with LC [5]. To
date, the relationship between abdominal pressure and pain is
not clear. The severity of the postoperative pain is considered to
be relative to the abdominal pressure [5].

In this review, abdominal pressure of LC was divided into
two: Low Abdominal Pressure (LAP) and Standard Abdominal
Pressure (SAP). Some minor corrections to the subgroups were
made due to the information reported in the included studies
[5]. According to recent LC guidelines, the pressure of the LAP
and SAP groups was defined as 6-10 mmHg and 12—-15 mmHg,
respectively [5]. The latest meta-analyses [3,4] suggest that
there is a lack of robust evidence on which type of abdominal
pressure is beneficial for patients during LC.

Our study aimed to systematically evaluate and compare the
impact of the two types of abdominal pressure on intraopera-
tive, postoperative, and survival outcomes in patients who un-
derwent laparoscopic cholecystectomy.

Materials and methods
Study registration

This study was registered on PROSPERQ, and the registration
number is CRD42018093851.

Study selection

We searched the databases, PubMed, Web of Science, Em-
base, and Cochrane Library, from their inception to May 31,
2019. The search was updated on April 30, 2021. Studies com-
paring low and standard abdominal pressure for LC were includ-
ed. To search comprehensively and systematically for eligible
studies, we also performed a manual search of the references
found in the published reviews and articles.

Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were as follows:
(1) randomized controlled trials (LAP versus SAP), (2) studies
with a total sample size of more than 20, (3) studies where in-
traoperative and/or postoperative outcomes and/or survival
outcomes were reported, and (4) LC patients. The exclusion cri-
teria were as follows: (1) review articles, (2) correspondences
or editorials, (3) conference abstracts without detailed data, (4)
studies that included patients who underwent open cholecys-
tectomy, (5) animal studies, and (6) single-arm studies.

Data extraction

Two authors (ZGR and LYF) independently reviewed all the
identified studies. They resolved discrepancies by discussions. A
third reviewer (ZZY) was consulted as necessary. We extracted
the following items from each study: first author’s name, year
of publication, country, publication type, and study type. There
were no limitations in terms of language, race, and gender.

Outcomes of interest

The primary outcomes included shoulder pain, analgesic
use, pain score 0-6 h after operation, pain score 7-12 h after
operation, and pain score 13-24 h postoperatively. Secondary
outcomes included conversion to open surgery, operative time,
and length of hospital stay.

Statistical analysis

For dichotomous variables, Risk Ratios (RRs) were calculated
with 95% Confidence Intervals (Cls). Continuous parameters,
such as operative time and length of hospital stay, were analyzed
using the Weighted Mean Difference (WMD). For outcomes
such as pain scores, where different scales may have been used,
the Standardized Mean Difference (SMD) was applied. We es-
timated the degree of heterogeneity among studies using the
Cochrane Q statistic (p<0.10 was considered representative of
statistically significant heterogeneity) and the |2 statistic (1>>50%
was considered to represent significant heterogeneity). Data
were pooled using the random-effects model if significant het-
erogeneity among the studies was present. Otherwise, we used
a fixed-effects model. We drew funnel plots to determine the
possibility of publication bias when more than 10 studies were
included. All data were analyzed using RevMan 5.3.

Results
Literature search

The search yielded 698 records. We excluded 65 studies be-
cause of duplication. We assessed the titles and abstracts of
633 studies and excluded 360 studies that did not meet the in-
clusion criteria. We assessed the full texts of 273 studies and fi-
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nally included 37 studies for the present systematic review and
meta-analysis. The flowchart is shown in Figure 1.

Characteristics of eligible studies

Thirty-seven RCTs and 2104 patients were included. All the
included studies compared low- (1022 patients) to standard
abdominal pressure (1082 patients) during LC. We redefined

the LAP as 6-10 mmHg and SAP as 12-15 mmHg. Two RCTs pre-
sented data of patients from America, 11 RCTs provided data
of patients from Europe, and 18 RCTs described patients from
Asia. Of these, 17 lower abdominal pressure studies (<8 mmHg)
accounted for 50% of all the included studies. The analgesic
procedures for all included studies were similar, in that general
anesthesia was performed with fentanyl, remifentanil, or mor-

<Table 1: Characteristics of eligible studies.

phine. The details are presented in Table 1.

study  No. of Sample size | Age, mean (range or SD), y Female (%) Pressure (mHg)
Study ID Country . . JADAD
design | patients | |ap | sap LAP SAP LAP SAP LAP | SAP

Pier 1994 [6] Germany RCT NA NA NA NA NA NA NA NA NA 5
Unbehaum 1995 [7] UK RCT NA NA NA NA NA NA NA NA 15 4
Wallace 1997 [8] UK RCT 40 20 20 59 (52-64) 56 (50-64) 14 (70) 16 (80) 7.5 15 5
Dexter 1999 [9] United Kingdom ~ RCT 23 12 11 48 (19-72) 56 (27-71) 7 (58) 6 (55) 7 15 4
Sarli 2000 [10] Italy RCT 90 46 44 49 (22-83) 48 (27-78) 33(72) 33(75) 9 13 5
Barczynski 2003 [11] Poland RCT 148 74 74 48 (12.1) 48 (12.6) 65 (88) 64 (86) 7 12 4
Perrakis 2003 [12] Greece RCT 40 20 20 59 (33-79) 55 (30-79) 13 (65) 17 (85) 8 15 6
Polat 2003 [13] Turkey RCT 24 12 12 45 (1.3) 51(1.4) 5(42) 6 (50) 10 15 4
Sefr 2003 [14] Czech Republic RCT 30 15 15 54 (15.0) 54 (14.2) 11 (73) 12 (80) 10 15 5
Basgul 2004 [15] Turkey RCT 22 11 11 49 (6.9) 48 (7.3) 5 (45) 5 (45) 10 14-15 4
Celik 2004 [16] Turkey RCT 40 20 20 43 (15.0) 43 (15.0) 17 (85) 18 (90) 8 14 4
Koc 2005 [17] Turkey RCT 50 25 25 46 (15.5) 48 (15.2) 22 (88) 19 (76) 10 15 5
Hasukic 2005 [18] Bosgf\;i::rze' RCT 50 25 25 | 42(108) 43(12.3) | 23(92) @ 22(88) 7 14 6
Chok 2006[19] China RCT 40 20 | 20 | 48(10.0) 47 (11.0) 12 (60) 12 (60) 7 12 5
Ibraheim 2006 [20] Saudia Arabia = RCT 20 10 | 10 50 (10.5) 47 (6.7) 7 (70) 7 (70) 7 12 5
Karagulle 2008 [21] Turkey RCT 34 14 30 47.9(11.6) NA 12(85.7) NA 8 12-15 6
Joshipura 2009 [22] India RCT 26 14 12 57 58 5(36) 6 (50) 8 12 6
Kanwer 2009 [23] India. RCT 60 30 30 NA NA NA NA 10 14 5
Sandhu 2009 [24] Thailand RCT 140 70 70 54 (12.9) 55 (13.2) 59 (84) = 52(74) 7 14 5
Torres 2009 [25] Poland RCT 40 20 | 20 | 48.5(18-70) 48.5(18-70)  14(70) 14(70) 6-8 | 12-14 4
Ekici 2009 [26] Turkey RCT 52 20 | 32 52 (10.1) 49 (12.6) 18(90) = 26(81) 7 15 4
Sandoval 2009 [27] Mexico RCT 68 34 34 43 (16.8) 39 (15.1) 29 (85) 30 (88) 7 12-15 5
Celik 2010 [28] Turkey RCT 60 20 40 43 (10.8) 44(9.9) NA NA 8 12 4
Kandil 2010 [29] Egypt RCT 100 50 50 NA NA NA NA 8-10 | 12-14 4
Topal 2011(30] Turkey RCT 40 20 | 20 | 43(10.1) 40 (11.9) 4(20) 6 (30) 10 13 4
Eryilmaz 2012 [31] Turkey RCT 43 20 | 23 | 49.40(12.7)  51.73(10.5) 17(85) 9(39.1) 10 14 4
Yasir 2012 [32] India RCT 100 50 50 NA NA NA NA 8 14 5
Ranjan 2013[33] NA RCT 101 50 51 40(80) 40(80) 43(11.40) 45(14.23) 08-Oct Dec-14 5
Nozar 2014 [34] NA RCT 50 25 | 25 | 45.1(12.3) 42.5(16.4) 25(100) = 25(100) | 07-Sep | 14-15 4
Nandhagopal 2014 [35] India RCT 43 2 | 21 14(64) 12(57) 44(31-51) | 40(31-49) 8 12 4
Sanjeev 2014 [36] NA RCT 100 50 50 50.60(13.95) 53.76(13.8) 38(76) 30(60) | 07-Aug Dec-14 4
Saeed 2016 [37] Iran RCT 50 25 | 25 | 45.12(13.1)  40.48(14.4) 20 (80) 17 (68) 8 12 5
Ankush 2016 [38] Italy RCT 50 25 25 42.08(13.69) 40.88(11.37) 17(68) 15(60) 8 14 6
Bhattacharjee 2017 [39] America RCT 80 40 40 |35.32(11.18) 37.92(9.27) NA NA 09-Oct| 14 5
Gin 2021 [40] Australia RCT 100 51 | 49 | 47.6(17.1) | 48.7(14.6) 38(75) = 40(82) 8 12 6
Goel 2019 [41] India RCT 60 30 30 36.2 (2.5) 35.5(3) NA NA 10 14 3
Neogi 2020 [42] India RCT 80 32 48 39.68(10.45) 37.79(16.11) | 30(93.8) 45(93.8) 7 14 5
LAP: Low-Abdominal Pressure; SAP: Standard-Abdominal Pressure; NA: Not Available; RCT: Randomized Controlled Trail.
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Primary outcomes

Shoulder pain: Thirteen studies [10-12,19,20,23,24,27,
29,32,34,39-42] including 1036 patients reported shoulder pain
outcomes. Of the 505 patients in the LAP group, 104 patients
suffered shoulder pain. In the SAP group of 527 patients, 201 re-
ported shoulder pain. The meta-analysis showed that patients
in the LAP group had lower shoulder pain than patients in the
SAP group (RR: 0.55, 95% Cl: 0.46, 0.67; p<0.00001). No statisti-
cal heterogeneity (/°=0.0%, p=0.520) was found (Figure 2).

e I

Experimental  Control Risk Ratio Risk Ratio \
Study or Subgroup _Events _Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% C1
Barczynski, 2003 8 74 18 74 6.0% 0.44[0.21,0.96] —
Chok, 2006 12 4 20 08% 0.25[0.03, 2.05] —
Gin, 2021 9 3% 13 60 64% 1.15 [0.55, 2.42] I
Hemanga, 2017 9 4 23 40 88% 0.39[0.21,0.74] —
Ibraheim, 2006 110 310 08% 0.33[0.04, 2.69] .
Kandi, 2010 23 50 39 50 316% 0.59[0.42,0.82] -
Kanwer, 2009 13 230 06% 0.50 0.05,5.22] I E—
Nozar, 2014 5 25 12 25 45% 0.42[0.17,1.01] I
Perrakis, 2003 72 720 50% 1.00 [0.43, 2.33] .
Sandhu, 2009 20 70 3 70 174% 0.65[0.41,1.02] 7
Sandoval, 2009 10 34 21 34 104% 0.48[0.27,0.85] -
Sarli, 2000 5 46 14 44 41% 0.34[0.13,087] I
Yasir, 2012 5 50 14 50 40% 0.36[0.14,092] I
Total (95% CI) 505 527 100.0% 0.55 [0.46, 0.67] *
Total events 104 201
Heterogeneity: Tau? = 0.00; Chi = 11.10, df = 12 (P = 0.52); I*= 0% 601 0‘1 p "0 10(‘)

Test for overall effect: Z = 6.14 (P < 0.00001) Favours [experimental] Favours [control]

Figure 2: Colonoscopy revealed mucosal diffuse congestion,oedema
and scattered multiple irregular,deep chisel ulcers of the distal
transverse colon, descending colon, sigmoid colon and rectum.The
large mucosa of the sigmoid colon was absent and showed a mu-
cosal island change. A: Descending colon; B and C: Sigmoid Colon;
\\\D. Rectum. Y,

Analgesic use

Analgesic use was reported in nine studies [10,12,17,
22,23,32,36,39] including 646 patients. Of the 326 patients in
the LAP group, 100 used analgesics. In the SAP group of 320
patients, 162 used analgesics. The meta-analysis revealed that
those in the LAP group had a lower analgesic use than patients
in the SAP group (RR: 0.54, 95% Cl: 0.30, 0.99; p=0.05). A mod-
erate degree of heterogeneity (/°=89.0%, p<0.00001) was noted
(Figure 3).

e I

Experimental Control Risk Ratio Risk Ratio \
Gin, 2021 45 51 46 49 16.7% 0.94[0.83, 1.06]
Hemanga, 2017 0 40 7 40  3.6% 0.07 [0.00, 1.13]
Joshipura, 2009 7 14 " 12 147% 0.55[0.31, 0.95] ™
Kanwer, 2009 3 30 5 30 92% 0.60 [0.16, 2.29] T
Koc, 2005 6 25 10 25 12.6% 0.60 [0.26, 1.40] T
Perrakis, 2003 4 20 3 20 9.0% 1.33[0.34,5.21] "
Sanjeev, 2014 0 50 16 50  3.6% 0.03 [0.00, 0.49]
Sarli, 2000 24 46 26 44 15.8% 0.88 [0.61, 1.28] -
Yasir, 2012 1 50 38 50 14.8% 0.29[0.17, 0.50] -
Total (95% CI) 326 320 100.0% 0.54 [0.30, 0.99] ‘
Total events 100 162
Heterogeneity: Tau® = 0.56; Chi? = 70.69, df = 8 (P < 0.00001); I* = 89% t t t i
o N 0.001 0.1 1 10 1000
Test for overall effect: 2 = 1.99 (P = 0.05) Favours fexnerimentall - Favours controll
| Figure 3: Comparison of analgesic use between LAP and SAP. Y.

Pain score 0-6 h after operation

Nine studies [8,11,17,20,23,27,28,32] showed lower pain
scores 0-6 h after operation in the LAP group (n=646, SMD:
-0.28, 95% Cl: -0.57, 0.00; p=0.05), with a moderate degree of
heterogeneity (/°=65.0%, p=0.003) (Figure 4).

e I

Experimental Control Std. Mean Difference Std. Mean Difference \
udy or Subgre¢ Mean D Total Mean D Total Weight IV, Random, 95% CI IV, Random,95%Cl
Barczynski, 2003 27.62 74 74 3178 9.21 74 147% -0.08 [-0.40, 0.24] -
Celik, 2010 33 26 20 32 28 40 109% 0.04 [-0.50, 0.57] 1
Gin, 2021 3 148 36 3 222 60 13.1% 0.00[-0.41,0.41) -
Ibraheim, 2006 5186 10 74 117 10 54% -1.46 [-2.48, -0.45]
Kanwer, 2009 622 117 30 59.1 18 30 11.4% 0.20[-0.31,0.71] I
Koc, 2005 38 18 25 41 18 25 10.6% -0.16 [-0.72, 0.39] T
Sandoval, 2009 415 213 34 526 276 34 119% -0.45[-0.93, 0.04] -
Wallace, 1997 37 875 20 51 10.75 20 8.6% -1.40[-2.10,-0.70]
Yasir, 2012 42 045 50 443 14 50 134% -0.22[-061,0.17) -
Total (95% CI) 299 343 100.0%  -0.28 [0.57, -0.00] &
Heterogeneity: Tau? = 0.11; Chi? = 22.93, df = 8 (P = 0.003); I = 65% L 2 z 4
Testfor overall effect: Z = 1.97 (P = 0.05) Favours [experimental] Favours [control
Figure 4: Comparison of pain score 0-6 h after operation between
LAP and SAP.

\\\ //

Pain score 7-12 h after operation

Pain score 7-12 h after operation was presented in six stud-
ies [11,23,27-29,32] (536 patients). Patients in the LAP group
showed a lower pain score than those in the SAP group (SMD:
-0.81, 95% Cl: -1.35, -0.28; p=0.003), with a high degree of het-
erogeneity (/’=88.0%, p<0.00001) (Figure 5).

e I

Experimental Control Std. Mean Difference Std. Mean Difference \
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barczynski, 2003 2854 723 74 3293 915 74 17.8%  -0.53[-0.86,-0.20] -
Celik, 2010 38 28 20 29 27 40 16.0% 0.33[-0.22,0.87] '
Kandil, 2010 1815 195 50 5855 261 50 167%  -1.74[-2.20,-1.28] -
Kanwer, 2009 542 85 30 622 12 30 161%  -0.76[-1.28,-0.23] -
Sandoval, 2009 315 249 34 518 271 34 164%  0.77[-1.26,-0.28] -
Yasir, 2012 22 11 50 35076 50 169%  -1.36[-1.80,-0.93] -
Total (95% CI) 258 278 1000%  -0.81[1.35,-0.28] <
Heterogeneity: Tau? = 0.39; Chi2 = 41,51, df = 5 (P < 0.00001); 2= 88% i 2 p 2 4
Test for overaleflect: 2= 299 (P =0.003) Favours [experimental] Favours [control]
Figure 5: Comparison of pain score 7-12 h after operation between

\\\LAP and SAP. J

Pain score 13-24 h after operation

Thirteen studies [8,11,17,19,23,24,27-29,32,35,36] with
1,049 patients reported a lower pain score 13-24 h after opera-
tion in the LAP group than in the SAP group (SMD: -0.66, 95%
Cl: -1.06, -0.26; p=0.001), with a high degree of heterogeneity
(1’=89.0%, p<0.00001) (Figure 6).

/ Experimental Control Std. Mean Difference Std. Mean Difference \
Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% C
-0.80[-1.13,-0.46] -

Study or Subgrouj
Barczynski, 2003 3179 517 74 3654 662 74 84%

Celik, 2010 36 28 20 23 2 40 TT% 0.56[0.01, 1.11] "*
Chok, 2006 285 203 20 305 17 20 74% -0.10[-0.72, 0.52] -1
Gin, 2021 322 3 3 222 56 81% 0.00 [-0.44, 0.44] T
Kandil, 2010 1.595 2 50 328 147 5 82% -0.95[-1.37,-0.54] -
Kanwer, 2009 52 08 30 46 081 30  7.8% 0.74[0.21, 1.26] -
Koc, 2005 13 09 25 17 1 25 76% -0.41[-0.97, 0.15] ]
Nandhagopal, 2014 1 065 22 3 032 21 56% - -

Sandhu, 2009 314 22 70 404 206 70 84% -
Sandoval, 2009 218 189 34 388 242 34 7.9% -
Sanjeev, 2014 142 48 50 788 1176 50 82% 0. -
Wallace, 1997 16 4 20 43 165 20 66%  -220[-3.01,-140] -

Yasir, 2012 02 045 50 065 074 50 82% -0.73[-1.13,-0.32] -

Total (95% CI) 496 540 100.0% -0.66 [-1.06, -0.26] <>

Heterogeneity: Tau? = 0.47; Chi? = 109.96, df = 12 (P < 0.00001); I* = 89%

-4 -2 0 2 4
Test for overall effect: Z = 3.21 (P = 0.001) Favours [experimental] Favours [control]

Figure 6: Comparison of pain score 13-24 h after operation be-
| tween LAP and SAP.
o %

Secondary outcomes

Conversion to open surgery: Seven studies [8,9,21,23,28,35]
with 315 patients revealed no statistical significance in the con-
version to open surgery between the LAP and SAP groups (RR:
0.86, 95% Cl: 0.28, 2.64; p=0.79), without statistical heteroge-
neity (/*=0.0%, p=0.85) (Figure 7).

e I

Experimental Control Risk Ratio Risk Ratio \

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Celik, 2010 0 20 1 40 127% 0.65[0.03, 15.30] - T

Dexter, 1999 0 12 1 11 131% 0.3110.01,6.85] 7

Goel, 2019 1 30 1 30 17.0% 1.001(0.07, 15.26] -

Kanwer, 2009 0 30 2 30 141% 0.20[0.01, 4.00] - 1

Karagulle, 2008 1 14 0 15 13.0% 3.20[0.14,72.62] ]

Nandhagopal, 2014 1 2 121 17.3% 0.95[0.06, 14.30] -1

Wallace, 1997 1 20 0 20 128% 3.00(0.13,69.52] - -

Total (95% CI) 148 167 100.0% 0.86 [0.28, 2.64]

Total events 4 6 ) X X )

Heterogeneity: Tau® = 0.00; Chi = 2.67, df = 6 (P = 0.85); 1= 0% y y Y g y

Test fo?over':u effect: Z=0.27 (P =0.79) ( ) 0.001 011 ! 0 1000
Favours [experimental] - Favours [control]

Flgure 7: Com parison of the conversion to open surgery between

LAP and SAP.
\\\ /

Operative time: Thirty studies [6,8-20,22-28,30,32-35,37]
with 1,777 patients reported the mean operative time. The
LAP group had a longer operative time than the SAP group
(WMD:1.52, 95% Cl: 0.26, 2.78, p=0.02), with a low degree of
heterogeneity (/*=26.0%, p=0.09) (Figure 8).
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/ Barczynski, 2003 557 86 74 519 83 74 93% 3.80(1.08,6.52] \\
Basqul, 2004 6427 613 11 6527 561 11 47%  -1.00[-591,391]
Celik, 2004 61 12 40 59 13 60 46%
Celik, 2010 313 9 20 327 83 40 50%  -140[6.11,331]
Chok, 2006 736 163 20 71 293 20 07% 260[-12.09, 17.29]
Dexter, 1999 1035 297 12 1175 324 11 02% -14.00(-39.48, 11.48]

2,00 -2.96, 6.96]

Ekici, 2009 5505 2019 20 5102 2073 25 0.7%  4.03[-10.60, 18.66]
Gin, 2021 625 2222 36 67 2185 60 17% -4.50[-1362 4.62]
Goel, 2019 626 45 30 6045 56 30 97%  215[042,472]
Hasukic, 2005 104 2504 25 994 2973 25 0.7% 4.60(-10.64,19.84]
Ibraheim, 2006 557 86 10 519 83 10 25%  380[361 1121
Joshipura, 2009 604 65 14 617 128 12 21%  -130[-9.30,6.70]
Kanwer, 2009 494 57 27 464 69 28 7.6%  270[-064,604]
Koc, 2005 567 192 25 594 217 25 1.1%  -270[-14.06, 8.66]
Nandhagopal, 2014 60 1049 22 60 1013 21 33%  0.00[-6.16,6.16]
Neogi, 2020 564 1688 32 54 1743 48  24%  240[520,10.00]
Nozar, 2014 1213 134 25 1075 104 25 29%  13.80(7.15,20.45]
Perrakis, 2003 23 297 20 25 324 20 04% -2.00(-21.26,17.26]
Pier, 1994 48 10 12 46 12 10 16%  2.00[7.3511.35]
Polat, 2003 709 147 12 66 171 12 09%  4.90[-7.86,17.66]
Ranjan, 2013 48 776 50 4725 673 51 89%  0.75[-2.09,3.59]
Saeed, 2016 536 251 25 478 168 25 1.1%  580[6.04,17.64]
Sandhu, 2009 613 226 70 625 203 70 26%  -120[-832592]
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Length of hospital stay: The length of hospital stay was re-
ported in eight studies [7,8,10,11,22,24,32] (655 patients). The
LAP group showed a shorter length of hospital stay than the SAP
group (WMD: -0.31, 95% Cl: -0.54, -0.07; p=0.01), with a high
degree of heterogeneity (/’=86.0%, p<0.00001) (Figure 9).
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Publication bias

Three outcomes (shoulder pain, pain score 13-24 h after
operation, and operative time) included more than 10 studies.
Funnel plots suggested that the possibility of publication bias
was small.

Discussion

This meta-analysis indicated that the LAP group was more
beneficial for lower shoulder pain, analgesic use, pain score
0-6 h after operation, pain score 7-12 h after operation, pain
score 13-24 h after operation, and length of hospital stay. Al-
though, the operative time of the LAP group was longer. Other
outcomes, such as conversion to open surgery, were not signifi-
cantly different between the two types of abdominal pressure
for LC. Most of the results attained a moderate to high degree
of heterogeneity due to some inevitable bias; hence, the evi-
dence may not be robust enough for clinical practice.

Interestingly, the LAP group had lower shoulder pain than
the SAP group in most of the included studies, which suggests
that there was no heterogeneity. Shoulder pain results from the
pressure elicited by the injected gas in the abdomen. Although
LC is widely popular worldwide, the possible postoperative
complications remain confusing to many clinical workers [43].
Shoulder pain is one of the inevitable postoperative complica-
tions that influence the patient’s quality of life in a large part.

Hence, it is necessary to choose a favorable abdominal pressure
to reduce the incidence of shoulder pain. Given these results,
LAP may minimize shoulder pain.

The LAP group also indicated a lower pain score 0-6 h after
the operation, a pain score of 7-12 h, and a pain score of 13-
24 h postoperatively. Pain score was evaluated using the visual
analog scale (VSA) score, where 0 represents no pain and 10
represents maximum pain. VSA assesses the severity of post-
operative complications approximately [44]. A high degree of
heterogeneity may be generated due to different ways of evalu-
ating pain in the included studies. The outcomes of pain score
0-6 h, pain score 7-12 h after operation, and pain score 13-24 h
after operation were associated with a high degree of hetero-
geneity. Hence, the results should be interpreted with caution.

Analgesic use was also evaluated in this meta-analysis. The
LAP group used less analgesic than the SAP group. This was as-
sociated with a moderate degree of heterogeneity. Analgesics
are commonly used to relieve the discomfort caused by pain.
Although LC is minimally invasive, postoperative pain does oc-
cur to some extent. The lower incidence of analgesic use may
improve the quality of life for the patients with LC.

Operative time and length of hospital stay were compared
between the two groups. Patients in the LAP group had a short-
er operative time and length of hospital stay. The length of hos-
pital stay was presented with a high degree of heterogeneity as
most studies that did not define the length of hospital accurate-
ly and concisely. Moreover, the two groups had no significant
difference in the conversion to open surgery, which showed no
benefit in either group.

Surprisingly, shoulder pain, pain score 0-6 h after operation,
pain score 7-12 h after operation, pain score 13-24 h after op-
eration, and analgesic use all indicated that LAP was beneficial
for patients who underwent LC. Due to the lower abdominal
pressure, the incidence of pain decreased and quality of life im-
proved. As such, LAP for LC should be recommended for clinical
practice. The operative time and length of hospital stay were
also shortened in the LAP group, suggesting that LAP may gen-
erate fewer complications and enhance the recovery of patients
after LC.

Recently published meta-analysis analyses [3,4] reported
that LAP is more beneficial than SAP but the outcomes were
not analyzed systematically. We included the newly published
RCTs from 2014 to 2018 and analyzed the data comprehensively
in this meta-analysis. The results indicated that LAP is not in-
ferior to SAP. Furthermore, LAP may lead to better safety and
efficacy. Well-conducted and updated meta-analyses of RCTs
are accepted as the best-quality evidence for informing clinical
practice and health policy [45,46]. However, there are still some
unsolved questions when comparing LC using LAP versus SAP.
The incidence of malignant heart events was not shown in this
meta-analysis because there was not enough data to describe
the cardiovascular problems in patients who underwent LC.
Therefore, more LC studies focusing on cardiovascular problems
are needed. Cardiovascular events are common complications
after inputting gas into the abdomen, and the extra pressure
may influence the working of the heart [43]. Besides, cardiovas-
cular problems significantly impact the quality of life of patients
after laparoscopic surgery [47]. More studies should focus on
these questions in the future to improve the quality of life for
patients after LC.
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The findings of this study indicated that LAP has obvious ad-
vantages compared with SAP, although most outcomes were
associated with a high degree of heterogeneity. The heteroge-
neity may come from different pain evaluation methods, differ-
ent populations, different operations performed by different
surgeons, and so on. In sum, LAP for LC improves intraopera-
tive and postoperative complications, without affecting the sur-
geons’ visual and physical access. In other words, lower pres-
sure may provide a wide and clear view during the operation.

Considering the recent clinical guidelines [48,49] on laparo-
scopic surgery, a few have recommended LAP for patients with
gall bladder diseases. Previous studies [6-8] have suggested
that LAP may not provide an obvious and high-quality view of
the operative field because low abdominal pressure may not
provide enough space for the surgeons. In contrast, according
to our results, the use of LAP for the operation did not hinder
access, regardless of the heterogeneity, and that LAP may not
offer a larger operative space. To the best of our knowledge,
LAP provides adequate space for the surgeons, as well as better
safety and efficacy. However, our results need to be validated by
high-quality prospective studies.

There are some limitations in this meta-analysis. (1) Some
heterogeneity may influence the results to some extent. We
did not perform the certainty of evidence assessment using the
GRADE system because of the lack of skill and experience with
the GRADE method [50]. (2) Some of the included studies had
inevitable biases, which may affect the quality of the evidence.
(3) Due to sufficient data, some outcomes could not be meta-
analyzed to offer more comprehensive evidence for LC.

Some merits were also shown in this meta-analysis. (1) All the
included studies were randomized controlled trials comparing
LAP and SAP. (2) Almost all the necessary outcomes, including
intraoperative and postoperative complications, were analyzed
in this meta-analysis. (3) This is the first meta-analysis compar-
ing LAP and SAP with systematic data and comprehensive RCTs
published until 2019. In addition, our search was guided by an
experienced information expert who improved the search qual-
ity [51].

Conclusions

LAP showed impressive improvement of shoulder pain and
reduction of analgesic use. LAP was also associated with im-
proved pain score after surgery and length of hospital stay com-
pared with that of standard abdominal pressure. The conclu-
sions should be interpreted with caution, and in combination
with clinical practice experience, because most of the results
had a high degree of heterogeneity.
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