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Abstract

Background Postoperative pain is a common issue following laparoscopic cholecystectomy. This meta-analysis aimed to
determine if active gas aspiration is more effective than passive gas aspiration in reducing postoperative pain and analgesic
requirements.

Methodology The study conducted a systematic search of various databases, including Embase, Medline, and Cochrane
Central Register of Controlled Trials (CENTRAL) via Ovid. It also searched trial registries and reference lists of included
studies, with no date restrictions but limited to English language, up to December 21, 2022. The study included all rand-
omized clinical trials that had documented elective laparoscopic cholecystectomy procedure and reported at least one relevant
outcome. Articles that included subdiaphragmatic drain, intraperitoneal normal saline infusion, or pulmonary recruitment
maneuver were excluded from the analysis. Two reviewers independently and in duplicate assessed the eligibility of stud-
ies and extracted data. The study reported findings according to the Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) guidelines. The risk of bias of the included trials was assessed using the Revised Cochrane Risk
of Bias Assessment Tool. The study used a random-effects model to pool data.

Results This meta-analysis included 5 randomized clinical trials with 367 participants and found that active gas aspiration
resulted in significantly lower residual gas volume and total analgesia requirements compared to passive gas aspiration.
Active gas aspiration also led to significantly lower shoulder pain scores at 24 h postoperatively. However, no significant
differences were observed in hospital stay duration or abdominal pain scores.

Conclusion The study found that active gas aspiration can be effective in reducing postoperative shoulder pain and analgesic
requirements after laparoscopic cholecystectomy, which has important implications for patient care and healthcare costs.
Importantly, this intervention does not impose any additional time or financial burden. However, further research is needed
to evaluate its impact on other laparoscopic procedures.
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Laparoscopic cholecystectomy is a minimally invasive sur-  gallbladder. Pneumoperitoneum, the inflation of the perito-
gical procedure commonly employed for the removal of the ~ neal cavity with carbon dioxide (CO,), is a crucial aspect of
this technique. Pneumoperitoneum serves several purposes
in laparoscopic cholecystectomy, including the creation
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Despite being minimally invasive, postoperative pain
remains a significant issue for patients. Pain management is
a crucial aspect of laparoscopic cholecystectomy, and vari-
ous techniques have been explored to improve postoperative
pain outcomes. One such technique involves the aspiration
of carbon dioxide gas at the end of the surgery. This method
can be categorized as either passive gas aspiration, where the
gas is allowed to escape naturally, or active gas aspiration,
where the gas is actively removed using suction or a spe-
cialized device. The impact of these different gas aspiration
techniques on postoperative pain outcomes in laparoscopic
cholecystectomy remains a topic of interest and investiga-
tion. Understanding the comparative efficacy and potential
benefits of passive gas aspiration versus active gas aspira-
tion can aid in optimizing pain management strategies and
improving patient satisfaction following this common surgi-
cal procedure [2—4].

Identifying the most effective technique for gas removal
may have significant implications for patient care and
healthcare costs. Furthermore, given the widespread use of
laparoscopic cholecystectomy, this study may have broader
implications for other laparoscopic procedures that require
abdominal insufflation.

The primary objective of this study is to determine if
there is a significant difference in postoperative pain scores
between patients who receive active gas aspiration versus
those who receive passive gas aspiration following laparo-
scopic cholecystectomy. Secondary objectives include evalu-
ating the impact of each technique on the patient's recovery
time, length of hospital stay, and overall satisfaction with
the procedure.

Materials and methodology

This study was registered on PROSPERO under the reg-
istration ID CRD42023400033. We reported findings in
this systematic review according to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)
guidelines [5].

Eligibility criteria

We included all randomized clinical trials that had docu-
mented elective laparoscopic cholecystectomy procedure
regardless the indication and the presence of relevant
outcomes were deemed eligible for inclusion in this sys-
tematic review. However, the study excluded articles that
included the following procedures, Sub-diaphragmatic
drain, intraperitoneal normal saline infusion, and pulmo-
nary recruitment maneuver. For a study to be included in
our meat-analysis, the study had to have at least one relevant
outcome to this systematic review. Our primary outcome

@ Springer

was postoperative pain measured using visual analog scale
or numeric rating scale. Our secondary outcomes were to
measure need for analgesics, residual gas volume hospital
stay, and abdominal muscle tension.

Search strategy

We searched the following databases; Embase, Medline, and
Cochrane Central Register of Controlled Trials (CENTRAL)
via Ovid, with no restriction on date; however, we restricted
language to only English. Our used MESH terms and key-
word were as following: “Laparoscopic Cholecystectomy,”
“Gas,” “Pneumoperitoneum,” “Evacuation,” “Residual,” and
“Distention.” Furthermore, we searched the following trial
registries for yet to be published trials or recently completed:
ClinicalTrials.gov, UMIN Clinical Trials Registry, Austral-
ian New Zealand Clinical Trials Registry, and MetaRegister
of Controlled Trials. We went through the references list of
the included RCTs for any possibly missed trials that fit our
criteria. The last date of the systematic search was done on
December 21, 2022.

Study selection and data extraction

Titles and abstracts’ eligibility screening, full text assess-
ment, and data extraction from eligible trials were done
independently and in duplicate by two reviewers. Differences
were settled by consensus or the decision of a third reviewer.
Data were extracted in Microsoft Office Excel using a prede-
fined template. The extracted data contain the demographic
data of the patients, perioperative variables, and outcomes.

Meta-analysis

Data analysis was performed using RevMan (Review Man-
ager) version 5.4 (Cochrane Collaboration). All statistical
analyses were performed using the random-effects model.
The assessment of the statistical heterogeneity was done
using I and p value of the Chi2 test. We used 95% confi-
dence interval (CI) and p <0.05 as a threshold. The stand-
ardized mean difference (SMD) was used for continuous out-
comes, while the risk ratio (RR) was used for dichotomous
outcomes.

Risk of bias assessment

Using the Revised Cochrane Risk of Bias Assessment Tool,
two reviewers assessed the risk of bias of the included tri-
als independently and in duplicate [6]. Differences were
resolved by consensus or the decision of a third reviewer.
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Results
Search

Of the 1816 articles that were screened, 1806 were excluded
after duplicates removal, titles screening, and abstracts
screening. Of the 10 articles remaining, five were deemed
ineligible after full text assessment, leaving five eligible arti-
cles representing five RCTs [7-11] (Fig. 1). Four of which
were included in the quantitative synthesis [7-10].

Trials characteristics

The included trials were published between 2011 and 2022
with only one study published in 1994. The total number
of participants was 367 patients. Of these, 181 (49.32%)
and 186 (50.68%) participants were randomly assigned to

be treated by Active and Non-Active gas aspiration, respec-
tively. The participants’ mean age ranged between 43.8 and
57.5 years. The male participants were 172 (46.87%), while
the females were 195 (53.13%) (Table 1 and Supplemental
Table 1). Perioperative conditions were comparable with
regard to the number of trocars used, surgery duration, the
presence of local inflammation, inserted gas volume, and
maintained gas pressure (Supplemental Table 2).

Method of active gas aspiration

In this section, a thorough overview is provided on the
approaches employed by each of the five included studies for
evacuating gas in both the intervention and control groups.
Notably, two of the studies explicitly indicated that there
was no increase in time or cost [8, 10], while the other three
studies did not mention any such increase in their findings.

Fig.1 PRISMA flow diagram
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Table 1 Characteristics of included trials
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distention and shoulder pain

RCT randomized controlled trial, LC laparoscopic cholecystectomy

Abdelsamad et al. [7]

In the intervention group, carbon dioxide was extracted
through a 5-mm trocar positioned on the left side, using
a negative pressure of — 50 kPa. Conversely, in the control
group, gas drainage was accomplished via a 12-mm epigas-
tric trocar, applying simultaneous pressure on the abdominal
wall from the outside until no further gas could be detected
escaping from the abdominal cavity.

Atak et al. [8]

Participants in the intervention group received an aspiration
cannula through an accessory port, directed toward the sub-
diaphragmatic space. Active aspiration was then employed
to remove as much residual gas as possible. In contrast, the
control group underwent gas evacuation solely through the
port site by opening the gas tap.

Fredman et al. [9]

In the intervention group, gas aspiration was actively and
vigorously performed through suction and manual compres-
sion of the abdomen upon completion of the surgical proce-
dure. On the other hand, the control group did not undergo
any measures to evacuate gas from the abdominal cavity or
reduce the volume of residual gas.

Lee etal.[10]

Within the intervention group, active suction was executed
using a laparoscopic suction irrigation device inserted
through a 5-mm trocar, with the trocar pointed toward the
subdiaphragmatic space. Continuous suction was applied for
a duration of 60 s. In comparison, the control group main-
tained open gas valves on all three trocars until complete
deflation of the abdomen occurred, with no audible or tactile
traces of gas escaping from the peritoneal cavity.

Tuvayanon et al. [11]

This study comprised one control group and two intervention
groups. In the first intervention group, the subdiaphragmatic
port valve was opened, and a negative pressure of 80 mmHg
was applied. In the second intervention group, the port valve
was opened to release residual CO, from the abdominal cav-
ity. In contrast, the control group experienced passive gas
escape through the subumbilical wound.
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Table 2 Studies’ outcomes

Source Abdelsamad et al. [7] Atak et al. [8] (2011) Lee et al. [10] (2014) Tuvayanon Fredman et al. [9] (1994)
etal. [11]
(2017)
Total required analgesics
Active NR Median =366 mg 36.1+22.7 mg NR 193 +26 pg (mcg) Fentanyl
(351.8+43.05 mg)
Non-active NR Median=385.4 mg 43.6+16.9 mg NR 197 +7 pg (mcg)
(370.4+43.06 mg)
Residual gas in ml
Active 2.0+2.9 (median 1.5, range NR 6.7+4.0 NR NR
0to 13)
Non-active 6.1 +9.7 (median 3.0, range NR 159+6.8 NR NR
0 to 48)
Hospital stay in days
Active 28+1.5 2.20+0.76 20+0.2 NR NR
Non-active 2.9+2.0 2.43+0.65 20+0.2 NR NR
Return to diet in days
Active NR NR 1.0+£0.2 NR NR
Non-active NR NR 1.0+0.0 NR NR
Return to ambulation in min
Active NR NR NR 419.9+2529 NR
Non-active NR NR NR 576.1+331.9 NR
Presence of complications, n (%)
Active 2 (7%) No major complications 0(0) NR NR
Non-active 2 (7%) No major complications 0(0) NR NR

NR not reported
Date are in mean +SD

Risk of bias assessment

Out of the five eligible RCTs, 2 had an overall low risk of
bias, 3 had some concerns, and none had a high overall risk
of bias (Fig. 2).

Outcomes
Abdominal pain

Three studies assessed the postoperative abdominal pain
scores at 4 and 24 h, including a total of 93 participants in
the 4-h study and 164 participants in the 24-h study [7-9].
The overall analysis indicates that there were no significant
differences observed in the abdominal pain scores between
the intervention and control groups. However, it is important
to note that the analysis conducted at the 24-h mark exhib-
ited significant heterogeneity.

Meta-analyses were conducted for both the 4-h and
24-h pain scores. The findings revealed that after 4 h, there
was a trend toward lower abdominal pain scores in the

non-active aspiration group compared to the active aspi-
ration group, but this difference did not reach statistical
significance (SMD=0.21, 95% CI—-0.20-0.61; P=0.32;
IP=0%) (Fig. 3). Similarly, after 24 h, the active aspiration
group displayed slightly lower pain scores, but again, the
results were not statistically significant (SMD=—- 0.77, 95%
CI—2.15-0.61; P=0.28; I’=94%) (Figs. 3 and 4).

Shoulder pain after 24 h

Four studies have reported 24 h postoperative shoulder
pain, but only two studies have reported the exact value
using visual analog scale, while the rest only reported it
using number of participants who suffered pain [7, 8, 10,
11]. Thus, our meta-analysis only included two studies with
a sample size of 179 participants [8, 10]. The meta-analysis
showed that lower shoulder pain scores were significantly
associated with patients who underwent active gas aspira-
tion compared to patients who did not undergo an active
gas aspiration, and there was no evidence of heterogeneity
(SMD = —0.83,95% CI—1.14 to — 0.52; p<0.01; > =0%)
(Fig. 5).
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Fig.2 Risk of bias summary
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Abdelsamad et al. 2022 42 23 30 4 2 30 65.2% 0.09 [-0.41, 0.60]
Fredman et al. 1994 29 27 15 2 14 18 34.8% 0.42[-0.27,1.11]
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Test for overall effect: Z = 0.99 (P = 0.32) Active Gas No Active Gas
Fig. 3 Forest plot of abdominal pain after 4 h
Active gas No Active gas Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelsamad et al. 2022 27 17 30 28 18 30 49.6% -0.06 [-0.56, 0.45]
Atak et al. 2011 326 206 52 6.26 2 52 504% -1.47 [-1.90, -1.03) -
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Fig.4 Forest plot of abdominal pain after 24 h
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Active gas No Active gas
Study or Subgroup Mean SD Total Mean SD Total Weight
Atak et al. 2011 326 2.37 52 546 239 52 57.2%
Lee etal. 2014 23 14 36 32 11 39 428%
Total (95% Cl) 88 91 100.0%

Heterogeneity: Tau? = 0.00; Chi*=0.43,df=1 (P=0.51); = 0%
Test for overall effect: Z = 5.31 (P < 0.00001)

Fig.5 Forest plot of shoulder pain after 24 h

Analgesic requirement

With the exception of the study conducted by Tuvayanon
et a.l [11], all the trials included in the analysis provided
information on the management of analgesia [7—10]. Vari-
ous analgesic approaches and drugs were used to manage
pain in patients. In Abdelsamad et al. [7] and Atak et al.
[8], standardized anesthesia was administered to all patients,
and postoperative analgesia was achieved using medications
such as piritramide, metamizol, ibuprofen, and oxycodeine.
Piritramide was administered intravenously and continued
as an infusion or via a patient-controlled analgesia (PCA)
pump. Additional pain therapy was provided as needed, and
oral analgesic therapy was initiated with metamizol, ibupro-
fen, or oxycodeine. Fredman et al. [9] used a similar anes-
thetic technique, where PCA was employed. Lee et al. [10]
also followed a similar general anesthesia technique.

The similarities across these studies lie in the use of
standardized anesthesia techniques and the administration
of analgesic medications to manage postoperative pain. The
drugs used include opioids, such as piritramide, fentanyl,
and morphine, and non-opioid analgesics, such as metami-
zol, ibuprofen, and tramadol.

The differences among the studies include variations in
the specific drugs used, dosages, and routes of administra-
tion. For example, Abdelsamad et al. [7] utilized piritramide
and metamizol intravenously and initiated oral analgesic
therapy with metamizol, ibuprofen, or oxycodeine. Atak
et al. [8] employed fentanyl, propofol, and rocuronium intra-
venously for anesthesia induction and maintenance. Fred-
man et al. [9] used PCA with morphine. Lee et al. utilized
intravenous tramadol for analgesia.

Std. Mean Difference

-0.92 [-1.32, -0.51] . 5
-0.71 [-1.18, -0.24) -
-0.83 [-1.14, -0.52] L 2
4 2 0 2 a

Active Gas No Active Gas

The total amount of analgesia required was reported in
three studies involving a sample size of 212 participants
[8—10]. Among these studies, two assessed the analge-
sic needs of patients by monitoring the frequency of PCA
device usage [8, 9], while the remaining study measured the
analgesic requirement based on the total amount of addi-
tional intravenous tramadol requested by the patients [10].
The findings revealed a significant decrease in the amount
of analgesia needed in the active gas aspiration group com-
pared to the non-active gas aspiration group. Notably, there
was no significant heterogeneity observed in the results
(SMD=-0.38,95% CI — 0.65 to — 0.10; p<0.01; *=0%)
(Fig. 6).

Residual gas

Two studies, involving a total of 135 participants, have
examined this particular outcome (Abdelsamad et al. [7]
and Lee et al. [10]). In the study by Abdelsamad et al. [7],
the residual gas volume was quantified in milliliters using
magnetic resonance imaging (MRI). The MRI scans allowed
for the measurement of the radius () and height (4) of the
subdiaphragmatic spherical cap formed by the remaining
gas. The volume (V) of the residual pneumoperitoneum was
then calculated using the formula: V=(xz h2/3)-(3 r — h). In
the study conducted by Lee et al. [10], X-ray imaging was
employed to determine the volume of residual intraabdomi-
nal gas. The methodology used for calculating this volume
is explicitly outlined in the article by Jackson et al. [12].
The meta-analysis showed that lower residual gas vol-
ume was significantly associated with active gas aspiration

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Active gas No Active gas
Study or Subgroup  Mean SD Total Mean SD Total Weight
Atak et al. 2011 351.8 43.05 52 3704 43.06 52 48.9%
Fredman et al. 1994 193 26 15 197 7 18 15.7%
Lee et al. 2014 36.1 227 36 436 169 39 354%
Total (95% CI) 103 109 100.0%

Heterogeneity: Tau* = 0.00; Chi*=0.28, df =2 (P = 0.87); * = 0%
Test for overall effect: Z = 2.71 (P = 0.007)

Fig.6 Forest plot of total required analgesia
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compared to the non-active aspiration group (SMD=- 1.09,
95% CI — 2.12 to — 0.06; P=0.04); however, there was sta-
tistically significant heterogeneity in this outcome (I =87%)
(Supplementary Fig. 1).

Hospital stay

Hospital stay duration has been reported by three studies
with a sample size of 239 participants [7, 8, 10]. In com-
parison to the non-active aspiration group, the active aspi-
ration group was associated with less duration of hospital
stay; however, it was not a statistically significant result. No
heterogeneity was noticed (SMD = —0.15,95% CI-0.41 to
0.10; P=0.24; I’=0%) (Supplementary Fig. 2).

Complications

The presence of complications was reported by three
RCTs with a sample size of 239 participants [7, 8, 10]. It
showed comparable results with no significant difference
between the two groups. However, the provided data were
not sufficient to be pooled and analyzed. Abdelsamad et al.
showed two incidents of complications in each group. These
included two wound infections (one in each group), a peri-
umbilical hematoma, and a periumbilical skin reaction,
while Lee et al. and Atak et al. both reported no presence of
major complications (Table 2).

Abdominal muscle tension

The data of postoperative abdominal muscle tension were
found only in one study with a sample size of 60 partici-
pants [7]. However, the provided data were not sufficient
to be pooled and analyzed. With regard to active aspiration
group, out of 30 participants, only 8 participants experienced
abdominal muscle tension incidents, 7 of whom experienced
minor incidents and only one participant experienced a mod-
erate incident. On the other hand, with regard to non-active
aspiration group, out of 30 participants, 11 participants
experienced abdominal muscle tension incidents, 7 of whom
experienced minor incidents, 3 participants experienced
moderate incidents, and only one participant experienced
severe incident (Supplemental Table 3).

Discussion

This systematic review and meta-analysis aim to evaluate
the difference in postoperative pain scores between patients
who receive active gas aspiration versus those who receive
passive gas aspiration following laparoscopic cholecystec-
tomy. Our review provided a high level of evidence since
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we included five well-designed randomized controlled trials
(RCTs). Our primary focus was to measure postoperative
pain following laparoscopic cholecystectomy, rather than
any other laparoscopic surgery, using a visual analog scale
or numeric rating scale. Pain following a minimally invasive
procedure is a major concern for patients; furthermore, pain
after these types of procedures affects the quality of life,
causes prolonged hospital stay, and late return to normal
activities. The pain could be divided into incisional, shoul-
der, and upper abdominal pain [13].

The recommendations were formulated through a meticu-
lous assessment of evidence derived from systematic reviews
and RCTs. Our study has demonstrated that the implementa-
tion of active gas aspiration yields substantial advantages,
as supported by multiple studies in both our current inves-
tigation and previous reviews. Notably, employing active
gas aspiration for post-surgical abdominal gas evacuation
does not entail any additional costs or time requirements.
It will help in reducing shoulder and abdominal pain. The
cause of shoulder pain is not fully explained. One of the
hypotheses is that CO, will be converted into carbonic acid
after being combined with the fluid in the abdominal cavity
which will irritate the phrenic nerve at the diaphragm [11].
Our meta-analysis showed that active gas aspiration reduces
shoulder pain after laparoscopic cholecystectomy. Lee et al.
report the pain scale at 24 h only, showed a major statistical
difference with active gas aspiration in reducing shoulder
pain [10]. Moreover, Tuvayanon et al. found that active gas
aspiration reduces shoulder pain [11]. Atak et al. support
that active gas aspiration reduces shoulder pain using VAS
at 24 h [8]. On the other hand, Abdelsamad et al. study has
shown a difference in shoulder pain scale after active gas
aspiration at 2 h up to 48 h post-surgery, but it was not stati-
cally significant [7].

Abdominal pain could be due to several causes, for exam-
ple, the trauma caused by the entry of the trocars causes
somatic pain, and the intraabdominal intervention causes
visceral pain [13]. Abdelsamad et al. reported the abdomi-
nal pain score from 2 h post-surgery up to 48 h, in the 2nd
and 4th hours after surgery, the active gas aspiration group
reported higher intensity of abdominal pain. However, in the
same study, the abdominal pain was similar in both groups
after 24 and 48 h from the surgery, and the result did not
show any statistical difference between patients who under-
went active gas aspiration and the non-active group [7]. Our
results go in accordance with the findings of Abdelsamad
et al. study. Moreover, our results showed significant het-
erogeneity was noted in the 24-h meta-analysis study. Atak
et al. reported that the abdominal pain score in 24 h post-
surgery was lower in the active gas aspiration group [8]. On
the other hand, Fredman et al. reported abdominal pain in
the first 4 h only without any major difference between the
two groups [10].
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In our meta-analysis, the total required analgesia was
lower in active gas aspiration than in non-active gas aspi-
ration. In Atak et al., they have similar results to our study
regarding lower required analgesia [8]. However, Lee et al.
and Fredman et al. found that there was no difference in
total required analgesia in both groups except for the first
hour which was lower in active gas aspiration in Fredman
et al. [9, 10]. The hospital stay was lower in active gas
aspiration, but it is not statistically significant. Abdulsamed
et al., Atak et al., and Lee et al. found that there was no
difference in hospital stay in both groups [7, 8, 10]. For the
residual gas volume postoperative, our study found that it
was lower in active gas aspiration compared to the non-
active gas aspiration group, which goes in accordance with
Abdelsamad et al. and Lee et al. regarding the residual gas
volume [7, 10].

It is worth noting that our study has some limitations.
Firstly, the included studies have some heterogeneity in
terms of the patient population, surgical technique, and out-
come measures, which may affect the precision of our esti-
mates. Secondly, the sample size of some studies is relatively
small, which may limit the generalizability of our findings.
Thirdly, the risk of bias assessment showed that some stud-
ies had some concerns regarding methodological quality,
which may affect the validity of our conclusions. Therefore,
further studies with larger sample sizes and standardized
outcomes are needed to confirm these findings and to deter-
mine the optimal gas aspiration method for reducing post-
operative pain.

Conclusion

In conclusion, this systematic review and meta-analysis
provide evidence that there is no significant difference in
postoperative pain scores between active and passive gas
aspiration methods following laparoscopic cholecystec-
tomy. However, active gas aspiration may have some ben-
efits, including lower residual gas volume, reduced analge-
sic requirement, and lower shoulder pain scores after 24 h.
Therefore, active gas aspiration may be considered a safe
and effective method for reducing postoperative analgesic
requirement and shoulder pain after laparoscopic cholecys-
tectomy. It is worth noting that active gas aspiration does not
increase the cost or time of the procedure. These findings
suggest that implementing active gas aspiration as a routine
practice could potentially improve patient outcomes without
incurring additional resources. Further studies with larger
sample sizes and standardized outcomes are needed to con-
firm these findings and determine the optimal gas aspiration
method for reducing postoperative pain.
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