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Abstract: Purpose: Laparoscopic cholecystectomy (LC) is one of the most popular surgical procedures, while pain
after this surgery still presents a major challenge mostly involving the responsible use of opioids. This meta-analysis
was conducted to evaluate the efficacy of preemptive gabapentin for LC. Methods: Two researchers independently
searched the following three main databases: PubMed, Embase and Cochrane Central Register of Controlled Trials
for randomized controlled trials (RCTs). The data of these trials were analyzed using Review Manager. Results:
Twelve RCTs with 1192 patients were included in this meta-analysis. Preemptive gabapentin decreased consump-
tion of analgesic agent (standard mean difference (SMD) -1.68, 95% Cl -2.81 to -0.56) and Visual Analogue Scale
(SMD -0.63, 95% CI -1.27 to -0.00) compared with placebo. And we found significant decrease in postoperative
nausea and vomiting (Risk Ratio (RR) 0.83, 95% Cl 0.48 to 0.79) with not less than 600 mg gabapentin admin-
istrated, as well as the rescue antiemetic (RR 0.58, 95% Cl 0.40 to 0.84). Furthermore, significant reductions in
MAP at 15" minute post pneumoperitoneum (SMD -2.00, 95% CI -3.72 to -0.29) were also elicited. Conclusions:
The current meta-analysis exhibits that oral administration of preemptive gabapentin is superiority to placebo in
decreasing postoperative pain scores, analgesic consumption, and postoperative nausea and vomiting and can
keep hemodynamic stability for LC.
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Introduction In recent years, there have been several ran-
domized controlled studies [7-18] evaluating
the efficacy of preemptive gabapentin before
surgical incision for LC as well as a combination
preemptive and postoperative gabapentin.
Therefore, we conducted this meta-analysis
aiming to examine the evidence of prophylactic

gabapentin in LC.

Laparoscopic cholecystectomy (LC) is one of
most popular surgical procedures, while pain
after this surgery still presents a major chal-
lenge mostly involving the responsible use of
opioid [1, 2]. And because of the related side
effects, the use of these analgesics is limited.
Given the significant shortcoming of opioids, a
non-opioid analgesic as additional agent should
be administrated for LC currently [3].

Methods

This meta-analysis aiming to assess the role
of gabapentin in laparoscopic cholecystectomy
was performed decently according to the rec-
ommendations of the PRISMA statement.

As a probably ancillary agent, gabapentin is an
analogue of gamma-amino butyric acid (GABA).
And it is a second generation antiepileptic
agent used to treat neuropathic pain [4].
Meanwhile gabapentin with an opioid sparing
action could prevent chronic postsurgical pain

Search strategy

[5]. In addition, it has been found to decrease
perioperative stress responses to noxious stim-
uli, provide preoperative anxiolysis and prevent
postsurgical delirium [6].

Two authors (LY. and S.Y. systematically
searched, PubMed, Embase and Cochrane
Central Register of Controlled Trials (CENTRAL).
The search strategy comprised the following
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key words: ‘gabapentin’ and ‘laparoscopic cho-
lecystectomy’. The literature search was updat-
ed to August fifth, 2015 without the limitation
of language. The reference lists of the case
reports, reviews and original reports (retrieved
through the electronic searches) were checked
to identify studies which had not been included
in the computerized databases.

Study selection

The study selection criteria were pre-estab-
lished. Inclusion criteria: (1) Randomized con-
trolled trial; (2) The administration of gabapen-
tin versus placebo. Exclusion criteria: (1)
Duplications or abstracts only; (2) Missing data;
(3) Patients with severe cerebrovascular dis-
ease or other contraindications of gabapentin;
(4) Incorrect statistical analysis performed in
the report; (5) Gabapentin versus other agent/
agents.

Two authors (LY. and S.Y. independently
assessed the articles for compliance with the
inclusion/exclusion criteria. Any of disputes
about this meta-analysis was settled promptly
by discussion among all of the authors. And
data retrieval: name of the first author, year
of publication, characteristic of patients, type
of anesthesia, number of total patients, dose
and timing of administration of gabapentin,
pain assessment methods and scores, adverse
effects, the analgesic and antiemetic consum-
ption.

Pain assessment was documented in studies
using the visual analog scale (VAS) or numerical
rating scale (NRS). Pain was recorded on a
scale of O (no pain) to 10 (maximum pain).
Because different studies documented pain
scores in different intervals, we selected pain
scores at 24 hours postoperatively for our anal-
ysis. Cumulative analgesics consumption was
reported in some trials, and we compared
24-hour cumulative analgesic doses between
participants in the case group and those in the
control group.

We also analyzed adverse outcomes including
postoperative nausea and vomiting (PONV),
pruritus, dizziness and sedation. The most
commonly used time interval to measure the
role of antiemetic is 24 hours [19], and when
only longer or shorter time interval was report-
ed, we used the time interval which was closest
to the 24-hour interval. And dizziness is classi-
fied into three categories: vertigo, syncope, and
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non-vertigo non-syncope, which could be the
standard to extract the data.

Pneumoperitonium (PP) was created by insuf-
flation with carbon dioxide and intraabdominal
pressure was kept 12 mmHg during the sur-
gery. The haemodynamics recorded at 15" min-
ute post PP were analyzed, because this time
with maximal mean arterial blood pressure
(MAP) of the placebo group might reflect the
most serious effect of PP on patients [12, 14].

The five main outcome measures were total
consumption of analgesics including morphine
and fentanyl for the first 24 hours, VAS at 24
hours postoperatively, adverse effects, the
antiemetic consumption and MAP at 15" min-
ute post PP. The data of the analgesics con-
sumption performed by Quantitative analysis
were presented as mean with standard devia-
tion (SD).

Qualitative assessment

Two authors (L.Y. and S.Y.) evaluated the quality
of the trials independently according to the
guideline recommended by the Cochrane
Collaboration [20]. Random sequence genera-
tion, blinding method, allocation concealment,
incomplete outcome data, selective reporting
and other bias were assessed with the first
three categories considered as “key domains”.
And every category was divided into three lev-
els including low risk, unclear risk and high risk.
The risk of bias of the studies included were
evaluated, according to the levels of the three
key domains, as ‘Low’ (with low risk of bias for
all key domains), ‘Unclear’ (with unclear risk of
bias for one or more key domains) and ‘High’
(with high risk of bias for one or more key
domains).

Statistical analysis

The efficacy of gabapentin on adverse out-
comes in laparoscopic cholecystectomy, com-
pared with placebo, was estimated by calculat-
ing pooled Risk Ratio (RR), and the total anal-
gesic consumption, VAS and MAP at 15" post
PP was assessed by pooled Standard Mean
Difference (SMD), with 95% confidence inter-
vals (Cl). Z test (P < 0.05 considered as statisti-
cal significance) was performed to determine
the overall effect. A random effects model
was adopted when 1> > 50%, otherwise a fixed
effects model was used.
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We tested the robustness of these results by
reanalyzing the data of low-risk and unclear-
risk studies. Subgroup analyses were based on
the dose of gabapentin administrated orally.
And Review Manager 5.2 and Stata 12.0 were
adopted to analyze the data of the included
trials.

Results
Study selection

As shown in the flow diagram (Figure 1), the
search of PubMed, Embase, CENTRAL and ref-
erence lists yielded 59 articles. Initially, 44 tri-
als were discarded because they were dupli-
cates and not controlled trials by reading the
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Article excluded (n=44)
Duplicates (n=27)
Not clinical trial (n=17)

Aticle excluded with reason (3)

Same [ull-text (1)

Figure 1. Process flow diagram of ar-
ticles included and excluded.

titles. Then, two were excluded for not relevant
to our study by reviewing the abstracts. In addi-
tion, we found one paper published in two dif-
ferent journals [7, 21], so one [21] of the two
was excluded. Twelve papers were carefully
read, and then included in the meta-analysis
because they met the selection criteria.

Study characteristic

The included articles were published between
the years of 2004 between 2015. Each study
consisted of between 48 and 306 patients.
And the pooled data included 596 cases in the
gabapentin group and the control group respec-
tively. Of all the included studies, in ten trials [8,
10-18], gabapentin was administrated preop-
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Table 1. Characteristics of the included trials

Author Year Patients Type Of. Num_bers gaba- Dose Timing Pain Analge§ic con-
anesthesia pentin/placebo scores (P)  sumption (P)

Kotsovolis 2015 adults GA 24/24 600 mg 4 hours before surgery and 24 hours after surgery > 0.05 0.01

Aggarwal 2015 adults GA 30/30 300 mg  night before surgery and 300 mg at 6:00 AM on the day of surgery -

Bekawi 2014 adults GA 30/30 1200 mg 2 hours before surgery and 12 hours after surgery and 400 mg 3 times daily for 2 days 0.051

Semira 2013 adults GA 30/30 600 mg 2 hours before surgery -

Maleh 2013 adults GA 40/40 600 mg 1.5 hours before surgery >0.05 >0.05

Shrestha 2012 adults GA 24/24 600 mg 1 hour before surgery -

Pandey 2012 adults GA 35/35 600 mg 2 hours before surgery - <0.05

Neogi 2012 adults GA 30/30 900 mg 2 hours before surgery -

Abasivash 2010 adults GA 25/25 1200 mg 3 hours before surgery -

Bashir 2009 adults GA 50/50 600 mg 2 hours before surgery -

Pandey 2006 adults GA 125/125 600 mg 2 hours before surgery - 0.01

Pandey 2004 adults GA 153/153 300 mg 2 hours before surgery <0.05 <0.05

GA: general anesthesia
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, - not mentioned.

Int J Clin Exp Med 2016;9(8):15157-15166



Gabapentin for laparoscopic cholecystectomy

Random sequence generation (selection bias)
Blinding method (performance bias and delection bias)
Allocation concealment (selection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Abasivash 2010

Aggarwal 2015

Bashir 2009

Bekawi 2014

Kotsovolis 2015

Maleh 2013

Neogi 2012

> 90 e e e e e

0966 e -~ e~ eee

Pandey 2004

Pandey 2006

Pandey 2012

Semira 2013

5 0000 0 e e e >0 -

Shrestha 2012

@ Lowriskofbias ' Unclear risk ofbias @ High risk of bias

Figure 2. Summary of risk of bias about the included
articles.

eratively, whereas in the other two trials [7, 9],
gabapentin was given preoperatively and post-
operatively. All operative interventions were
performed under general anesthesia (Table 1).

The methodological quality of the included
studies

Nine trials [7-11, 13, 14, 17, 18] provided
a detailed description of randomization. Ten
studies [7-10, 12-14, 16-18] were double-blind-
ed; 11 trials [7-11, 13-18] reported allocation
concealment. All the studies had no incomplete
outcome (attrition bias) and all the studies
reported all the end points mentioned in the
Methods section (reporting bias). Other bias
might not exist in all trials included with detailed
description on surgery and anesthesia. An
overview of the risk of bias is summarized in
Figure 2.
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Results of meta-analysis

Consumption of analgesic agent

Administration of gabapentin decreased the
total consumption of analgesic, morphine or
fentanyl as the only analgesic agent intrave-
nously (pooled SMD of five trails [7, 11, 13, 17,
18] including 754 patients: -1.68, 95% Cl -2.81
to -0.56) compared with placebo. In subgroup
analysis, the morphine consumption could be
reduced, whereas the difference was not statis-
tically significant, but oral gabapentin adminis-
trated preemptively could decrease the con-
sumption of fentanyl significantly (Figure 3).

A sensitivity analysis to remove a high-risk
study [11] showed a similar result favoring gab-
apentin (SMD -2.10, 95% CI -2.98 to -1.23), but
only decrease total heterogeneity slightly, I2
from 97% to 94% (Figure 3), whereas the
consumption of morphine (SMD -0.86, 95%
Cl -1.46 to -0.27) infused intravenously was
decreased statistically significantly.

Begg’'s (P=0.462) and Egger’s (P = 0.366) Test
suggested that no significant publication bias
existed in the comparisons of analgesic con-
sumption between gabapentin and placebo
(Figure 4).

Pain score

Two trials [9, 18] comprising 366 patients mea-
sured the available pain scores using VAS. The
result showed a reduction in the pain score
(SMD -0.63, 95% Cl -1.27 to -0.00, 1> 81%) in
gabapentin group compared with placebo
(Figure 5).

Adverse effects

PONV: Five trials [9, 10, 16-18], comprising 776
patients, researched the efficacy of gabapentin
on postoperative PONV, The incidence of PONV
(RR 0.83, 95% Cl 0.48 to 0.79; I> 88%) in the
gabapentin group was lower than the placebo
group (Figure 6).

Subgroup analysis showed that, in gabapentin
group the incidence of PONV after gabapentin
administrated preoperatively was statistically
significant decreased with the not less than
600 mg dose (600 mg and 1200 mg), while
when 300 mg dose was adopted orally, PONV
could not be arrested significantly (Figure 6).
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3.2.1 morphin

Kotsovolis 2015 946 104 24 2029 1397 24 196%
Maleh 2013 25 26 40 27 27 40 201%
Subtotal {95% CI) 64 64 39.6%

Heterogeneity: Tau® = 0.24; Chi? = 4.40,df= 1 (P =0.04); P =77T%
Test for overall effect: Z = 1.12 (P = 0.26)

3.2.2 fentanyl

Pandey 2004 22116 5239 153 33586 42.04 153 20.4%
Pandey 2008 2212 9824 125 505.9 82 125 20.2%
Pandey 2012 6206 164.19 35 989.8 238.39 35 19.7%
Subtotal {95% CI) 313 313 60.4%

Heterogeneity: Tau? = 0.39; Chi* = 21.05, df = 2 (P < 0.0001); I* = 90%
Test for overall effecl: Z = 6.59 (P < 0.00001)

Total (85% CI) 377 377 100.0%
Heterogeneity: Tau® = 1.58; Chi* = 137.69, df = 4 (P < 0.00001); ¥ = 97%

Test for overall effect: Z = 2,95 (P = 0.003)
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Figure 3. Result of SMD for consumption of analgesic agent comparing gabapentin with placebo.
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Figure 4. Publication bias analysis. A. Result of Begg's Test (P = 0.462); B.

result of Egger’s Test (P = 0.366).
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Pruritus: Two studies [7, 17]
assessed postoperative pru-
ritus. The pooled analysis
showed a non-statistical-
ly significant decrease (RR
0.33, 95% CI 0.04 to 3.16)
in this side effect in gabapen-
tin group (Table 2).

Dizziness: There were four
trials [9, 14, 17, 18] report-
ing postoperative dizziness.
Compared with placebo, a
reduction in dizziness with-
out statistical significance
(RR 0.72, 95% CI 0.21 to
2.43; I 56%) was exposed in
patients receiving gabapen-
tin (Table 2).

Sedation: Postoperative se-
dation was involved in two
studies [7, 18], the pooled
estimate did not excluded a
statistical reduction in seda-
tion (RR 2.99, 95% CI 0.23
to 39.33; 17 93%) in patients
receiving gabapentin com-
pared with placebo (Table 2).

Postoperative rescue anti-
emetic

Two studies [10, 16] reported
the need for postoperative
rescue antiemetic including
ondansetron and granise-
tron. The pooled analysis

Int J Clin Exp Med 2016;9(8):15157-15166
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Figure 5. Result of SMD for pain scores comparing gabapentin with placebo.

Gabapentin Placebo

6.1.1 =600mg

Bashir 2009 20 50 3 50 20.9%
Bekawi 2014 13 30 26 30 20.5%
Pandey 2006 46 125 75 125 222%
Semira 2013 12 30 20 30 19.6%
Subtotal (95% CI) 235 235 83.2%
Total events 91 152

Heterogeneity: Tau? = 0.00; Chi? = 0.83, df = 3 (P = 0.84); P = 0%

Test for overall effect: Z = 5.48 (P < 0.00001)

6.1.2 300mg
Pandey 2004 38 153 8 153 16.8%
Subtotal (95% Cl) 153 153 16.8%
Total events 38 8

Heterogeneity: Not applicable
Test for overall effect: Z = 4.19 (P < 0.0001)

Total (95% Cl) 388
Total events 129 160

Heterogeneity: Tau? = 0.35; Chi* = 33.84, df = 4 (P < 0.00001); I* = 88%

Test for overall effect: Z = 0.63 (P = 0.53)

Test for subgroup differences: Chiz = 29.30. df = 1 (P < 0.00001). I> = 96.6%

388 100.0%

Risk Ratio Risk Ratio
¥ 2 om,95%Cl

0.65 [0.43, 0.97] —
0.50 [0.32, 0.77] —
0.61[0.47, 0.80] -
0.60 [0.36, 1.00] —
0.60 [0.49, 0.72) L 4
4.75 [2.29, 9.84] —_—
4.75[2.29, 9.84] il
0.83 [0.48, 1.46] -

0102 05 1 2 5 10
Favours [gabapentin] Favours [placebo]

Figure 6. Result of RR for PONV comparing gabapentin with placebo.

showed a statistic diminution in the need for
rescue antiemetic (RR 0.58, 95% CI 0.40 to
0.84, I 0%) (Figure 7).

MAP at 15" minute post PP

Two trials [12, 14] consisting of 108 patients
explore the intraoperative MAP post PP, the
pooled analysis showed the statistically lower
MAP at 15" minute post PP (SMD -2.00, 95% Cl
-3.72 10 -0.29, I 92%) using gabapentin com-
pared with placebo (Figure 8).

Sensitivity analysis

Upon the studies with high risk were excluded
by sensitivity analysis, there was no significant
difference in results from overall pooled esti-
mates across all outcomes above.

Discussion
Pain after LC as a long-standing problem, is

most intense on the day and the follow day of
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this operation [22]. Despite numerous studies
have been designed and executed during the
past few decades, pain after LC and the respon-
sible use of opioids still could result in serious
consequences (postlaparoscopic cholecystec-
tomy syndrome, PONV, etc.) [23]. Therefore, a
more effective way to decrease pain is still
needed urgently.

This meta-analysis undertaken to evaluate the
effect of gabapentin in LC include four main
findings: (1) Preemptive use of gabapentin
could significantly reduce the consumption of
opioids and pain score compared with placebo.
(2) The need for rescue antiemetic could be
reduced with the oral administration of gaba-
pentin, and preemptive 600 mg and 1200 mg
gabapentin show superiority to placebo in pre-
vention of PONV, interestingly 300 mg does
not.(3) Using of Gabapentin could non-statisti-
cally significantly decrease the incidence of
pruritus and dizziness, meanwhile did not
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Table 2. Incidence of side effects with gabapentin compared with placebo

Number with side effects/total

Side effects N:tﬂzgs‘)f number of patients RR (95% Cl) References
Gabapentin Placebo
Pruritus 2 1/149 0.33 (0.04 to 3.16) (7, 17]
Dizziness 4 23/338 37/338 0.72 (0.21 to0 2.43) [9, 14, 17, 18]
Sedation 3 57/177 11/177 0.29 (0.23 t0 39.33) [7,18]
Gabapentin Placebo Risk Ratio Risk Ratio
% Cl M-H. Fixed. 95% Cl

Bashir 2009 17 50 27 50 60.0%  0.63[0.40, 1.00]

Semira 2013 9 30 18 30 40.0% 0.50 [0.27, 0.93] — &

Total (95% CI) 80 80 100.0%  0.58 [0.40, 0.84] N

Total events 26 45 . .

Heterogeneity: Chi? = 0.34, df = 1 (P = 0.56); I? = 0% v os ; : .

Test for overall effect: Z = 2.90 (P = 0.004)
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Figure 7. Result of RR for postoperative rescue antiemetic comparing gabapentin with placebo.

Gabapentin Placebo
dy © ean D al Mean otal Weigh
Neogi 2012 954 104 30 109 127 30 51.6%
Shrestha 2012 83 15 24 115 341 24 48.4%
Total (95% CI) 54 54 100.0%

Heterogeneity: Tau? = 1.40; Chi? = 11.88, df = 1 (P = 0.0006), I* = 92%

Test for overall effect: Z = 2.29 (P = 0.02)
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Figure 8. Result of SMD for MAP at 15" minute post PP comparing gabapentin with placebo.

increase the incidence of sedation. (4)
Preemptive gabapentin administration could
reduce intraoperative MAP post PP to keep
hemodynamic stability.

Gabapentin have a high binding affinity for the
a20 subunit of the presynaptic voltage gated
calcium channels [24], which may inhibit calci-
um influx to keep hemodynamic stability, in
addition decrease the subsequent release of
glutamate, norepinephrine, substance P that
could reduce the intraoperative and postopera-
tive pain [25]. Therefore it decreases the
release of several excitatory neurotransmitters
including tachykinin, and this modulation of
tachykinin release probably contributes to the
antiemetic effects of gabapentin [26, 27].

To the best of our knowledge, there was no
meta-analysis about gabapentin premedica-
tion for LC specifically before, and this may be
the first time to shed light on the efficacy of pre-
emptive gabapentin for LC from a variety of
aspects, by a meta-analysis of RCTs. The major-
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ity of included trials were well designed and
assessed as “Low”. Moreover, we directly com-
pared gabapentin with placebo, meanwhile
eliminated studies with high risk by sensitivity
analysis. All of these strategies were adminis-
trated to come up with a solid conclusion.

Interestingly, besides decreased postoperative
pain and consumption of total analgesic agents,
we newly found that preemptive 600 mg and
1200 mg of gabapentin administrated orally
were sufficiently effective to prevent PONYV,
however 300 mg gabapentin did not reduces
the occurrence of PONV in this meta-analysis.
We speculate that low plasma concentrations
of gabapentin may be responsible. After a sin-
gle oral dose of 300 mg administrated [18]
the mean maximum plasma concentrations of
gabapentin are attained in about 2-3 hours.
Meanwhile the oral bioavailability of a single
300 mg dose is only 60%, and varies inversely
with dose which could not ensure the efficacy
of binding to plasma proteins [28], therefore it
cannot be metabolized significantly in humans

Int J Clin Exp Med 2016;9(8):15157-15166
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[10]. In addition, as an adverse result of PP,
hemodynamic alteration could be harmful to
patients with compromised cardiac function
especially [29]. While we have demonstrated
that preemptive 600 mg or 900 mg gabapentin
can keep hemodynamic stability, this cause
may be that gabapentin could inhibit mem-
brane voltage gated calcium channels [30].

Still, there are several limitations in this meta-
analysis. First, the total number of trails includ-
ed is significant relatively, but with minor
amounts in subgroups. In addition, the signifi-
cant heterogeneity in several groups, due to the
administration of general anesthesia probably,
still exists after lots of efforts. Therefore, more
RCTs, including kinds of patients and various
dosage regimens should be designed reason-
ably to detect the efficacy of gabapentin for LC.

In conclusion, our meta-analysis demonstrated
that the preemptive use of not less than 600
mg of oral gabapentin may reduce postopera-
tive pain, PONV and keep hemodynamic stabil-
ity in LC. As results, except its routine usage for
anticonvulsant, the clinical value of gabapentin
may be expanded with this new evidence.
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