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Abstract 

Background Gallstone disease with its consequences is a common clinical issue that may necessitate surgical 
removal. In comparison with traditional open procedures, laparoscopic cholecystectomy (LC) remains the mainstay 
treatment for symptomatic gallstone disease and can lead to a shorter recovery period, and a shorter hospital stay; 
yet, severe abdominal and shoulder pain may be experienced.

Main body Novel drugs and technology for acute and chronic pain management following LC have been studied 
to improve patient care. The review discusses innovative pain management strategies with non-opioid approaches 
for laparoscopic surgery, with an emphasis on ensuring speedy and safe recovery.

Conclusion The key findings state that IV paracetamol is a necessary part of multimodal postoperative pain man-
agement. There were several pharmacological interventions found to be effective in pain control: magnesium 
sulfate and dexamethasone showed anti-inflammatory benefits; ondansetron provided analgesic effects; gabapen-
tinoids and alpha-2-agonists reduced central sensitization; local anesthetics offered targeted pain relief; antidepres-
sants addressed neuropathic pain; NSAIDs proved effective for inflammatory pain. Similarly, non-pharmacological 
approaches, and emerging technologies, also contributed to the management of post-LC pain underscoring the need 
for a comprehensive approach to its management. More rigorous research is needed to guide pain management 
after LC. Future studies should compare multiple treatments simultaneously and involve larger patient groups. This 
approach will help identify optimal pain control strategies. It will also provide clearer insights into the safety and effi-
cacy of various pain medications under comparable clinical conditions.

Keywords Laparoscopic cholecystectomy, Postoperative pain, Non-opioid strategies, Pain management, Gallstone, 
Gallbladder, Minimally invasive surgery, Analgesia

Background
Gallstones are solid bile deposits that can occur in the 
gallbladder caused by various factors such as hormones, 
dietary changes, drugs, and rapid weight loss or  obe-
sity. These gallstones can cause gallbladder inflamma-
tion and infection by impeding normal bile flow. This is 
known as cholecystitis, and it can produce severe, con-
tinuous abdominal pain, fever, nausea, and vomiting 
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[1]. Regretfully, opinions differ about the best manage-
ment approach for this condition. The sole novel route 
to the bile duct for a long time was a direct open surgi-
cal technique. Advanced endoscopic technology has 
made minimally invasive procedures possible [2]. An 
open cholecystectomy involves a 10–15  cm incision in 
the upper right quadrant of the abdomen. The surgeon 
removes the gallbladder through an incision. In con-
trast, the laparoscopic cholecystectomy (LC) operation 
requires only 3–4 extremely tiny incisions. This pro-
cedure makes use of a long, thin tube known as a lapa-
roscope by introducing it through the incisions. One 
incision is made to remove the gallbladder [3].

LC is the current gold standard and less invasive ther-
apy causing less postoperative pain, but it might be mild, 
moderate, or severe in certain people [4, 5]. Moreover, 
it results in reduced analgesic intake, reduced recovery 
time, and shorter hospital stays than open cholecystec-
tomy [6, 7]. Visceral and shoulder pain are the most com-
mon types of pain experienced during LC. These pains 
are caused by diaphragmatic and peritoneal stretching, 
peritoneal irritation by  CO2, changes in intra-abdominal 
pH, and the release of inflammatory mediators [8]. Inad-
equate care of acute pain within the first 48 h following 
surgery increases the likelihood of chronic pain develop-
ment; therefore, postoperative pain management is cru-
cial [9, 10] with the use of both non-opioid and opioid 
treatments. During the immediate postoperative phase, 
opioid medication can cause a variety of adverse effects, 
including respiratory depression, pruritus, nausea, and 
vomiting. Due to the significant adverse effects of opi-
oids, the non-opioid medication in conjunction with a 
multimodal regimen is strongly suggested due to the lat-
ter regimen’s fewer adverse effects [11, 12]. It is therefore 
crucial to identify the different non-opioid modalities 
in the management of postoperative LC pain. This cur-
rent review aims to comprehensively evaluate the cur-
rent evidence on non-opioid strategies as well as assess 
the efficacy of various pharmacological and non-pharma-
cological non-opioid interventions for pain control after 
LC.

Methods
Randomized controlled trials that were published in Eng-
lish between 2005 and 2024 were obtained from multi-
ple databases, such as PubMed, Web of Science, Science 
Direct, Scopus, EMBASE, Medline, and Cochrane 
Library. The trials evaluated non-opioid postoperative 
pain management after laparoscopic cholecystectomy 
and reported pain scores. The various components of the 
gathered data were categorized based on the medication 
classifications. The terms "Laparoscopic cholecystec-
tomy," "postoperative pain," "non-opioid strategies," "pain 

management," "gallbladder," "minimally invasive surgery," 
and "analgesia" are used to get the relevant articles.

The retrieved studies were initially screened based 
on titles and abstracts to exclude irrelevant papers. Full 
texts of potentially eligible studies were then thoroughly 
reviewed to ensure they met the inclusion criteria. 
Studies were excluded if they focused solely on opioid 
interventions, did not report pain scores, or were not 
randomized controlled trials. The included studies were 
categorized based on the pharmacological class of the 
non-opioid interventions investigated. This categoriza-
tion allowed for a systematic analysis of different types 
of non-opioid strategies. For each category, key informa-
tion, including dosage, administration route, interven-
tion timing, pain scores, and secondary outcomes, was 
extracted and summarized. The results of this analysis 
are presented in Table 1, which provides a comprehensive 
overview of the available evidence on non-opioid postop-
erative pain management strategies following LC.

Main text
Local anesthetics
Transversus abdominis plane block
The transversus abdominis plane (TAP) block enhances 
postoperative analgesia following abdominal surgery. 
A long-acting anesthetic is injected into the anterior 
abdominal wall’s neurovascular plane to perform this 
procedure. This plane runs between the layers of the 
internal oblique and transversus abdominis muscles and 
passes the intercostal nerves from their spinal origins 
across the abdominal wall [88, 89]. This procedure can 
be done laparoscopically, under ultrasound (US) guid-
ance, or utilizing a surface landmark-based method [3]. 
Overall, the data are positive, with the majority of stud-
ies showing clinically significant decreases in pain and 
postoperative opioid consumption. While it has been 
demonstrated that laparoscopic cholecystectomy (LC) 
patients can benefit from various TAP procedures, 
including US-guided TAP block and additional strategies, 
TAP blocking procedures are the most successful means 
of providing analgesia compared to general anesthesia 
and port infiltration. However, as US technology devel-
ops, TAP blockades are becoming more practicable and 
technically easier to execute. This has raised interest in 
TAP blocks as a therapeutic technique for analgesia fol-
lowing abdominal surgery [90]. Reducing opioid use with 
intraoperative laparoscopic transversus abdominis plane 
block (LC + TAP) is a safe and successful strategy, accord-
ing to research that compared patients who underwent 
LC alone with patients who underwent a laparoscopic 
bilateral TAP block (LC + TAP) [17]. Accordingly, a ran-
domized triple-blind study [52] compared the effective-
ness of a laparoscopic TAP block versus port site local 
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anesthetic infiltration in 100 patients having a LC. When 
comparing the TAP block group to the port site local 
anesthetic infiltration group, the median visual analogue 
scale (VAS) at 3, 6, 24 h, at discharge, and one week after 
surgery was significantly lower reflecting lower pain 
(p ≤ 0.001 for each), and the median Capuzzo score, 
which gauges patient satisfaction with analgesia, was sig-
nificantly much greater (p < 0.001). Although it was not 
statistically significant (p = 0.48), the TAP block group’s 
median duration for hospital stay was also shorter. In 
addition, the laparoscopic-guided TAP block is consid-
ered a cost-effective method based on the findings of a 
recent trial [91]. Further study demonstrated that the 
four-quadrant bilateral laparoscopic-guided transver-
sus abdominis plane block was significantly lower than 
that of the unilateral transversus abdominis plane block 
(p = 0.0245) and the standard analgesic block (p = 0.002), 
concluding that the early postoperative pain following LC 
can be effectively avoided with bilateral TAP block. The 
TAP block should be delivered to all four quadrants [19].

Adjuvants can be added to the local anesthetic agent 
in US-guided TAP block applications to improve its 
analgesic efficacy and lessen the possibility of toxic side 
effects. Accordingly, a randomized trial was conducted 
to compare the intraoperative and postoperative impact 
of dexmedetomidine versus tramadol as adjuvants to 
bupivacaine in a TAP block in which 64 patients were 
equally distributed to either the TAP block group (bupi-
vacaine + tramadol as an adjuvant) or dexmedetomidine 
group (bupivacaine + dexmedetomidine as an adjuvant). 
It is concluded there is no significant difference (p > 0.05) 
and superiority between the two groups over each other 
in the postoperative analgesia at (0, 3, 6  h), amount of 
analgesic required, mobilization times, and profile of 
side effects. However, the adjuvant dexmedetomidine 
in the TAP block preoperatively resulted in more stable 
intraoperative hemodynamic outcomes [18]. Neverthe-
less, another research [40] hypothesized the TAP block 
impact on postoperative pain and stress markers by 
comparing US-guided unilateral TAP block plus general 
anesthesia with general anesthesia alone revealing a sig-
nificant reduction in pain at (6 and 12 h). Moreover, the 
TAP block group showed a significant reduction in the 
mean opioid use and stress response markers. Significant 
reduction of postoperative nausea and vomiting (PONV) 
and recovery period resulting in reduced hospital stay 
and intensive care unit (ICU) need in TAP block appli-
cation have been demonstrated by a retrospective study 
conducted on 515 patients [53].

Based on the findings of trials reviewed in this study, 
the TAP block seems to have the potential to develop 
into a novel and significant intervention in the therapy of 
postoperative pain.

Bupivacaine
Bupivacaine is a safe and effective way to provide post-
operative analgesia following laparoscopic cholecystec-
tomy [92]. Bupivacaine is the most used local anesthetic 
following LC that decreases pain conduction by binding 
to voltage-gated sodium channels and preventing sodium 
entrance into cells [93]. A recent trial assessed the effec-
tiveness of intraperitoneal (IP) diluted versus non-diluted 
bupivacaine group (NBG) for pain relief following LC. 
During the initial 24 h following surgery, the diluted bupi-
vacaine group (DBG) had considerably lower postopera-
tive VAS values than the NBG with a p value ≤ 0.003. In 
DBG, the time needed for the first analgesic demand was 
significantly  higher than in the NBG (p value = 0.0001) 
over 24 h, suggesting that DBG had superior and longer-
lasting postoperative analgesia. With (p value = 0.0001), 
the total opioid analgesics over 24  h were significantly 
less in DBG than in NBG. Regarding side effects follow-
ing LC, there was no statistically significant difference (p 
value ˃ 0.05) in the incidence of PONV and shoulder pain 
between the two groups. Moreover, none of the research 
subjects in either group suffered from bradycardia, res-
piratory depression, or hypotension due to the local anes-
thetic injection [13]. Three groups, each with 60 patients, 
were compared in a randomized trial resulting in a sig-
nificant reduction in VAS score in patients who received 
intravenous (I.V) parecoxib and subcutaneous (S.C) 
bupivacaine in contrast to placebo at 1, 2, and 4 h after 
the procedure. However, no significance was reported at 
8, 12, and 24 h. In addition, the shoulder pain was lower 
in the bupivacaine group than in the other groups and 
the amount of rescue analgesics needed was reduced by 
the bupivacaine and parecoxib groups [75]. A study by 
Nikoubakht et al. [31] found no significant difference in 
the mean Ramsay score between the groups throughout 
the recovery, 2-, 8-, and 24-h postoperative timeframes. 
There was no significant difference between the groups 
when postoperative analgesic satisfaction scores were 
compared at 2 and 24 h after recovery. It indicated that 
using intraperitoneal (IP) bupivacaine and intra-abdom-
inal bicarbonate reduced pain; with bupivacaine being 
more superior. A total of 90 patients were randomly 
assigned and compared (I.P bupivacaine to I.V ketorolac 
and the placebo group). Compared to the placebo group, 
the I.P bupivacaine and the I.V ketorolac significantly 
reduced the incidence of PONV, and postoperative stom-
ach, and shoulder pain. While there was no statistically 
significant difference in analgesia between bupivacaine 
and ketorolac, both groups reported considerably higher 
levels of satisfaction. Furthermore, the need for opioid 
analgesics was significantly higher in the placebo group 
at 6 h and 12 h after the surgery [4]. Moreover, patients 
who received IP bupivacaine experienced a prolonged 
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period of requesting  rescue analgesia, which resulted in 
a substantial reduction in postoperative pain within the 
initial 6 h following surgery. In contrast to shoulder pain, 
which was significantly less in the bupivacaine group 
with p value = 0.04, side effects such as nausea and vomit-
ing were equal in both groups [47]. Despite, many studies 
of high caliber proving the role of bupivacaine in post-LC 
pain management, a study was conducted to evaluate the 
efficacy of bupivacaine for shoulder and abdominal pain 
management after LC demonstrated no specific benefit 
for using bupivacaine as it did not affect pain compared 
to normal saline [32]. These variable results may be due 
to population variation and the fact that the majority of 
patients who undergo LC experience minor pain; hence, 
a large sample size must be studied as many patients 
must have a satisfactory outcome to show a discernible 
and substantial difference between the two groups. Addi-
tional studies are required to ascertain the effectiveness 
of IP bupivacaine in reducing pain during LC.

Lidocaine
The local anesthetic lidocaine is an amino amide that 
works by blocking sodium channels to lessen neural 
transmission. When given as a systemic infusion, it also 
lowers the chance of ileus. Local anesthetics have anti-
inflammatory qualities, prevent the central nervous sys-
tem from receiving nociceptive input, and are frequently 
highly beneficial in treating neuropathic pain.

Additionally, with lesser doses of local anesthetic, selec-
tive sympathetic blocking may be extremely helpful for 
visceral pain [1]. Intravenous lidocaine has analgesic and 
anti-inflammatory effects. Intravenous lidocaine infu-
sion during the perioperative period is safe and has sev-
eral benefits, including reduced anesthesia, postoperative 
analgesia, quicker bowel function recovery, and shorter 
hospital stays [94, 95]. Additionally, lidocaine comes 
in patches for use as a topical painkiller. It functions by 
inhibiting peripheral nociceptors’ ability to sense pain. 
It has minimal systemic absorption and minimal adverse 
effects [96]. In a recent randomized controlled trial 
(RCT), patch group compared to the control group, the 
total incidence of shoulder pain was significantly reduced 
(p = 0.005). At 24 h and 48 h following surgery, the patch 
group’s  shoulder pain severity  was significantly lower 
than that of the control group (p = 0.01, p = 0.015 respec-
tively). The only side effect associated with the lidocaine 
patch was nausea. It concluded that the incidence and 
intensity of LC postoperative shoulder pain were reduced 
with a 5% lidocaine patch with no complication [48]. 
Comparing the effectiveness of lidocaine spray with sub-
cutaneous injection at the port site in terms of improved 
pain management and fewer long-lasting adverse effects 
is observed. The pain level was comparable across the 

groups at any of the six points in time measured, rang-
ing from right after waking up from anesthesia to 24  h 
following the procedure (p value = 0.329). The instilla-
tion lidocaine spray  group’s consumption of narcotics 
and nonsteroidal anti-inflammatory drugs (NSAIDs) was 
statistically reduced (p values = 0.003 and 0.013, respec-
tively). The duration of hospital stay, the time needed 
to resume regular bowel movements and oral food, and 
the amount of nausea or vomiting that occurred after 
surgery did not, however, differ significantly across the 
groups; this suggests that it may be a valuable choice for 
managing pain after LC, since it may suggest improved 
pain control [41]. To evaluate the impact of IV lidocaine 
infusion on postoperative recovery, a study conducted 
by Song et al. [66] demonstrated that lidocaine had a sig-
nificant effect (p = 0.01) on pain intensity as measured 
by VAS at 2 and 6 h. Additionally, a significantly reduced 
(p = 0.005) total opioid intake (98.27 ± 16.33  mg vs. 
187.49 ± 19.76  mg) was recorded. Fewer cytokines were 
released during IV lidocaine infusion compared to the 
control group, providing evidence that, after LC, perio-
perative IV lidocaine enhances surgical recovery and 
delays the onset of an exaggerated inflammation. A head-
to-head comparison of IP versus IV lidocaine reported 
a noteworthy decline in the IP and IV lidocaine groups’ 
scores for patient-controlled analgesia (PCA), satisfaction 
with pain, overall opioid use, and as compared to the con-
trol group. The IP group experienced significantly lower 
pain than the IV group at 2  h after surgery, and the IP 
group received PCA less frequently at 0–2 h. IV lidocaine 
infusion is a more practical approach that is easier to 
implement and has a better safety profile than IP, regard-
less of IP’s effectiveness. It was concluded that IV lido-
caine treatment is a feasible substitute for IP lidocaine 
administration while attempting to reduce postoperative 
pain in patients undergoing LC [77]. On the contrary, 
another study [79] concluded that IP lidocaine is inef-
fective in reducing post-LC pain. Nevertheless, when 
assessing the impact of IV lidocaine infusion at a rate of 
1.25  mg/kgBW per hour on the severity  of pain it was 
indicated that the lidocaine group showed lower numeric 
rating scale (NRS) scores at 2 and 6  h than the placebo 
group but no differences, at 12 and 24 h postoperatively. 
The lidocaine group had a reduced postoperative opioid 
requirement than the placebo group, with a p value of 
0.000, concluding the  hastened  healing of the intestines 
and the  analgesic effect of perioperative lidocaine infu-
sion [61]. A randomized study compared the effects of 
two different IV lidocaine infusion doses: 1.5 mg/kg for 
bolus lidocaine administered intravenously, followed by 
a continuous infusion of 1.5 mg/kg/h; and 1.5 mg/kg for 
bolus lidocaine administered intravenously, followed by a 
continuous infusion of 2 mg/kg/h. It proved that patients 
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in both groups often had mean VAS scores of less than 
three following surgery, suggesting that sufficient anal-
gesia was found to be provided by both doses. However, 
compared to 1.5  mg/kg/h, the dose of 2  mg/kg/h was 
found to be superior in terms of analgesia, as evidenced 
by significantly lower VAS scores at all-time intervals; 
an increased mean time of 49.42 min for the first rescue 
analgesic request in comparison with 30.65  min; and a 
decline in the total amount of analgesics consumed in 
24 h to patients receiving the maintenance dose of 2 mg/
kg/h, with a mean of 178.85 mg against 126.92 mg. Fur-
thermore, the investigation showed no appreciable detri-
mental effects and concluded that the dosages were safe 
[26]. For comparison purposes, we also analyzed contrast 
data obtained from a blind study that compared the effect 
of IV bolus lidocaine, followed by a continuous infusion 
of 2 mg/kg/h to an equivalent placebo; that did not suc-
cessfully verify a reduction in opioid demand 24 h after 
surgery (p = 0.542). The incidence of shoulder pain or 
postoperative pain scores were unaffected by lidocaine 
administration at any time point. Additionally, no differ-
ences were found in the incidence of nausea and postop-
erative sedation perhaps due to the failure to reduce the 
opioid consumption [27].

Antidepressants
Duloxetine
Duloxetine is a non-opioid neuromodulator with periph-
eral and central analgesic effects [97]. It possesses its 
action through selective inhibition of serotonin and 
norepinephrine reuptake. It is generally used as an anti-
depressant and for the treatment of anxiety disorder, 
chronic musculoskeletal pain, fibromyalgia, and neu-
ropathic pain [98, 99]. As part of multimodal analgesic 
regimes, duloxetine has also been linked to decreased 
consumption of postoperative opioids, a longer time 
until the first rescue analgesic is needed, and decreased 
chronic postoperative pain incidence [97]. The efficacy 
of preoperative duloxetine in controlling pain has been 
assessed in a variety of surgical procedures and found it 
had a lower incidence of drug-related cognitive adverse 
effects and a comparable analgesic impact for pain treat-
ment following spinal surgery, it can be administered in 
place of pregabalin [100]. It has also been shown from a 
prior trial that it can lessen the need for morphine dur-
ing the first 48  h following knee replacement surgery 
[101]. Preoperative duloxetine was helpful in seven ran-
domized controlled studies for various procedures. The 
aggregated data showed that duloxetine significantly 
reduced pain scores at 4 (p < 0.001) and 24 h (p = 0.005) 
when compared to the placebo [102]. According to new 
research from a RCT, the area under the curve (AUC) 
of the VAS scores derived for the duloxetine group was 

significantly lower than those of the control group. The 
mean postoperative VAS scores showed a statistically 
significant difference, with the duloxetine group’s values 
being statistically considerably lower at 4 and 24  h.  In 
comparing the two groups’ initial requests for rescue 
medication, there was no statistically significant differ-
ence (p = 0.665). Patients in the duloxetine group had a 
smaller total PONV, although it was not statistically sig-
nificant (p = 0.734 and p = 0.572) compared to patients in 
the control group at 8- and 24-h intervals [33].

Gabapentinoids
Pregabalin and gabapentin belong to the gabapentinoid 
group of drugs that reduce postoperative pain via binding 
to the α-2-δ subunit of voltage-gated calcium channels 
and so inhibiting the release of excitatory neurotrans-
mitters substance P, serotonin, and glutamate [103, 104]. 
Gabapentinoids are safe and effective at low dosages 
for treating pain following a variety of surgical proce-
dures, including LC, despite having minimal risk effects 
of somnolence, vertigo,  and vomiting. Other benefits 
of gabapentinoids include opioid sparing, preoperative 
anxiolysis, and a reduction in movement-evoked pain 
[36, 105]. According to research comparing the effective-
ness of gabapentin and memantine as premedication, a 
lower NRS score was observed in the gabapentin group 
at 15 min and 1 h after surgery. In contrast, the meman-
tine group requested rescue analgesia 50.53  min later 
than the gabapentin and placebo groups. Analgesiometer 
data used for objective pain assessment revealed no sta-
tistically significant differences in threshold or tolerance 
values between the three groups. However, acute postop-
erative pain is likely best evaluated and treated by sub-
jective means; using an analgesiometer to quantify the 
general pain threshold may not be helpful in this regard. 
In contrast to the other two groups, the gabapentin group 
had higher Ramsay sedation scores. In summary, gabap-
entin, when given as a single preoperative dosage, pro-
vides superior adjuvant analgesia than memantine for 
patients undergoing laparoscopic cholecystectomy [46]. 
Also, Jain et  al. [45] studied the effect of 1200  mg oral 
gabapentin given 2 h before the LC on the hemodynamic 
parameters and postoperative pain level, and observed 
that the gabapentin group  had a significantly decreased 
VAS score and  experienced a significantly longer dura-
tion of analgesia, nausea, and vomiting-free  period 
(p < 0.01)[45]. Additionally, in comparison with hydrocor-
tisone, it was demonstrated that the gabapentin group’s 
mean VAS score was significantly lower in the first 2, 4, 
and 24  h following surgery with no differences at 6  h, 
12 h, and 18 h [59].

However, pregabalin was shown to have anti-epileptic, 
analgesic, and anxiolytic effects that were comparable to 
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those of gabapentin in earlier research, but it also had a 
more favorable pharmacokinetic profile [106]. After an 
oral intake, it is quickly absorbed, reaching its maximum 
plasma concentration an hour after one or more doses 
with 90% oral bioavailability that is dose-independent. 
In comparison with gabapentin, these properties provide 
an advantage for perioperative use [107]. In a prior trial, 
pregabalin used preoperatively has been shown to sig-
nificantly lower the pain score and total opioid consump-
tion [36, 105, 108]. When comparing the effectiveness of 
pregabalin and tizanidine, patients in the placebo group 
requested more analgesia than those in the tizanidine 
and pregabalin groups (p = 0.03), but no statistical differ-
ences were found between both interventions (p = 0.84). 
The findings suggest that the single or combination use of 
these medications may be useful in lowering or manag-
ing LC postoperative pain in conjunction with common 
postoperative analgesics, such as opioids and NSAIDs; 
additionally, lowering the dosage of these medications 
is linked to fewer side effects and improved quality of 
life [29]. Preemptive pregabalin was found to exhibit a 
highly significant difference in pain scoring across all-
time records in a prior trial, with a p value of less than 
0.0001. Those in the placebo group experienced serious 
pain compared to mild pain experienced in the interven-
tion group, with no adverse effects in either group [36]. 
Singh et  al. [54] discovered that in comparison with 
150 mg and 300 mg pregabalin, the control group’s over-
all mean VAS score  was significantly higher. The mean 
VAS values among the pregabalin-treated groups were 
higher for 150  mg pregabalin than for 300  mg pregaba-
lin; however, this difference was not statistically signifi-
cant. However, a pregabalin dose of 300 mg is linked to 
a higher frequency of side effects, including sedation, 
vertigo, and visual problems. For individuals having a LC, 
150 mg of pregabalin is therefore a safe and ideal dosage 
for reducing postoperative pain with the least amount of 
adverse effects. On the other hand, a study by Von Plato 
et al. [60] discovered that 150 mg of pregabalin adminis-
tered as additive analgesia before surgery failed to reduce 
post-surgery abdominal pain or opioid intake in the ini-
tial hour following surgery in patients who had high risk 
for postsurgical pain.  A significant positive association 
(p = 0.045) was seen between preoperative stress, as eval-
uated on a 0–10 scale, and postsurgical pain.

Kaur et al. studied the preemptive pain-relieving effects 
of gabapentin and pregabalin, and demonstrated that 
when both were compared to a placebo, the VAS scores 
were significantly decreased. However, both drugs  had 
similar scores. When gabapentin and pregabalin were 
used instead of a placebo, there was a statistically sig-
nificant variance  (p value < 0.001)  in  the  meantime of 
rescue analgesia. As a result, gabapentin and pregabalin 

offer longer postoperative analgesia. Furthermore,  the 
intervention groups consumed a significantly reduced 
mean dose of opioids over  24  h than in the placebo 
group. Nonetheless, there was no significant variation in 
the overall amount of opioids consumed by both drugs. 
However, they cause a greater degree of drowsiness than 
a placebo  up to 6 h after surgery [28]. Other studies 
found that both gabapentin and pregabalin are important 
for postoperative analgesia when compared to placebo; 
nonetheless, pregabalin was considered more effective 
for postoperative analgesia because the pregabalin group 
used fewer opioids, had a lower VAS score, and delayed 
1st rescue analgesic demand than the gabapentin group 
[68, 73].

Paracetamol
Paracetamol shares analgesic and antipyretic proper-
ties but the consensus is that it has little to no anti-
inflammatory properties. Its outstanding safety record 
contributes to its status as one of the most widely 
used medications in the world. As a metabolite of 
phenacetin, paracetamol increases the threshold for 
pain by blocking cyclooxygenase in the central nerv-
ous system, but not in peripheral tissue. As a result, it 
has no anti-inflammatory effects. For the short-term 
treatment of mild pain, especially following surgery, 
and fever, IV paracetamol is utilized. Additionally, 
it lessens the requirement for opioids [109], and in a 
multimodal approach to postoperative pain manage-
ment, it is typically combined with other drugs [110, 
111]. When IV paracetamol is administered, the anal-
gesic effect begins quickly (5–10  min), peaks in 1  h, 
and lasts for 4–6 h [112]. Erdi et al. compared the effi-
cacy and side effects of ibuprofen and paracetamol 
to be used as a substitute for opioids for pain control 
post-surgery. While there were no significant differ-
ences (p = 0.719) between the mean score of pain in 
the abdomen in the ibuprofen and paracetamol groups, 
there was a significant decrease (p < 0.001) compared 
to the control group. In the ibuprofen and acetami-
nophen groups, the intensity of shoulder pain, PONV, 
sedation, and opioid use were not statistically signifi-
cantly different, but they were significantly less than in 
the control group [42]. Furthermore, a study involving 
316 patients was carried out to compare the analge-
sic effects of combined pethidine/acetaminophen and 
parecoxib/acetaminophen. The mean NRS between 
the two groups was found to be equally effective (p 
value = 1.000) at (45 min, 2 h, 6 h, 12 h, and 24 h). On 
the other hand, patients in the acetaminophen mono-
therapy group had higher NRS scores (p < 0.01) than 
other groups [43]. In a comparison of ketorolac to par-
acetamol, a greater number of patients in the ketorolac 
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group reported a VAS > 4, and both groups’ pain scores 
were generally similar. The majority of patients who 
required postoperative opioid rescue only needed one 
rescue and analgesic application during their hospital 
stay, which prevailed between 3 and 12 h, with no sta-
tistically significant differences [67]. Additionally, it 
has been proved by Johnson et al. [58] that a preopera-
tive single dose of oral paracetamol is not inferior to 
intraoperative IV paracetamol for patients undergoing 
LC at ambulatory surgery centers and the median end-
pain score in the post-anesthesia care unit was 2 for 
both groups. The confidence interval (CI) upper limit 
was found to be under the cutoff value of 1 pain score 
point. To summarize, substituting preoperative per 
oral (PO) paracetamol for single-dose IV paracetamol 
in patients undergoing LC is a cost-effective strategy 
that can be readily implemented in an ambulatory sur-
gical center. There are minimal variations in the pain 
scores or rescue opioid consumption [58]. However, 
paracetamol’s analgesic efficacy and its ability to reg-
ulate the hemodynamic condition of patients under-
going LC were documented by Kamali et  al. [22], the 
mean pain scores at 2, 4, 8, 12, and 24 h did not signifi-
cantly differ between the paracetamol and dexmedeto-
midine groups; however, the paracetamol group’s pain 
score was significantly reduced (p = 0.04) than the dex-
medetomidine group’s. In comparison with the dex-
medetomidine group, the paracetamol group’s median 
opioid consumption in the 24 h following surgery was 
lower, and their mean duration of analgesia was longer. 
A study conducted to compare paracetamol and opioid 
analgesics showed that tramadol exhibited higher VAS 
scores than paracetamol during the 1.5-, 3-, 6-, 12-, and 
24-h periods with one patient in the tramadol group 
having postoperative nausea. There were no negative 
consequences linked to paracetamol [74]. However, 
according to Gousheh et al. [82], a randomization pro-
cess was used to assign candidates for laparoscopic 
cholecystectomy to either the paracetamol or placebo 
groups. The difference in the VAS up to 5 h after the 
procedure was significant, according to a comparison 
of both arms’ mean VAS (p = 0.01).  Nonetheless, the 
morphine intake within the first 6 h following surgery 
was comparable across the groups (p = 0.24). It is not 
an adequate analgesic to use as a monotherapy treat-
ment for controlling moderate postoperative pain. As 
mentioned in the previously discussed study by Mul-
ita et  al. [43], the combinations of pethidine/aceta-
minophen and parecoxib/acetaminophen were more 
successful than acetaminophen monotherapy. Based 
on the demonstrated evidence, the consistent effi-
cacy, favorable safety profile, and versatility in combi-
nation therapies position IV paracetamol as a central 

component in non-opioid pain management strategies 
post-LC.

Nonsteroidal anti‑inflammatory drugs
Diclofenac
Diclofenac is a phenylacetic acid class NSAID with 
analgesic, antipyretic, and anti-inflammatory proper-
ties. Diclofenac inhibits cyclooxygenase, an essential 
enzyme that converts arachidonic acid into several 
prostaglandins that are mediators of pain and inflam-
mation [113, 114]. For the treatment of acute painful 
and inflammatory disorders, diclofenac is a well-tol-
erated and effective NSAID. Because of its short dura-
tion, it is the most often used NSAID for treating pain 
following surgery for many years [115]. Moreover, rec-
tal suppository and transdermal patch can be used to 
administer diclofenac. These drug delivery methods 
avoid first-pass  metabolism, have higher bioavailabil-
ity, lower risk of gastrointestinal problems, fewer sys-
temic side effects, and more patient adherence [116, 
117]. The effectiveness of tramadol vs diclofenac in 
treating pain after LC procedures has been the subject 
of numerous randomized trials. Zaman et al. [64] con-
ducted a study to compare IV tramadol and diclofenac 
analgesia following LC. Diclofenac showed varying 
effectiveness over time: seven patients felt relief within 
8  h, 12 between 9 and 16  h, and 18 within 17–24  h 
post-surgery. Comparatively, tramadol eased pain for 
16 patients in the first 8  h, 21 patients between 9 and 
16  h, and 25 patients within 17–24  h after the opera-
tion. These patterns suggest differences in the onset and 
duration of pain relief between the two medications. 
Patients who received a tramadol infusion reported 
experiencing more nausea and vomiting than those who 
received diclofenac for pain relief but the incidence 
of gastritis was higher in the diclofenac group. Sinha 
et al. [81] also in their study showed at 12 h after sur-
gery, the change in the VAS score was determined to be 
highly significant (p = 0.00071). The mean VAS scores 
at 12 h were greater in both arms, with two patients in 
the diclofenac group having values above 30. Further-
more, another study comparing the preemptive efficacy 
of diclofenac, ketorolac, and tramadol on postopera-
tive pain found that pain can be adequately controlled 
for the first 24  h with little to no supplementation of 
low-dose IV opioid analgesics. In this study, 60 patients 
were randomly assigned to each drug group given IV 
half an hour before induction. Ketorolac and trama-
dol have similar analgesic efficacy and are greater than 
diclofenac. The use of the medications did not present 
any notable side effects [85]. Based on these investiga-
tions, we found that patients who received injectable 
tramadol experienced a smoother recovery than those 
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who received diclofenac, with fewer adverse effects. A 
study compared oral, intramuscular (IM), and transder-
mal diclofenac for post-LC pain in 90 patients. Patches 
and IM injections provided better pain relief as indi-
cated by lower VAS scores than oral diclofenac. IM had 
the lowest postoperative (Ramsey sedation score), while 
oral caused the most. Postoperative modified Aldrete’s 
score system (MASS) was similar across groups. Patch 
and IM groups needed less tramadol medication. No 
side effects or PONV were reported for transdermal 
or IV administration. For outpatient LC, patches seem 
ideal, offering good pain control with fewer opioid-
related issues. [78].

Ketoprofen
Ketoprofen is a commonly used NSAID that is derived 
from phenylpropionic acid. It has analgesic, anti-inflam-
matory, and antipyretic effects. It works by blocking the 
cyclooxygenase pathway in both injured tissue and spinal 
neurons, which decreases nociceptive transmission, and 
it is frequently used to alleviate mild to moderate post-
operative pain [86, 118]. Because of these qualities, keto-
profen is a good option for treating acute, and chronic 
pain and inflammation symptoms. When compared to 
diclofenac, ketoprofen has a much greater overall effi-
cacy and may provide analgesia for a longer period in the 
postoperative setting [119]. A dose of 50–100 mg of keto-
profen is given after surgery involving moderate tissue 
injury, such as LC [120]. A study showed the systemic use 
of the preoperative infusion of ketoprofen led to a higher 
proportion of patients not needing the second analgesic 
and considerably better pain management (p = 0.001) 
than postoperative ketoprofen and preoperative and 
postoperative propacetamol, particularly in the first 3 h 
after surgery and compared to ketoprofen, there was no 
benefit to propacetamol preoperative use [86]. Another 
study [87] was conducted where 100 patients were ran-
domly divided into five groups, each receiving different 
doses of ketoprofen and bupivacaine. Groups 1 to 4 were 
given different doses of ketoprofen and bupivacaine, and 
the control group received 40 mL of IP NS and 40 mL of 
IV NS, Table  1. Results showed that all groups had sig-
nificantly reduced abdominal pain levels compared to the 
control group; however, group 3 which was administered 
200  mg of intravenous ketoprofen, and 40  mL of 0.25% 
bupivacaine intraperitoneal spray had lower rates of 
postoperative vomiting and rescue analgesics. It is there-
fore advisable to use a combination of 200 mg of IV keto-
profen and 40  mL of 0.25% bupivacaine intraperitoneal 
spray for a multimodal approach to pain control after LC. 
Finally, it may be concluded that ketoprofen might be a 
useful therapeutic alternative for pain alleviation follow-
ing surgery.

Centrally acting, non‑opioid analgesic
Nefopam
Nefopam is a centrally acting, non-opioid, nonsteroidal 
painkiller that blocks dopamine, norepinephrine, and 
serotonin reuptake. It was discovered in the 1960s and 
is classified as part of the benzoxazine class that controls 
postoperative pain [121–123]. Nefopam has been widely 
available by rectal, oral, and parenteral injections [124]. 
Nefopam also inhibits sodium and calcium channels 
that are voltage-sensitive. Postsynaptic receptor activity 
is reduced due to these effects. It follows that nefopam 
may affect postsynaptic glutamatergic receptors, includ-
ing n-methyl-d-aspartate (NMDA) receptors [125–127]. 
Given these characteristics, nefopam may be used to 
treat acute postoperative pain, delay the onset of chronic 
pain, and minimize sensory abnormalities that have been 
widely utilized in Europe [124, 128, 129]. Nefopam has 
been utilized as an analgesic and as a part of multimodal 
analgesia for enhanced recovery after surgery (ERAS) 
in several surgical operations [121, 130, 131]. Moreover, 
nefopam used perioperatively in orthopedic surgeries 
reduces immediate postoperative pain scores and sig-
nificantly spares morphine without having a substantial 
adverse effect. It appears that patients with severe preop-
erative pain are particularly influenced by this analgesic 
effect [132]. Furthermore, research has demonstrated 
that perioperative nefopam lowers the amount of opi-
oids used following hysterectomy, breast cancer surgery, 
upper abdomen surgery, and middle ear surgery. For this 
reason, nefopam is a useful analgesic adjuvant during and 
after surgery [133–135]. Many clinical trials designed to 
assess its effect on LC postoperative pain, accordingly 
Jung et al. [51] hypothesized that a PCA pump with nefo-
pam alone is just as good at managing pain after LC as 
using a combination of nefopam and fentanyl, but with 
potentially fewer side effects. A total of 78 patients were 
allocated equally to each group in this perspective and 
consequently, NRS scores did not differ significantly 
across the groups during the recovery period following 
surgery nor at 30  min after admission, as well as 8 and 
24 h after surgery. Other outcomes were not substantially 
different between the two groups and there was no signif-
icant difference in postoperative adverse effects. A com-
parative study evaluated the efficacy of intraoperative 
nefopam versus ketamine infusions for postsurgical pain 
management. The trial involved 60 patients randomly 
divided into three groups: nefopam (0.3 mg/kg IV bolus 
followed by 65  µg/kg/h infusion), ketamine (0.3  mg/kg 
IV bolus followed by 180  µg/kg/h infusion), and a con-
trol group receiving saline. Researchers assessed postop-
erative pain scores and analgesic requirements over the 
first 8 h. Results showed that both nefopam and ketamine 
groups experienced significantly lower pain scores and 
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reduced fentanyl needs compared to the control group, 
particularly in the first hour post-surgery (p < 0.05). Nota-
bly, no significant differences were observed between the 
nefopam and ketamine groups, suggesting comparable 
efficacy in pain management [69]. Nevertheless, Choi 
et al. [71] proved that the total quantity of intraoperative 
remifentanil and postoperative supplementary morphine 
significantly decreased by co-administration of nefopam 
or ketamine. Regarding the postoperative VAS score and 
recovery index, the nefopam group performed was more 
effective than the control and ketamine groups. Com-
pared to the ketamine group, the nefopam group had less 
morphine amount required, though not significantly.

Alpha‑2‑agonists
Dexmedetomidine
Desirable effects of alpha-2 agonists include analgesia 
and sedation. Although it complicates the interpretation 
of analgesic effects, alpha-2 agonist-induced sedation is 
a component of the overall analgesic impact that incor-
porates spinal and supraspinal pathways [136]. Highly 
selective α2 adrenergic agonist dexmedetomidine is a 
novel clonidine-like compound that can enhance post-
operative analgesia by reducing hemodynamic distur-
bances and anesthetic demand by reducing endogenous 
catecholamine release [137, 138]. In mechanical ventila-
tion and/or sedation-dependent surgeries, dexmedeto-
midine (DEX) has been used as a solo sedative or as an 
adjunct medication for operating anesthesia and postop-
erative care. According to several research, intraoperative 
dexmedetomidine administration promoted a quick and 
easy recovery after surgery, decreased postoperative pain, 
and increased patient satisfaction. The quality of recovery 
(QoR) score following major abdominal and spinal oper-
ations may be enhanced by the preoperative injection 
of dexmedetomidine [139, 140]. During intraoperative 
usage, dexmedetomidine acts as an adjuvant to reduce 
the stress response brought on by anesthesia and sur-
gery while preserving hemodynamic stability [70]. Prior 
research has indicated that dexmedetomidine has the 
potential to alleviate postoperative pain during laparo-
scopic cholecystectomy surgery since the administration 
of dexmedetomidine infusion was linked to a significantly 
longer period before requiring rescue analgesia, a signifi-
cantly reduced frequency of severe postoperative pain, 
and a significantly lower amount of opioids during sur-
gery included a decreased incidence of chronic postsur-
gical pain, a lower incidence of PONV, and significantly 
lower consumption of fentanyl both intraoperatively and 
at  the end of surgery to extubation (p = 0.001). There 
were no differences between groups in the lengths of 
hospitalization in the ICU or overall hospital stay nor the 
median pain intensity of 3 h, 6 h, 12 h, or 24 h following 

surgery [63]. A study conducted by Ye et al. [49] demon-
strated that when administering intravenous dexmedeto-
midine at a dose of 0.6 μg/kg before induction, patients 
having LC can experience significantly less cough intra-
operatively and less pain postoperatively. Additionally, 
it was reported that the postoperative first analgesic 
requirement time was longer and the pain scores in the 
ketamine and dexmedetomidine groups were lower 
than that of the control group (p < 0.001) at all periods 
over the 48-h monitoring time. Intravenous PCA opi-
oid intake was greater in the dexmedetomidine group 
(p < 0.001) and in the control group (p < 0.001) when 
compared to the ketamine group [35]. In another inves-
tigation, it was shown that the postoperative VAS score 
of the dexmedetomidine group was reduced. The dex-
medetomidine group displayed a reduced 24-h analgesic 
demand than the control group, although this difference 
was not significant. The control group experienced a sig-
nificant hemodynamic stress response during tracheal 
intubation,  laryngoscopy, formation of pneumoperito-
neum, and extubation. A substantial attenuation of the 
hemodynamic response between the dexmedetomidine 
and control arms was also revealed. No noteworthy side 
effects were reported [14, 55]. Nevertheless, time for res-
cue analgesics was significantly (p = 0.00) lower in the IV 
group and IP group compared to the control group in a 
randomized trial using bupivacaine following LC. In the 
first 12 h, the mean VAS level of pain was similar in the 
IV and IP groups. Parecoxib and dexmedetomidine com-
bined were also shown to have the lowest total patient-
controlled intravenous analgesia (PCIA) press times 
during 48 h following LC, and their VAS values were sig-
nificantly less than those of any other group, according to 
research done by Du et al. [57] to estimate the protective 
value of this combination on postoperative pain attenu-
ation and early cognitive impairment in elderly patients 
undergoing LC. The control group had the lowest scores 
when compared to other groups, and the combination 
group had the highest Ramsay and mini-mental state 
examination (MMSE) scores. Finally, a study conducted 
by Kaarthika et  al. [50] compared pain management 
strategies using different drug combinations. One group 
received bupivacaine alone, another received bupivacaine 
with clonidine, and the third received bupivacaine with 
dexmedetomidine. The clonidine group requested pain 
relief first, followed by the bupivacaine-only group and 
the dexmedetomidine group went the longest before 
requesting pain relief. These differences were significant, 
suggesting that combining dexmedetomidine with bupi-
vacaine might ensure longer-lasting pain control than 
the other options. Patients given bupivacaine with dex-
medetomidine needed more fentanyl than those receiv-
ing bupivacaine with clonidine. Both groups needed 
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significantly less additional pain relief than patients given 
only bupivacaine, who required an average of 35.7  μg 
fentanyl. The results suggest that adding either dexme-
detomidine or clonidine to bupivacaine can reduce the 
request for extra pain medication.

N‑methyl‑D‑aspartate receptor antagonist
Ketamine
Ketamine is a noncompetitive antagonist of the 
N-methyl-D-aspartate (NMDA) receptor that may be 
used as an anesthetic at large dosages and as an anal-
gesic at low levels [141]. Whether it is co-administered 
with other anesthetics or not [142], low-dose ketamine 
has shown a significant reduction in the quantity of 
opioids needed as well as nausea following abdominal 
surgery. Ketamine anesthesia has been licensed for use 
in postoperative pain treatment [143]. Also, it has been 
noted that a single bolus dosage of ketamine does not 
cause the side effects that are often observed with the 
infusion [142]. As mentioned previously, ketamine has 
an important role that is like that of dexmedetomidine 
in terms of how it affects total intravenous anesthesia 
on LC postoperative analgesia, complete intravenous 
anesthesia, and the reduction of opioid intake [35]. 
Comparing the opioid-based group to the opioid-free 
group, Vishnuraj et al. [15] demonstrated that the com-
bination of dexmedetomidine and ketamine results 
in significantly less analgesia being needed within the 
first 2 h. The groups’ intake of fentanyl at 6 h, however, 
was comparable (152 ± 28.2 vs. 164 ± 33.4, P = 0.061). It 
was concluded that giving dexmedetomidine and keta-
mine together in an opioid-free anesthesia technique 
with decreased PONV  may be an alternative for cer-
tain patients undergoing elective LC [15]. Furthermore, 
ketamine and diclofenac combined patients rated much 
lower on the pain scale than either ketamine or a pla-
cebo, according to research done to evaluate the impact 
of prophylactic use of both medications. After surgery, 
analgesics were required for all research groups; how-
ever, patients receiving diclofenac and ketamine com-
bined took longer to request analgesia than patients 
receiving diclofenac alone (p value = 0.03), ketamine 
(p value < 0.001), or a placebo (p value < 0.001) [83]. 
However, recent research showed that a single intraop-
erative ketamine bolus had a substantial pain-relieving 
effect that persisted for just half an hour following LC. 
The two group’s  numerical pain rating scale scores did 
not significantly vary at other times. Compared to the 
control arm, the ketamine arm experienced a more 
prolonged analgesia and a higher sedation score. There 
were no notable differences between the groups in the 
incidence of chronic pain or the cumulative trama-
dol demand at 24  h. However, the limited population 

sample size in this study prevented the investigation of 
the analgesic impact on dynamic pain. [34].

Memantine
Memantine is a low-affinity, noncompetitive receptor 
antagonist that prevents NMDA receptors from being 
pathologically activated without altering the physiologi-
cal functioning of the receptors and is better tolerated in 
patients since it is an open-channel blocker [144, 145]. 
Memantine has been approved for the treatment of Alz-
heimer’s disease for several years and has the benefit of 
having few side effects at doses that are within the thera-
peutic range [146]. The NMDA receptor is activated by 
prolonged, high-intensity pain inputs. Neuronal excita-
tion and aberrant pain manifestations, such as sponta-
neous pain, allodynia, and hyperalgesia, are linked to 
NMDA receptor activation and abnormalities in the 
peripheral and central sensory system [147–149]. There-
fore, pain may be reduced if antagonists block these 
receptors. This raised the researchers’ focus on meman-
tine which has shown promising results in clinical trials 
for improving memory, learning, pain, and neuroprotec-
tive properties [150] with several benefits over ketamine, 
including a decreased risk of adverse effects, a higher 
potency, and a slower elimination half-life (60–80  h) as 
opposed to ketamine’s (2.5  h) [151]. Numerous studies 
have examined, with varying degrees of success, the use 
of memantine as an opioid-sparing adjuvant when given 
as a premedication before surgery. Morel et  al. demon-
strated the efficacy of memantine in the prevention of 
postsurgical pain in females undergoing mastectomy by 
administering 5–20  mg/day of memantine two weeks 
before surgery, and it was continued for an additional two 
weeks following surgery at a dose of 20  mg/day. Based 
on the data, patients who received memantine had sig-
nificantly reduced levels of rescue analgesia, improved 
emotional states, and significantly less post-mastectomy 
pain at three months [152]. According to Rahimzadeh 
et  al. [153], a double-blind RCT revealed that, as com-
pared to a placebo, providing patients with 20 mg of oral 
memantine before dacryocystorhinostomy significantly 
decreased their postoperative pain. According to a pre-
clinical investigation, memantine, when given to a neu-
ropathic pain model four days before surgery, inhibits the 
development of cognitive impairment and neuropathic 
pain symptoms [154]. A randomized, double-blind study 
that began 20–30 mg/day of memantine immediately fol-
lowing upper limb amputation for four weeks showed 
that the incidence of phantom limb pain decreased by 
nearly four times six months after the procedure [155].

In conclusion, memantine is a helpful adjuvant when 
administered in the early stages of phantom limb pain or 
right after surgery in patients who are tolerant to opioids. 
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Based on these data, Karri et  al. conducted a study on 
60 patients to compare the efficacy of memantine versus 
gabapentin on postoperative pain following LC. An hour 
before the surgery, patients were given oral gabapentin 
600  mg, memantine 20  mg, or a placebo. Compared to 
the other two groups, the gabapentin group scored lower 
on the NRS at 15  min and 1  h after surgery. The mean 
time for the memantine group to request rescue analgesia 
was 50.53 min longer than that of the gabapentin and pla-
cebo groups. Analgesiometer-based objective pain evalu-
ation revealed no statistically significant differences in 
threshold or tolerance values between the three groups. 
Compared to the other two groups, the gabapentin group 
had greater Ramsay sedation scores. This suggests that 
even when administered alone, gabapentin reduces post-
operative pain more effectively than memantine [46].

Magnesium
It has long been known that magnesium is an important 
cation. Regarding the antinociceptive effect, magnesium 
works by blocking the NMDA receptors non-competi-
tively, blocking calcium from entering the cell, thereby 
attenuating pain and central sensitization. This is the 
basic mechanism behind the use of magnesium in acute 
and chronic pain conditions such as postoperative pain 
[156, 157], acute migraine attacks [158], dysmenorrhea 
[159], neuropathic pain [160], and fibromyalgia [161]. 
Several investigators have demonstrated studies to report 
the magnesium sulfate (MgSO4) analgesia effect for post-
operative pain in different procedures like thoracotomy, 
hysterectomy, and laparoscopic sleeve gastrectomy was 
assessed, finding that the administration of magnesium 
decreased the amount of opioids required for pain relief 
without any adverse effects [162–164]. Pain management 
is also impacted by oral magnesium (in the form of loz-
enges or tablets) not only injections [165]. Additionally, 
systematic reviews suggested that in addition to reduc-
ing opioid intake to a lesser amount, IV magnesium low-
ers the level of pain scores, clinical toxicities were not 
documented in any of the examined studies [166–168]. 
As a result of different randomized trials, Akhondi and 
Sarkoohi et al. [24] reported that analgesic intake during 
recovery and 6 h post-surgery was lower in the magne-
sium group than in the control group (p < 0.001). Com-
pared to the control group, the intervention group’s mean 
pain score during recovery and the first 2-, 6-, and 12-h 
following surgery (p < 0.001) was significantly lower. 
In conclusion, magnesium sulfate is a safe and effec-
tive supplement that can help minimize postoperative 
pain and the need for opioids by intraoperative IV mag-
nesium. Furthermore in another trial, 60 patients were 
randomized into three groups comparing the analgesic 
effect of different doses of the preemptive IV magnesium 

sulfate along with the control group receiving IV nor-
mal saline found that the VAS score at 5.0 and 7.5  mg/
kg; however, 7.5 mg/kg proved to be more successful and 
significantly lower than the control group in early post-
operative pain and consumption of analgesics required 
following laparoscopic cholecystectomy was considerably 
decreased. However, there was no difference in pain relief 
at 6, 9, or 24 h [80]. Additionally, Mentes et al. [84] found 
that patients who had laparoscopic cholecystectomy in 
the 50  mg/kg magnesium sulfate group 0, 4, and 12  h 
after surgery had lower pain scores and narcotic doses 
compared with the normal saline group. The average VAS 
score was statistically significant between groups at rest 
and during coughing periods during the first 24  h after 
surgery, which was consistent with the results. Jijo et al. 
[39] found that patients treated with magnesium sulfate 
(MgSO4) had considerably lower mean pain levels in the 
first six postoperative hours, and the time to first anal-
gesic demand was significantly prolonged. Between the 
two groups, the incidence of shoulder pain was found to 
be less than 10% and statistically insignificant. A result 
indicating that IP magnesium sulfate (MgSO4) dur-
ing LC results in efficient postoperative analgesia with 
few adverse effects, as demonstrated by decreased pain 
scores during the initial 24  h and decreased analgesic 
use throughout 24 h. Moreover, it significantly decreases 
the frequency of nausea and vomiting. However, a trial 
conducted by ElHoshy et  al. compared the MgSO4 and 
esmolol infusion impact on the recovery pain ratings and 
showed that the recall time for first rescue analgesia did 
not differ significantly between the two groups under 
study. This discrepancy between these research results 
could be attributed to variations in the patient population 
and different routes of administration [25].

Steroids
Since steroids tend to lessen the inflammatory response 
to surgery, there is a rising interest in integrating multi-
modal analgesia protocols and utilizing them to improve 
postoperative recovery and lessen pain and fatigue [169]. 
Dexamethasone is a high-potency, long-acting corticos-
teroid with fewer mineralocorticoid effects than other 
steroids. Dexamethasone has a well-known antiemetic 
action, and it is commonly used to PONV [170]. Data 
from two meta-analyses revealed that IV dexametha-
sone given once can lessen both postoperative pain and 
the need for opioids following surgery [171, 172]. Dexa-
methasone’s potency, prolonged half-life, safety record, 
and cost-effectiveness have made it an ideal option for an 
outstanding corticosteroid [173]. It has been shown that 
dexamethasone inhibits peripheral phospholipase, hence 
reducing the production of pain-aggravating products 
from the pathways of cyclooxygenase and lipoxygenase 
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[174]. Recent randomized controlled trials revealed that 
IP bupivacaine and IV dexamethasone together may be 
a highly effective combination for reducing PONV and 
postoperative pain [175]. Patients scheduled for LC par-
ticipated in a double-blind clinical trial in which they 
were randomized into three groups: IP dexamethasone, 
IV dexamethasone, and control groups. The results 
showed that in the first 24  h following surgery, the IP 
group reported less nausea than the control group, but 
not the IV group. In contrast to the IV group, none of 
the IP group patients suffered PONV  after 8  h. Meto-
clopramide was administered to patients who experi-
enced PONV at a considerably greater rate in the IV 
group than in the group given IP dexamethasone  (with 
p = 0.001);  however,  the level of nausea was less severe 
in the IP group. Furthermore, the IP group had a sig-
nificantly lower (p = 0.02) VAS score  than the other two 
groups [38]. A randomized experiment successfully dem-
onstrated that a single-dose IV dexamethasone before 
surgery significantly lowered the VAS score compared 
to placebo at 6-, 12-, and 24- but not 2-h following sur-
gery. It is suggested that dexamethasone be used as a safe 
and efficient medicine to reduce pain after surgery [37]. 
Additionally, a different randomized trial showed a sig-
nificant decrease in the VAS score (p value < 0.001) and 
amount of rescue analgesics used (p value = 0.013) when 
bupivacaine and dexamethasone were administered 
intraperitoneally until 2 h after surgery, as opposed to 
bupivacaine alone. Additionally, compared to the bupi-
vacaine group alone, the combination group  took a sig-
nificantly longer time for the first rescue analgesic to be 
required [30]. According to Surender et al., the quality of 
recovery was significantly greater with preoperative sin-
gle IV bolus dexamethasone compared to the single IV 
bolus lignocaine. When compared to lignocaine, dexa-
methasone showed statistically superior pain alleviation, 
physical independence, and physical comfort. The VAS 
was lower in the dexamethasone group than in the ligno-
caine group. The dexamethasone group consumed fewer 
opioids  (364.08 ± 127.31) throughout the postoperative 
period; however, there was no statistically significant 
difference seen in either group (p > 0.05) [62]. Nonethe-
less, when a single intraoperative IV dexamethasone dos-
age was compared with a placebo the dexamethasone 
group experienced significantly less pain (p < 0.01) at 2-, 
6-, and 12-h intervals, and the group’s meperidine intake 
was significantly lower than that of the control group 
(p < 0.05) [76]. Conversely, another investigation revealed 
no statistically significant variation between dexametha-
sone versus placebo in incisional pain during rest and 
motion, as well as visceral pain during rest over the 6, 
12, and 24  h  postoperatively. The study group required 
lower  analgesics and antiemetic medications than the 

control group; however,  the difference between the two 
groups was not significantly different (p > 0.05), anticipat-
ing  that a multimodal analgesic and antiemetic combi-
nation would provide superior results when used rather 
than a single medication. Given that dexamethasone was 
administered 90  min before surgery, variations in this 
period of administration time and the small sample size 
might account for the observed discrepancies in the out-
comes [176].

Serotonin (5‑HT3) antagonist
Ondansetron
5-HT3-antagonists exhibit anti-inflammatory and anal-
gesic qualities, according to many studies, which sug-
gests a possible therapeutic function in pain management 
[177, 178]. Ondansetron is a selective serotonin (5-HT3) 
antagonist. It has been shown in earlier research to be 
able to block sodium channels [179] and opioid recep-
tors [180]. To prevent postoperative nausea and vomit-
ing (PONV), ondansetron is commonly administered as a 
premedication to patients following gastrointestinal sur-
gery since it blocks serotonin’s stimulatory effects on the 
chemoreceptor trigger zone (CTZ) and the afferent vagal 
nerve pathway [181]. Nevertheless, because of the multi-
modal effect of ondansetron, earlier trials demonstrated 
that it can reduce pain successively following a propofol 
infusion [182–184] and chronic benign neuropathic pain 
[185] while another recent study found that ondanse-
tron had no discernible or significant effect on propofol 
pain or PONV over lidocaine [186]. In summary, a recent 
systematic review discovered that ondansetron signifi-
cantly lowers moderate and severe pain compared to pla-
cebo and is better at reducing the occurrence of pain. In 
terms of the incidence of patients experiencing no pain, 
moderate pain, or severe pain, lidocaine outperformed 
ondansetron [187]. On the other hand, it was shown 
that ondansetron, when administered subcutaneously, 
had 15 times the potency of lidocaine, a well-known and 
successful alternative for managing pain following LC 
[179]. According to the results of randomized research, 
IP ondansetron may have a favorable impact on the anal-
gesic effectiveness of acetaminophen in addition to its 
antiemetic and antinauseant effect, making it a special 
and innovative choice for managing postoperative pain 
in patients undergoing LC; shown by the significantly 
reduced need for rescue analgesia, (p = 0.005)  in the 
ondansetron arm compared to the control arm. The par-
ticipants who  required rescue were found to have con-
sumed a similar cumulative 24-h dose of rescue drugs 
between the two trial groups with no significant differ-
ence  (p = 0.785). The ondansetron group’s unassisted 
mobilization time was substantially less than that of the 
control group (p < 0.001). The AUC of VAS scores and the 
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time required for unassisted mobilization demonstrated 
a statistically significant analgesic effect from ondanse-
tron [44]. Thus, the analgesic effect of this class of drugs 
is linked to its local action and may be related to differ-
ences in the mode of administration of ondansetron, 
which was shown to have a significant analgesic effect 
when administered intraperitoneally because ondan-
setron did not affect the analgesic effect of paracetamol 
following surgery when given intravenously in a previous 
study involving women undergoing laparoscopic hyster-
ectomy [44, 188].

Tropisetron
Tropisetron is a partial α7 nicotinic acetylcholine recep-
tor (a7nAChRs) agonist and a 5HT-3 receptor antagonist 
that is often utilized for its postoperative antiemetic and 
anti-nauseous qualities [189]. The central and peripheral 
nervous systems employ nicotinic acetylcholine recep-
tors, which are ligand-gated ion channels according 
to previous definitions. Non-ionic signaling pathways 
through nAChRs have recently been shown in immune 
cells. Therefore, by reducing the production of inflam-
matory cytokines, activating a7nAch receptors  exerts 
analgesic benefits. Consequently, targeting these two 
receptors at the same time may thereby reduce postop-
erative rebound pain and anxiety. But according to a 
recent study, orthopedicic patients did not have a lower 
incidence of rebound pain following surgery when intra-
operative tropisetron was used. The main results showed 
no significant differences (p = 0.487) in rebound pain 
incidence or NRS score (p = 0.539) between the tropise-
tron and saline groups 24 h post-surgery. The use of post-
operative analgesia with NSAIDs and opioids and patient 
satisfaction were comparable in both groups. Regarding 
postoperative adverse events, such as PONV, there were 
also no appreciable variations. However, the low preva-
lence of PONV linked to the fact that more patients in the 
control group consumed alcohol and smoked might also 
be contributing factors. Furthermore, the trial employed 
5 mg of tropisetron to treat postoperative rebound pain; 
a greater dose could be necessary to show a meaningful 
improvement in effectiveness. Also, during the first 24 h 
after surgery, the pain score was not recorded regularly. 
Inaccurate data may have resulted in incorrect pain score 
recalling [190]. Its underlying mechanism of action sug-
gests it may be a promising candidate for future investi-
gation in LC.

Non‑pharmacological
Acupuncture
Acupuncture is widely regarded as the cornerstone of 
traditional Chinese medicine (TCM). Many studies 
conducted in the last few years have demonstrated that 

preoperative acupuncture has the potential to alleviate 
anxiety, enhance the preoperative state, and minimize 
the need for anesthetics. On the other hand, surgical acu-
puncture can support the recovery of intestinal function 
and postoperative pain management, minimize postoper-
ative nausea and vomiting, and reduce hospital stay dura-
tion [191]. Acupuncture has been shown to suppress pain 
through the release of endogenous opioid compounds 
in the central nervous system and to stop harmful signal 
transmission in the spinal cord by activating Aβ fibers 
in the peripheral nervous system [192]. Comparing acu-
puncture to standard care, numerous studies have dem-
onstrated that it is both safe and economical [193–195]. 
In clinical practice, electrical acupuncture and transcuta-
neous electrical acupoint stimulation (TEAS) have been 
used in addition to traditional manual acupuncture. The 
combination of general anesthetic and TEAS is known as 
acupuncture-drug compound anesthesia [196]. As a com-
plementary and alternative therapy in addition to anal-
gesic medicine, it was helpful in numerous clinical trials 
involving total knee replacement [197], low back surgery 
[198], and thoracoscopic surgery [196]. A single-blind 
RCT examined the effects of acupuncture combined with 
conventional treatment compared to the effect of con-
ventional treatment alone after lumbar spine surgery, and 
the result showed that although most subjects were sat-
isfied with their pain management although experienced 
moderate pain due to inadequate analgesia [199]. This led 
researchers to demonstrate RCT to investigate its effect 
on the management of laparoscopic cholecystectomy 
postoperative pain. Patients undergoing laparoscopic 
cholecystectomy admitted to the hospital were randomly 
assigned to one group from each group and received 
either acupuncture after 2  h from surgery or parecoxib 
sodium injections at request. The outcomes showed that 
acupuncture can clinically improve the short-term man-
agement of postoperative pain following LC and reduce 
the need for further analgesics. Therefore, acupuncture 
may have the potential as one of the multimodal analge-
sia treatments for postoperative pain [21].

Gas aspiration
Shoulder pain is mostly caused by referred pain from 
peritoneal irritation, which varies depending on the 
length of the surgery and the amount of residual  CO2 in 
the tissue [200, 201]. A study has shown that shoulder 
pain following elective surgical operations, such as chol-
ecystectomy, can be decreased by reducing remaining 
intra-abdominal gas using a variety of approaches [202]. 
Carbon dioxide gas aspiration following surgery falls 
into two categories: passive gas aspiration, in which the 
gas is released spontaneously, and active gas aspiration, 
in which the gas is actively extracted using a specific tool 
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or suction [203]. Many studies have shown that active gas 
aspiration following laparoscopic cholecystectomy is an 
easy, practical, and safe operation. By lowering postop-
erative shoulder and abdominal pain and, consequently, 
the need for analgesics, this procedure can effectively 
result in a more restful hospitalization for patients fol-
lowing laparoscopic surgery. It also significantly reduces 
the residual intraperitoneal gas volume and postopera-
tive pain [202, 204–206]. A RCT designed to evaluate the 
effects of usual gas release, active aspiration, and passive-
valve release on recovery in patients who have undergone 
laparoscopic cholecystectomy has shown that the vol-
ume of residual  CO2 in the intraperitoneal cavity at the 
end of laparoscopic surgery can be reduced using either 
the active aspiration or passive-valve release technique, 
which successfully lowers the degree of postoperative 
shoulder and abdominal pain. Furthermore, both meth-
ods improved the postoperative recovery of patients and 
decreased the rates of nausea, vomiting, and abdominal 
pain. Nonetheless, the active aspiration group’s ambula-
tion duration was noticeably less than that of the control 
and passive-valve release groups [65].

Emerged technologies
Virtual reality (VR)
Virtual reality is a new technology that is becoming more 
and more used in critical care. However, it completely 
submerges the viewer in a three-dimensional virtual 
world. VR has a lot of promises to advance critical care 
medicine for patients, families, and medical profession-
als. In addition, it has the potential to reduce a patient’s 
pain, anxiety, stress, and fear [207]. With VR, a patient 
can interact with a simulated environment using all five 
senses and react to sensory and motor signals [208]. So, 
it distracts the patients’ attention, concentration, and 
emotions from the real world to the virtual one. As such, 
because they are not thinking about pain as much, the 
patients suffer from less intense pain [209, 210]. Addi-
tionally, it is important to note that virtual reality ther-
apy has been effectively applied as an analgesic in several 
acute clinical situations, including burn pain [211], post-
cardiac surgery [212], and painful procedures [213–215]. 
A total of 150 patients who undergoing LC in the surgical 
wards participated in a randomized clinical trial in which 
they were split into three groups at random: control, dis-
traction, and education. When comparing the preopera-
tive anxiety mean scores of the two VR groups to those 
of the control group, the results showed a significant 
decrease. Additionally, patients in the two intervention 
groups showed a statistically significant decrease in their 
postoperative pain assessments when compared to the 
control group [20].

Limitations
Several limitations were encountered in the preparation 
of this narrative review regarding non-opioids for pain 
relief post-laparoscopic cholecystectomy. Direct compar-
isons across studies were difficult due to the differences 
in how findings were reported. Without full method 
details on each study, we cannot compare the rigor of 
such methods. Moreover, we have identified variability in 
the way pain scores were quantified and published which 
complicates our analysis. A limitation to drawing general 
conclusions is the variety of interventions, each with its 
distinct mechanisms. In addition, many studies had rela-
tively brief follow-ups which prevented us from assessing 
the long-term outcomes and side effects associated with 
these non-opioid treatments.

Future perspectives
More thorough clinical studies with multiple arms and 
larger sample sizes are required to determine the best 
pain management plans for patients undergoing LC and 
assess the safety and effectiveness of analgesics under 
comparable clinical circumstances. Long-term effects, 
such as the likelihood of developing persistent pain fol-
lowing surgery, and the adverse effects of the drugs are 
crucial and should be assessed. Furthermore, a patient’s 
age, anxiety  before surgery, sex, or other preoperative 
patient-related characteristics may complicate the inten-
sity of postsurgical pain and must be assessed. Though 
relief is provided by current pain management tech-
niques, future developments in LC may involve personal-
ized pain management. By knowing each patient’s unique 
genetic and pain profile, physicians may be able to pre-
scribe pain medications with fewer  adverse effects and 
better pain control.

Conclusion
Complicated causes contribute to pain after laparo-
scopic cholecystectomy. To reduce the postoperative 
pain associated with LC, a variety of drugs are stud-
ied by administering  either before, during, or after 
surgery. There was evidence that one essential part of 
multimodal postoperative pain management is IV par-
acetamol. Also, many pharmacological drugs includ-
ing magnesium sulfate, dexamethasone, ondansetron, 
gabapentinoids, alpha-2-agonists, local anesthetics, 
antidepressants, and NSAIDs, were useful in con-
trolling pain. Additionally, non-pharmacological and 
emerging technological approaches proved their effec-
tive role in controlling LC postoperative pain. Further 
in-depth medical research involving various treatment 
groups and more participants is needed to identify 
optimal approaches for managing pain in LC patients. 
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This would help evaluate how well different pain medi-
cations work and how safe they are when used in simi-
lar medical situations. Clinicians should individualize 
this approach with factors such as patient comorbidi-
ties, allergies, and analgesic response records. Regular 
reviews of pain management results promote modifica-
tion and improvement of the pain control protocol for 
maximum effectiveness. When these evidence-based 
non-opioid strategies are implemented in an orderly 
manner, post-LC pain control can be significantly 
improved by physicians while reducing risks associated 
with opioids.
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