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Abstract
Laparoscopic cholecystectomy is widely performed because it results in a relatively easier pain management 
and shorter hospital stay. Although postoperative pain following laparoscopic cholecystectomy tends to be less 
intense compared to that following open cholecystectomy, early discomfort from operation after laparoscopy 
can be similar or even more intense than after open surgery. Consequently, it remains a source of apparent 
pain and surgical stress. Thus, proactive pain control is a priority for both patients and doctors. A consider-
able amount of new research about pain and pain management has been documented in the literature over 
the last 2 decades. In addition, novel medications and technologies for acute pain control after laparoscopic 
cholecystectomy have been investigated for patient care. Nevertheless, a significant proportion of patients 
still have excessively high pain levels after laparoscopic surgery. Acute pain after laparoscopic cholecys-
tectomy is complicated in nature and has multiple causes; therefore, a single treatment modality is rarely 
sufficient. A combined approach to pain management is often the best option. In this review, the wide range 
of pharmacotherapeutic agents that have been used to control pain after laparoscopic surgery are critically 
assessed. The article also focuses on new techniques and medications that have been investigated in recent 
years to manage pain after laparoscopic surgery as quickly and safely as possible.
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Introduction

The gallbladder is a small organ located in the upper 
right abdomen. Bile, which aids in food digestion, is stored 
in the gallbladder. Gallstones are solid pieces of bile that 
form as a result of alterations in bile composition and con-
centration induced by hormones, dietary changes, drugs, 
and rapid weight loss or gain. Gallstones can sometimes 
migrate out of the gallbladder, obstructing the normal flow 
of bile and causing gallbladder inflammation and infection. 
Continuous sharp abdominal discomfort, fever, nausea, 
and vomiting are all possible symptoms.1 The gallblad-
der can be removed in a minimally invasive manner using 
laparoscopic cholecystectomy. The most common reasons 
for laparoscopic cholecystectomy are choledocholithia-
sis (gallstones in the bile duct), cholelithiasis (cholesterol 
stones) and acute cholecystitis (inflammation of the gall-
bladder wall).2 Gallstones are divided into 2 types based 
on their composition: cholesterol stones and pigmented 
stones. Cholesterol stones are the more common type; 
they form when the amounts of cholesterol and bile salts 
in the gallbladder are out of equilibrium. Cholesterol can 
precipitate out of the bile salt-lecithin-cholesterol micelles 
when the concentration of bile salts drops, resulting in cho-
lesterol stones.3 There are 2 categories of pigmented stones: 
black pigment stones and brown pigment stones. Patients 
with high levels of unconjugated bilirubin, which are most 
often caused by hemolytic blood dyscrasias, and patients 
with bile stasis caused by gallbladder hypoactivity, which 
is common in patients on complete parenteral nutrition, 
can develop black pigment stones.4,5 Brown pigment stones 
usually develop from infected bile, which causes high cal-
cium concentrations in the bile to precipitate, resulting 
in stone formation. Brown stones are more likely to occur 
in the intrahepatic or extrahepatic ducts than in the gall-
bladder.6 During a meal, the gallbladder releases bile into 
the small intestine to facilitate fat digestion. Gallstones 
can become caught in the thin conduit (cystic duct) that 
links the gallbladder to the main bile duct (common bile 
duct) during this process. Pain, nausea and vomiting can 
occur as the gallbladder contracts to force the bile past 
the blockage. This causes persistent sharp pain that pri-
marily affects the upper abdomen, back and right shoul-
der. If the stone becomes entirely trapped and cannot be 
moved into the small intestine, it can cause cholecystitis, 
bile duct obstruction and pancreatic inflammation (gall-
stone pancreatitis).7

Gallstones are a common ailment in developed coun-
tries, but they are less common in developing communities 
that still eat traditional diets.8 Intestinal hypomotility has 
recently been identified as a major contributor to choles-
terol lithogenesis. Fiber may help prevent gallstone devel-
opment by accelerating intestinal transit and decreasing 
the production of secondary bile acids, such as deoxycho-
late, which has been linked to a higher bile cholesterol satu-
ration.9–11 Gallbladder diseases can be affected by various 

factors, such as drugs,12–14 diet (i.e., fried foods, fatty red 
meat, highly processed foods),15 obesity,16,17 physical ac-
tivity,18,19 gender and oral contraceptives,20 rapid weight 
loss,21,22 diabetes,23,24 genetics,25,26 and age,27–29 which are 
presented in Fig. 1.

In this review, a wide range of pharmacotherapeutic 
agents that have been used to control pain after laparo-
scopic surgery are critically assessed. The article also fo-
cuses on new techniques and medications that have been 
investigated in recent years to manage pain after laparo-
scopic surgery as quickly and safely as possible.

Materials and methods

Sources for this review article were collected from elec-
tronic scientific databases, including ScienceDirect, PubMed, 
Scopus, and Google Scholar, as well as books and other re-
ports. Various recent research and review papers were also 
studied to gain insight into pharmacotherapeutic treatments 
aimed at alleviating pain after laparoscopic surgery. Follow-
ing an extensive literature survey, we collected relevant in-
formation on pain management after laparoscopic surgery. 
All of the collected information was classified into different 
sections according to the objective of the paper. To obtain 
the relevant articles, various keywords, namely “laparoscopic 
cholecystectomy”, “gallbladder”, “pain management”, and 
“surgery”, were used for the search. Among the 139 studies 
identified, 102 articles were shortlisted, and 37 articles were 
excluded due to insufficient data or not being suitable for 
the purposes of this review article. Of the 102 articles, 38 pri-
marily focused on the introduction and factors influencing 
gallbladder diseases, 32 highlighted pharmacotherapeutic 
pain management in laparoscopic cholecystectomy using 
local anesthetics, 11 presented opioids used for pain man-
agement, and 21 investigated the role of non-opioids in pain 
management (Fig. 2).

Laparoscopic and open 
cholecystectomy

The gold standard for the treatment of benign gallblad-
der problems is laparoscopic cholecystectomy.30 This ap-
proach can be used in 90% of elective cholecystectomies 
and 70% of emergency cholecystectomies.31 Acute chole-
cystitis, particularly if it is thick, can alter the aforemen-
tioned paradigm, requiring conversion to open surgery 
or a technique adjustment. A difficult cholecystectomy 
is defined by the following criteria: need for conversion 
from laparoscopic to open surgery, length of the process 
greater than 180 min, blood loss greater than 300 mL, 
and urgent need for an experienced surgeon.32 The gall-
bladder can be removed using one of two methods: open 
cholecystectomy or laparoscopic cholecystectomy. Dur-
ing an open cholecystectomy, a 10–15-cm long incision 
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is  made in  the  right upper quadrant of  the  abdomen. 
The surgeon locates and removes the gallbladder through 
the incision. Conversely, in the laparoscopic cholecystec-
tomy procedure, 3–4 very small incisions are performed. 
This technique employs a long, thin tube known as a lapa-
roscope. A tiny video camera and surgical equipment are 
included in the tube. The tube, camera and instruments 
are inserted through the incisions. The surgeon can visual-
ize the instruments and anatomy on video display moni-
tors in real time. One of the incisions is used to remove 
the gallbladder (Fig. 3). A laparoscopic cholecystectomy 
is less invasive than a traditional open cholecystectomy 
because 3–4 tiny incisions are made in the abdomen rather 
than 1 large incision. There is less bleeding and, in most 
cases, the recovery time is shorter than following open 
operations. In some circumstances, the laparoscope may 
reveal that the gallbladder is severely diseased or unveil 

additional technical issues. The surgeon may then have 
to convert to open surgery to safely and securely remove 
the gallbladder. Because laparoscopic cholecystectomy has 
largely replaced open cholecystectomy for benign gallblad-
der disease, many gallbladder cancers are discovered inci-
dentally during or after laparoscopic cholecystectomy.33 
The  need for open cholecystectomies has diminished 
since the introduction of laparoscopic cholecystectomy. 
The most common reason for an open cholecystectomy 
(2–10% of the cases) is a conversion from a laparoscopic 
to an open procedure. This modification is elected for 
a number of reasons. Surgeons may switch to the open 
method if there is a concern about the anatomy of the gall-
bladder. Inflammation, adhesions, anatomical differences, 
bile duct injury, retained bile duct stones, and uncontrol-
lable bleeding are all indications that the operation should 
be converted to open surgery.34

Fig. 1. Factors influencing gallstone diseases
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Inappropriate patient selection, surgical inexperience 
and technological limitations inherent in the less inva-
sive procedure can all contribute to serious complications 
of laparoscopic cholecystectomy, including bile duct injury, 
bile leakage, hemorrhage, and intestine injury.35,36 Dia-
thermy burns are a common cause of ductal injuries that 
may go initially unreported; they mainly affect the right 

or common hepatic ducts. These considerations, as well 
as the inherent complications of biliary tract illnesses, 
such as inflammation and scarring, have led to the de-
velopment of “stop rules” for surgeons performing this 
procedure. Specifically, when a safe dissection cannot be 
achieved laparoscopically, an early open approach should 
be considered the best option.37,38

Fig. 2. The 4-step methodology adopted for 
conducting the literature review

• Development the search strategy for this 
review after determining the need  
for a literature review in this field.

• Decision what information from the research 
and review articles needs to be extracted.

DESIGNING
REVIEW

• Conducting the actual review using search 
terms „laparoscopic cholecystectomy”, 
„gallbladder surgery” and „pain management”. 
The 139 studies were shortlisted at first stage 
from different search databases. 

• Selection of the articles on the basis 
of inclusion criteria for final review.

CONDUCTING
THE REVIEW

• 102 articles were selected for final review, 
the selected articles were analyzed 
to discuss pharmacotherapeutic pain 
management and medications used. 

• Opioids and non-opioids used for the pain 
management in patients undergoing 
laproscopic cholecystectomy were analyzed. 

ANALYSIS

• The review article was written 
to present:
▪ factors influencing gallstone diseases;
▪ medications used in laproscopic 

cholecystectomy;
▪ therapeutic effect of drugs; 
▪ dose of drugs used. 

WRITING 
THE REVIEW

Fig. 3. Methods for gallbladder 
removal (open and laparoscopic 
cholecystectomy)
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monitor to visualize the operating field.
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Pharmacotherapeutic pain 
management during laparoscopic 
cholecystectomy

Laparoscopic surgery has several advantages over open 
surgery, including less postoperative pain, smaller inci-
sions, shorter postoperative ileus, less blood loss, shorter 
hospital stay, faster recovery, and earlier return to preop-
erative activities and work.39–41 Reduced postoperative pain 
is one of the most significant advantages of laparoscopy 
when compared to open surgery. However, a discomfort 
from the operation cannot be completely prevented, so 
several pharmacotherapeutic options are available.42 Pain 
following laparoscopic cholecystectomy has been shown 
to increase morbidity and is the major cause of extended 
hospitalization.43 Incisional pain may still be present 
at the laparoscopic port insertion sites. Abdominal dis-
comfort can vary in intensity and is linked to the extent 
of surgery and manipulation.44

Patients commonly complain of upper abdominal, back 
and right shoulder pain, as well as discomfort from the port 
incision sites. Shoulder and subdiaphragmatic discomfort 
affect between 12% and 60% of patients. The level of dis-
comfort peaks within the first few hours after surgery 
and usually decreases after 2 or 3 days.45–47 Pain following 
laparoscopic cholecystectomy has a complex origin. Peri-
toneal insufflation with CO2 and phrenic nerve irritation 
in the peritoneal cavity are 2 possible causes of discomfort 
after laparoscopy.48–50 In fact, in laparoscopic cholecys-
tectomy, the acidic environment formed by CO2 gas dis-
solution can cause peritoneal irritation and phrenic nerve 
injury. Effective pain relief is of the utmost importance for 
anyone treating patients undergoing surgery.

One of the most important aspects of enhanced recovery 
after surgery (ERAS) programs, and indeed all anesthetic 
care, is effective analgesia. It is important for minimizing 
postoperative stress, encouraging a return to regular func-
tions like breathing, eating and sleeping, and supporting 
early mobilization. It may also help reduce organ dysfunc-
tion and expedite hospital discharge.51 Various medica-
tions are used to relieve pain during and after laparoscopic 
cholecystectomy.

Local anesthetics

Lidocaine

Lidocaine 1 (Fig. 4) is an amino-amide local anesthetic 
that reduces neuronal transmission by inhibiting sodium 
channels. It provides analgesia, reduces the need for opi-
oids, and alleviates nausea and vomiting symptoms. It also 
reduces the risk of ileus when administered as a systemic 
infusion.52 Local anesthetics block nociceptive input 
into the central nervous system, have anti-inflammatory 

properties and are often very helpful in neuropathic pain. 
Furthermore, selective sympathetic blockade can be par-
ticularly beneficial for visceral pain at lower local anes-
thetic dosages. Unfortunately, the therapeutic ratio of local 
anesthetics for pain management after laparoscopy is low. 
Intravenous local anesthetics are linked to neurological 
and tissue toxicity at higher tissue and systemic doses, and 
high plasma concentrations can have substantial negative 
central nervous system and cardiovascular consequences. 
Furthermore, interindividual variability in local anesthetic 
tolerance exists.53 Intravenous lidocaine infusion (lidocaine 
is given at steady rate at low doses) is a good alternative for 
postoperative pain relief for these reasons.54 Different doses 
have been used; typically, a bolus of 1–1.5 mg/kg is admin-
istered, followed by a 2–3 mg/kg/h infusion that lasts until 
the completion of surgery or for the first 24 h afterwards.55 
Neurological changes, such as lightheadedness, dizziness 
and visual disturbances, as well as cardiac dysrhythmias 
are extremely rare side effects of perioperative lidocaine 
infusion.56

Intraperitoneal instillation  
and nebulization

Intraperitoneal instillation of local anesthetics has been 
used in laparoscopic cholecystectomy to lessen postop-
erative pain and the need for postoperative analgesics.57 
After laparoscopic cholecystectomy, intraperitoneal in-
stillation of bupivacaine 2 (Fig. 4) 100 mg with adrenaline 
was as efficacious as a similar volume (80 mL) of normal 
saline.58 Surgical maneuvers, disturbance of the perito-
neum and dissection of the viscera cause peritoneal nerve 
irritation, resulting in visceral and shoulder pain during 
and after laparoscopic cholecystectomy. Sedation, nausea, 
delayed stomach emptying, and respiratory depression are 
all adverse effects of using opioids to manage this pain. 
Therefore, according to various studies, instillation and 
nebulization of local anesthetics into the peritoneal cavity 
can be used to reduce discomfort following laparoscopic 
surgery as an alternative to opioids. Sandhya et al. investi-
gated and employed ropivacaine 3 (Fig. 4) for intraperitoneal 
nebulization because it has lower toxicity and is as effec-
tive as bupivacaine.59 Dose-finding research discovered 
that 50 mg of nebulized ropivacaine provided acceptable 
analgesia in individuals undergoing laparoscopic cholecys-
tectomy. An increase in the ropivacaine dose did not result 
in any additional benefits. Pain alleviation was adequate 
for patients administered a smaller dose of 30 mg of ropi-
vacaine.59 (Fig. 4).

Central neuraxial blocks

Studies have found that epidural analgesia using bupiva-
caine 2 or chloroprocaine 4 (Fig. 4) was superior to intrave-
nous opioid analgesia for pain control after laparoscopic sur-
gery.60 The use of epidural analgesia appears to be safe and 
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effective after major abdominal laparoscopic surgery. How-
ever, it is associated with longer hospital stays and higher 
rates of urinary tract infections; these are the consequences 
of urinary catheters, which often accompany this treatment 
method.61 Anticoagulants and other drugs that impair he-
mostatic function are becoming more widely used, which 
may limit the use of epidural analgesia during laparoscopic 
surgery, despite its effectiveness in pain control. Intrathecal 
indwelling catheters are also linked to an increased risk of in-
fectious problems, which is concerning given the multidrug-
resistant bacterial outbreaks that have become common over 
the last 2 decades. As a result, following careful analysis 
of the risks and benefits, the decision to use epidural anal-
gesia should be made on an individual basis.62

Transversus abdominis plane block

A transversus abdominis plane (TAP) block is a periph-
eral nerve block that achieves abdominal wall anesthesia. 
The procedure can be performed using a surface landmark-
based technique, laparoscopically or with ultrasound guid-
ance. Proponents believe that TAP blocks have a lower 
risk of complications and are more acceptable to patients 
than epidural analgesia. Research has examined the ef-
fects of TAP rectus sheath blocks on pain relief following 
abdominal surgery, but there is not enough information 
on the method of localization, timing, dosages, and vol-
umes of  local anesthetic. Transversus abdominis plane 
blocks are obviously influenced by operator skill and can 
be unpredictable.63 Use of TAP blocks in colorectal sur-
gery has been the subject of recent research. Transversus 
abdominis plane blocks plus intravenous acetaminophen 
in laparoscopic colorectal surgery resulted in earlier re-
sumption of eating and discharge from hospital in an ac-
celerated recovery regimen compared to patient-controlled 
analgesia (PCA) with morphine.64 In an open right hemi-
colectomy study from 2012, TAP+PCA was compared with 
subcutaneous local infiltration+PCA.65 In the TAP arm, 
there was less PCA morphine use and less sedation after 
24 h. Similarly, Conaghan et al. found that TAP+PCA re-
duced intravenous opioid use in laparoscopic colorectal 

resections compared to PCA alone. Although there are 
data showing that TAP blocks improve pain scores and 
reduce opioid consumption following abdominal surgery, 
more research is needed to compare TAP blocks with other 
pain management methods, such as epidural anesthesia.66

Ultrasound-guided TAP nerve blocks have become 
a common analgesic method after abdominal wall surgery. 
Because TAP blocks are confined to somatic anesthesia 
of the abdominal wall and are heavily reliant on interfascial 
dissemination, a number of innovative approaches have 
been developed to improve analgesia, either in conjunc-
tion with TAP nerve blocks or as standalone modalities.67

Several trials have determined that ultrasound-guided 
TAP blocks, as a part of a multimodal analgesic approach 
to postoperative analgesia, increase patient satisfaction and 
reduce opioid use. Given that the greatest amount of pain 
during the 24 h after laparoscopic cholecystectomy occurs 
at the trocar sites, it is critical to determine the best time 
to perform TAP blocks (before or after surgery) to maxi-
mize block effectiveness. Rahimzadeh et al. found that ul-
trasound-guided TAP blocks reduced the use of pethidine 
in the postoperative group compared to the preemptive 
group, thus lowering opioid analgesic side effects, includ-
ing nausea, vomiting, pruritus, and dizziness. A transver-
sus abdominis plane block is an affordable, straightforward 
and easy-to-perform treatment that can be used as part 
of a multimodal analgesic strategy.68

Incisional infiltration of local anesthetic

Local anesthetics are widely used in numerous medical 
and surgical specialties, including anesthesia, ophthalmol-
ogy, otorhinolaryngology, dentistry, urology, and aesthetic 
surgery. They cause superficial loss of pain sensation after 
direct injection. Their delivery and effectiveness can be 
enhanced by using free bases, increasing the drug con-
centration, lowering the melting point, employing physi-
cal and chemical permeation enhancers, and using lipid 
delivery vesicles. Several studies have found that local 
anesthesia reduces postoperative pain after laparoscopic 
procedures, but there are few data on the effect of local 

Fig. 4. Local anesthetics 
for pain management 
during laparoscopic 
cholecystectomy
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anesthesia on nausea in the postoperative period.69 Inan 
et al. examined the effects and timing of local anesthe-
sia during laparoscopic surgery on postoperative pain, 
nausea, and opioid and antiemetic requirements. Their 
prospective study included 142 individuals who under-
went laparoscopic cholecystectomy. Fifty-three individu-
als did not receive any local anesthetics during surgery 
(group A). In group B, 46 patients had their skin, subcutis, 
fascia and parietal peritoneum infiltrated with 0.5% bu-
pivacaine hydrochloride at the trocar sites prior to inser-
tion. At the conclusion of surgery, local anesthetic was 
administered in similar doses and in the same manner 
to the remaining 43 patients (group C). When compared 
to patients in groups B and C, group A had a statistically 
significantly higher requirement for analgesics. The mean 
analgesic doses were substantially higher in group B than 
in group C after surgery. In group A, the period between 
the first antiemetics was much shorter than in group C. Us-
ing trocar sites to administer local anesthetic to the skin, 
subcutis, fascia, and parietal peritoneum lowered the need 
for postoperative analgesics as well as pain severity.70

Opioids

Opioids are the most commonly recommended drugs 
for the treatment of acute and chronic postoperative pain. 
The greatest challenges to successful opioid analgesia are 
underestimation of pain, prolonged duration of action and 
fear of addiction. Opioid receptors in the cell membranes 
of the presynaptic nerve terminals in the central nervous 
system mediate the bulk of the pharmacological actions 
of opioids.71 Opioids have long been considered an impor-
tant aspect of postoperative pain management, but they 
have many negative effects, including urinary retention, 
ileus, nausea, vomiting, pruritus, respiratory depression, 
and central nervous system depression. In surgical pa-
tients, these side effects are linked to higher mortality, 
longer duration of stay, greater risk of readmission, and 
higher healthcare expenses. Therefore, constant monitor-
ing of breathing and oxygen saturation in patients using 
opioids after surgery is critical.72 Despite years of progress 
in pain management, opioids remain the basis of postop-
erative pain management in many situations. Numerous 
opioids used for postoperative pain management in lapa-
roscopic cholecystectomy are discussed below (Fig. 5).

Morphine

Morphine 5 (Fig. 5) is the most common opiate. At one 
time, it was the gold standard for postoperative pain. 
It has a quick onset of action, with a peak effect of 1–2 h. 
Fentanyl and hydromorphone are synthetic derivatives 
of morphine that are more potent, have faster onsets 
of action and shorter half-lives. Only a  few pain stud-
ies have compared morphine to other opioids following 

laparoscopy. Naguib et al. found that morphine is supe-
rior to tramadol in terms of perioperative pain control 
for patients undergoing laparoscopic cholecystectomy. 
In a small study of people who underwent laparoscopic 
colorectal surgery, epidural ropivacaine 2 mg/mL was 
contrasted with intravenous morphine for postoperative 
pain relief. Although epidural ropivacaine had signifi-
cant opioid-sparing efficacy and sooner recovery of bowel 
movement, 20% of patients experienced motor block.73 
In addition, a low dose of intrathecal morphine appears 
to be particularly beneficial in controlling pain following 
laparoscopy. Patients undergoing laparoscopic colorectal 
surgery received a 15 mg bupivacaine spinal injection with 
or without 0.2 mg morphine. At this low dose, morphine 
was extremely effective. Throughout the first 24 post-
operative hours, both rescue intravenous morphine use 
(10 mg compared to 30 mg) and dynamic pain levels were 
markedly lower in the bupivacaine and morphine group 
compared to the intrathecal bupivacaine only group.74

Fentanyl

Fentanyl 6 (Fig. 5) is an artificial opioid agonist that has 
a potency of 100 times that of morphine and 75 times that 
of oxycodone. Fentanyl is a lipophilic drug that quickly 
enters the central nervous system. Intravenous fentanyl 

Fig. 5. Opioid drugs used in pain management during laparoscopic 
cholecystectomy
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is commonly used for anesthesia and analgesia during sur-
gery.75 Fentanyl is mainly metabolized in the liver and in-
testinal mucosa, so it is not administered orally. Fentanyl, 
like oxycodone, is rapidly absorbed by mucosal membranes 
after intraoral and intranasal administration. Transmuco-
sal fentanyl may be a viable approach to acute pain man-
agement. However, transmucosal delivery is only used 
to treat cancer pain that has become unbearable. The most 
important concern with the use of fentanyl for acute pain 
management is its low utility function, which means that 
the dosage required for effective pain relief is higher than 
the dose that can cause respiratory depression.76

Pethidine (meperidine) 

Pethidine has been used for many years to relieve pain 
caused by laparoscopic surgery. However, because it con-
tains an active metabolite (norpethidine) that is  toxic 
to the central nervous system, it is not the ideal opioid. 
Norpethidine has a  14–21-hour elimination half-life, 
which can extend to 35 h in cases of renal failure. When 
pethidine 7 (Fig. 5) is administered in high doses, the level 
of norpethidine rises, putting vulnerable patients at risk 
of side effects.77 Intraperitoneal pethidine with or without 
local anesthetic instillation was compared by Fogach et al. 
to intramuscular pethidine and intraperitoneal local an-
esthetic instillation. In addition to the toxicity of the me-
tabolite norpethidine on  the  central nervous system, 
the parent chemical pethidine causes local discomfort.78

Buprenorphine

Buprenorphine 8 (Fig. 5) can operate as both an opioid 
agonist and antagonist. This chemical is a viable option 
for pain management in laparoscopy because both inject-
able and sublingual versions are available. It has 30 times 
the analgesic effectiveness of morphine in opioid-naïve 
patients. Buprenorphine has high transmucosal absorp-
tion, and the analgesia lasts substantially longer (6–8 h) 
than when morphine is used. No dose adjustments are 
required for elderly patients and patients with diminished 
renal function. Buprenorphine has a generally favorable 
safety profile; it rarely causes clinically significant respira-
tory depression, euphoria or sedation. Buprenorphine has 
a positive utility function.79

Piritramide

Piritramide 9 (Fig. 5), a 4-amino piperidine derivative, 
is used in several European countries and is structurally 
similar to pethidine. Piritramide has a wide volume of dis-
tribution (4.7 L/kg) and a long terminal half-life (7–8 h). 
It is almost entirely processed by the liver, with only ap-
prox. 1% being removed by the kidneys.80 The analgesic 
potency of piritramide is comparable to that of morphine; 
a dose of 15–20 mg administered intramuscularly provides 

analgesia similar to 10–15 mg of morphine administered 
intramuscularly, and the analgesic ratio with oxycodone 
ranges between 1.6 and 2.2 (piritramide:oxycodone).81

Non-opioids

Opioid receptor agonist medications are being increas-
ingly used for the treatment of a wide range of chronic 
pain problems. Tolerance and opioid-induced hyperalgesia 
can develop as a result of opioid use, which can contrib-
ute to long-term postsurgical pain. Furthermore, opioid 
use in the postoperative setting has been associated with 
a higher risk of persistent opioid addiction, which is partic-
ularly concerning considering the current national opioid 
abuse epidemic.82 As a result, enhanced recovery pathways 
(ERPs) normally use opioid drugs sparingly, only when 
other therapies have failed, and only in conjunction with 
non-opioid analgesic treatments (Table 1).83 Patients with 
chronic pain who are taking opioids before surgery are 
more likely to encounter significant postoperative pain, 
poor postoperative pain control, and opioid-related adverse 
effects. Hence, non-opioid analgesic modalities are espe-
cially important for this patient population. Several non-
opioid medications used in pain management in patients 
undergoing laparoscopic cholecystectomy are discussed 
below (Fig. 6).

Nonsteroidal anti-inflammatory drugs

Ibuprofen, ketorolac and celecoxib are examples of non-
steroidal anti-inflammatory drugs (NSAIDs) that cause 
analgesia by  blocking the  cyclooxygenase enzyme and 
interrupting prostaglandin synthesis.84–86 Nonsteroidal 
anti-inflammatory drugs are significant adjuncts in a mul-
timodal analgesia regimen for the management of post-
operative pain and are effective therapies for postopera-
tive pain.87 When NSAIDs and acetaminophen are used 
together, they have an additive or potentially synergistic 
analgesic effect. Furthermore, NSAID use has been linked 
to a reduced likelihood of opioid-related side effects, such 
as nausea, vomiting and drowsiness. Nonsteroidal anti-
inflammatory drugs are associated with an increased risk 
of gastrointestinal ulcers, bleeding and renal impairment 
despite the fact that they are generally well tolerated. Cele-
coxib, an NSAID that selectively inhibits the cyclooxygen-
ase-2 (COX-2) enzyme, may lessen the risk of gastrointesti-
nal disturbances and bleeding. It should be noted, however, 
that COX-2 inhibitors are usually avoided following cardiac 
surgery because they increase the risk of negative cardio-
vascular consequences.88 The inhibition of the enzyme 
cyclooxygenase is  the  principal mechanism of  action 
of NSAIDs. Arachidonic acid is converted into thrombox-
ane, prostaglandins and prostacyclin by the enzyme cy-
clooxygenase. The absence of these eicosanoids is thought 
to be responsible for the therapeutic effects of NSAIDs.89
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Alpha-2 agonists

Analgesia can be produced by alpha-2 agonists, such 
as clonidine and dexmedetomidine, which stimulate al-
pha-2 receptors in the dorsal horn of the spinal cord and 
reduce nociceptive signal transmission. While these medi-
cations can be administered in a variety of ways, clonidine 
is usually administered intravenously or orally for post-
operative pain relief, while dexmedetomidine is usually 
administered intravenously. Despite the lack of data to sup-
port these claims, clonidine and dexmedetomidine can 
be administered as adjuvants in epidurals and peripheral 
nerve plugs to potentially improve and prolong analgesia.90 
A study conducted by Rabie and Abdelfattah demonstrated 
that in patients undergoing laparoscopic cholecystectomy, 

an intravenous infusion of 0.6 g/kg/h dexmedetomidine 
before induction can minimize hemodynamic stress, inci-
dence of cough, postoperative nausea and vomiting, as well 
as reduce postoperative analgesic requirements, without 
significantly prolonging the spontaneous respiratory re-
covery period.91 Alpha-2 agonists work by  stimulating 
presynaptic alpha-2 receptors, which activate inhibitory 
neurons in the central nervous system, resulting in a de-
crease in sympathetic output via a signaling pathway.92

Gabapentinoids

Gabapentinoids, such as gabapentin and pregabalin, are 
antiepileptic drugs that work by inhibiting voltage-gated 
calcium channels to generate analgesia. Traditionally, these 

Fig. 6. Structures of non-opioid drugs used in pain management during laparoscopic cholecystectomy
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medications have been used to treat chronic neuropathic 
pain. There is research suggesting that gabapentinoids may 
lower initial postoperative pain, opiate requirements, and 
postoperative nausea and vomiting when used periopera-
tively.93 Gabapentinoids, however, have been linked to drowsi-
ness, visual abnormalities and dizziness, all of which can 
impair early postoperative mobilization and delay recovery. 
Furthermore, perioperative gabapentin use has been linked 
to an increased risk of respiratory depression, particularly 
in older patients and those taking large opioid doses.94 Ga-
bapentinoids are commonly prescribed for neuropathic pain, 
restless legs syndrome and focal seizures. Their effectiveness 
in these conditions is due to their ability to inhibit the ac-
tions of the α2δ subunits of presynaptic voltage-gated calcium 
channels and thereby lower neurotransmitter release.95

Acetaminophen

Acetaminophen is  a  key component of  multimodal 
postoperative pain management in ERPs. Although its ex-
act mechanism of action is unknown, its analgesic impact 
is considered to be mediated mostly through suppression 
of the cyclooxygenase pathway. In nearly half of patients 
with mild to severe acute postoperative pain, a single 
dose of  acetaminophen has been shown to  offer 50% 
pain reduction for 4 h. When acetaminophen is used with 
NSAIDs, the analgesic effect can be additive or even syn-
ergistic. Furthermore, acetaminophen use has been linked 
to a lower need for opioids throughout the postoperative 

period.96 Thus, oral acetaminophen is  recommended 
in people who can tolerate it, while intravenous acet-
aminophen is effective in patients who cannot tolerate 
oral consumption or have reduced gastrointestinal tract 
function.97 Acetaminophen works by inhibiting cyclooxy-
genases (COX-1, COX-2 and COX-3) as well as interfer-
ing with the endocannabinoid system and serotonergic 
pathways.98 According to the study conducted by Mulita 
et al., the combinations of pethidine/acetaminophen and 
parecoxib/acetaminophen exhibited equivalent analge-
sic effectiveness and proved better than acetaminophen 
monotherapy for the management of postoperative pain 
following laparoscopic cholecystectomy. Reducing opi-
oid doses by using postoperative non-opioid analgesics 
is a vital strategy to limit drowsiness, reduced pulmonary 
function and constipation in postsurgical patients.99

Ketamine

Ketamine is  a  dissociative anesthetic that blocks 
the transmission of pain signals by antagonizing N-methyl-
D-aspartate (NMDA) receptors in the brain and spinal 
cord. Subanesthetic intravenous ketamine infusions have 
been found to minimize opiate usage and enhance pain 
control without creating significant side effects.100 Ket-
amine is a glutamate and NMDA receptor antagonist that 
is noncompetitive. It works by blocking HCN1 receptors. 
The specific dissociative action and partial agonism of opi-
ate µ-receptors allow for persistent sedation and patient 

Table 1. Nonopioid drugs used in pain management in laparoscopic cholecystectomy

Nonopioid drugs Description Advantages Disadvantages

NSAIDs

NSAIDs such as ibuprofen,10 ketorolac11 
and celecoxib12 produce analgesia 
by inhibiting prostaglandin synthesis 
through inhibiting the cyclooxygenase 
enzyme.

Better pain control, synergistic 
analgesic effect when paired 
with acetaminophen, reduced 
opioid consumption.

Gastrointestinal ulcers, bleeding, renal 
dysfunction, and cardiovascular problems are 
all possible side effects. After colorectal surgery, 
it may be associated with anastomotic leak.

Alpha-2 agonists

Analgesia is produced by alpha-2 agonists 
such as clonidine13 and dexmedetomidine,14 
which stimulate alpha-2 receptors 
in the dorsal horn of the spinal cord and 
reduce nociceptive signal transmission.

Better pain control, 
reduced opioid usage; used 
as a supplement to regional 
anesthetic techniques.

Sedation, hypotension and bradycardia are all 
possible side effects. There is little evidence 
to support its usage in the postoperative 
situation.

Gabapentinoids

Gabapentinoids, such as pregabalin,15 
gabapentin16 and phenibut,17 are 
antiepileptic drugs that work by inhibiting 
voltage-gated calcium channels to generate 
analgesia.

Reduced reliance on opioids, 
improved pain control.

Sedation risk, vision impairment and respiratory 
depression. Cautious use required in patients 
with renal insufficiency. Available only in oral 
forms. Optimal dose regimen uncertain.

Acetaminophen

In ERPs, acetaminophen (PCM)18 is a key 
component of multimodal postoperative 
pain management. Though the exact 
etiology is uncertain, its analgesic effect 
is thought to be mediated mostly 
by cyclooxygenase pathway inhibition.

When used with nonsteroidal 
anti-inflammatory medicines, 
it has a synergistic analgesic 
effect. Generally well-tolerated, 
better pain management, opioid 
needs are reduced.

Hepatotoxicity at larger doses should be avoided 
in persons with liver disease.

Ketamine

Ketamine19 is a dissociative anesthetic 
that blocks the transmission of pain 
signals by antagonizing NMDA receptors 
in the brain and spinal cord.

Lower risk of opioid-induced 
hyperalgesia and tolerance, 
reduced opioid usage, better 
pain control.

Optimal dose regimen unknown in individuals 
with cardiovascular illness, hepatic impairment, 
high intracranial and intraocular pressure, active 
psychosis, and pregnancy. Neuropsychiatric 
symptoms are a possibility.

NSAIDs – nonsteroidal anti-inflammatory drugs; ERP – Enhanced Recovery Pathway; NMDA – N-methyl-D-aspartate.
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comfort throughout painful procedures.101 Ketamine has 
also been proven to minimize the incidence of postopera-
tive nausea and vomiting when combined with an opioid 
regimen. Ketamine could potentially assist in preventing 
opioid-induced hyperalgesia and tolerance from devel-
oping. However, it  is uncertain if ketamine use during 
surgery lessens the likelihood of persistent postsurgical 
discomfort. Neuropsychiatric symptoms, such as hallu-
cinations and nightmares, are the most common negative 
consequences linked to the use of subanesthetic dosages 
of ketamine in the postoperative environment.102

Limitations of the study

Despite the extensive research conducted in  this re-
view article on pain management in patients undergo-
ing laparoscopic cholecystectomy, there are some limita-
tions. The mechanisms of action of some treatments are 
not fully described. In addition, the article focuses solely 
on the medications used in pain management of laparo-
scopic cholecystectomy, as well as the doses used. However, 
the pharmacokinetics and side effects of these drugs are 
not explained in detail. There is no diagrammatic repre-
sentation of the laparoscopic cholecystectomy procedure. 
Some articles were excluded because they did not meet 
our requirements.

Conclusions

Gallstones are solid pieces of bile that form as a result 
of changes in bile concentration and composition. They can 
cause sharp, constant abdominal pain, fever, nausea, and 
vomiting. Gallstones are divided into 2 types based on their 
composition: cholesterol stones and pigmented stones. 
Gallstones are a common ailment in developed countries 
but less common in developing communities that still eat 
traditional diets. Gallbladder diseases can be influenced 
by many factors, including age, genetics, diabetes, physical 
activity, drugs, obesity, rapid weight loss, gender, and oral 
contraceptives. Sedentary lifestyle is linked to an increased 
risk of cholecystectomy. Increased estrogen levels in the bile 
as a result of pregnancy or hormone therapy may cause gall-
stone formation. Gallbladder contraction is reduced during 
fasting associated with severely fat-restricted diets. The gall-
bladder can be removed using one of the two methods: 
open cholecystectomy or laparoscopic cholecystectomy. 
A laparoscope is a long, thin tube with a video camera and 
surgical equipment inserted into it. Three to four tiny in-
cisions are made in the abdomen to introduce the surgical 
instruments. The need for an open cholecystectomy has 
diminished since the introduction of laparoscopic surgery, 
but the surgeon may convert to the open method if there 
is a concern about anatomy or other challenges.

Pain following laparoscopic cholecystectomy has a com-
plex origin. Numerous medications are used to relieve pain 

during and after surgery. Local anesthetics block nocicep-
tive input into the central nervous system, have anti-inflam-
matory properties, and are often very helpful in neuropathic 
pain. Morphine is superior to tramadol in terms of perioper-
ative pain control. Fentanyl is a very powerful lipophilic opi-
ate that quickly enters the central nervous system. The use 
of epidural ropivacaine resulted in considerable opioid spar-
ing and faster bowel movement recovery. Pethidine is in-
adequate for pain reduction at a dose of 50 mg. Buprenor-
phine has 30 times the analgesic effectiveness of morphine 
in opioid-naïve patients. Piritramide resembles pethidine 
structurally. Tolerance and opioid-induced hyperalgesia can 
develop as a result of opioid use. Nonsteroidal anti-inflam-
matory drugs are significant supplements to a multimodal 
analgesic regimen for the management of postoperative 
pain. The COX-2 inhibitors are normally avoided following 
cardiac surgery. Gabapentinoids are antiepileptic medica-
tions that work by inhibiting voltage-gated calcium channels 
to generate analgesia. Acetaminophen is a key component 
of multimodal postoperative pain management. Ketamine 
has been proven to minimize the incidence of postoperative 
nausea and vomiting.
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