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Abstract

Postoperative pain following laparoscopic cholecystectomy remains a clinically important factor affecting recovery,
patient satisfaction, and healthcare utilization. Despite being a minimally invasive procedure, pain is often
multifactorial, involving incisional, visceral, and referred components, which makes single-agent analgesia
insufficient. This review aimed to provide an updated and integrated overview of pharmacologic and non-
pharmacologic strategies for postoperative pain management with an emphasis on multimodal and opioid-sparing
approaches. Current evidence supports multimodal analgesia as the most effective strategy for pain control.
Pharmacologic management typically includes acetaminophen combined with non-steroidal anti-inflammatory drugs
or COX-2 inhibitors, supplemented by selective use of adjuvant agents and local or regional anesthesia techniques.
Opioids should be reserved for breakthrough pain and used at the lowest effective dose to reduce the risk of adverse
effects, including respiratory depression, nausea, and long-term dependence. Non-pharmacologic interventions such
as early mobilization, breathing exercises, transcutaneous electrical nerve stimulation, and structured patient education
further enhance recovery by reducing pain perception, anxiety, and functional limitations. Evidence also highlights the
importance of individualized pain management based on patient-specific factors such as age, comorbidities, and
surgical risk profile. Integration of these strategies within Enhanced Recovery After Surgery (ERAS) pathways
improves clinical outcomes, shortens hospital stay, and enhances patient satisfaction. From a clinical perspective,
postoperative pain management should shift toward a coordinated, multidisciplinary, and patient-centered approach
that prioritizes opioid stewardship and functional recovery. The combination of pharmacologic and non-pharmacologic
interventions represents the current standard of care and supports improved perioperative outcomes in laparoscopic
cholecystectomy.
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Multimodal and Opioid-Sparing Strategies for Postoperative Pain

Management after Laparoscopic Cholecystectomy

A Comprehensive Review
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PHARMACOLOGIC STRATEGIES

Baseline Analgesics
Acetaminophen + NSAIDs or COX-2 inhibitors
form the foundation of pain control.
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patient-centered approach improves pain
control, enhances recovery, reduces advevse
effects, and increases patient satisfaction.

was conducted. Studies evaluating pain
management strategies after laparoscopic
cholecystectomy were included.

NON-PHARMACOLOGIC STRATEGIES

Early Mobilization
Reduces pain, complications and improves
functional recovery.
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Breathing Exercises
Improves oxygenation and prevents
pulmonary complications.

TENS, Acupressure, Massage
Modulate pain perception and reduce
anxiety with minimal risk.

Patient Education & Psychological Support
Enhances coping, satisfaction and
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8

o
3, W
Y0y gay 5190107

CLINICAL RELEVANCE & IMPLICATIONS
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Graphical Abstract: Multimodal Pain Management Strategies

functional recovery and patient outcomes.

Introduction

Laparoscopic cholecystectomy is the standard
and most widely performed treatment for
symptomatic gallbladder It
minimally invasive procedure and is associated

disease. is a
with faster postoperative recovery compared to
open surgery (1). Despite its advantages,
postoperative pain remains a significant clinical
challenge. It may delay recovery, prolong
hospital stay, increase complications, and, if not
managed properly, contribute to chronic pain (2).
Postoperative ~ pain after laparoscopic
cholecystectomy is multifactorial. It includes
incisional, visceral, and shoulder pain. These

pe
« Opioids: respiratory depression, nausea, dependence
+ Adjuvants: dizziness, sedation, infection risk, psychomimetic

+ Non-pharmacologic methods: minimal adverse effects

and patient-centered approach, integrated
within ERAS pathways, represents the
current standard of care for postoperative

pain management after laparoscopic
cholecystectomy. Oc

+ High-quality RCTs with larger sample sizes

functional recovery, quality of life)
* Real-world evidence to guide clinical practice

Following Laparoscopic Cholecystectomy. This graphical abstract
summarizes multimodal pain management strategies following laparoscopic cholecystectomy. It highlights the integration of pharmacologic and
non-pharmacologic approaches targeting different pain pathways to optimize postoperative analgesia. The proposed strategy emphasizes opioid-
sparing management through the combined use of non-opioid analgesics, adjuvant therapies, and local anesthetic techniques together with early
mobilization, respiratory exercises, and patient education. This integrated approach reduces opioid consumption, minimizes adverse effects, and
supports enhanced postoperative recovery. Overall, a multimodal and patient-centered approach improves pain control and contributes to better

arise from surgical trauma, trocar insertion, and
diaphragmatic irritation. As a result, single-agent
analgesia is often not sufficient to control all pain
components (3). Effective perioperative pain
management requires a multimodal approach
with an emphasis on opioid-sparing strategies.
Although opioids are effective, they are
associated with important side effects and the risk
of dependence (2). Multimodal analgesia
combines pharmacologic and non-pharmacologic
methods to target different pain pathways. This
approach improves analgesia while reducing
adverse effects (4). However, current evidence on
pain after

management laparoscopic
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cholecystectomy is still fragmented. Most studies for postoperative pain management after
focus on either pharmacologic or non- laparoscopic cholecystectomy, with a focus on
pharmacologic  strategies separately.  This multimodal analgesia. It also aims to identify
highlights the need for a more integrated and current evidence gaps and suggest directions for
guideline-based approach (3, 5). The aim of this future research (Table 1).

review is to provide an up-to-date overview of
pharmacologic and non-pharmacologic strategies

Name of
Approach Type Advantages
Medication/Method

Disadvantages Research Evidence

Rapid pain relief, Evidence supports

Risk of dependence, side

Pharmacologic Opioid Analgesics effective for severe short-term
effects such as nausea
pain effectiveness
Reduces inflammation Gastrointestinal side
Limited evidence for
Pharmacologic NSAIDs and mild to moderate effects, increased
long-term effects
pain bleeding risk
Reduces reliance on Longer onset of action, Evidence is less robust
Non-
Physical Therapy medications, aids in requires more time for compared to
Pharmacologic
recovery benefit medications
Reduces stress and
Non- Breathing and Relaxation May not be as effective as Limited studies on
helps control pain and
Pharmacologic Techniques medications effectiveness
anxiety

Table 1. Comparison of Pharmacologic and Non-Pharmacologic Approaches to Postoperative Pain Management After
Laparoscopic Cholecystectomy. This table provides a comparison of both pharmacologic and non-pharmacologic methods used
for managing postoperative pain following laparoscopic cholecystectomy. It highlights the advantages and disadvantages of each
approach, as well as the available research evidence supporting their effectiveness. The goal is to provide a clearer understanding
of the different pain management strategies and guide clinical decision-making.

Pathophysiology of Postoperative Pain After first 24 hours after surgery (7). Visceral pain
Laparoscopic Cholecystectomy originates from manipulation of the gallbladder
Postoperative pain after laparoscopic and surrounding tissues. Inflammation, ischemia,
cholecystectomy is multifactorial. It results from and traction activate visceral afferent fibers. This
a combination of incisional, visceral, and referred type of pain is typically deep, dull, and poorly
mechanisms, despite the minimally invasive localized. It may persist longer than incisional
nature of the procedure (6). Incisional pain occurs pain (8). Shoulder pain after laparoscopic surgery
after trocar insertion and is related to tissue injury is mainly caused by diaphragmatic irritation due
and local inflammation. It is usually localized and to residual CO:. This stimulates the phrenic nerve
well defined. The pain is most intense within the and may last for several hours postoperatively
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(9). Pneumoperitoneum also contributes to
postoperative pain. It increases intra-abdominal
pressure and reduces splanchnic blood flow. This
may lead to ischemia, local acidosis, and release
of inflammatory mediators. These changes
sensitize peripheral nociceptors (10, 11). Surgical
trauma triggers a broader inflammatory response.
Mediators such as prostaglandins, bradykinin,
and cytokines are released. These enhance both
peripheral and central sensitization and increase
pain intensity (12). Central sensitization develops
due to repeated nociceptive input. It can amplify
and prolong postoperative pain (13). This
highlights the importance of early and adequate
analgesia.

Overall, the overlap of incisional, visceral, and
referred pain mechanisms makes single-agent
analgesia insufficient. This further supports the
need for a multimodal analgesic approach after
laparoscopic cholecystectomy (14).

Pharmacologic Management

Effective postoperative pain management after
laparoscopic  cholecystectomy relies on a
combination of pharmacologic interventions,
ideally integrated within a multimodal analgesic
strategy to optimize pain control while
minimizing adverse effects (15). NSAIDs inhibit
cyclooxygenase and reduce
prostaglandin synthesis, effectively controlling

inflammatory pain and sparing opioid use (16).

enzymes

Selective COX-2 inhibitors provide similar
analgesia with lower gastrointestinal risk, but
their use should be individualized based on
patient comorbidities, taking into account
cardiovascular and renal status (17, 18).
Acetaminophen plays a key role in multimodal
analgesia, providing effective pain and fever
control. When combined with NSAIDs or
opioids, acetaminophen enhances analgesia while
reducing opioid consumption, likely through
central prostaglandin inhibition and serotonergic
modulation (19, 20). Opioids, though effective
for moderate to severe postoperative pain via p-

4

opioid  receptor—mediated  inhibition = of
nociceptive signaling, are generally reserved for
breakthrough pain due to their side effects and
risk of dependence, highlighting the importance
of opioid-sparing strategies (2). Adjuvant agents,
including gabapentin, low-dose ketamine,
corticosteroids, and o2-adrenergic agonists, can
further enhance analgesia by modulating central
sensitization and inflammation. When used
appropriately, these agents help reduce pain
scores and opioid requirements (21, 22). Local
anesthetic techniques, such as trocar-site
infiltration to reduce incisional pain and
intraperitoneal administration to attenuate
visceral and shoulder pain, further enhance
analgesia. Their efficacy depends on timing,
dose, and technique, and proper administration is
essential to achieve optimal benefit (23, 24).
When combined in a multimodal pharmacologic
regimen, these agents exert complementary
effects that improve overall pain control,
minimize reliance on systemic opioids, and
enhance postoperative recovery (4). Current
evidence supports the routine implementation of
multimodal pharmacologic strategies, including
NSAIDs or COX-2 inhibitors, acetaminophen,
local anesthetics, and selective adjuvant agents,
as the preferred approach for managing
postoperative pain after laparoscopic
cholecystectomy (3, 25). Overall, the presented
evidence suggests that herbal therapies are
associated with clinically significant drug—herb
interactions and adverse outcomes, warranting
cautious use alongside conventional
pharmacologic regimens (26).

Non-Pharmacologic Management

Non-pharmacologic interventions serve as
important  complementary  strategies  for
postoperative pain management after laparoscopic
cholecystectomy. They aim to reduce pain
intensity, improve patient comfort, and decrease
reliance on pharmacologic analgesics, particularly
opioids (27). Transcutaneous electrical nerve
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stimulation (TENS) is a non-invasive method that
reduces postoperative pain and analgesic use by
stimulating peripheral nerves and activating
endogenous inhibitory pathways (28).
Acupressure and acupuncture are traditional
techniques that are increasingly wused in
perioperative care. They help reduce postoperative
pain and related symptoms such as nausea and
vomiting. This effect is mainly mediated through
modulation of neurohumoral pathways, including
endorphin release and autonomic regulation (29).
Massage therapy can reduce pain by promoting
muscle relaxation, improving circulation, and
reducing stress-related physiological responses.
Aromatherapy with essential oils may also help
decrease perceived discomfort through central
nervous system and psychological effects (30, 31).
Physical and behavioral interventions, such as
early mobilization, optimized positioning, and
guided breathing exercises, support functional
recovery and also contribute to pain reduction.
Furthermore, patient education, reassurance, and
psychological support can reduce anxiety-related
pain amplification and improve overall
postoperative outcomes (32).

Non-pharmacologic interventions are generally
safe and well tolerated. Their -effectiveness
increases when used as part of a multimodal
analgesic strategy alongside pharmacologic
treatment, rather than as standalone approaches
(33). Multimodal analgesia is the cornerstone of
modern postoperative pain management. It
involves the combined use of multiple
interventions targeting different pain pathways,
with the goal of maximizing analgesic efficacy
while minimizing side effects of single-agent
therapy  (34). Pharmacologic = multimodal
analgesia usually includes acetaminophen
combined with NSAIDs or COX-2 inhibitors for
baseline pain control. Opioids are reserved for
breakthrough pain at the lowest effective dose.
Adjuvant agents such as gabapentinoids,
corticosteroids, NMDA antagonists, and o2-
adrenergic agonists may be used in selected

Nexus of Integrated Clinical Science Journal. 2026, 002

patients to enhance analgesia and reduce opioid
requirements (35). Non-pharmacologic strategies
complement pharmacologic therapy by reducing
pain perception, lowering anxiety, and improving
patient comfort. These include TENS,
acupuncture, massage therapy, and structured
patient education with psychological support (36).
Evidence demonstrates that multimodal Evidence
shows that multimodal analgesia improves
postoperative pain control, reduces opioid
consumption and related adverse effects, supports
earlier mobilization and faster recovery, and
increases patient satisfaction (37).

Successful implementation requires
individualized strategies based on patient factors,
surgical complexity, and available resources.
Interdisciplinary collaboration among surgeons,
anesthesiologists, and nursing staff is also
essential for optimal outcomes (38). Overall,
multimodal analgesia is a safe, effective, and
evidence-based approach for postoperative pain
management after laparoscopic cholecystectomy.
It supports enhanced recovery pathways and
improves perioperative care (39) (Table 2).

Opioid-Sparing Strategies

Opioid-sparing strategies have become a central
goal in postoperative pain management due to
concerns regarding opioid-related adverse effects
and the potential for long-term dependence (2).
Following laparoscopic cholecystectomy, these
strategies primarily rely on multimodal analgesia,
which provides effective baseline pain control
while minimizing opioid requirements (40).
Routine use of acetaminophen in combination
with NSAIDs or COX-2 inhibitors offers
substantial analgesia and significantly reduces
the need for opioids in the postoperative period
(41).

Pharmacologic adjuvants such as gabapentinoids
(gabapentin, pregabalin), corticosteroids (e.g.,
dexamethasone), NMDA receptor antagonists
(e.g., low-dose ketamine), and o2-adrenergic
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agonists  (e.g.,

Intervention

Transcutaneous
Electrical Nerve

Stimulation (TENS)

Acupressure and

Acupuncture

Massage Therapy

Aromatherapy

Physical and

Behavioral

Interventions

Patient Education and

Psychological Support

dexmedetomidine,
enhance opioid-sparing effects by modulating

Mechanism of Action

Stimulates peripheral
nerves, activates
endogenous inhibitory

pathways

Modulates neurohumoral

pathways (endorphin
release, autonomic
regulation)
Promotes muscle
relaxation, enhances
circulation, modulates
stress-related responses

Uses essential oils to

influence central nervous

system and psychological

mechanisms
Early mobilization,

optimized positioning,

guided breathing exercises

Reduces anxiety, mitigates

pain amplification

clonidine)

(21, 42).

Pain Control

Effectiveness

Reduces
postoperative pain

and analgesic use

Alleviates pain,

nausea, and vomiting

Reduces muscle
tension and improves

circulation

Reduces perceived
discomfort and

promotes relaxation

Reduces pain and
promotes functional

recovery

Enhances patient
comfort and

satisfaction

Additional Benefits

Non-invasive, easy

to apply

Can reduce anxiety
and promote

relaxation

Alleviates stress,

promotes relaxation

Enhances mood and

overall comfort

Improves overall
postoperative
outcomes
Improves coping
mechanisms and
emotional well-

being

central sensitization and inflammatory pathways

Key Considerations

Requires proper
placement and duration

for optimal effect

Techniques may
require trained

practitioners

Should be applied with
care to avoid excessive

pressure

Need for appropriate

essential oil selection

Requires patient
participation and

guidance

Ongoing support may
be required for

maximum effect

Table 2. Non-Pharmacologic Approaches to Postoperative Pain Management Following Laparoscopic Cholecystectomy.
This table outlines various non-pharmacologic interventions used in postoperative pain management following laparoscopic
cholecystectomy. It highlights the mechanisms of action, effectiveness in reducing pain, additional benefits, and key considerations
for each approach. These strategies, when integrated into a multimodal analgesic plan, help optimize pain relief, improve patient
comfort, and minimize reliance on pharmacologic agents, especially opioids.
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These agents reduce pain intensity and allow
lower opioid consumption. As a result, they are
important components of multimodal analgesia.

Additionally, local anesthetic techniques,
including trocar-site infiltration and
intraperitoneal administration, provide effective
additional analgesia, particularly for incisional,
visceral, and shoulder pain, further reducing
opioid requirements (43).

Non-pharmacologic interventions such as TENS,
acupressure, acupuncture, massage therapy,
patient education, and psychological support
enhance pain management by modulating pain
perception and reducing anxiety. They are
generally safe and well tolerated (36). The
implementation of opioid-sparing protocols has
been associated with reduced opioid-related
adverse effects, improved early mobilization,
faster functional recovery, and higher patient
satisfaction (44).

However, careful patient selection,
individualized dosing, and close monitoring are
essential to ensure adequate analgesia while
avoiding excessive opioid exposure (44, 45). In
conclusion, combining pharmacologic and non-
pharmacologic strategies within a structured
multimodal framework represents an effective,
evidence-based approach for achieving opioid-
sparing goals after laparoscopic cholecystectomy
(2, 46).

Practical Recommendations

Effective postoperative pain management
following laparoscopic cholecystectomy should
prioritize multimodal analgesia, combining
acetaminophen with NSAIDs or COX-2
inhibitors for baseline pain control (3, 47).

Opioids should be reserved for breakthrough
pain, used at the lowest effective dose, and
carefully titrated, particularly in vulnerable
populations such as the elderly or those with
respiratory compromise (48, 49).

Nexus of Integrated Clinical Science Journal. 2026, 002

Non-pharmacologic interventions such as TENS,
acupressure, acupuncture, massage therapy, and
structured patient education enhance analgesia,
reduce anxiety, and improve patient comfort (50,
51). Early mobilization, optimized positioning,
and guided breathing exercises support recovery
and help reduce complications such as atelectasis
and venous thromboembolism (52, 53).

The individualization of analgesic regimens
based on patient characteristics, including age,
comorbidities, and surgical complexity, is
essential. Furthermore, perioperative care should
also address long-term outcomes, such as
prevention of chronic pain and reduction of long-
term opioid use (4, 54).

Interdisciplinary collaboration between surgeons,
anesthesiologists, pain specialists, and nursing
staff is critical for the successful implementation
of multimodal protocols. This collaboration
ensures better coordination of pain management,
reduced opioid use, and improved overall patient
outcomes (55). Integrating multimodal strategies
into Enhanced Recovery After Surgery (ERAS)
programs has been shown to significantly reduce
hospital length of stay and improve patient
satisfaction, demonstrating the effectiveness of
these protocols in optimizing postoperative
recovery (56). In conclusion, a patient-centered
multimodal approach to postoperative pain
management after laparoscopic cholecystectomy
is essential for optimizing analgesic efficacy,
minimizing opioid-related risks, facilitating
faster functional recovery, and improving overall
perioperative care (57).

Special Populations

Certain patient populations require tailored
approaches to postoperative pain management
following laparoscopic cholecystectomy, as
physiologic differences and comorbidities can
significantly influence both pain perception and
analgesic response (5).

Elderly patients experience age-related changes
in pharmacokinetics and pharmacodynamics,
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including reduced hepatic and renal clearance,
altered body composition, and increased CNS
sensitivity (58). These factors increase the risk of
adverse drug effects such as oversedation,
delirium, respiratory depression, and falls. This
necessitates dose adjustments, lower starting
doses, longer dosing intervals, and -careful
monitoring to ensure safety and efficacy (59, 60).
Patients with renal or hepatic impairment face
additional challenges in pain management (61,
62). NSAIDs should generally be avoided due to
nephrotoxicity and fluid retention.
Gabapentinoids may also cause excessive
sedation or ataxia in this population (63, 64).

Drugs with extensive hepatic metabolism, such as
high-dose acetaminophen or opioids, require
careful titration or the use of safer alternatives
(58, 61, 65). Analgesics with more favorable
metabolic profiles should be preferred, and non-
pharmacologic strategies should be considered to
minimize overall drug exposure (49). Individuals
with chronic opioid use, opioid tolerance, or prior
opioid-related adverse effects require specialized
management strategies (66, 67). Given the
variability in analgesic responses across different
populations and the reported safety concerns,
limited regulatory oversight, and potential for
herb—drug interactions associated with herbal
compounds, the available evidence suggests a
need for further research focusing on their safety
profile and their potential role within
personalized, multimodal pain management
strategies (68). Moreover, opioid tolerance and
receptor adaptations may increase postoperative
analgesic requirements and contribute to opioid-
induced hyperalgesia (69, 70).

Enhanced multimodal analgesia—combining
non-opioid pharmacologic agents, regional
anesthesia techniques, and non-pharmacologic
interventions—is essential for adequate pain
control while minimizing opioid use. Adjuvants
such as NMDA receptor antagonists or o2-
adrenergic agonists may be useful in targeting
central sensitization (71, 72). Obese patients also

8

require careful analgesic management due to
altered drug distribution, increased adipose
tissue, drug sequestration in fat, and changes in
hepatic blood flow, all of which affect
pharmacokinetics and pharmacodynamics (73).
These factors, combined with increased
postoperative pain and respiratory risk, require
careful dosing and monitoring (74). Accurate
dose selection, use of safer agents, and
integration of non-pharmacologic approaches are
essential to minimize adverse outcomes (36, 49).
Across all special populations, key principles
include individualized analgesic planning,
careful drug selection and dosing, -early
incorporation of non-pharmacologic strategies,
and interdisciplinary coordination. This approach
improves pain control, enhances recovery, and
reduces adverse events through a patient-centered
and evidence-based perioperative strategy (75,
76) (Table 3).

Safety and Adverse Effects Considerations
Safety is crucial in postoperative pain
management, especially with  multimodal
analgesia (77). While it improves pain control
and reduces opioid use, each intervention carries
potential risks that must be balanced against its
benefits (34). Non-steroidal anti-inflammatory
drugs (NSAIDs) effectively reduce inflammatory
pain and opioid requirements. However, their
mechanism—cyclooxygenase  inhibition—can
impair renal function and increase the risk of
acute kidney injury, particularly in patients with
preexisting renal disease or dehydration (78, 79).
NSAIDs also increase the risk of gastrointestinal
bleeding and peptic ulcers, especially in older
adults or patients with a history of gastrointestinal
disease (80, 81). In addition, some NSAIDs may
increase  cardiovascular  risk,  including
myocardial infarction and stroke, which requires
careful patient selection and monitoring (82, 83).
COX-2 inhibitors offer reduced gastrointestinal
toxicity but still require careful consideration of
cardiovascular safety (84, 85).

Nexus of Integrated Clinical Science Journal. 2026, 002
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Patient

Challenges

Recommended Strategies Key Considerations

Population

Age-related changes in

Risk of oversedation,

pharmacokinetics and Lower initial doses, extended

Elderly Patients delirium, respiratory
pharmacodynamics, CNS intervals, careful monitoring

depression, and falls

sensitivity

Reduced clearance, risk of Avoid NSAIDs, use drugs with

Renal or Hepatic Careful titration of

nephrotoxicity and fluid favorable metabolic profiles,

Impairment acetaminophen and opioids

retention cautious with gabapentinoids

Multimodal analgesia (non-opioid
Chronic Opioid Increased postoperative

Receptor adaptations, opioid- pharmacologics, regional anesthesia,

Use / Opioid

analgesic needs, higher risk
induced hyperalgesia NMDA antagonists, 02-adrenergic
Tolerance of opioid dependence
agonists)

Altered pharmacokinetics due to Accurate dose calculation, use of

Increased postoperative
Obese Patients adipose tissue, increased drug safe agents, non-pharmacologic

pain and respiratory risks

sequestration adjuncts

Table 3. Tailored Postoperative Pain Management Strategies for Special Populations Following Laparoscopic
Cholecystectomy. This table summarizes the tailored postoperative pain management strategies for special populations following
laparoscopic cholecystectomy. It outlines the unique challenges faced by elderly patients, those with renal or hepatic impairment,
individuals with chronic opioid use or opioid tolerance, and obese patients. The table also presents recommended strategies for
each group, focusing on careful selection and dosing of pharmacologic agents, as well as the importance of multimodal analgesia
and non-pharmacologic interventions to optimize pain control and minimize risks.

Acetaminophen is generally safe and effective,
but overdose can lead to hepatotoxicity due to
accumulation of the toxic metabolite NAPQI,
particularly in patients with liver disease, chronic
alcohol use, or malnutrition (86). Opioids are
effective for moderate to severe pain, but they are
associated with adverse effects such as nausea,
constipation, and respiratory depression. These
risks are higher in patients with sleep apnea or
underlying pulmonary disease (87). The risk of
tolerance, dependence, and misuse further
supports the need for opioid-sparing strategies in
perioperative care (88).

Nexus of Integrated Clinical Science Journal. 2026, 002

Adjuvant agents also carry important safety
considerations. Gabapentinoids may cause
dizziness and ataxia (89), corticosteroids can
impair glucose control and increase infection risk
(90), NMDA antagonists such as ketamine may
induce psychomimetic effects (91), and o2-
adrenergic agonists like dexmedetomidine may
cause bradycardia and hypotension (92). These
effects require careful monitoring, especially in
high-risk patients.

Non-pharmacologic interventions, including
TENS, acupressure, massage therapy, and
psychological support, are generally well
tolerated and have minimal adverse effects. They

9
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are particularly useful in patients at higher risk of
drug-related  toxicity @ or  those  with
contraindications to pharmacologic agents (27,
93).

Personalized pain assessment combined with
multimodal  strategies improves analgesic
effectiveness while reducing adverse effects.
Clinical guidelines emphasize preoperative risk
stratification and careful selection of analgesic
modalities (94). Clear communication with
patients regarding benefits and risks supports
shared decision-making and helps align
multimodal analgesia strategies with modern
perioperative care standards (95).

Evidence Gaps and Future Directions

Despite extensive research on postoperative pain
management after laparoscopic cholecystectomy,
important evidence gaps still remain and limit the
development of standardized clinical guidelines.
Challenges include variability in study design,
patient populations, analgesic protocols, and
outcome measures, which makes direct
comparison difficult. Most studies focus on single
pharmacologic or non-pharmacologic
interventions rather than integrated multimodal
strategies. In addition, the optimal combination,
timing, and sequence of analgesics remain
unclear, with findings that are often inconsistent
across studies. Many trials are limited by small
sample sizes, short follow-up periods, and
insufficient blinding, which reduce statistical
power and increase the risk of bias. Pain
assessment tools are also used inconsistently,
while long-term outcomes such as chronic pain,
functional recovery, and quality of life are often
underreported or not systematically assessed.
Evidence for non-pharmacologic interventions
such as acupuncture and TENS remains variable,
influenced by operator skill, study design, and
patient expectations. Future research should
focus on large, well-designed randomized trials
with standardized protocols, consistent outcome
measures, and real-world clinical data to better

10

inform  postoperative  pain
strategies.

management

Limitations of the Review

This review has several limitations. The included
studies show significant heterogeneity in study
design, patient populations, and analgesic
protocols, which limits direct comparison and
meaningful synthesis of findings. Most available
evidence focuses on short-term postoperative
pain outcomes, while long-term outcomes such as
chronic pain and functional recovery are less
consistently evaluated across studies.

The evidence for non-pharmacologic
interventions is also variable, affected by small
sample sizes, lack of blinding, and inconsistent
implementation across studies. Publication bias
and differences in outcome measurement tools
may further affect the interpretation and
generalizability of the findings. Despite these
limitations, this review provides a comprehensive
synthesis of the current literature, identifies key
evidence gaps, and highlights important
directions for future research to strengthen
evidence-based postoperative pain management
after laparoscopic cholecystectomy.

Conclusion

Postoperative pain remains a common and
clinically significant challenge following
laparoscopic cholecystectomy. Although the
procedure is minimally invasive, inadequate pain
control can adversely affect recovery, functional
outcomes, and patient satisfaction. Pain after
laparoscopic cholecystectomy is multifactorial
and includes incisional, visceral, and referred
components. This complexity requires an
approach that targets multiple pain pathways
rather than relying on a single analgesic modality.
Current evidence strongly supports multimodal
analgesia as the most effective strategy for
postoperative pain management. This approach
combines pharmacologic agents such as
acetaminophen, non-steroidal anti-inflammatory
drugs, adjuvant analgesics, and carefully titrated
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opioids to achieve adequate pain control while
reducing opioid-related adverse effects.
Non-pharmacologic  interventions, including
transcutaneous electrical nerve stimulation,
acupressure, massage therapy, and structured
patient education, serve as useful adjuncts. They
help improve analgesia, enhance patient comfort,
and are generally associated with minimal risk.
Optimal outcomes depend on an individualized
and evidence-based approach that takes into
account patient characteristics, comorbidities,
surgical complexity, and available institutional
resources. Interdisciplinary collaboration among
surgeons, anesthesiologists, and nursing staff is
also essential for the effective implementation of
multimodal pain management protocols.

Overall, the integration of pharmacologic and
non-pharmacologic  strategies ~ within a
multimodal framework represents the current
standard of care for postoperative pain
management after laparoscopic cholecystectomy.
Further research is needed to refine these
strategies and  optimize  patient-centered
perioperative outcomes.

Clinical Relevance and Implications for
Patient Care

Postoperative ~ pain  after laparoscopic
cholecystectomy remains an important factor
influencing recovery, patient satisfaction, and
healthcare utilization. This review highlights the
importance of a multimodal, opioid-sparing
approach to pain management. It integrates
pharmacologic and non-pharmacologic strategies
to better address the multifactorial nature of
postoperative pain.

From a clinical perspective, the use of baseline
non-opioid analgesics such as acetaminophen in
combination with NSAIDs or COX-2 inhibitors
is recommended. These agents can be combined
with adjuvant medications and local or regional
anesthesia techniques. This combination provides
effective pain control while reducing the need for
opioids. As a result, opioid-related adverse effects

Nexus of Integrated Clinical Science Journal. 2026, 002

such as nausea, sedation, respiratory depression,
and long-term dependence are minimized. Non-
pharmacologic methods also play an important
role in recovery. Early mobilization, breathing
exercises, transcutaneous electrical nerve
stimulation, and structured patient education can
enhance  postoperative  recovery.  These
interventions help reduce anxiety, improve
functional outcomes, and support earlier return to
normal daily activities. Pain management should
be individualized based on patient-specific
factors. Age, comorbidities, and surgical risk
profile should all be considered. Elderly patients,
as well as those with chronic opioid use or organ
dysfunction, often require more cautious and
tailored strategies with close clinical monitoring.
Finally, integrating these approaches into
Enhanced Recovery After Surgery (ERAS)
programs helps standardize perioperative care. It
improves recovery outcomes, reduces hospital
length of stay, and increases patient satisfaction.
Overall, these findings support a coordinated,
multidisciplinary, and patient-centered approach
to postoperative pain management with careful
opioid stewardship.
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