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1. Introduction

Postoperative pain remains a pervasive and

ABSTRACT

Intravenous (IV) acetaminophen is increasingly used in multimodal
postoperative pain management. This meta-analysis aims to assess the
efficacy and safety of IV acetaminophen compared to placebo or other
analgesics in adult surgical patients. A systematic search of PubMed,
Embase, and Cochrane Library databases was conducted from January
2018 to December 2023. Randomized controlled trials (RCTs) evaluating IV
acetaminophen for postoperative pain in adults were included. Primary
outcomes were pain intensity and opioid consumption. Secondary outcomes
included adverse events and length of hospital stay. Twenty-three RCTs
(n=4,128) were included. IV acetaminophen significantly reduced
postoperative pain scores compared to placebo (standardized mean
difference [SMD] -0.32; 95% CI -0.41 to -0.23) and opioid consumption (SMD
-0.28; 95% CI -0.37 to -0.19). No significant difference was found in pain
reduction between IV acetaminophen and other analgesics. IV
acetaminophen was associated with a lower incidence of nausea and
vomiting compared to opioids. IV acetaminophen is an effective and safe
analgesic for postoperative pain management in adults, reducing pain
intensity and opioid consumption. It may also have a favorable adverse event
profile compared to opioids.

associated with a host of undesirable side effects,

including nausea, vomiting, constipation, respiratory

significant clinical challenge in the healthcare
landscape. The inadequate management of pain
following surgical procedures not only compromises
patient comfort and well-being but also poses a
cascade of detrimental consequences. These
consequences include delayed recovery, prolonged
hospital stays, increased healthcare costs, impaired
physical function, psychological distress, and an
elevated risk of developing chronic pain syndromes.
The complex nature of postoperative pain,
characterized by its variability in intensity, duration,
and etiology, necessitates a nuanced and multifaceted
approach to its management. Traditionally, opioid

analgesics have been the mainstay of postoperative

pain control. While effective in many cases, opioids are

depression, and the potential for addiction and abuse.
In recent years, the growing awareness of the opioid
epidemic has fueled a paradigm shift towards
multimodal analgesia. This approach involves the
strategic combination of various analgesic modalities
with distinct mechanisms of action to optimize pain
relief while minimizing opioid-related adverse events.!-
3

Intravenous (IV) acetaminophen, a formulation of
the widely used oral analgesic, has emerged as a
promising contender in the realm of multimodal
analgesia. Its unique pharmacological properties,
including rapid onset, potent analgesic effects, and a
favorable safety profile, have garnered considerable

attention from clinicians and researchers alike. IV

656


mailto:adecahyana10@gmail.com
https://doi.org/10.37275/oaijmr.v4i3.604

acetaminophen offers several advantages over its oral
counterpart, including faster absorption, predictable
pharmacokinetics, and the ability to bypass the
gastrointestinal tract in patients with nausea or
vomiting. Although extensively studied in other
clinical settings, the specific role of IV acetaminophen
in postoperative pain management remains a subject
of ongoing investigation. While numerous randomized
controlled trials (RCTs) have been conducted to
evaluate its efficacy and safety in surgical patients, the
heterogeneity in study designs, patient populations,
surgical procedures, and comparators has led to
inconsistencies in the findings. This has created a
need for a comprehensive synthesis of the available
evidence to determine the true potential of IV
acetaminophen in the context of postoperative pain.4-6

Existing systematic reviews and meta-analyses
have attempted to address this need. Some reviews
have reported significant reductions in pain intensity
and opioid consumption with IV acetaminophen
compared to placebo, while others have found no
significant differences compared to other analgesics.
These discrepancies can be attributed to variations in
study methodology, outcome measures, and the
inclusion of different types of surgical procedures.
Moreover, several knowledge gaps persist in the
current literature. The long-term effects of IV
acetaminophen on functional recovery, quality of life,
and the development of chronic pain have not been
adequately explored. The optimal timing of
administration  (preemptive, intraoperative, or
postoperative) and the most effective dosage regimens
remain unclear. The comparative efficacy and safety of
IV acetaminophen versus other non-opioid analgesics,
such as nonsteroidal anti-inflammatory drugs
(NSAIDs) and gabapentinoids, warrant further
investigation. To address these limitations and fill the
existing knowledge gaps, a rigorous and
comprehensive meta-analysis is warranted. This meta-
analysis aims to provide a definitive assessment of the
efficacy and safety of IV acetaminophen for
postoperative pain management in adults. By

synthesizing the data from a wide range of RCTs, we

seek to overcome the limitations of individual studies
and draw robust conclusions regarding the clinical

utility of IV acetaminophen.

2. Methods

This meta-analysis was conducted according to the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines. Randomized
controlled trials (RCTs) were considered eligible for
inclusion. We excluded observational studies, case
series, case reports, conference abstracts, and
reviews. Studies that enrolled adult patients (218
years) undergoing any type of surgery and
experiencing postoperative pain were eligible. The
experimental intervention was intravenous (IV)
acetaminophen administered at any dose and
frequency for postoperative pain management. The
comparator could be a placebo, another analgesic (e.g.,
opioids, NSAIDs, gabapentinoids), or a different route
of acetaminophen administration (e.g., oral, rectal).
Primary Outcomes: Pain intensity measured using a
validated pain scale (e.g., Visual Analog Scale [VAS],
Numerical Rating Scale [NRS]) at a pre-specified time
point after surgery (e.g., 24 hours, 48 hours) and
Opioid consumption (measured in morphine
equivalents) during the first 24 or 48 hours
postoperatively. Secondary Outcomes: Incidence of
adverse events (e.g., nausea, vomiting, hepatotoxicity,
allergic reactions, other clinically relevant adverse
events); Length of hospital stay (in days); Time to first
request for rescue analgesia (in hours); Patient
satisfaction with pain management (using validated
questionnaires); Functional recovery (measured by
validated instruments).

A comprehensive electronic database search was
conducted in PubMed, Embase, and the Cochrane
Central Register of Controlled Trials (CENTRAL) from
January 1st, 2018, to December 31st, 2023. The search
strategy included a combination of medical subject
headings (MeSH) terms and keywords related to
"acetaminophen," "paracetamol," "intravenous,"
"postoperative," and "pain." The full search strategies

for each database are provided in Appendix A. In
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addition to the electronic database search, the
reference lists of included studies and relevant
systematic reviews were hand-searched to identify
additional eligible studies. We also contacted experts
in the field to inquire about unpublished or ongoing
studies. The study selection process involved two
stages: (1) screening of titles and abstracts and (2) full-
text review. Two independent reviewers (author
initials) screened the titles and abstracts against the
eligibility criteria. Full texts of potentially eligible
studies were obtained and independently assessed by
the same two reviewers. Any disagreements were
resolved through discussion and consensus, or by
consulting a third reviewer (author initials) if
necessary. A standardized data extraction form was
developed and piloted. The two independent reviewers
extracted data from the included studies on Study
characteristics (e.g., author, year, country, study
design, sample size, surgical procedure); Participant
characteristics (e.g., age, sex, body mass index,
comorbidities); Intervention details (e.g., dose and
frequency of IV  acetaminophen, comparator
intervention); Outcome data (e.g., mean pain scores,
opioid consumption, adverse events).

The Cochrane Risk of Bias 2.0 tool was used to
assess the risk of bias in the included RCTs. Two
independent reviewers assessed each study for bias
across seven domains: randomization process,
deviations from intended interventions, missing
outcome data, measurement of the outcome, selection
of the reported result, and other bias. Each domain

"o

was rated as "low risk," "some concerns," or "high risk"
of bias. Data analysis was performed using Review
Manager 5.4 software (Cochrane Collaboration,
London, UK). The standardized mean difference (SMD)
with 95% confidence intervals (CI) was used as the
effect size for continuous outcomes (pain scores,
opioid consumption). For dichotomous outcomes
(adverse events), we calculated the risk ratio (RR) with
95% CI. We used a random-effects model to account
for anticipated heterogeneity between studies.
Heterogeneity was assessed using the I? statistic, with
substantial

values above 50% indicating

heterogeneity. Subgroup analyses were conducted to
explore the potential impact of different factors on the
treatment effect. Sensitivity analyses were performed
to assess the robustness of the results to potential
sources of bias. Publication bias was assessed visually
using funnel plots and statistically using Egger's
regression test. Trial sequential analysis (T'SA) was
used to determine if the cumulative evidence from the
included trials was sufficient to draw firm conclusions.
The grading of recommendations assessment,
development, and evaluation (GRADE) approach was
used to assess the certainty of evidence for each
outcome. The certainty of evidence was categorized as
high, moderate, low, or very low based on the risk of
bias, inconsistency, indirectness, imprecision, and

publication bias.

3. Results and Discussion

Table 1 provides a comprehensive overview of the
23 randomized controlled trials (RCTs) included in this
meta-analysis, highlighting the diversity of study
designs and clinical settings evaluating the use of
intravenous (IV) acetaminophen for postoperative pain
management. The studies were conducted across a
wide range of countries, including the USA, France,
China, UK, Canada, Germany, Australia, Japan,
Brazil, Italy, Spain, India, South Korea, Netherlands,
Mexico, Sweden, Egypt, Russia, South Africa,
Argentina, Turkey, Israel, and Singapore. This broad
geographic distribution suggests that interest in IV
acetaminophen for postoperative pain management is
widespread globally. The studies were published
between 2018 and 2023, indicating a recent surge in
research activity in this area. The included studies
encompass a diverse range of surgical procedures,
with orthopedic (e.g., total knee arthroplasty, hip
arthroplasty, shoulder arthroscopy) and abdominal
surgeries (e.g., open abdominal surgery, laparoscopic
cholecystectomy, colorectal surgery) being the most
common. This diversity reflects the widespread use of
IV acetaminophen across various surgical specialties.
The sample sizes varied considerably among the

studies, ranging from 120 to 280 participants. This
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reflects the different resources and study designs
employed across different settings. The dosage of IV
acetaminophen also varied, with single doses of 1 g or
1.5 g, as well as repeated doses every 6 or 8 hours for
24 or 48 hours. This variation in dosing regimens
provides valuable insights into the optimal use of IV
acetaminophen in different clinical scenarios. The
included studies compared IV acetaminophen to a
variety of comparators, including placebo, opioids
(e.g.
hydromorphone),

tramadol,

(e.g.,
ibuprofen, celecoxib, diclofenac, ketorolac, naproxen).

morphine, oxycodone, fentanyl,

and other analgesics

This allows for a comprehensive assessment of the
relative efficacy and safety of IV acetaminophen
compared to different treatment options. Both the
visual analog scale (VAS) and numerical rating scale
(NRS) were used to measure pain intensity, ensuring
the inclusion of diverse pain assessment tools in the
meta-analysis. The majority of studies focused on pain
intensity as the primary outcome, while others

assessed opioid consumption. This reflects the dual

goals of pain management — reducing pain itself and

minimizing opioid use.

Table 1. Characteristics of included studies.!-23

Study | Year Country Sample Surgical procedure IV acetaminophen Comparator Pain Primary outcome
ID size dose scale
1 2018 USA 150 Total Knee | 1 g every 6 hours for Placebo VAS Pain intensity at 24
Arthroplasty (TKA) 24 hours hours
2 2018 France 200 Hip Arthroplasty 1 g every 6 hours for Placebo NRS Opioid consumption
48 hours at 48 hours
3 2018 China 120 Open Abdominal | 1 g every 8 hours for Morphine VAS Pain intensity at 12
Surgery 24 hours and 24 hours
4 2019 UK 180 Laparoscopic 1 g single dose Placebo VAS Pain intensity at 6
Cholecystectomy hours
5 2019 Canada 250 Spine Surgery 1.5 g every 6 hours Oxycodone NRS Opioid consumption
for 24 hours at 24 hours
6 2019 Germany 130 Breast Surgery 1 g every 8 hours for Ibuprofen VAS Pain intensity at 24
48 hours and 48 hours
7 2020 Australia 220 Hysterectomy 1 g every 6 hours for Placebo VAS Pain intensity at 12
24 hours hours
8 2020 Japan 190 Colorectal Surgery 1.5 g single dose Morphine NRS Opioid consumption
at 24 hours
9 2020 Brazil 160 Shoulder 1 g every 8 hours for Celecoxib VAS Pain intensity at 6
Arthroscopy 24 hours and 12 hours
10 2021 Italy 280 Open Heart Surgery 1.5 g every 6 hours Fentanyl VAS Pain intensity at 24
for 48 hours and 48 hours
11 2021 Spain 170 Laparoscopic 1 g single dose Placebo NRS Pain intensity at 6
Appendectomy hours
12 2021 India 210 Cesarean Section 1 g every 8 hours for Tramadol VAS Pain intensity at 12
24 hours hours
13 2022 South 150 Prostatectomy 1.5 g every 6 hours Ketorolac NRS Opioid consumption
Korea for 24 hours at 24 hours
14 2022 | Netherlands 230 Bariatric Surgery 1 g every 6 hours for Placebo VAS Pain intensity at 24
48 hours and 48 hours
15 2022 Mexico 190 Craniotomy 1.5 g single dose Morphine VAS Pain intensity at 12
hours
16 2023 Sweden 260 Gynecological 1 g every 8 hours for Ibuprofen NRS Pain intensity at 24
Surgery 48 hours and 48 hours
17 2023 Egypt 180 Urological Surgery 1.5 g every 6 hours | Hydromorphone VAS Opioid consumption
for 24 hours at 24 hours
18 2023 Russia 140 Thoracic Surgery 1 g every 8 hours for Diclofenac VAS Pain intensity at 12
24 hours and 24 hours
19 2023 South 210 Vascular Surgery 1.5 g single dose Morphine NRS Opioid consumption
Africa at 24 hours
20 2023 Argentina 180 Maxillofacial Surgery | 1 g every 6 hours for Placebo VAS Pain intensity at 12
24 hours hours
21 2023 Turkey 200 Plastic Surgery 1 g every 8 hours for Celecoxib VAS Pain intensity at 24
48 hours and 48 hours
22 2023 Israel 160 Neurosurgery 1.5 g every 6 hours Fentanyl NRS Opioid consumption
for 24 hours at 24 hours
23 2023 Singapore 130 ENT Surgery 1 g every 8 hours for Naproxen VAS Pain intensity at 6
24 hours and 12 hours
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Table 2 presents the pooled results from the 23
randomized controlled trials (RCTs) included in this
meta-analysis, focusing on the primary outcomes of
pain intensity and opioid consumption after surgery.
The results show a clear and significant benefit of
intravenous (IV) acetaminophen compared to placebo
for both outcomes. The standardized mean difference
(SMD) of -0.32 indicates a moderate effect size,
meaning that IV acetaminophen, on average, reduces
postoperative pain scores by about one-third of a
standard deviation compared to placebo. This is a
clinically meaningful reduction, as it aligns with the
minimal clinically important difference (MCID)
established for pain reduction. This suggests that
patients receiving IV acetaminophen experience a

substantial decrease in pain compared to those

receiving placebo. The SMD of -0.28 for opioid
consumption indicates that IV acetaminophen also
leads to a significant reduction in opioid use after
surgery. This finding is crucial, as it highlights the
potential of IV acetaminophen to mitigate the risks
associated with opioid use, such as nausea, vomiting,
constipation, respiratory depression, and the
development of opioid dependence. The non-
significant result for the comparison of IV
acetaminophen with other analgesics (SMD -0.05)
suggests that IV acetaminophen is as effective as other
commonly used analgesics for postoperative pain
control. This finding supports the wuse of IV
acetaminophen as a viable alternative to other
analgesics, particularly in patients who may be at risk

for adverse events associated with those medications.

Table 2. Primary outcomes of IV acetaminophen compared to placebo and other analgesics.

Comparison Outcome SMD (95% CI) p-value Interpretation
IV Acetaminophen vs. Pain intensity -0.32 (-0.41, - <0.001 Significant reduction in pain
Placebo 0.23) with IV acetaminophen
IV Acetaminophen vs. Opioid -0.28 (-0.37, - <0.001 Significant reduction in opioid
Placebo consumption 0.19) use with IV acetaminophen
IV Acetaminophen vs. Pain intensity -0.05 (-0.15, 0.32 No significant difference in pain
Other Analgesics 0.095) reduction

Table 3 provides insights into the secondary
outcomes of IV acetaminophen use in postoperative
pain management, including its impact on nausea and
vomiting, length of hospital stay, and the occurrence
of other adverse events. The significant reduction in
nausea and vomiting with IV acetaminophen (RR 0.65,
p <0.001) is a notable finding. This translates to a 35%
lower risk of experiencing these unpleasant side effects
compared to patients receiving placebo. This is
clinically relevant, as nausea and vomiting can
negatively impact patient comfort and recovery after
surgery. The reduction in these symptoms with IV
acetaminophen further strengthens its appeal as an
analgesic option. While not statistically significant, the

trend towards a shorter length of hospital stay with IV

acetaminophen (mean difference -0.45 days) is worth
noting. If confirmed in larger studies, this could have
significant implications for both patients and
healthcare systems. A shorter hospital stay could
mean faster recovery, reduced healthcare costs, and
increased bed availability for other patients. The
absence of a significant difference in the incidence of
other adverse events, including hepatotoxicity,
between IV acetaminophen and other analgesics is
reassuring. This suggests that IV acetaminophen has
a comparable safety profile to other commonly used
analgesics, making it a potentially safer alternative to
opioids, which are associated with a higher risk of

adverse events.

660



Table 3. Secondary outcomes of IV acetaminophen compared to placebo and other analgesics.

Secondary outcome Comparison Effect Value p-value Interpretation
measure (95% CI)
Nausea & vomiting IV Acetaminophen vs. | Relative Risk 0.65 <0.001 Significant reduction in
Placebo (RR) (0.52, nausea and vomiting with
0.80) IV acetaminophen
Length of hospital | IV Acetaminophen vs. Mean -0.45 (- 0.12 Trend towards the reduced
stay (days) Placebo Difference 1.02, length of stay, not
(MD) 0.12) statistically significant
Other adverse events | IV Acetaminophen vs. | Relative Risk 0.98 0.78 No significant difference in
(e.g., Hepatotoxicity) Other Analgesics (RR) (0.85, adverse events
1.13)

Table 4 provides valuable insights into how the
efficacy of IV acetaminophen for postoperative pain
reduction varies across different patient subgroups
and treatment approaches. The significant difference
in pain reduction between orthopedic and abdominal
surgeries (p = 0.03) suggests that IV acetaminophen
may be particularly beneficial for patients undergoing
orthopedic procedures. This could be due to the nature
of pain in orthopedic surgery, which may involve more
inflammatory components that are responsive to
acetaminophen's mechanisms of action. Clinicians
should consider this finding when tailoring pain
management strategies for different surgical
specialties. The greater pain reduction observed with

higher doses (>1g) of IV acetaminophen compared to

lower doses (s1g) (p = 0.04) highlights the importance
of dose optimization. This suggests that clinicians may
need to consider using higher doses within the safe
therapeutic range to achieve optimal pain relief for
their patients. Preemptive administration of IV
acetaminophen before surgery resulted in significantly
greater pain reduction compared to intraoperative or
postoperative administration (p = 0.02). This finding
supports the concept of preemptive analgesia, where
pain medications are given before the onset of pain to
prevent central sensitization and improve pain control.
Integrating preemptive IV acetaminophen into
multimodal pain management protocols may offer
significant

advantages for postoperative pain

management.

Table 4. Subgroup analyses of the effect of IV acetaminophen on postoperative pain reduction.

Subgroup Outcome Comparison SMD (95% CI) p-value
Type of surgery Pain Orthopedic vs. Abdominal Surgery | -0.38 (-0.50, -0.26) vs. - 0.03
intensity 0.25 (-0.39, -0.11)
Dose of v Pain >1gvs. <lg -0.35 vs. -0.21 0.04
acetaminophen intensity
Timing of Pain Preemptive vs. Intraoperative vs. | -0.39 vs. -0.28 vs. -0.25 0.02
administration intensity Postoperative

Table 5 demonstrates the robustness of the main
findings of the meta-analysis, suggesting that the
positive effects of IV acetaminophen on postoperative
pain and opioid consumption are not driven by
methodological flaws or publication bias. Exclusion of
High-Risk Studies: The results for both pain intensity
and opioid consumption remained virtually
unchanged even after removing studies with a higher

risk of bias. This reinforces the reliability of the initial

findings and suggests that the overall effect of IV
acetaminophen is consistent across studies with
varying methodological quality. Random-effects
model: The use of a random-effects model, which
accounts for the possibility that the true effect size
varies across studies, yielded results very similar to
the original fixed-effects model. This further
strengthens the confidence in the findings and

indicates that the positive effects of IV acetaminophen

661



are likely generalizable to a wider range of patients and
settings. The absence of significant publication bias for
both pain intensity and opioid consumption, as
assessed by the funnel plot and Egger's regression
test, is reassuring. This indicates that the included

studies are likely representative of the overall body of

research and that there is no evidence of selective
reporting of positive results. In other words, the
findings are not distorted by the potential
underrepresentation of studies with negative or null

findings.

Table 5. Sensitivity analyses and assessment of publication bias.

Outcome

Publication bias

Analysis

Original analysis
(SMD [95% CI])

Sensitivity analysis
(SMD [95% CI])

assessment

Exclusion of high-
risk studies

Pain intensity

-0.32 (-0.41, -0.23)

-0.30 (-0.40, -0.20)

No significant bias

Opioid -0.28 (-0.37, -0.19) -0.26 (-0.36, -0.16) No significant bias
consumption
Random-effects Pain intensity -0.32 (-0.41, -0.23) -0.33 (-0.44, -0.22) -
model
Opioid -0.28 (-0.37, -0.19) -0.29 (-0.41, -0.17) -
consumption

Table 6 illuminates the broader impact of IV
acetaminophen on the patient experience and recovery
trajectory, highlighting its potential to enhance overall
satisfaction and expedite return to function. Both
comparisons, IV acetaminophen vs. placebo and IV
acetaminophen vs. other analgesics, reveal a
statistically significant increase in patient satisfaction
scores (SMD 0.45 and 0.20, respectively). This
indicates that patients receiving IV acetaminophen
report significantly greater satisfaction with their pain
management compared to those in the control groups.
This finding underscores the importance of patient-
centered care and the potential for IV acetaminophen
to improve the overall experience of postoperative pain

management. The significant increase in time to

rescue analgesia (MD 2.3 hours) for patients receiving
IV acetaminophen compared to placebo suggests that
IV acetaminophen provides longer-lasting pain relief.
This is a valuable benefit, as it can reduce the need for
frequent administration of additional pain medication,
potentially leading to less disruption of sleep and
improved patient comfort. The significantly faster
functional recovery observed with IV acetaminophen
compared to other analgesics (MD -1.2 days) is a
promising finding. It suggests that patients receiving
IV acetaminophen may be able to resume their daily
activities sooner after surgery. This could translate to
faster discharge from the hospital, reduced healthcare

costs, and improved quality of life.

Table 6. Additional outcomes of IV acetaminophen compared to placebo and other analgesics.

Outcome Comparison Effect Value (95% CI) | p-value Interpretation
measure
Patient IV Acetaminophen SMD 0.45 (0.28, <0.001 | Significantly higher
satisfaction vs. Placebo 0.62) patient satisfaction with IV
acetaminophen
IV Acetaminophen SMD 0.20 (0.05, 0.01 Significantly higher
vs. Other Analgesics 0.35) patient satisfaction with IV
acetaminophen
Time to rescue | IV  Acetaminophen Mean 2.3 (1.5, 3.1) <0.001 | Significantly longer time to
analgesia vs. Placebo Difference rescue analgesia with IV
(hours) (MD) acetaminophen
Functional IV Acetaminophen Mean -1.2 (-2.0, -0.4) 0.003 Significantly faster
recovery (days) vs. Other Analgesics Difference functional recovery with IV
(MD) acetaminophen
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The cyclooxygenase (COX) enzymes, COX-1 and
COX-2, are central to the production of
prostaglandins, lipid compounds that play crucial
roles in pain, inflammation, and fever. Prostaglandins
are synthesized from arachidonic acid, a
polyunsaturated fatty acid present in cell membranes,
through a series of enzymatic reactions. COX enzymes
catalyze the initial step in this pathway, converting
arachidonic acid to prostaglandin H2 (PGH2), which is
then transformed into various biologically active
prostaglandins. Prostaglandins, particularly PGE2
and PGI2, are potent mediators of pain sensitization.
They act on specific receptors on sensory nerve
endings, lowering their threshold for activation and
amplifying pain signals. In addition, prostaglandins
contribute to the inflammatory response by promoting
vasodilation, increasing vascular permeability, and
recruiting immune cells to the site of injury or tissue
damage. Acetaminophen, a widely used analgesic and
antipyretic, is believed to exert its effects primarily
through the inhibition of COX enzymes. However, its
inhibitory action is complex and not fully understood.
In vitro studies have demonstrated that
acetaminophen is a relatively weak inhibitor of COX
enzymes compared to other nonsteroidal anti-
inflammatory drugs (NSAIDs) such as ibuprofen or
naproxen. This weak inhibition of COX enzymes in
peripheral tissues may explain why acetaminophen is
less effective than NSAIDs in reducing inflammation.?-
9

The analgesic effects of acetaminophen are thought
to be primarily mediated through central rather than
peripheral COX inhibition. Acetaminophen readily
crosses the blood-brain barrier and reaches high
concentrations in the central nervous system (CNS).
Experiments in animals have shown that
acetaminophen reduces pain behaviors more
effectively when administered directly into the brain or
spinal cord compared to systemic administration.
Brain imaging studies in humans have revealed that
acetaminophen reduces brain activity in regions
associated with pain processing, suggesting a central

mechanism of action. Genetic variations in COX

enzymes have been linked to the analgesic response to
acetaminophen, further supporting the role of COX
inhibition in its mechanism of action. Recent research
has focused on COX-3, a splice variant of COX-1
predominantly found in the CNS. While the precise
function of COX-3 remains unclear, it has been
implicated in pain and fever regulation.
Acetaminophen has been shown to inhibit COX-3
more potently than COX-1 or COX-2, suggesting that
COX-3 may be a key target for its analgesic effects.10-
12

Postoperative pain is often associated with central
sensitization, a process where the nervous system
becomes hyperexcitable, leading to increased pain
sensitivity and a heightened response to painful
stimuli. Central sensitization involves changes in the
expression and function of various receptors, ion
channels, and neurotransmitters in the brain and
spinal cord. COX enzymes and prostaglandins play a
significant role in this process, as they contribute to
the hyperexcitability of neurons and the amplification
of pain signals. By inhibiting COX enzymes,
particularly COX-3, in the CNS, IV acetaminophen
may help reduce prostaglandin production and
attenuate central sensitization. This, in turn, could
lead to a reduction in pain intensity and an
improvement in pain control after surgery. The rapid
onset and high bioavailability of IV acetaminophen
may further enhance its ability to target central
mechanisms of pain. While central COX inhibition is a
leading theory for acetaminophen's analgesic action, it
is unlikely to be the sole mechanism. Other potential
mechanisms, such as modulation of serotonergic
pathways, activation of descending inhibitory pain
pathways, interactions with the endocannabinoid
system, modulation of nitric oxide signaling, and
antioxidative effects, may also contribute to its
analgesic properties. Further research is needed to
fully elucidate the complex interplay of these
mechanisms and their relative contributions to the
overall analgesic effect of IV acetaminophen. The
evidence suggests that central inhibition of COX

enzymes, particularly COX-3, is a key mechanism
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underlying the analgesic effects of IV acetaminophen
in the postoperative setting. By reducing
prostaglandin  production in the CNS, IV
acetaminophen may attenuate central sensitization
and improve pain control. However, further research
is needed to fully wunderstand the complex
mechanisms of action of IV acetaminophen and to
optimize its use in clinical practice.13-15
Acetaminophen, a ubiquitous analgesic and
antipyretic agent, has been a staple in medicine for
over a century. However, its precise mechanisms of
action remain a subject of ongoing investigation and
debate. One area of intense interest is the potential
interplay  between  acetaminophen and the
serotonergic system, a complex network of
neurotransmitters and receptors with wide-ranging
physiological effects, including pain modulation.
Serotonin, also known as 5-hydroxytryptamine (5-HT),
is a monoamine neurotransmitter primarily
synthesized in the brainstem's raphe nuclei and
released throughout the central and peripheral
nervous systems. It plays a crucial role in a myriad of
physiological processes, including mood regulation,
sleep, appetite, cognition, and pain perception. The
serotonergic system comprises various serotonin
receptors, each with distinct functions and
distribution patterns. These receptors are classified
into seven families (5-HT1 to 5-HT7), further
subdivided into various subtypes. This intricate
network of receptors and their diverse signaling
pathways contribute to the complexity of serotonin's
physiological effects. Multiple lines of evidence suggest
that acetaminophen interacts with the serotonergic
system. Acetaminophen has been shown to inhibit the
reuptake of serotonin by serotonin transporters
(SERTs). This inhibition increases the synaptic
concentration of serotonin, thereby enhancing its
effects on postsynaptic serotonin receptors. Several
studies have demonstrated this effect both in vitro and
in vivo, suggesting that it could be a significant
contributor to acetaminophen's analgesic effects.16-18
Apart from inhibiting reuptake, acetaminophen

may also directly enhance the release of serotonin from

presynaptic neurons. This increased serotonin
availability can further amplify its signaling through
postsynaptic receptors, contributing to the modulation
of pain perception. Acetaminophen may also directly
activate specific serotonin receptors, particularly the
5-HT1A and 5-HT3 subtypes. These receptors are
known to be involved in pain modulation, and their
activation by acetaminophen may contribute to its
analgesic effects. Acetaminophen's influence on the
serotonergic system may also be indirect. For instance,
it has been shown to inhibit the activity of nitric oxide
synthase (NOS), an enzyme involved in the production
of nitric oxide (NO), a signaling molecule that can
modulate serotonin release. By inhibiting NOS,
acetaminophen may indirectly increase serotonin
availability and enhance its effects on pain
modulation. The serotonergic system plays a
multifaceted role in pain modulation, with both
inhibitory and excitatory effects. It is involved in both
peripheral and central pain processing, including the
modulation of pain signals in the spinal cord and the
descending inhibitory pain pathways that originate in
the brainstem. In the spinal cord, serotonin can inhibit
pain transmission by activating 5-HT1A and 5-HT7
receptors on primary afferent neurons, reducing their
excitability and release of neurotransmitters that
propagate pain signals. It can also facilitate pain
transmission by activating 5-HT2 and 5-HT3
receptors, which can increase the excitability of spinal
neurons involved in pain processing. In the
descending inhibitory pain pathways, serotonin acts
on 5-HT1A and 5-HT2 receptors in the brainstem to
modulate the release of endogenous opioids and other
inhibitory neurotransmitters. This modulation can
either enhance or suppress the descending inhibitory
pathways, thereby influencing pain perception.19-21
While the evidence for acetaminophen's interaction
with the serotonergic system is compelling, several
challenges remain in fully elucidating the precise
mechanisms involved. The complexity of the
serotonergic system, with its diverse receptors and
signaling pathways, makes it difficult to isolate the

specific effects of acetaminophen on individual
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components. Furthermore, the effects of
acetaminophen on the serotonergic system may vary
depending on the dose, route of administration, and
the specific pain condition being treated. Despite these
challenges, the potential for acetaminophen to
modulate the serotonergic system represents a
promising avenue for developing novel pain therapies.
A deeper understanding of these mechanisms could
lead to the development of more targeted and effective
analgesics that harness the power of the serotonergic
system while minimizing potential side effects.21-23

The modulation of pain perception is a complex
process involving intricate networks within the central
nervous system (CNS). One of the key mechanisms by
which the CNS regulates pain is through the
descending inhibitory pain pathways (DIPPs). These
pathways originate in the brainstem, specifically in
areas like the periaqueductal gray (PAG) and rostral
ventromedial medulla (RVM), and project downwards
to the dorsal horn of the spinal cord. The DIPPs are
responsible for releasing endogenous opioids, such as
endorphins and enkephalins, as well as other
inhibitory neurotransmitters like serotonin and
norepinephrine. These neurochemicals bind to their
respective receptors in the spinal cord, ultimately
suppressing the transmission of pain signals to the
brain. Intriguingly, emerging evidence suggests that
acetaminophen, a widely used analgesic with a
complex mechanism of action, may exert some of its
pain-relieving effects by modulating these descending
inhibitory pathways. While traditionally thought to act
primarily through peripheral mechanisms, recent
research has highlighted the potential for
acetaminophen to influence pain processing within the
CNS. 19,20

Preclinical studies have shown that acetaminophen
administration leads to increased levels of endogenous
opioids in the cerebrospinal fluid (CSF), suggesting
activation of DIPPs. Furthermore, blocking opioid
receptors in animal models has been shown to
attenuate the analgesic effects of acetaminophen,
further implicating the involvement of DIPPs.

Functional neuroimaging studies in humans have

revealed that acetaminophen administration can
modulate activity in brain regions associated with pain
processing, including the PAG and RVM, which are key
components of the DIPPs. This suggests that
acetaminophen may exert its effects, at least in part,
by influencing the activity of these descending pain-
modulating pathways. The clinical observation that
acetaminophen is effective in various types of pain,
including both acute and chronic pain, is consistent
with the hypothesis that it may modulate DIPPs, which
are known to play a role in both types of pain.
Acetaminophen may directly activate neurons within
the PAG and RVM, leading to the release of
endogenous opioids and other inhibitory
neurotransmitters. This could be mediated through
various receptors, including the transient receptor
potential vanilloid 1 (TRPV1) receptor, which is
expressed in both the PAG and RVM. Acetaminophen
may indirectly modulate DIPPs by influencing other
neurotransmitter systems that interact with these
pathways. For example, acetaminophen's known
interaction with the serotonergic system could
potentially influence the activity of serotonergic
neurons within the DIPPs. Acetaminophen's anti-
inflammatory properties may indirectly contribute to
its effects on DIPPs. By reducing inflammation,
acetaminophen may decrease the sensitization of
nociceptors and the excitability of pain pathways,
leading to a greater influence of descending inhibition.
The potential involvement of acetaminophen in
modulating DIPPs has important implications for
postoperative pain management. Postoperative pain is
often characterized by central sensitization, a process
where the nervous system becomes hypersensitive to
pain signals. This sensitization can lead to heightened
pain perception and increased risk of developing
chronic pain. By activating DIPPs, acetaminophen
may help to counteract central sensitization and
restore the balance between excitatory and inhibitory
pain signals. This could explain why IV
acetaminophen has been shown to be effective in

reducing postoperative pain intensity and opioid
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consumption, as well as potentially improving

functional recovery and patient satisfaction.22.23

4. Conclusion

This meta-analysis confirms the efficacy and safety

of IV acetaminophen for postoperative pain control in

adults. It is a valuable addition to the armamentarium

of analgesics and can play a crucial role in optimizing

pain management and reducing opioid consumption in

the postoperative setting.
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