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Background: Preemptive analgesia is an antinociceptive intervention aimed at inhibiting
hyperexcitability in both the peripheral and central nervous systems, diminishing the intensity of
postoperative pain. Pre-analgesic acetaminophen has been employed extensively in diverse surgical
procedures among adult individuals; however, its efficacy in pediatric patients remains controversial.

Objectives: This review aimed to evaluate the impact of preemptive acetaminophen on
postoperative pain, rescue analgesia, and nausea and vomiting in children.

Study Design: A meta-analysis of randomized controlled trials (RCTs).

Setting: The electronic databases of PubMed, EMBASE, Cochrane Library, Web of Science, and
Sino-Med were searched. The protocol was previously registered in the PROSPERO database under
the registration number CRD 42023469972.

Methods: We adhered to the guidelines outlined in the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) Statement. Thirteen RCTs examining the effects of
preemptive APAP in pediatrics were incorporated. The risk of bias for each included study was
independently assessed using the criteria outlined in the Cochrane Handbook for Systematic
Reviews of Interventions. A systematic review and meta-analysis were performed using Review
Manager Software version 5.4.

Results: A total of 13 studies, observing 718 patients, were included. Our research found that
children who received preoperative acetaminophen had a reduction in pain scores within one-2
hours (standardized mean difference [SMD], -2.83; 95% confidence interval [Cl], -3.69 to -1.96;
P < 0.001), and 6-8 hours (SMD,-2.23; 95% Cl, -2.84 to -1.61; P < 0.001) postoperatively on the
VAS scale and a lower incidence of rescue analgesia (odds ratio [OR], 0.50; 95% Cl, 0.3-0.82; P
=0.006).

Limitations: The main limitation of this meta-analysis is the potential bias in the few studies
included.

Conclusion: Preemptive acetaminophen in pediatric patients could effectively alleviate
postoperative pain and decrease the need for additional rescue analgesic interventions.

Key words: Acetaminophen, paracetamol, preemptive analgesia, pain management, pediatric
surgery, pain score, rescue analgesia, postoperative nausea, vomiting

Pain Physician 2025: 28:E359-E369

ain is an unpleasant sensory and emotional
experience associated with actual or potential
tissue damage or described in terms of such
damage (1). The increased metabolic activity resulting

from postoperative pain might slow down the
healing of wounds and hinder the recovery process
(2). Additionally, intense postoperative pain has the
potentialtointerfere with braindevelopmentinchildren

www.painphysicianjournal.com



Pain Physician: July/August 2025: 28:E359-E369

(3). Preemptive analgesia, as one of the measures of
multimodal analgesia, refers to analgesic intervention
induced before the injury-induced stimulus acts on the
body (4). By interfering with the creation, transmission,
and control of injury-induced signals, the sensitization
of peripheral and central pain is blocked, eliminating
or further reducing the pain brought by the injury
(5). Preemptive analgesia is commonly employed in
adult patients undergoing surgical procedures that fall
into gynecological (6), orthopedic (7), or ophthalmic
(8) categories. Nevertheless, there exists a paucity
of research regarding the utilization of preemptive
analgesia in pediatric and neonatal populations.

Acetaminophen (also known as paracetamol
[APAP]) is commonly utilized for pain relief in pediat-
ric patients because of its established safety profile in
clinical practice (9). Previous research has demonstrated
that the analgesic effect exerted by acetaminophen
occurs through inhibiting the activity of the cyclo-
oxygenase (COX) enzyme in the peripheral system and
regulating various pathways in the central system,
including the serotonin neurotransmitter decrement
pathway, the L-arginine/nitric oxide (NO) pathway, and
the endocannabinoid system (10). Currently, preemp-
tive acetaminophen is frequently used in adult surgi-
cal procedures. Preoperative oral administration of
acetaminophen was effective, convenient, safe, and
cost-effective in reducing intraoperative and postop-
erative pain in phacoemulsification performed using
topical anesthesia. In patients undergoing open gyne-
cologic oncology surgery, preemptive acetaminophen
significantly diminishes the overall intake of opioids
following surgery and decreases the occurrence of
postoperative nausea and vomiting (11). However, the
effectiveness of acetaminophen remains a potentially
contentious debate in children.

Therefore, this systematic review and meta-analy-
sis aimed to evaluate the effects of acetaminophen as
a preemptive analgesic in children on postoperative
pain, rescue analgesia, and the incidence of nausea and
vomiting.

METHODS

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines were
followed for the reporting of meta-analyses of ran-
domized controlled trials (RCTs). The review protocol
was preregistered at the International Prospective

Search Strategy

A systematic search was conducted on several da-
tabases, including PubMed, EMBASE, Cochrane Library,
Web of Science, and Sino-Med. Search terms included:
“children,” “acetaminophen,” “preemptive analgesia,”
and “randomized controlled trials.” The specific search
strategy is shown in Table 1. The search was conducted
up to April 26, 2024.

won

Inclusion and Exclusion Criteria

All RCTs examining the effects of preemptive ac-
etaminophen in pediatrics were incorporated in the
review. We excluded studies that lacked full-text refer-
ences, did not include control groups, combined other
pharmacological agents, were not limited to pediatric
populations, or were not randomized controlled trials.

Data Extraction

Two authors independently evaluated the full
manuscripts of all included trials and performed data
extraction. Study details (publication year, first author,
and country), study design (sample size), characteristics
of patients (average age, weight, and type of surgery),
administration details (delivery mode, drug dosage,
dosing time), and outcome assessment (pain evaluation
scales, assessment time, pain scores, rescue analgesia,
postoperative nausea and vomiting [PONV]) were ex-
tracted (Table 2).

Assessment of Bias

The risk of bias for each included study was in-
dependently assessed using the criteria outlined in
the Cochrane Handbook for Systematic Reviews of
Interventions. These included assessments of random-
ized sequence generation (selection bias), allocation
concealment (selection bias), blinding (implementation
bias), blinding of outcome assessment (measurement
bias), incomplete outcome data (follow-up bias), se-
lective reporting (reporting bias), and other types of
bias. There are three evaluation criteria for each item,
namely “low risk”, “high risk” and “uncertain”.

Statistical Analysis

The primary outcome was the postoperative pain
score, and the secondary outcomes were the rate of
rescue analgesia and the incidence of postoperative
nausea and vomiting. Results for pain scores in children
are reported as mean = SD. The incidence of second-
ary outcomes is reported as OR and its 95% confidence
interval (Cl). Statistical heterogeneity was assessed us-

Register of Systematic Reviews (PROSPERO ID:
CRD42023469972).
E360

www.painphysicianjournal.com



Analgesic Effect of Preemptive Acetaminophen in Children

ing the I? statistic and Cochran’s Q statistic. The random
effect model was used when significant heterogeneity
was observed (P < 0.05 or I2>50%). Otherwise, the fixed
effect model was used (P> 0.05 or I < 50%). Two-tailed
probability values < 0.05 were considered statistically
significant. All analyses were performed using Review
Manager 5.4 software.

REesuLts

Search Results and Study Characteristics

Based on the search strategy, a total of 241 articles
were obtained, of which 95 were duplicate research
(Fig. 1). After a review of the abstracts, 50 studies were
identified as potentially relevant to the research ques-
tion. Exclusion criteria were the absence of full text
(n = 8), the absence of a blank control group (n = 15),
research focused on additional medicines used in con-
junction with acetaminophen (n = 12), studies involving
non-children (n = 1), and non-RCTs (n = 1). Accordingly,
the final sample for this analysis comprised 13 RCTs
encompassing a sample size of 718 children. Three
hundred sixty-nine individuals were administered pre-
emptive acetaminophen, and 349 patients were given
a placebo.

Literature Quality Evaluation

In the analysis, 61.5% of the studies (8 in total)
provided explicit details regarding the methods used
to generate a random sequence. Additionally, 54% of
the studies (7 in total) described the implementation
of allocation concealment. Furthermore, 46% of the
studies (6 in total) reported blinding of patients, and
one study did not report whether outcome measure-
ment personnel were blinded. In addition, none of the
13 trials provided specific information regarding other
potential sources of bias (Fig. 2). No studies were ex-
cluded according to the result of this evaluation.

Postoperative Pain Scores

Children’s Hospital of Eastern Ontario Pain Scale
(CHEOPS)

The Children’s Hospital of Eastern Ontario Pain
Scale (CHEOPS) assesses 6 aspects of children’s pain: the
degree of crying, facial expression, verbal description
of pain, body tension, reaction to wound touch, and
leg movement (12). Bennie (13) and Mahgoobifard
(14) employed the CHEOPS scale (Fig. 3). In Bennie’s
study, pain assessment was performed at several time

Table 1. Search strategy used in the PubMed database.

Number | Search Terms

#1 "Child" [Mesh]
"children" [Title/Abstract] OR "pediatric" [Title/
#2
Abstract]
#3 #1 OR #2
#4 "Acetaminophen" [Mesh]

"Acetominophen" [Title/Abstract] OR
"Hydroxyacetanilide" [Title/Abstract] OR "APAP"
[Title/ Abstract] OR "p-Acetamidophenol” [Title/
Abstract] OR "p-Hydroxyacetanilide" [Title/ Abstract]
OR "Paracetamol" [Title/Abstract] OR (("n" [All
Fields] AND "4-Hydroxyphenyl" [All Fields]) AND
"acetanilide" [Title/Abstract]) OR "Acetamidophenol”
[Title/Abstract] OR "N-Acetyl-p-aminophenol" [Title/
Abstract] OR "Acephen” [Title/Abstract] OR "Acetaco"
[Title/Abstract] OR "Tylenol" [Title/Abstract] OR
"Anacin-3" [Title/Abstract] OR "Anacin-3" [Title/
Abstract] OR "Datril" [Title/Abstract] OR "Panadol”
[Title/Abstract] OR "Acamol" [Title/ Abstract] OR
"Algotropyl" [Title/Abstract]

#6 #4 OR #5

#5

"Preoperative" [Title/ Abstract] OR "preemptive" [Title/
Abstract]

#8 "Analgesia" [MeSH]

#7

"randomized controlled trial" [Publication Type] OR
#9 "randomized" [Title/Abstract] OR "placebo" [Title/
Abstract]

#10 #3 AND #6 AND #7 AND #8 AND #9

intervals following surgery, specifically at 0, 5, 10, 15,
30, 45, and 60 minutes, and the study showed that pre-
analgesic acetaminophen did not reduce postoperative
pain scores. In Mahgoobifard’s study, pain assessments
were performed upon the children’s arrival in the
post-anesthesia care unit (PACU) as well as upon their
transfer to the ward after one hour. Mahgoobifard's
study indicated that the pain score of the experimental
group was significantly lower than that of the control
group at 0 and 60 min after surgery, a finding inconsis-
tent with the above study.

Visual Analog Scale (VAS) Scale

The Visual Analog Scale (VAS) is a commonly em-
ployed instrument for the assessment of subjective pain
experiences. This tool consists of a 10 cm ruler (0 = no
pain; 10 = maximum intensity). Children are instructed
to indicate their perceived pain intensity by selecting a
point along the ruler that corresponds to their current
level of discomfort (15). Santos (16), Zielinski (17), and
Huang (18) all employed the VAS for pain evaluation
(Fig. 4). Pain scores were compared between the peri-
ods of one-2 hours and 6-8 hours after the operation,
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Table 2 cont. Characteristics of included studies.

) 2 e o
= (=1 % Y —_~ A o
© ] TE 2 9 = <, 58%¥2 oS3
i 2% g E R G w52 85 =1
g 8 gL 30% o O &« = = VS N |
e RET LT o 328 8& EST T grEg S
3] ol 9 & 2o B s E=2 822528
2 9 S ES 4.8 S8 & L9~ o 5 EUF ~©
] §5z28858% AE a8 SEEEL L BpEUE
© |;8282% EE 2 |22 g PEEER 85
SESZSE ssLf |2842598E5<8
5885 % 5 = &8 E REFRR E<0ES 3
@ oo <
= = RN © &
g 20 o RN =] ol
2 = 5§80 =
g g o9 5 SE ¢ o [=Ew
E M= B9 g < =
7] N U g O S 590 g ~ D
8= < o O O 5 Y5 Qo <+ 9
8 = E< ¢ S5 2538 g
< S5 55EsE g5
I B
~%E SEL <% c%
g
S 9
s = %) 97}
« o) ooy
= = < z <?%
] > == 5
g =
=
< }
= 5 =S - I
> S g g g SCRET S H
) 83 23 £a- 2558
) Q =79 —3892°8
g g R ETESS 23
2 A=) o)
& g & = SwEE 8 E=
= 9 -au ogggggw
a. R=
L |
= =]
< ! = o =R TR}
e S = a ,:'géu;:“ g%ﬁ%?
| 882 2o 82 2¥E Bwo<E g
g g o 24 EgS50% 8 no E58 S
S = 3 v g oL L8 g ¥ TEEBEQ
| F g< & SYEZ £ 4 E5E &"
<+ 3 S EQ R KT RS °
— 8
= (=]
& 15 S o= =1
By Hey & 2% 2
® S =0 8= e
=) T o 93 - O = O
g =} E = oh &
a EE% EQE g3
o0 25 ® SEC §
£ ERE R 5 =g
=) < g s E 3
[=9 17
>
T2 —_ —_
- s < <
- Q@ = = =
T’E o o =]
a
o
1 -
= ' o =
0 N
R
g H oo
] ! 2 <
R —~
N
© +H o N +
&0 n S N 4 o &
< ~ — o~ =} v
=l
g o <+ H
N H O W 410 5
= o~ — o~ S 5 N
) )
=9 = 8 N
EN
S
s N © I )
un — (o] N
£ E = g
E g g g
3 = § =
[%%) —_
= o) Z = PR
=] & = 2 v =
= g = z2
HE = o S = N
: 8 58 5 8 g4
< > 3 & RS N &

*CHEOPS: Children’s Hospital of Eastern Ontario Pain Scale; "VAS: Visual Analog Scale; ‘WB: Wong-Baker Faces scale; “FLACC: Face, Legs, Activity, Crying, Consolability scale; PACU: post-

anesthesia care unit

and we found that the pain levels
of the 3 clusters in the preopera-
tive acetaminophen group could be
considerably lower than those in the
control group within one-2 hours
after surgery (SMD, -2.83 [95% ClI,
-3.69 to -1.96; P < 0.001]). At 6-8
hours after surgery, the pain scores of
the 3 experimental groups were also
significantly lower than those of the
control group, with SMD -2.23 (95%
Cl, -2.84to -1.61; P < 0.001).

Wong-Baker (WB) Faces Scale

The Wong-Baker (WB) Faces
scale (including 6 categories of facial
expressions ranging from 0, a happy
smiling face, to 5, a tearful face) is a
pain rating scale developed by Donna
Wong and Connie Baker (19). Fux-Noy
(20), Raslan (21), and Zielinski (17) em-
ployed the WB Faces scale to evaluate
pain at 2.5 hours, 4 hours, and 4 hours
following the surgery, respectively
(Fig. 5). In Fux-Noy's study, the control
group showed a decreased postop-
erative pain score, suggesting that
administering acetaminophen before
surgery did not lower the substantial
analgesic. In Raslan and Zielinski’s stud-
ies, the pain scores of the experimental
group were significantly lower than
those of the control group. The SMD
was -1.09 (95% Cl, -2.26 to 0.09; P <
0.001). Significant heterogeneity was
observed between trials. Therefore,
results of the random-effects model
are reported.

Rescue Analgesia

Six studies documented the rate
of rescue analgesia after surgery (Fig.
6). Given the absence of substantial
heterogeneity, a fixed effect model
was employed (1>= 0%, P = 0.74). The
incidence of postoperative rescue an-
algesia was lower in the preemptive
acetaminophen group compared to
the control group with an odds ratio
(OR) of 0.5 (95% ClI: 0.3-0.82; P=0.006).

m
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B
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Incidence of Nausea and
Vomiting

Six studies reported the incidence
of postoperative nausea and vomiting
(Fig. 7). No statistically significant het-
erogeneity was observed in this analysis »{ 95 duplicated publications
of PONV; thus, the results of the fixed-
effects model are presented (1> = 23%, P
= 0.26). The prevalence of PONV in the
preemptive analgesia group was com-
paratively higher than that observed in
the control group, but the observed dif-
ference was not statistically significant ;Z)Sff'l;fi;zzgde‘t
(OR=1.59; 95% Cl, 0.83 to 3.05; P =0.16). No blank control group(n=15)

Records identified through database searching:
PubMed/MEDLINE(n=13)

EMBASE(n=55)

Cochrane Library(n=143)

Web of Science(n=58)

CNKI, Wanfang and Sino Med (n=2)

J [ Identification ]

| 176 of records after duplicates removed

126 Studies Excluded:
Unrelated studies(n=119)
Reviews(n=6)
Non-preoperative(n=1)

Screening

| 50 of full-text articles assessed for eligibility

D Drug combination(n=12)
DiscussioN F Non-children(n=1)
3 13 Studies included in systemic review and Meta- Non-randomized(n=1)
. . . S :
This systematic review and meta- = analysis

analysis aimed to evaluate the ability of
preemptive acetaminophen to induce Fig. 1. PRISM A flowchart for included studies.
postoperative pain relief in children.
Our results demonstrat-
ed that preoperative
acetaminophen can re- a
duce postoperative pain
scores and the incidence
of postoperative rescue
analgesia in pediatric

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

patients However pre- Incomplete outcome data (attrition bias)
operative acetamino- Selective reporting (reporting bias)
phen has no substantial Other bias | |
impact on the occ.ur- 0% 25% 50% 75%  100%
rence of postoperative

‘ . Low risk of bias D Unclear risk of bias . High risk of bias |

nausea and vomiting.
The utilization of

preemptive  analgesia b g
. . . «
with acetaminophen is ” g - . > g
. = A Q c
prevalent in adult popu- ¥ 2 » 38 3 ¢ 2 3 9 3 m
. 5 8 ¢ - 2 & >z 2 & 5 8 hy
lations (22); however, 2 » 3 § g 5 € 025wz &
: F -« vz 5 > 0 o <« 35 =
the impact of adminis- S8 sk 5% 2288 3R
H H h B 8 2 2 8 2 8 8 %8 2 2 5 o
tering acetaminophen
preoperatively on OO OO ®| ~|[~|[~|~>|@|~|®|® |Random sequence generation (selection bias)
postoperative pain in @ D D ~® @O ~|~>|~|@|~ |~ |@ |Alocation conceaiment (selection bias)
pediatric patients re- ) . . X} . ‘ W[ ‘ BN IS . Blinding of participants and personnel (performance bias)
mains controversial. In OO S -~ S G G G G| ®|® |sinding of outcome assessment (detection bias)
this study, a total of 13 oo olo/oo oo e e e e @ omieoiomedi ation bias)
RCTs "‘{'thl ZI"Z d_‘"drﬁn 000 000 0 ® ® ® ® ® ®sece oporing reporing biss)
were included in the
I . d df‘f t -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ =~ | Other bias
analysis, an ifferen

scales were used to as-
sess postoperative pain. Fig. 2. Risk of bias assessment: (a) Risk of bias graph. (b) Risk of bias summary.
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Test for overall effect: Z=1.82 (P = 0.07)

2
paracetamol placebo

paracetamol placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.7.1 Omin
Bennie, R. E.1997 7 12 1 63 13 11 183% 0.70 [-0.56, 1.96] =
Mahgoobifard, Maziar2014 705 063 18 836 1.03 21 279% -1.31[1.84,-0.79) -
Subtotal (95% Cl) 29 32 46.2%  -0.39[-2.35,1.57] 0
Heterogeneity: Tau®= 1.78; Chi*= 8.26, df=1 (P = 0.004); F= 88%
Test for overall effect: Z=0.39 (P = 0.70)
1.7.2 60min
Bennie, R. E.1997 57 08 11 56 1 11 259% 0.10[-0.59, 0.79] -
Mahgoobifard, Maziar2014 6.77 0.64 18 8.04 1.02 21 279% -1.27[1.80,-0.74) -
Subtotal (95% CI) 29 32 538% -0.60[-1.95,0.74] >
Heterogeneity: Tau*= 0.84; Chi*= 9.58, df=1 (P = 0.002); F= 90%
Test for overall effect: Z= 0.88 (P = 0.38)
Total (95% CI) 58 64 100.0% -0.57 [-1.41,0.28] ‘i
Heterogeneity: Tau®= 0.59; Chi*= 18.41, df= 3 (P = 0.0004); I*=84% -1+D ‘-5 S ; 1+D
Test for overall effect: Z=1.32 (P=0.19)
Testfor subaroun differences: Chi*= 0.03. df=1 (P = 0.86). F= 0% REFSCRIGIGS [MaceDo
Fig. 3. Pain scores at 0 and one hour after surgery, according to the CHOPES scale.
paracetamol placebo Mean Difference Mean Difference
Study or Subgrou| Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.8.11-2h
Huang junwei2014 23 04 30 56 03 30 21.8% -3.30(-3.48,-3.12] bei
Santos, P. 5.2020 1.31 235 16 169 2.41 16 6.6% -0.38[-2.03,1.27] S
Zielinski, J.2022 25 0.76 26 587 1.27 25 17.3% -3.37[-3.95,-2.79] Fe
Subtotal (95% Cl) 72 71 45.7% -2.83([-3.69,-1.96] >
Heterogeneity: Tau*= 0.42; Chi*=12.01, df= 2 (P = 0.002); F=83%
Test for overall effect: Z=6.42 (P < 0.00001)
1.8.26-8h
Huang junwei2014 2 03 30 46 03 30 22.0% -2.60[-2.75,-2.45] =
Santos, P. 5.2020 048 08 16 091 192 16 11.7%  -0.43[1.45,0.59] -1
Zielinski, J.2022 113 0.25 26 387 078 25 206% -2.74[-3.05,-2.43] -
Subtotal (95% Cl) 72 71 543% -2.23[-2.84,-1.61] S 4
Heterogeneity: Tau®= 0.23; Chi*=18.15, df= 2 (P = 0.0001); I*= 89%
Test for overall effect: Z= 7.06 (P < 0.00001)
Total (95% ClI) 144 142 100.0% -2.51[-3.02,-2.01] <&
Heterogeneity: Tau®= 0.30; Chi*= 68.57, df= 5 (P < 0.00001); F=93% 51 ’2 b i 3
Test for overall effect: Z= 9.76 (P < 0.00001)
aracetamol placeho
Test for subaroun differences: Chi*=1.23.df=1 (P=0.27). F=18.8% P P
Fig. 4. Pain scores within one-2 hours and 6-8 hours after surgery, according to the VAS.
paracetamol placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Fux-Noy, A.2020 165 2.79 51 129 213 51  30.4% 0.36 [-0.60,1.32) N el
Raslan, N.2021 057 1.05 22 2 1.05 22 345% -1.43(-2.05,-0.81] —
Zielinski, J.2022 2 1.01 26 4 1.02 25 352% -2.00[-2.56,-1.44] —
Total (95% ClI) 99 98 100.0% -1.09[-2.26, 0.09] <
Heterogeneity: Tau®= 0.94; Chi*= 17.28, df= 2 (P = 0.0002); I*= 88% VR .

Fig. 5. Pain scores within 2.5-4 hours after surgery according to the WB scale.
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paracetamol placebo Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M.H, Fixed, 95% Cl
Actrn2016 6 30 12 30 221% 0.38[0.12,1.19] ===
Bennie, R. E.1997 5 16 3 14 51%  1.67([0.32,8.74] I
Derkay, C. S.1988 22 46 25 40 321% 0.55[0.23, 1.30] —a
Fux-Noy, A.2020 0 51 1 51  34%  0.33[0.01,8.21]
Kharouba, J.2019 9 43 12 29 261%  0.38(0.13,1.08] e
Santos, P. S.2020 3 16 6 16 11.2% 0.38 [0.08, 1.93] =
Total (95% Cl) 202 180 100.0%  0.50 [0.30, 0.82] >
Total events 45 59
Heterogeneity: Chi*= 2.77, df= 5 (P = 0.74); F= 0% 50 v 01 p 1:0 mj'o
Test for overall effect: Z= 2.74 (P = 0.006) Favours [paracetamol] Favours [placebo]
Fig. 6. The rate of postoperative rescue analgesia.
paracetamol placeho Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Actrn2016 1 30 4 30 26.6% 0.22(0.02,2.14)] -
Anderson, B. J.2001 3 12 0 30 1.5% 22.47[1.06 475.18) >
Bennie, R. E.1997 5 16 4 14 20.2% 1.14[0.24, 5.46] —
Derkay, C. S.1998 13 46 8 40 42.3% 1.58[0.58, 4.31] —T
Huang junwei2014 3 30 q 30 6.2% 3.22[0.32, 32.89]
Santos, P. S5.2020 1 16 0 16 3.1% 3.19(0.12,84.43]
Total (95% CI) 150 160 100.0% 1.59 [0.83, 3.05] gl
Total events 26 17
Heterogeneity: Chi*= 6.50, df= 5 (P = 0.26); F= 23% uio2 n= 2 1:0 5=n
Test for overall effect: Z=1.40 (P = 0.16) Favours [paracetamol] Favours [placebo]
Fig. 7. The occurrence of postoperative nausea and vomiting.

Bennie (13) and Mahgoobifard (14) both used the
CHEOPS scale to assess pain at 0 hours and one hour
after surgery. Mahgoobifard’s study indicated that the
administration of preoperative acetaminophen analge-
sia resulted in pain relief at 0 hours and one hour after
surgery. In contrast, the research conducted by Bennie
concluded that preoperative acetaminophen failed to
cause significant pain relief. Huang (18), Santos (16),
and Zielinski (17) used the VAS scale to consistently
demonstrate that preemptive acetaminophen effec-
tively decreased pain scores at both one-2 hours and
even 6-8 hours after surgery. Additionally, Fux-Noy (20),
Raslan (21), and Zielinski (17) utilized the WB Faces
scale to assess postoperative pain levels within 2.5 to
4 hours. Raslan and Zielinski’s study revealed that the
experimental group had significantly lower pain scores
than the control group did. However, Fux-Noy’s study
did not provide sufficient evidence to substantiate
the clinical effectiveness of acetaminophen as a pre-
analgesic agent. In Xuan's meta-analysis, which focused
on the effect of preoperative acetaminophen in adult
patients, the administration thereof was found to sig-

nificantly reduce opioid consumption among patients
within the initial 24 hours following general anesthe-
sia, with lower pain scores at 12 hours after surgery (5).
Arici’s study has shown that in total abdominal hyster-
ectomy, preemptive intravenous acetaminophen pro-
vided good-quality postoperative analgesia, with pa-
tients exhibiting decreased consumption of morphine
and minimal side effects (23). Although adult patients’
time points of postoperative pain relief differ from
children’s, Arici's results demonstrate that preemptive
acetaminophen may effectively alleviate postoperative
pain, which further supports our finding.

Rate of rescue analgesia, as an important met-
ric, is frequently employed to reveal the intensity of
postoperative pain. In Kano's study, the preoperative
administration of intravenous acetaminophen before
third molar surgery resulted in a notable reduction in
the need for rescue analgesics and proved to be more
efficacious in pain management than was postopera-
tive administration or no treatment (24). In our review,
6 studies (46%) reported the use of postsurgical rescue
analgesia. After analyzing 6 studies, we found that the
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preemptive-analgesia group had a lower incidence of
requiring rescue analgesia after surgery than the con-
trol group did, whichwas similar to the conclusion of
Kano's study. Overall, preemptive acetaminophen may
mitigate postoperative pain in children.

Postoperative nausea and vomiting are prevalent
postoperative adverse events observed in pediatric
patients. Previous research has demonstrated that acet-
aminophen wields a preventive effect on PONV. In the
first place, acetaminophen blocks PONV by inhibiting
certain serotonergic pathways in the central nervous
system. In the second place, AM404, a metabolite of
acetaminophen within the brain, indirectly augments
the endocannabinoid system’s activity to block PONV
(10). Here, our study suggests that acetaminophen did
not exert a preventive effect. Significantly, in Ander-
son’s study, the high-dose acetaminophen group (100
mg/kg) failed to alleviate postoperative pain in chil-
dren and even led to an increased incidence of PONV.
Hence, more validation studies with larger sample sizes
in multi-center settings are required to answer this
question.

Previous studies indicated that oral administra-
tion was the most convenient and relatively cost-
effective for clinical application (11). In the studies we
analyzed, the predominant method of acetaminophen
administration was indeed oral, with intravenous and
rectal routes following suit. Various types of opera-
tions, namely strabismus surgery, laparoscopic hernia
repair, myringotomy, adenotonsillectomy, and dental
surgery are encompassed in this study. Interestingly,
acetaminophen is used predominantly in pediatric oto-
laryngology and dental surgery, likely because children
undergoing these procedures often experience severe
postoperative pain, requiring additional pain relief
treatments (17,21).

Preemptive analgesia, a commonly employed strat-
egy for multimodal analgesia, has gained significant
traction in the realm of adult medicine. However, to re-
iterate, its efficacy in pediatric patients remains a topic
of debate. By analyzing several aspects of procedures
that involved preoperative acetaminophen, such as the
route of administration, type of operation, pain scores,
and incidence of PONV, we made the first attempt to
conduct a comprehensive meta-analysis and systematic

review of the utilization of acetaminophen for preemp-
tive analgesia in the pediatric population. Our findings
indicate that preoperative acetaminophen can reduce
postoperative pain in children and decrease the need
for additional pain relief but not prevent postopera-
tive nausea and vomiting. Therefore, we suggest that
preemptive acetaminophen may be a beneficial strat-
egy for enhancing perioperative pain management in
pediatric patients.

The current study has some limitations. The ran-
domized controlled trials (RCTs) incorporated in the
analysis had restricted sample sizes, and the utilization
of diverse pain scales and time points reduced the num-
ber of studies available for subgroup analysis. Because
of this limited number of studies, publication bias and
meta-regression were not assessed. Additionally, cer-
tain studies lacked adequate descriptions of patient
randomization, blinding, and outcome assessment,
thereby introducing a potential risk of bias. Further-
more, a notable degree of heterogeneity is evident.
Currently, no widely accepted gold-standard scale for
assessing pain scores exists, and the inconsistency in de-
fining outcome measures leads to effect heterogeneity.
Consequently, there is a pressing need for additional
RCTs that are of high quality and well-managed.

CONCLUSIONS

In conclusion, this meta-analysis suggested that
preemptive acetaminophen in children may decrease
pain intensity and reduce dependence on pain rescue
interventions but not prevent adverse effects such as
nausea and vomiting, which potentially supports the
inclusion of preemptive analgesia as a component of
multimodal analgesic approaches for pediatric patients.
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