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Abstract

Purpose Acetaminophen is the most common drug used to

treat acute pain in the pediatric population, given its wide

safety margin, low cost, and multiple routes for

administration. We sought to determine the most

efficacious route of acetaminophen administration for

postoperative acute pain relief in the pediatric surgical

population.

Methods We conducted a systematic review of

randomized controlled trials (RCTs) that included

children aged between 30 days and 17 yr who underwent

any type of surgical procedure and that evaluated the

analgesic efficacy of different routes of administration of

acetaminophen for the treatment of postoperative pain. We

searched MEDLINE, CENTRAL, Embase, CINAHL,

LILACs, and Google Scholar databases for trials

published from inception to 16 April 2023. We assessed

the risk of bias in the included studies using the Cochrane

Risk of Bias 1.0 tool. We performed a frequentist network

meta-analysis using a random-effects model. Our primary

outcome was postoperative pain using validated pain

scales.

Results We screened 2,344 studies and included 14 trials

with 829 participants in the analysis. We conducted a

network meta-analysis for the period from zero to

two hours, including six trials with 496 participants.

There was no evidence of differences between intravenous

vs rectal routes of administration of acetaminophen

(difference in means, -0.28; 95% confidence interval

[CI], -0.62 to 0.06; very low certainty of the evidence)

and intravenous vs oral acetaminophen (difference in

means, -0.60; 95% CI, -1.20 to 0.01; low certainty of the

evidence). For the comparison of oral vs rectal routes, we

found evidence favouring the oral route (difference in

means, -0.88; 95% CI, -1.44 to -0.31; low certainty of

the evidence). Few trials reported secondary outcomes of

interest; when comparing the oral and rectal routes in the

incidence of nausea and vomiting, there was no evidence of

differences (relative risk, 1.20; 95% CI, 0.81 to 1.78).
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Conclusion The available evidence on the effect of the

administration route of acetaminophen on postoperative

pain in children is very uncertain. The outcomes of

postoperative pain control and postoperative vomiting

may differ very little between the oral and rectal route.

Better designed and executed RCTs are required to address

this important clinical question.

Study registration PROSPERO (CRD42021286495); first

submitted 19 November 2021.

Résumé

Objectif Compte tenu de sa large marge de sécurité, de

son faible coût et de ses multiples voies d’administration,

l’acétaminophène est le médicament le plus couramment

utilisé pour traiter la douleur aiguë dans la population

pédiatrique. Nous avons cherché à déterminer la voie

d’administration d’acétaminophène la plus efficace pour le

soulagement de la douleur aiguë postopératoire dans la

population chirurgicale pédiatrique.

Méthode Nous avons réalisé une revue systématique

d’études randomisées contrôlées (ERC) qui ont inclus des

enfants âgé�es de 30 jours à 17 ans ayant bénéficié de

n’importe quel type d’intervention chirurgicale et qui ont

évalué l’efficacité analgésique de différentes voies

d’administration d’acétaminophène pour le traitement de

la douleur postopératoire. Nous avons mené des

recherches dans les bases de données MEDLINE,

CENTRAL, Embase, CINAHL, LILAC et Google Scholar

pour en tirer les études publiées depuis leur création

jusqu’au 16 avril 2023. Le risque de biais dans les études

incluses a été évalué à l’aide de l’outil de Risque de biais

1.0 de Cochrane. Nous avons réalisé une méta-analyse de

réseau fréquentiste à l’aide d’un modèle à effets aléatoires.

Notre critère d’évaluation principal était la douleur

postopératoire mesurée à l’aide d’échelles de douleur

validées.

Résultats Nous avons passé en revue 2344 études et inclus

14 études incluant un total de 829 enfants dans l’analyse.

Nous avons mené une méta-analyse en réseau pour une

période allant de zéro à deux heures, comprenant six

études avec 496 participant�es. Il n’y avait aucune preuve

de différences entre les voies d’administraion intraveineuse

vs rectale de l’acétaminophène (différence de

moyennes, -0,28; intervalle de confiance [IC] à

95 %, -0,62 à 0,06; très faible certitude des données

probantes) et entre les voies intraveineuse vs orale

(différence de moyennes, -0,60; IC 95 %, -1,20 à 0,01;

faible certitude des données probantes). Pour la

comparaison des voies orale vs rectale, nous avons

trouvé des données probantes en faveur de la voie orale

(différence de moyennes, -0,88; IC 95 %, -1,44 à -0,31;

faible degré de certitude des données probantes). Peu

d’études ont rapporté des résultats secondaires d’intérêt;

en comparant les voies orale et rectale dans l’incidence

des nausées et des vomissements, il n’y avait aucune

preuve de différences (risque relatif, 1,20; IC 95 %,

0,81 à 1,78).

Conclusion Les données probantes disponibles sur l’effet

de la voie d’administration de l’acétaminophène sur la

douleur postopératoire chez les enfants sont très

incertaines. Les résultats de contrôle de la douleur

postopératoire et de vomissements postopératoires

peuvent différer très peu entre la voie orale et la voie

rectale. Des ERC mieux conçues et mieux exécutées sont

nécessaires pour répondre à cette importante question

clinique.

Enregistrement de l’étude PROSPERO

(CRD42021286495); première soumission le 19

novembre 2021.

Keywords acetaminophen � children � meta-analysis �
pain � postoperative � route of drug administration

Pain is defined by the International Association for the

Study of Pain as ‘‘an unpleasant sensory and emotional

experience associated with, or resembling that associated

with, actual or potential tissue damage.’’1 In certain special

populations like children, postoperative pain represents a

challenging situation. This is mainly because the methods

to assess pain are not based on self-reported experience, but

on behavioural, expression, and comfort parameters.2,3

These situations may lead to suboptimal management of

postoperative pain. In a long-term follow-up study, 52% of

children experienced moderate to severe pain three days

after adenotonsillectomy, a common surgery performed in

this population.4

Acetaminophen is a nonopioid analgesic with multiple

theorized mechanisms of action,5 available in oral, rectal,

and intravenous formulations. It has emerged as an

attractive medication for the treatment of postoperative

pain in children and adolescents because of its wide safety

margin without modifying platelet function5,6 and because

it decreases the use of postoperative opioids,7 thereby

reducing the risk of opioid-related adverse effects.

Rectal acetaminophen is an attractive route in patients

experiencing postoperative nausea and vomiting (which

can influence plasma concentrations of orally administered

acetaminophen8) or in patients who refuse to take an oral

prescription.3 Despite its potential benefits, absorption of

rectal acetaminophen is irregular, and the uptake is

dependent on factors like the composition of the

suppository (lipophilic or hydrophilic) and the size of the

suppository. A pharmacokinetic study reported that a rectal

dose of 30 mg�kg-1 achieves serum concentrations of
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10–20 lg�mL-1 in approximately 210 min (range,

120–300 min), and these concentrations are associated

with antipyretic effects.9 Despite the uncertainty of the

plasma concentrations needed for analgesia in children,

studies suggest that \ 10 lg�mL-1 to 20 lg�mL-1 is

sufficient to achieve an analgesic effect8 and can be

achieved with rectal doses as low as 20 mg�kg-1.9

By convention, the oral route is ideal for the

administration of drugs if it is available. Nevertheless, in

the perioperative context, when fasting is recommended or

if the patient is not cooperative, the use of other routes

should be considered to ensure adequate analgesia. The

intravenous route ensures a fast and reliable plasma

concentration, although rectal administration of

acetaminophen has been proposed for treating

postoperative acute pain in children.3,8,9

A systematic review in adults found no evidence of

differences between oral and intravenous routes of

acetaminophen administration; however, there were

serious concerns about the certainty of the evidence from

randomized controlled trials (RCTs) graded as ‘‘low

quality.’’10 A recent systematic review by Ulrich et al.

concluded that, despite its benefits in the pharmacokinetic

profile, the widespread use of intravenous acetaminophen

is not supported by solid data proving its superiority over

the far less expensive and simpler oral route.11

There is a lack of clinical evidence that supports the use

of one route of administration (oral, intravenous, or rectal)

over another in the perioperative period. It is important to

summarize the available evidence to provide pooled

information to improve the decision-making process in

anesthesia or to adequately design further comprehensive

studies. Therefore, we sought to perform a systematic

review of RCTs to evaluate the comparative effectiveness

for postoperative pain management of each of these routes

in children aged 30 days to 17 yr undergoing any type of

surgical procedure. We hypothesized that the three routes

of administration would not differ in terms of safety and

effectiveness for acute pain relief. In addition, we sought to

assess nausea/vomiting, pruritus, sedation, opioid

consumption in 24 hr, length of stay in the postanesthesia

care unit (PACU), and patient satisfaction.

Methods

This systematic review and network meta-analysis was

registered with PROSPERO (CRD42021286495; first

submitted 19 November 2021) and it is reported

according to the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses for Network Meta-Analyses

(PRISMA-NMA) statement.12

Eligibility criteria

We included randomized controlled trials that included

children aged between 30 days and 17 yr with at least ten

participants randomly allocated to each treatment group

undergoing any type of surgical procedure, and that

evaluated the analgesic efficacy of various routes of

acetaminophen administration for the treatment of

postoperative pain. We considered studies using single or

multiple doses of drugs and studies in which interventions

were administered isolated or as a supplement to other

analgesics.

Exclusion criteria

We excluded all articles that were review articles,

editorials, and case reports. We also excluded studies of

experimental pain and studies not conducted in humans.

Information sources and search strategy

A comprehensive literature search was performed with the

support of Erasmus MC University Library (Rotterdam,

The Netherlands). The search strategy was developed for

MEDLINE using controlled vocabulary Medical Subject

Headings terms and free-text terms in various permutations

combined with Boolean operators (Electronic

Supplementary Material [ESM] eTable 1). This strategy

was extended to include CENTRAL, Embase, CINAHL,

LILACs, and Google Scholar databases from inception to

26 January 2022 and updated on 16 April 2023. There were

no language restrictions and filters were applied to exclude

experimental studies and studies in animals. We also

performed a hand search of the reference lists of included

trials or related articles.

Study selection

Screening of abstracts and full texts for the prespecified

inclusion and exclusion criteria was independently

performed by two review authors (D. M. and D. O.) and

differences were resolved by discussion with a third author

(J. A. C.). Review authors used the information from the

retrieved reports to help identify any duplicate or retracted

publications.

Data collection process

From each trial, data were independently extracted by

D. M. and D. O. into an electronic database using

standardized data extraction forms including authors, year

of publication, number and age of participants, doses of the

intervention, details about the anesthetic management,
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other analgesic interventions administered, and type of

surgery. Data presented in a graphical format only were

extrapolated with plot digitization software (Plot Digitizer,

2.1, Free Software Foundation, Boston, MA, USA). When

data were not contained within the original research report,

we attempted to contact the corresponding author twice.

Geometry of the network

We presented a conventional network graph including

three nodes representing the routes of acetaminophen

administration (oral, intravenous, and rectal), edges

representing available direct comparisons between pairs

of interventions (oral vs intravenous, intravenous vs rectal,

and oral vs rectal), line thicknesses indicating the amount

of included RCTs, and colour of the lines representing the

average risk of bias across studies.12 We presented a

qualitative description of the geometry assessment.

Risk-of-bias assessment

The risk of bias in the included studies was assessed using

the Cochrane Risk of Bias 1.0 tool, which evaluates seven

specific domains (random sequence generation, allocation

concealment, blinding of participants and personnel,

blinding of outcome assessment, incomplete outcome

data, selective reporting, and other bias). Two review

authors (D. M. and D. O.) independently assessed the risk

of bias study and recorded supporting information and

justifications for the risk of bias judgements for each

domain (low, unclear, or high) and differences were

resolved by a third author (J. A. C.).

Summary measures

The primary outcome was pain assessment using validated

pain scales (pain intensity and pain relief in the form of a

visual analog scale [VAS]; a numeric rating scale; a

categorical scale; the Children and Infants Postoperative

Pain Scale; the Face, Legs, Activity, Cry, Consolability

scale; the Wong–Baker Pain Scale; the COMFORT score;

or nursing pain scores). Where a 0–10 numeric rating scale

(NRS) was used, we converted scores to a 0–100 scale by

multiplying the number by 10. We used four time frames

related to the end of surgery to assess pain during the

postoperative period: 1) 0–2 hours, 2) 2–6 hours,

3) 6–24 hr, and 4) beyond 24 hr. These time frames were

selected post hoc and were based on previous research.10,13

Secondary outcomes included opioid consumption

during the first 24 hr. We converted all opioid

consumption to intravenous morphine equivalents (mg)

using conversion tables.14 We also extracted data from the

time to first analgesic request or rescue dosage in minutes,

patient satisfaction, and length of stay at the PACU or

hospital. The incidence of side effects was collected to

include nausea and vomiting, pruritus, and sedation during

follow-up of each RCT. Finally, we also assessed the

serum/plasma acetaminophen concentrations reported by

the authors. Where mean and standard deviation were not

presented for any outcomes examined, we used the median,

interquartile range, and range to estimate these using

standardized conversion equations.15

Planned methods of analysis

Data were entered into Review Manager 5.016 by one

author (D. O.) and checked by two authors (D. M. and

J. A. C.). Data were analyzed by another author (K. R.)

with RStudio17 (Posit Software, PBC, Boston, MA, USA),

using the packages, ‘‘netmeta’’ (version 0.9-8) and ‘‘meta’’

(version 4.9-7).

We aimed to conduct a network meta-analysis according

to the frequentist method described by Rücker et al.18 In

network meta-analysis, interventions (in this case, routes of

administration) can be compared directly and indirectly,

the latter via mathematical manipulation of the estimates of

the direct intervention effect as a common comparator.

Importantly, indirect comparisons and network meta-

analysis facilitate the estimation of the relative effects of

interventions that have not been previously compared

directly within an RCT and provide a potential ranking of

interventions.

We rated the certainty of evidence for each outcome

subjected to network meta-analysis using the grading of

recommendations assessment, development, and evaluation

system (GRADE)19 by using the Confidence in Network

Meta-Analysis methodology (CINeMA, Institute of Social

and Preventive Medicine, University of Bern,

Switzerland).20 This approach requires assigning a

judgement as ‘‘no concern,’’ ‘‘some concerns,’’ or ‘‘major

concerns’’ according to the relative contributions of the

studies with high or moderate risk of bias included in the

within-study bias and indirectness domains. Each domain

was classified from high certainty to moderate-, low-, or

very low certainty. The classification was undertaken

independently by two review authors (D. O. and J. A. C.)

and agreement was reached by consensus by including a

third author (M. K.). Characteristics that caused a

downgrade of the certainty of the evidence included:

1) risk of bias, 2) inconsistency of results, 3) indirectness,

4) imprecision, and 5) publication bias. In addition to the

risk of bias assessment, imprecision was assessed by

considering the confidence intervals (CIs) and minimal

clinically important difference defined as 1.0 unit in pain

VAS or 10 units in NRS, as previously described by Powell

et al. in children.21 Inconsistency includes disagreement
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between direct and indirect estimates for the same

comparison. Included outcomes in this evaluation were

presented in a ‘‘summary of findings’’ table.22

We expressed treatment effects as risk ratios or mean

differences with corresponding 95% CIs. To assess

heterogeneity in the network analysis, we used the I2

statistic. We assessed inconsistency in the model by

looking at differences between estimates from direct and

indirect comparisons. We ranked the treatments by

P-scores18,23 and presented the outcomes of the analysis

in a league table sorted by the P-scores.

Corresponding authors were contacted for any data

missing from the original publication, irrespective of

publication date.8,24,25 In certain cases, we extracted data

from published graphs.24

For secondary outcomes, we conducted a conventional

pairwise meta-analysis using random-effects modelling and

expected high clinical heterogeneity between studies. For

dichotomous outcomes, we calculated the risk ratio

(95% CI) using random-effects modelling. We assessed

statistical heterogeneity with the use of the I2 statistic. As

an indicator of statistical significance, we used a P value of

less than 0.05.

Results

Study selection

Initially, 4,596 article citations were identified, with

2,252 duplicates removed. Following screening,

2,316 records were excluded based on title and abstract,

leaving 29 references. One reference could not be retrieved,25

and after a full-text assessment of 28 reports, 17 were excluded

primarily because of incorrect comparisons. Three additional

RCTs were found through a Google Scholar search and

included in the review. Ultimately, 14 RCTs involving

829 patients met the inclusion criteria.8,24–37 Additional

details about the selection process are outlined in the PRISMA

flowchart (Fig. 1).

Characteristics of the included studies

Of the 14 RCTs included, eight administered the

intervention in the intraoperative period,8,26,28–31,35,36 two

in the preoperative period,34,37 one in the postoperative

period,33 and three in a combination of the preoperative

and intraoperative period because of the need for

intravenous access.24,27,32 Three RCTs compared

intravenous and oral routes.24,32,37 Six studies compared

intravenous and rectal routes,28–31,33,35 and five studies

compared oral and rectal routes.8,26,27,34,36 In addition, one

trial, by Aslani et al.,24 was available only as a poster

meeting from which we extracted the relevant data. Only

two trials, by Khalili et al. and Nour et al., included

placebo as a control group.31,32 Finally, Kumar et al.35

reported pain scores with unexplained low variability.

Included RCTs recruited children between three months

and 15 yr of age undergoing general anesthesia with

orotracheal intubation as the main anesthetic technique.

One study included patients undergoing primary cleft

repair,32 one included patients for surgical repair of a

unilateral inguinal hernia,31 two included patients

undergoing surgical correction of major craniofacial

malformations,8,33 and ten included patients undergoing

tonsillectomy with or without adenoidectomy.24,26–30,34–37

Four RCTs were conducted in the USA,24,32,34,37 two in

Iran,26,31 two in the Netherlands,8,32 two in India,28,29 and

one each in Australia, Italy, Pakistan, and

Denmark.27,30,35,36 Trials testing the rectal route used

acetaminophen doses ranging from 15 mg�kg-1 to

90 mg�kg-1, those testing the oral route used doses

ranging from 15 mg�kg-1 to 60 mg�kg-1, and those

investigating the intravenous route used doses ranging from

10 mg�kg-1 to 40 mg�kg-1. Characteristics of the included

trials are detailed in Table 1 and ESM eTables 2 and 3, the

risk of bias assessment is shown in Fig. 2, and the summary

of the risk of bias is presented in ESM eFig. 1. Of the

14 RCTs included, eight did not declare their source of

funding,8,24,28,31,33–36 five declared funding by universities

or no external sources,26,29,30,32,37 and one declared

funding by a pharmaceutical company27 (for the analyses

of plasma concentrations) (ESM eTable 4).

Risk of bias within studies

Among the 14 RCTs included in our analysis, seven

provided sufficient detail regarding the randomization

process,8,26,27,30,32,35,37 and seven provided insufficient

information.24,28,29,31,33,34,36 Seven RCTs described the

methods for allocation concealment,8,26,27,30,32,33,37 one

RCT allowed patients to choose their intervention route,36

and six RCTs provided insufficient information about

concealment of the intervention.24,28,29,31,34,35 In three

RCTs, the anesthesiologist was not blinded to the

intervention;28,35,36 in two RCTs, insufficient information

was provided about blinding of the investigators;24,34 and

in the remaining nine RCTs, patients and investigators

were blinded to the interventions.8,26,27,29–33,37 In two

RCTs, the data collectors were unblinded to the

intervention;34,36 in four RCTs, insufficient information

was provided about blinding of the outcome;8,24,29,35 and in

the remaining eight RCTs, data collectors were blinded to

the intervention.26–28,30–33,37 Only one RCT had an

available online protocol32 and no significant deviations

were identified. In two RCTs,35,36 the data were collected
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by untrained personnel and we judged them as high risk of

bias in the domain ‘‘other sources of bias’’ (Fig. 2, ESM

eFig. 1).

Primary outcome

Pain assessment using validated scales was reported

for the 0–2-hour period in seven trials including

525 participants,24,26–32 2–6 hours in five trials including

435 participants,26,28,29,31,35 6–24 hr in three trials

including 230 participants,28,29,31 and beyond 24 hr in

three trials including 92 participants.30,33,36

Because of the limited availability of data, we were able

to conduct a network meta-analysis that included six trials

and 496 participants for the 0–2-hour period only.24,26–29,31

The resulting network is presented in Fig. 3. We did not

include data from Nour et al.,32 because they reported the

primary outcome using medians and 95% CIs without

crude data for this period. For the primary outcome

comparing intravenous and rectal routes at 0–2 hours, the

mean difference in the pain score was 0.28 lower

(95% CI, -0.62 to 0.06). The mean difference in the

pain score in the intravenous and oral route was 0.60 lower

(95% CI, -1.20 to 0.01), and the mean pain score in the

oral route was 0.88 lower than that in the rectal route

(difference in means, -0.88; 95% CI, -1.44 to -0.31)

(I2 = 60.7%; 95% CI, 0.0 to 85.3) (Table 2).

Table 2 presents the league table ranking of the routes of

administration of acetaminophen to treat postoperative pain

in children at 0–2 hours. In this network meta-analysis, the

certainty of the evidence was rated as very low to low

according to GRADE. In the comparison of intravenous vs

rectal, evidence certainty was downgraded to three levels

(up to very low certainty) because of the risk of bias,

imprecision of the estimates, and heterogeneity of the

results (Table 3). A funnel plot for the primary outcome for

the 0–2-hour period is presented in ESM eFig. 3.

As a secondary analysis, we expanded the definition of

our primary outcome to the period of 0–6 hours, resulting

in the inclusion of data from one additional RCT.35 For the

comparison of intravenous and rectal routes, the mean pain

score in the intravenous group was zero on average

(difference in means, 0; 95% CI, -0.48 to 0.48). For the

comparison of oral and intravenous routes, the pain mean

score for the intravenous route was on average 0.54 lower

than that in the oral route (95% CI, -1.34 to -0.27) and

for the comparison of oral and rectal routes, the mean

pain score in the oral route was 0.53 lower than that in the

rectal route (95% CI, -1.26 to 0.19) (I2 = 98.4%; 95% CI,

97.9 to 98.8) (ESM eTable 5).

Fig. 1 Study flow diagram summarizing the retrieved, included, and excluded trials
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Table 1 Characteristics of the included studies

Reference Type of surgery and

included ages

Number

of

patients

Dose Perioperative

analgesia

Primary outcome Pain

measurement

scale

IV PO IV PO

Intravenous vs oral route

Aslani 201524 Tonsillectomy with

or without

adenoidectomy

5–13 yr old

20 19 15 mg�kg-1 15 mg�kg-1 Not specified Total

postoperative

opioid use and

time to first

rescue

analgesia

FLACC

Nour 201432 Primary cleft palate

repair alone or in

combination with

other procedures

5 months–5 yr old

15 14 12.5 to

15 mg�kg-1
15 mg�kg-1 Lidocaine

infiltration.

Postoperative

fentanyl every

15 min.

Morphine

50 lg�kg-1

every 3 hr.

Opioid

administration

in 24 hr

FLACC or

FACES

Lammers 202137 Tonsillectomy and

adenoidectomy

3–15 yr old

36 30 30 mg�kg-1 15 mg�kg-1 Bupivacaine

infiltration in

tonsillar beds.

Ibuprofen

10 mg�kg-1

every 6 hr and

acetaminophen

15 mg�kg-1

every 6 hr.

Opioid

administration

in 24 hr

FLACC

Intravenous vs rectal route

Capici 200830 Adenotonsillectomy

2–5 years old

23 23 15 mg�kg-1 40 mg�kg-1 Fentanyl iv in

recovery room

or

acetaminophen

rectally after

discharge

Time to first recue

analgesia

CHIPPS

Prins 200833 Major craniofacial

surgery

6 months–yr old

12 14 40 mg�kg-1

every 6 hr

20 mg�kg-1

every 6 hr

Infiltration with

lidocaine.

Loading dose

of

acetaminophen

rectally to all

patients. An

extra dose of

rectal

acetaminophen

if VAS

scores C 4.

Plasma

concentrations

of

acetaminophen

and

postoperative

pain

VAS scale and

COMFORT

behaviour

score

Khalili 201631 Elective surgical

repair of

unilateral

inguinal hernia

6 months–6 yr old

30 30 15 mg�kg-1 Not

specified

Fentanyl and

morphine were

used during

anesthesia

Postoperative

pain relief

FLACC score

Balasubramaniaguhan

201728
Tonsillectomy

5–12 yr old

60 60 15 mg�kg-1 40 mg�kg-1 Pentazocine Time to first

rescue

analgesia

FACES

Bhandari 201529 Adenoidectomy

with or without

tonsillectomy

5–14 yr old

25 25 15 mg�kg-1 40 mg�kg-1 Diclofenac and

tramadol if

VAS score[ 4

Time to first

rescue

analgesia

VAS scale
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Secondary outcomes

Very few RCTs reported opioid consumption after

surgery,24,33,35,37 time to first analgesic

request,24,28–30,34 and plasma acetaminophen

concentrations.27,32,37 When available, outcomes were

reported by different summary measures and time frames

that limited pooled analysis. Patient satisfaction was

reported only by one study,24 showing no differences

between the oral and intravenous routes. Length of PACU

stay and postoperative hospital stay were reported only by

two studies.31,32 Data were reported as medians and mean

differences, which limited the ability to compare these

estimates. Individual studies showed no evidence of

differences between the compared routes (intravenous vs

oral in 24-hr opioid consumption or plasma concentration,

intravenous vs oral in PACU length of stay and hospital

stay, and intravenous vs rectal in PACU length of stay).

Detailed information and data extraction are available in

ESM eTable 3.

We performed a conventional meta-analysis for

postoperative vomiting comparing oral vs rectal route

that included three trials and 267 participants.8,26,27 There

was no evidence of differences between these two routes

Table 1 continued

Reference Type of surgery and

included ages

Number

of

patients

Dose Perioperative

analgesia

Primary outcome Pain

measurement

scale

IV PO IV PO

Kumar 202235 Tonsillectomy

4–10 yr old

39 39 10 mg�kg-1 15 mg�kg-1 Not specified Postoperative

pain

CHIPPS

Oral vs rectal route

Anderson 199627 Tonsillectomy with

or without

adenoidectomy

3–15 yr old

50 50 40 mg�kg-1 40 mg�kg-1 Morphine as

rescue

Postoperative

pain scores

VAS or

Hanallah

OPS

Etemadi 201526 Tonsillectomy with

or without

adenoidectomy

4–8 yr old

58 69 15 mg�kg-1 15 mg�kg-1 Acetaminophen

PO if FLACC

score[ 3

Postoperative

pain scores

FLACC

Romsing 199836 Tonsillectomy

3–15 yr old

11 9 60 mg�kg-1 90 mg�kg-1 Rescue with iv
morphine in

PACU as

needed,

acetaminophen

in surgical

ward

Postoperative

pain

Poker chip tool

Van der Marel 20018 Major craniofacial

corrections

3 months–3 yr old

20 20 20 mg�kg-1 20 mg�kg-1 Infiltration of the

scalp. Loading

dose of

acetaminophen

rectally. An

extra dose of

the study

medication was

given if the

VAS score

was C 4 cm.

Acetaminophen

plasma

concentration

and

postoperative

pain

VAS scale and

COMFORT

score

Romej 199634 Tonsillectomy

2–8 yr old

14 14 15 mg�kg-1 20 mg�kg-1 Morphine

sulphate

Time to first

rescue

analgesia

FLACC score

CHIPPS = Children’s and Infant’s Postoperative Pain Scale; COMFORT = COMFORT Behaviour Scale; FACES = Wong-Baker FACES Pain

Rating Scale; FLACC = Face, Legs, Activity, Cry, Consolability Behavioral Pain Scale; Hanallah OPS = Hannallah Objective Pain Scale;

IV = intravenous route; PO = oral route; VAS = visual analog scale

123

D. Osorio et al.



(relative risk, 1.20; 95% CI, 0.81 to 1.78; I2 = 0%) (ESM

eFig. 2). Finally, no studies reported pruritus. Lack of data

prevented us from conducting additional analyses of

secondary outcomes.

Discussion

This systematic review and network meta-analysis aimed

to compare the efficacy of three routes of acetaminophen

administration on the outcomes of pain and adverse effects

in a postoperative pediatric population. The available

evidence is very uncertain about the effect of the route of

administration for acetaminophen on postoperative pain in

children. Included RCTs presented significant

heterogeneity mainly due to differences in participants’

ages, dosages and cointerventions, regimes for the drug,

and outcome measurement strategies.

As stated in our protocol, we intended to include RCTs

with participants between two and 17 yr old. Having

performed a literature search, we found that the age range

in a relevant number of the studies was broader and

because of a lack of a sound scientific rationale behind the

previous age range, we adapted our inclusion criteria to

include participants between 30 days and 17 yr of age.

Nevertheless, we found only 14 RCTs to answer this

question, and individual trials included ages ranging from

months to years. For oral administration, the overall plasma

elimination of acetaminophen has been described to be

slow in neonates but comparable to that of adults in both

children and adolescents, as judged by half-life

determinations.38 In children from two to 15 yr of age, a

similar serum concentration of the drug was found when

given a standard dose of propacetamol of 30 mg�kg-1

every six hours, but clearance was reduced in children less

than one year of age39 consistent with immaturity of some

of the metabolic pathways responsible for acetaminophen

metabolism.40 Nevertheless, these insights are already

translated to age- and weight-specific dosing protocols

Fig. 2 Risk of bias assessment of included trials using the Cochrane

Risk of Bias 1.0 tool

? = unclear risk of bias; - = high risk of bias; ? = low risk of bias

Fig. 3 Network plot for the primary outcome of pain assessment at

0–2 hours. Connecting lines between the circles indicate the direct

comparisons of interventions, their width proportional to the number

of trials evaluating the comparison, and their colour representing the

average risk of bias across trials (intravenous vs rectal routes in three

trials; rectal vs oral routes in two trials; intravenous vs oral routes in

one trial).

Green = low risk; yellow = unclear risk; red = high risk
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with decades of experience. Several of our included RCTs

considered patients below one year of age and

pharmacologic heterogeneity was cautiously considered

during interpretation of our findings.

The included pediatric RCTs used a wide range of

acetaminophen doses, ranging from 15–60 mg�kg-1 (oral),

10–40 mg�kg-1 (intravenous), and 15–90 mg�kg-1 (rectal).

This wide range of dosages does not necessarily ensure

equipotent plasma concentrations of acetaminophen within

the therapeutic range for adequate analgesia.

Pharmacokinetic studies suggest that there is a wide

variability in bioavailability between the routes of

acetaminophen reported between 11% and 91% in the

oral administration and between 24% and 98% in rectal

administration, with a delayed absorption relative to the

oral route and peak plasma concentrations achieved from

two to four hours.41 In addition, in contrast to the

recommendations of the Association of Pediatric

Anaesthetists of Great Britain and Ireland,42 among the

included RCTs using the oral route, only Lammers et al.

provided a loading dose of 30 mg�kg-1.37 None of the

included RCTs using the rectal route administered a

recommended loading dose (e.g., 40 mg�kg-1), and one

of the included RCTs26 used a maintenance dose below the

recommended one for the rectal route (20 mg�kg-1). These

strong variations in dose regimens limit comparisons

regarding analgesic efficacy according to the

administration route.

Cointerventions are another source of heterogeneity.

Five RCTs26,29,30,32,37 used dexamethasone in the

perioperative period, which has an antiemetic effect;

nevertheless, it has also been proposed as a component of

a multimodal analgesia regimen in clinical practice

guidelines,43,44 potentially modifying postoperative pain

scores and the primary outcome, as stated by Afman

et al.45 Two RCTs evaluating major craniofacial

surgery8,33 and one in adenotonsillectomy37 used

infiltration of surgical wounds with 0.25% bupivacaine as

an analgesic technique. The only study evaluating cleft lip

and palate surgery32 used infiltration of the surgical wound

with lidocaine. Romej et al.34 used a dose of morphine at

the time of anesthetic induction, and Bhandari et al.29 used

pentazocine at anesthetic induction in addition to hourly

administration of diclofenac in all study participants.

Khalili et al.31 administered a dose of morphine to all

included patients in addition to the induction dose of

fentanyl used for anesthetic maintenance. Without

considering the differences in postoperative analgesic

management, the use of these intraoperative

cointerventions likely affected pain scores, especially in

the immediate postoperative period.

Finally, several instruments were used to measure the

primary outcome of postoperative pain. Each corresponded

to a validated scale, but they are not necessarily

interchangeable, limiting our capability to pool the data

and compare outcomes between RCTs. Even in RCTs

considering similar ages, instruments to assess

postoperative pain differ.28,29,35–37 The lack of

standardization in the measurement of outcomes is a

problem recognized and analyzed in the fields of

anesthesiology and perioperative medicine. The Core

Outcome Measures for Perioperative and Anaesthetic

Care initiative46 stands out, as it seeks to standardize

outcomes measured in clinical trials. Nevertheless, there is

no clear recommendation for measurement instruments,

which is one of the major sources of heterogeneity found in

our study and clearly limits the ability to pool data and

improve the precision of the estimates. Likewise, this

strategy also highlights the importance of focusing on

measuring patient-reported outcomes including hospital

discharge times, incidence of nausea and vomiting, and

patient satisfaction with the surgical process.

Table 2 League table of pairwise comparisons in network meta-analysis for primary outcome pain assessment at 0–2 hours

*P-Scores representing the ranking of treatments in frequentist network meta-analysis. They measure the mean extent of certainty that a treatment

is better than the competing treatments.23

Average treatment estimates are provided as mean differences with 95% CIs*

*Quantifying heterogeneity / inconsistency: tau2 = 0.0685; tau = 0.2618; I2 = 60.7%; 95% CI, 0.0%; 85.3%

CI = confidence interval
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Primary outcome

With very low and low certainty, there was neither

evidence of superiority nor evidence of equivalence

between intravenous vs rectal routes of administration of

acetaminophen, and intravenous vs oral acetaminophen,

respectively. With low certainty, we found evidence

favouring the oral route without clinical significance but

considering the amount of clinical and statistical

heterogeneity, this finding must be interpreted with

caution. In addition, the inclusion of RCTs that differ in

administered dosages may threaten the validity of our

NMA because it may violate the assumption of

transitivity.47

Powell et al.21 described that the minimum clinically

significant difference in VAS for children is 10 mm. When

comparing rectal vs oral routes, and across the three routes

of administration, differences were small and CIs included

clinical irrelevant findings. When rating confidence in the

comparison of oral vs rectal routes using the GRADE

approach, we downgraded the certainty of the evidence

based on concerns about heterogeneity in the pooled data.

We also downgraded the certainty of the evidence to very

low in the comparison of intravenous vs rectal owing to

concerns of bias, imprecision, and heterogeneity within the

included RCTs. These findings are useful to inform the

development of further RCTs.

Based on the available knowledge and the low certainty

of evidence, for practical purposes, the decision to choose

one route over another should be based on the clinical

setting. In practice, the choice for the route of

administration of acetaminophen seems much more

frequently based on local preferences (including costs)

than on clinical factors, scientific aspects, environmental

sustainability, and the carbon footprint of anesthetic

practice.48 While there are situations where the choice is

easy because there is no real choice (e.g., when the enteral

route is not feasible), there is a lack of decision support

when more than one option is possible. Then, it is worth

mentioning that Mallama et al.,10 in a systematic review

conducted in adults, found that the perioperative route of

acetaminophen administration (intravenous vs oral) did not

affect pain or any other postoperative outcome—with

insufficient evidence to exclude important clinical effects

and a poor quality of the evidence overall. Nevertheless,

they also reported that intravenous acetaminophen was

approximately ten times more expensive than an equivalent

oral dose (GBP 1.95 [approximately CAD 3.35] vs

GBP 0.19 [approximately CAD 0.33]) and the selection

of the route of administration should always consider this

aspect, especially in this ‘‘absence of evidence’’ scenario.

These results agree with our findings in the pediatric

population when clinical indications should be strongly

considered until more robust evidence is available. Finally,

the intravenous route achieves more rapid analgesic plasma

concentrations and could be administered as a rescue

medication in the setting of breakthrough pain in the

postoperative period or in the setting of tonsillectomy or

appendicectomy in which the oral route might be limited or

contraindicated.49

Secondary outcomes

Very few of the included RCTs reported relevant

secondary outcomes and the heterogeneity between

estimates made it difficult to pool the data. We were able

to pool data from three RCTs8,26,27 for the outcome of

postoperative vomiting. We found no evidence of

differences in the incidence of vomiting between the oral

and rectal administration routes. Contraindications for the

use of the rectal route include immunosuppression, pre-

existing rectal lesions, and recent colorectal surgery; thus,

Table 3 Summary of the results of GRADE certainty of the evidence assessment for the primary outcome of pain assessment at 0–2 hours

Comparison
Number 
of studies

Within-study 
bias

Reporting 
bias Indirectness Imprecision Heterogeneity Incoherence

Confidence 
rating

Reason(s) for 
downgrading

Intravenous 
vs oral 1

Some 

concerns 
Low risk No concerns Some concerns No concerns No concerns Low 

Within-study 

bias

Imprecision

Intravenous 
vs rectal 3

Some 

concerns 
Low risk No concerns Some concerns Some concerns No concerns Very low 

Within-study 

bias 

Imprecision

Heterogeneity

Oral 
vs rectal 2 No concerns Low risk No concerns Some concerns Some concerns No concerns Low

Heterogeneity 

Imprecision 

GRADE = grading of recommendations assessment, development, and evaluation
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in the absence of contraindications, the rectal route could

be considered. It is also important to mention that rectal

administration is less expensive than intravenous

acetaminophen.50

Patient-reported outcome measures (PROMs) allow for

the assessment of the impact of an intervention from a

patient or caregiver’s perspective, and they are often the

most important outcomes for patients and families.51 Their

relevance in clinical research is often underestimated and

they are not frequently reported in anesthesiology. In our

protocol, we aimed to evaluate patient satisfaction as a

PROM; however, only one study reported parents’

satisfaction with pain control, with no evidence of a

difference between the oral and intravenous routes.24

Patient-reported outcome measures can be difficult to

assess, particularly in a postoperative setting (in children),

where no tool is universally accepted to measure this

domain. There is an urgent need for specific guidelines for

using PROMs in clinical perioperative studies and for

standardizing tools for collecting valid, reliable, and

reproducible data in all age groups.

Limitations and differences between protocol

and review

We had three major differences between our protocol and

review process. First, we aimed to include children aged

between two and 17 yr old in our protocol and finally we

included children from three months of age; this resulted in

the inclusion of four additional trials that considered

children below two years old; intravenous vs oral one

trial,32 intravenous vs rectal two trials,31,33 and oral vs

rectal one trial.8 As stated previously, there is a paucity of

evidence in this area, and we decided to expand our

inclusion criteria to be conscientious about the increase in

heterogeneity of the included populations and

measurement methods. While we are far from providing

definitive results, we decided to show a wide scope of

available evidence to solve this important clinical question

in a wide range of pediatric ages.

Second, we originally aimed to study and establish the

time-point for administration of acetaminophen to prevent

postoperative pain. Unfortunately, there was a wide

heterogeneity in included trials regarding the timing of

administration and overall postoperative regimen, which

precluded any additional analysis. Eight trials administered

the study drug during the intraoperative

period,8,26,28–31,35,36 two preoperatively,34,37 one

postoperatively,33 and three preoperatively and

intraoperatively.24,27,32 Ultimately, our visual examination

of the funnel plot for the primary outcome did not reveal

evidence of publication bias. Nevertheless, because of

insufficient data, we were unable to conduct additional

subgroup analyses.

Our review has several limitations that should be

carefully considered when interpreting our results. The

heterogeneity of the included trials reduced the certainty of

our conclusions from three main sources: 1) the inclusion

of patients with a wide range of ages; 2) the inclusion of a

wide variety of administered doses for all three routes of

administration; and 3) the use of different instruments to

assess pain that are not necessarily interchangeable. These

findings not only prevented us from providing more robust

conclusions but also reflect the limited standardization and

wide variability in practice during the administration of

analgesics in the pediatric population worldwide. The

broad range of doses used reflects the low consensus and

potentially low use of clinical practice guidelines in this

area and population. It remains unclear whether equipotent

doses were compared among the three different routes of

administration. Finally, incomplete and poor reporting,

including inappropriate summary of results in some RCTs,

remains a major limitation of the current literature.

Conclusion

The available evidence is very uncertain about the effect of

the route of acetaminophen administration on postoperative

pain in children. The oral route may result in little to no

difference when compared with the rectal route in the

outcomes of postoperative pain control and postoperative

vomiting. Included RCTs presented significant

heterogeneity mainly due to differences in participants

ages, dosages, and regimens for the drug and outcome

measurement strategies. Additionally, the included RCTs

showed concerns about selection and reporting bias. To

answer this important clinical question, there is a need for

methodologically better designed and executed RCTs that

include children of different age categories, test equipotent

doses of acetaminophen using validated pain assessment

instruments, and explore relevant outcomes for patients and

caregivers.
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