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ABSTRACT
Introduction: Ketamine is the most common medication for procedural sedation and analgesia (PSA) of pediatric patients 
in the emergency department (ED). Since ketamine injection is painful, some studies have assessed the routes other than in-
travenous and intramuscular. Therefore, this systematic review aims to evaluate the details of noninjectable ketamine (NIK) 
administration.
Methods: The review followed the Preferred Reporting Items for Systematic Review and Meta-Analysis for Systematic Review 
(PRISMA) guidelines. MEDLINE, Embase, Cochrane Central Register of Controlled Trials, Web of Science Core Collection 
(SCIE and ESCI), and Scopus were searched for relevant studies from inception to 3 July 2025. All English original clinical re-
search on PSA with NIK administration in pediatric populations in the ED was included. Risk of bias and certainty of evidence 
(COE) were also assessed.
Results: From 5617 identified records, 12 studies (7 interventional and 5 observational) with a total number of 1484 patients were 
included. Most of the studies evaluated laceration repair among children 2–12 years of age. Seven single-center double-blinded 
randomized controlled trials showed that oral ketamine (5–10 mg/kg) alone or in combination with other medications (mainly 
midazolam) provided the desirable level of sedation (COE: very low) relative to the oral comparators. It also resulted in faster 
onset of action (OA) (15–35 min) and shorter duration of action (DA) (60–265 min) (COE: low). Oral and nasal ketamine studies 
did not report any serious adverse event (SAE) associated with invasive interventions (COE: moderate to low).
Conclusion: Sedation with oral ketamine might have a desirable depth, faster OA, and shorter DA relative to the oral compara-
tors. Furthermore, NIK probably showed no SAE during PSA. Nevertheless, the limited number of heterogeneous studies leaves 
uncertainty, highlighting the need for further research.

1   |   Introduction

Pediatric patients in the emergency department (ED) experi-
ence anxiety and pain, especially during procedures. While 

nonpharmacological methods can be incorporated for se-
dation [1], procedural sedation and analgesia (PSA) is used 
widely to address the problem  [2]. Ketamine is the drug of 
choice in pediatric ED patients for this purpose [3]. It is a 
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phencyclidine derivative and primarily acts as an N-methyl-
D-aspartate receptor antagonist in the central nervous system 
[4]. Ketamine and its enantiomer (esketamine), which is four 
times more potent, provide hemodynamically stable anes-
thesia via central sympathetic stimulation while preserving 
respiratory function [5]. Although this medication has demon-
strated good safety and sedation profiles, the pain associated 
with intravenous or intramuscular administration has moti-
vated researchers to explore alternative routes such as per oral 
(PO), nebulization, and intranasal (IN) [4, 6, 7]. In addition, 
optimal dosing of ketamine in combination with other medi-
cations in these alternative routes is also under investigation 
[8–11].

In this systematic review, we aimed to assess the performance of 
noninjectable ketamine (NIK) for PSA of pediatric ED patients 
across different administration routes regarding its dosing reg-
imens, onset of action (OA), duration of action (DA), recovery 
time, depth and quality of sedation as measured by sedation 
scales, additional medication for sedation (AMS), physician and 
patient satisfaction, as well as the short-term and long-term ad-
verse events (AE).

2   |   Methods

This report was registered in the International Prospective 
Register of Systematic Reviews (PROSPERO; registration num-
ber CRD420251081487) and followed the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses extension for 
Systematic Reviews (PRISMA) guideline. All studies which 
introduced or evaluated NIK or esketamine in pediatric (i.e., 
< 18 years old) PSA in the ED were considered eligible. Case re-
ports, review articles, nonrandomized and/or pilot clinical tri-
als, studies reported in abstract form, studies on ketamine for 
purposes other than PSA such as rapid sequence intubation, 
rapid tranquilization for acute behavioral disturbance, analgesic 
dose (subdissociative), and non-English studies of any type were 
excluded.

2.1   |   Search Strategy

The search strategy was developed by a medical librarian. 
The key terms of “ketamine”, “children”, “pediatrics”, “emer-
gency department”, “sedation”, and “anesthesia” were used 
to develop a sensitive search strategy. Any additional rele-
vant keywords identified during the search were integrated 
(Appendix  S1). The following databases were included in 
the electronic search from the inception date to July 2025: 
MEDLINE, Embase, Cochrane Central Register of Controlled 
Trials, Web of Science Core Collection (SCIE and ESCI), 
and Scopus. The reference lists of included studies were also 
reviewed.

2.2   |   Study Records

All records were entered into Rayyan, a web-based screening 
application. After removing the duplicates by Endnote soft-
ware or manually, two independent reviewers (NA and EF) 

assessed the inclusion criteria through evaluating the titles 
and abstracts. Any disagreement was resolved through dis-
cussion with a third reviewer who was an emergency medi-
cine attending (HM or ME). In the next step, the full text of 
the included studies was scrutinized by the same reviewers 
in the previous stage. At this step, reasons for excluding the 
studies were recorded. Data extraction of the included studies 
was carried out manually by the same reviewers. The follow-
ing data were extracted: publication year, country, study de-
sign, procedure type, sample size, sex, inclusion and exclusion 
criteria, American Society of Anesthesiologists (ASA) status 
of the patients, route, dose, depth, OA, and DA for sedative 
drugs, AMS, local analgesia, AE, and finally, patients', par-
ents', and healthcare providers' satisfaction. All collected data 
underwent discussion and cross-verification with all the study 
members.

2.3   |   Risk of Bias Assessment and Certainty 
of Evidence

The risk of bias in included studies was assessed inde-
pendently by two reviewers (HM and ME) using the Cochrane 
Collaboration's Risk of Bias [12] for randomized clinical trials 
(RCTs) and Newcastle-Ottawa Scale (NOS) [13] for observa-
tional studies. Discrepancies were resolved by consensus.

The certainty of evidence was evaluated independently by 
two reviewers (HM and ME) using the GRADE (Grading of 
Recommendations, Assessment, Development and Evaluations) 
approach [14]. This considers the domains of risk of bias, in-
consistency, indirectness, imprecision, and publication bias for 
each outcome. The overall certainty of the evidence (COE) for 
each outcome was rated as high, moderate, low, or very low. 
Discrepancies were resolved by consensus.

2.4   |   Data Synthesis

We presented the data qualitatively. In addition, descriptive sta-
tistics (e.g., proportion of patients with adverse events, mean and 
standard deviation of time to sedation) were used to summarize 
quantitative data, and the findings were presented in tables. Due 
to heterogeneity among the included studies, conducting a meta-
analysis was not feasible.

3   |   Results

3.1   |   Study Selection

Our database search identified 5617 studies. After deletion of du-
plicates, reviewers excluded 3119 studies by assessing titles and 
abstracts according to inclusion and exclusion criteria. Thirty-
nine studies were scrutinized in full text. Twenty-seven studies 
were excluded; 12 were on ketamine injection [15–26], six were 
not in the ED [27–32], eight reported a method that did not ful-
fill the eligibility criteria [33–40], and one study was published 
in abstract only [41]. Finally, 12 studies were included in the 
analysis (Figure 1), seven interventional and five observational 
studies.
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3.2   |   Study Characteristics

Studies were published from 1995 [42] through 2025 [43]. Five 
studies were conducted in Asia [44–48], four in North America 
[42, 43, 49, 50], and three in Europe [51–53]. Twelve included 
studies collectively enrolled a total of 1484 patients, of which 494 
were involved in single-center double-blinded RCT studies and 
990 in single-center cohort studies. Only one study investigated 
esketamine [52] (Tables 1 and 2).

The age of the patients in the RCTs was 1–10 years (Table  1). 
Most of the cohort studies evaluated the childhood period (i.e., 
2–12 years) [54] except one study that included patients less 
than 3 months [50] (Table 2). All of the RCTs evaluated lacera-
tion repair except one study on radiology diagnostic procedures 
[48] (Table  1). In contrast, cohort studies evaluated various 
painful procedures such as laceration repair, arthrocentesis, 
lumbar puncture, burns, closed reduction, and radiological 
diagnostic procedures (Table 2). The RCTs evaluated oral ket-
amine (5–10 mg/kg) except one which compared IN ketamine 
(5 mg/kg) with IN midazolam (MDZ). Two studies on oral ket-
amine [42, 44] compared ketamine with placebo and 3 exam-
ined ketamine in combination with MDZ versus MDZ [44], 
MDZ in combination with promethazine [45], or diphenhydr-
amine [47] (Table 1). Among cohort studies, two studies [43, 50] 
assessed oral ketamine (6 and 10 mg/kg) and three IN ketamine 
(3–5 mg/kg) [49, 51, 52] (Table 2).

3.3   |   Risk of Bias Assessment

Due to insufficient information on blinding in the performance 
and detection domains, one interventional study [42] was rated 
as unclear risk of bias. Other RCTs were judged to have a low 
risk of bias (Appendix S2). Three [43, 50, 52] and two [49, 51] ob-
servational studies had good and fair scores of NOS, respectively 
(Appendix S3).

3.3.1   |   Assessment of Anxiety, Sedation Depth, 
and Procedural Pain

Anxiety level before drug administration, preprocedural period 
after drug administration, and/or during procedure was re-
ported in three studies [45, 47, 53]. They used mostly unvalidated 
tools [47, 53] or Houpt scale [45, 47] for this mean. A subdomain 
of overall anxiety, the ‘Separation score’ was reported in three 
studies [45, 48, 53]. There were no significant differences in anx-
iety levels between ketamine and comparator groups during the 
preprocedural period after drug administration. However, two 
out of three studies [45, 47] found a lower anxiety level in the 
ketamine group (Table 3).

Most of the RCT studies utilized sedation scales, although 
some were not validated [42, 44, 48, 53]. Among them, one em-
ployed the Ramsay sedation scale (RSS) [45] and one used the 

FIGURE 1    |    PRISMA flow diagram.
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University of Michigan Sedation Scale (UMSS) [46]. Two studies 
reported children's cooperation using a Likert-like scale [43, 47]. 
The seven RCT studies showed that oral ketamine (5 mg/kg) in 
combination with other drugs more frequently and significantly 
reached the desirable level of sedation [44, 45, 47] whereas oral 
ketamine alone at the same dose did not show a significant dif-
ference with the comparators [46, 48, 53] (Table 3). In contrast, 
sedation levels were reported in cohort studies in only one study 
that reported UMSS [52]. Three [43, 49, 52] out of five cohort 
studies reported an overall success rate in sedation with IN or 
oral ketamine in more than 80% of their patients (Table 4).

In three interventional studies, procedural pain was assessed 
through the Visual Analog Scale (VAS) by physicians and/or 
parents [44–46]. Two out of three studies showed no significant 
difference between “ketamine (5 mg/kg) + MDZ (0.5 mg/kg)” and 
MDZ (0.5 mg/kg) alone [44], and between ketamine (5 mg/kg) and 
MDZ (0.7 mg/kg) [46]. However, the ketamine and MDZ combi-
nation provided more comfort in comparison with “promethazine 
(1 mg/kg) + MDZ (0.5 mg/kg)” [45] (Table 3). Procedural pain was 
reported in only one observational study [51] (Table 2), in which 44 
of 671 patients received IN ketamine and the remainder received 
IV sedation. Using age-appropriate scales, the investigators found 
that for procedures of shorter duration (10–15 min), the rate of 
unsatisfactory analgesia was significantly higher in the IN group 
(80%) in comparison to the IV group for procedures of longer dura-
tion (exceeding 20 min) (25.4%).

3.3.2   |   Satisfaction Scale

Physicians and/or parents' satisfaction was the outcome of inter-
est in four of the studies [46, 49, 51, 53] (Tables 1 and 2). While 
different approaches were incorporated for this assessment, no 
significant difference was observed between oral ketamine and 
MDZ [46, 53] (Appendix S4). Although parents' satisfaction with 
the IN route was high at approximately 90% [49], in another 
study, one third of the parents were unsatisfied when the proce-
dures took longer than 15 min [51] (Table 4).

3.3.3   |   Onset and Duration of Action

OA for the oral route was 15–35 min [42, 44, 46, 48, 53], and DA 
ranged from 60 to 265 min. However, studies that employed ket-
amine in combination with other drugs showed shorter OA and 
longer DA (Appendix S4). In addition, OA with IN esketamine 
was lower at 10 min [52]. DA for IN ketamine was 237.9 min in 
one study [49] (Table 4).

3.3.4   |   Additional Medication for Sedation

AMS (rescue treatment) was defined as a repeated dose of ket-
amine in the same route (full or half of the initial dose), IV 
administration of ketamine or other medication, or any “ad-
ditional analgesic or anesthetic drug use”, at the physician's 
discretion.

Studies on IN ketamine either did not require AMS [52] or 
showed 13.6% need for it, similar to the rate in IV ketamine St
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(14.8%) [51]. In an observational study of 58 children who re-
ceived “oral ketamine (6 mg/kg) ± oral MDZ (0.5 mg/kg)”—
of whom two received ketamine alone—8 patients (13.8%) 
required AMS [43]. In RCTs, when oral ketamine alone 
(10 mg/kg) was compared with placebo, no AMS was required 
[42]. However, oral ketamine at a lower dose (5 mg/kg) required 
more AMS when compared to oral MDZ (0.7 mg/kg) (12% vs. 
6%) [46]. Interestingly, when oral ketamine at this lower dose 
(5 mg/kg) was combined with MDZ (0.5 mg/kg) and compared 
to MDZ alone (0.5 mg/kg), less IV AMS was required (6% vs. 
27%) [44] (Table 3).

3.3.5   |   Adverse Events

Studies typically categorized AE based on severity—minor/major 
or serious/nonserious—and timing, either during peri-sedation 
or delayed (days or weeks after sedation). Minor peri-sedation 
AEs (e.g., changes in vital signs, morbilliform rash, dizziness, 
nausea, vomiting, myoclonus, nystagmus, dysphoria, and un-
pleasant taste) had an incidence of < 10% [51]. Some of the ket-
amine AEs such as vomiting and ataxia in the ketamine group 
had no significant difference with MDZ and both were reported 
in 2% [53] and 9% [44], respectively. Interestingly, dysphoria was 
less common in ketamine in comparison to MDZ (0% vs. 21%) [53] 
(Tables 3 and 4).

Some studies considered events like emergence phenomena as 
major complications. However, serious adverse events (SAE) 
were generally defined as those requiring an intervention, par-
ticularly invasive interventions beyond basic airway maneuvers 
[51, 52]. Nevertheless, neither interventional nor observational 
studies reported any case of serious cardiopulmonary AE that 
needed invasive procedures such as intubation after NIK ad-
ministration. Partial airway obstruction was reported in 1.7%, 
and laryngospasm and apnea were described in 0.3% of the pop-
ulation in two cohort studies [43, 51] (Tables 3 and 4).

The most commonly studied delayed AE was behavioral 
changes 2 weeks after sedation. Using the post-hospitalization 
behavioral questionnaire (PHBQ) by two studies, oral ketamine 
had a significantly lower rate of behavioral changes compared 
with MDZ alone [53] or the combination of MDZ, atropine, and 
diphenhydramine [47] (Table 3).

3.4   |   Certainty of Evidence

We selected eight outcomes based on our aims of study and the re-
sults of the systematic review. Four efficacy outcomes—OA, DA, 
depth of sedation, and AMS with oral ketamine—were assessed 
exclusively using data from RCTs to decrease heterogeneity. The 
remaining four outcomes—parents and physician satisfaction, 
as well as short- and long-term adverse events—were evaluated 
from all studies but RCTs and cohort studies (Table 5).

Since the number of relevant studies in each outcome was 
lower than 10, publication bias was rated as less important 
for all studies. Table  5 presents the ratings for the remain-
ing domains, with a detailed discussion of each outcome, 
domain, and overall certainty of evidence (COE) provided in 
Appendix S5. Briefly, oral ketamine alone or in combination 
with other oral drugs might provide the desirable sedation 
depth, faster OA, and shorter DA relative to oral comparators. 
Regarding AMS, either higher doses of oral ketamine alone 
(10 mg/kg) or lower doses (5 mg/kg) in combination with MDZ 
might be associated with a reduced need for an AMS. In addi-
tion, NIK probably had no SAE and might have a higher rate 
of physician satisfaction.

4   |   Discussion

This systematic review on PSA of ED pediatric patients showed 
that oral ketamine (5–10 mg/kg) alone or in combination with 

TABLE 4    |    Results of observational studies.

Study Adverse events
Additional medication 

for sedation Other outcomes

Nemeth et al. No cardiopulmonary AEs NA Most patients had 
mild reaction to pain 

during procedure

Guthrie et al. No cardiopulmonary AEs.
Other AEs such as N/V, dizziness, 

drowsiness, and dysphoria were present

15/196 (7.7%) Satisfaction: 90%
DA: 237.9 min

Mills et al. No AE was reported NA NA

Gutiérrez et al. No serious AE. Laryngospasm: 2/671 (0.3%)
Apnea 2/671 (0.3%)

Other AEs such as N/V, emergence 
phenomena/delirium, myoclonus, elevated 

BP, and morbilliform rash had a rate of < 10%

6/44 (13.6%) Satisfaction: 63.6%

Del Pizzo et al. No cardiopulmonary AEs.
Nonserious (e.g., emergence 

phenomenon and N/V): 4/58 (6.9%)

8/58 (13.8%) NA

Abbreviations: AE, adverse event; ASA, American society of anesthesiology; DA, duration of action; NA, not applicable/available.
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other medications (mainly MDZ) might provide a desirable level 
of sedation, faster OA, and shorter DA relative to the oral com-
parators (mainly MDZ). Additionally, the need for AMS might 
be lower when ketamine was administered alone at higher doses 
or at lower doses in combination with MDZ. Furthermore, the 
included studies showed that oral and nasal ketamine probably 
had no SAE needing an invasive intervention.

Approaches with minimal patient contact are preferable, as 
they induce less stress. Noninjectable routes such as nitrous 
oxide gas require some degree of physical restraint. Therefore, 
the oral route can be considered “contactless sedation” as a 
subgroup of “needleless sedation”. However, additional fac-
tors—including adequate sedation depth, AMS, OA, DA, and 
AE—must also be considered. In our review, oral ketamine 

TABLE 5    |    Certainty of evidence assessments based on (Grading of Recommendations Assessment, Development, and Evaluation) GRADE 
system.

Number of studies 
and design(s) 
(sample size) Risk of bias Inconsistency Indirectness Imprecision Other

Certainty 
(overall 
score)

Outcome: Oral ketamine onset of action: oral ketamine alone or in combination might have faster onset of action

6 RCT on oral 
ketamine (392)

Not serious Not serious Serious Serious Less important Low

Outcome: Oral ketamine duration of action: oral ketamine alone or in combination might have shorter duration of action

7 RCT on oral 
ketamine (494)

Not serious Not serious Serious Serious Less important Low

Outcome: Depth of sedation with oral ketamine: oral ketamine alone or in combination might provide the desirable depth of 
sedation

7 RCT on oral 
ketamine (494)

Not serious Serious Serious Serious Less important Very low

Outcome: Additional medication for sedation: oral ketamine, at higher doses alone (10 mg/kg) and “lower doses (5 mg/
kg) + midazolam” doses, might be associated with a reduced need for additional medication for sedation

3 RCT on oral 
ketamine (158)

Not serious Serious Serious Serious Less important Very low

Outcome: Parental satisfaction: IN ketamine might provide a higher parental satisfaction but oral ketamine did not show a 
significant difference

2 RCT on oral 
ketamine (127)

Not serious Serious Not serious Serious Less important Very low

1 cohort on IN 
ketamine (196)

Not serious Not serious Serious Serious Less important Very low

Outcome: Physician satisfaction: NIK might provide a higher physician satisfaction

1 RCT on oral 
ketamine (68)

Not serious Not serious Not serious Serious Less important Moderate

2 cohort on IN 
ketamine (867)

Not serious Serious Not serious Not serious Less important Very low

Outcome: Short-term AE needed an invasive intervention: NIK probably had not serious AE

7 RCT on oral 
ketamine (494)

Not serious Not serious Not serious Serious Less important Moderate

3 cohort on IN 
ketamine (918)

Not serious Not serious Not serious Serious Less important Moderate

2 cohort on oral 
ketamine (72)

Not serious Not serious Serious Serious Less important Low

Outcome: Long-term AEa: prevalence of long-term AE of NIK might be lower than comparisons

2 RCT on oral 
ketamine (139)

Not serious Not serious Serious Serious Less important Low

Abbreviations: AE, adverse events; IN, intranasal; MDZ, midazolam; NIK, noninjectable ketamine; RCT, randomized controlled trial.
aAdverse events occurred after discharge.
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provided either superior sedation depth or showed no signif-
icant difference with the comparator groups among children 
(mostly 2–12 years). Two studies found no significant difference 
in sedation depth between ketamine and MDZ. This lack of 
difference—according to MDZ's absence of analgesic proper-
ties—may be reasonable: one study assessed sedation during 
imaging [48], while the other used local anesthesia prior to su-
turing without reporting pain during injection [46]. Therefore, 
we can conclude that oral ketamine alone or combined with 
MDZ might provide a desirable level of sedation for painful pro-
cedures (COE: very low). However, the need for AMS can serve 
as a proxy for noninjectable sedation failure, as it most often 
involves another painful intervention like IV access. Three 
studies evaluated AMS, indicating that oral ketamine dosing 
played a key role in this regard. Fewer AMS might be required 
when oral ketamine was administered alone at higher doses 
(10 mg/kg) [42] or at lower doses (5 mg/kg) in combination 
with MDZ [44] (COE: very low). About the timing properties of 
oral ketamine, whenever it has been compared with a nonpla-
cebo group, the studies might suggest relatively faster OA (15–
35 min) and shorter DA (60–265 min) (COE: low). Regarding 
AEs, the oral route probably was not associated with any SAE 
needing an invasive intervention (COE: moderate to low).

Adequate sedation depth with a slower OA with oral ketamine is 
supported by a study comparing oral ketamine (15 mg/kg) to IM 
ketamine (5 mg/kg) for premedication in ~5-year-old patients 
under Bispectral Index monitoring; after approximately 20 min, 
sedation depth was found to be similar between groups [55].

Regarding the IN route, a 2017 systematic review [36]—mainly 
in pediatric dental settings—reported successful sedation in 
85% of patients, with OA and DA ranging from 3.6 to 11.6 min 
and 7 to 69 min, respectively. No SAE was observed, and vomit-
ing was the most common AE.

About other combinations with ketamine for pediatric sedation, 
a meta-analysis [56] on ketamine–dexmedetomidine, compared 
to MDZ-ketamine, propofol-ketamine, dexmedetomidine, or 
ketamine, found that the ketamine–dexmedetomidine combina-
tion offered better sedation outcomes than dexmedetomidine or 
ketamine alone by significantly shortening the OA and recovery 
times while maintaining hemodynamic and respiratory stability 
and a low incidence of AE.

Although no SAEs requiring invasive intervention were ob-
served in our review, most studies did not employ a standardized 
definition. Over the past decade, researchers have established 
standardized frameworks by using evidence like the Pediatric 
Sedation Research Consortium (PSRC) [57]. Utilizing this struc-
ture, the largest multicenter study to date evaluated 12,780 pe-
diatric patients who received ketamine sedation in the ED over 
a 20-year period [5]. The study reported the incidence of critical 
and high-risk events as 0.016% (95% CI, 0.0019–0.057) and 0.52% 
(95% CI, 0.41–0.66), respectively.

For reducing AEs, literature showed that a nil per os (NPO) sta-
tus was not recommended prior to ED PSA. An observational 
study of PSA in ED involving 2570 patients, of whom 1177 were 
under 21 years of age, found that NPO ≥ 8 h was associated 
with similar or worse outcomes compared to NPO < 8 h.

4.1   |   Future Research

Based on the included RCTs, we are only able to discuss effi-
cacy outcomes for oral ketamine compared to other oral med-
ications. Ketamine has mostly been evaluated in combination 
with or in comparison to MDZ, and there are no studies in ED 
on NIK against or in combination with agents such as dexmede-
tomidine or nitrous oxide. Before conducting RCTs on various 
routes and drug combinations, dose–response studies for NIK 
and esketamine are necessary. As demonstrated in our study 
and the systematic review of IN ketamine [36], meta-analysis 
remains impossible until standard dosing is established and 
evaluated in comparable populations. Outcomes must also be 
reported consistently. In addition to AE and scales for pain and 
sedation depth, timing outcomes such as DA should be reported 
uniformly to enable meaningful comparisons. The OA was de-
fined variably across studies, ranging from the time between 
ketamine administration and the appearance of nystagmus 
[46], to the achievement of a specified sedation level [44, 47]. 
Similarly, recovery definitions make the DA comparisons be-
tween the studies challenging. Some studies used recovery time 
interchangeably with discharge criteria and observed patients 
until various endpoints such as return to baseline conscious-
ness [52], verbal and motor skills [53], or tolerance of oral fluids 
[45, 46]. Therefore, we need dose–response studies for NIK and 
esketamine and more RCTs on various routes and drug combi-
nations with consistent outcome definition.

5   |   Conclusions

Oral ketamine (5–10 mg/kg), alone or combined with other 
agents, might provide effective sedation in pediatric ED patients 
with faster OA and shorter DA relative to other oral compara-
tors. Fewer AMS might be needed when oral ketamine was 
administered alone at higher doses or at lower doses in com-
bination with MDZ. Studies on NIK likely did not report any 
SAE requiring invasive intervention. Of note, further research 
is needed to determine the optimal NIK dose and route for pe-
diatric ED sedation, using a consistent sedation depth scale and 
timing definition.
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