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ABSTRACT

Aim: The first objective of this systematic review was to investigate the effectiveness of ketamine compared to
opioid analgesics for pain management in children aged two months to 18 years who have acute pain in the
emergency department. The second objective was to compare the adverse events and side effects associated
with ketamine with those associated with opioids used for pain management.
Background: Ketamine is increasingly being used as an alternative to opioids in the management of acute pain in
the emergency department. In turn, there is increasing research attention to prove the efficacy of ketamine as an
analgesic in children presenting in the emergency department.
Design: The design was pertinent for gathering and appraisal of evidence presented in the available RCTs.
Methods: A systematic review, using the JBI systematic review was completed. A computerised search from five
databases; CINAHL, EMBASE, EMCARE and PubMed, and Cochrane. The included studies were appraised by JBI
critical appraisal tool for randomized controlled trials and the study results analysed.
Results: Four randomized control trial studies were included in this systematic review. All the included studies
compared ketamine with opioids (morphine and fentanyl) for the management of severe pain in children. The
studies were of high methodological quality based on JBI critical appraisal outcome. Meta-analysis was not pos-
sible because of the heterogeneity of the studies, especially in terms of different outcome measures, and the ap-
proaches (pain assessment tool) used to measure the pain outcomes. The review identified that that ketamine
demonstrated non-inferior analgesia effect compared to opioid medication (morphine or fentanyl) as deter-
mined by various pain scores used in different studies. However, ketamine use was associated with increased fre-
quency of occurrence of temporary adverse effects that do not require clinical attention.
Discussion: Ketamine is a suitable alternative for opioid analgesics for the management of acute and severe pain in
children in ED. The evidence generated by this study is that ketamine is non-inferior to opioids (morphine and
fentanyl) in controlling acute pain in children.
Conclusion: Based on the findings from the review, ketamine is a suitable alternative for opioid analgesics for the
management of acute and severe pain in children in ED. The minor transient side effects associated with keta-
mine should not limit the use of ketamine. Future studies should investigate the appropriate dosage and route
of administration of ketamine to be used while managing pain among children with acute and severe pain in
the emergency department.
Implications for Nursing & Health Policy: In this systematic review, the Joanna Briggs Institute standards [14] have
been followed. is advisable for the Emergency Department health professionals to determine the appropriate
dose for ketamine based on the child's characteristics, such as weight, age, and disease condition.

© 2022 Elsevier Inc. All rights reserved.

1. Introduction

in the emergency department [9]. Existing evidence indicates that a low
dose of ketamine is as effective as more commonly used strong opioid

Ketamine is increasingly becoming an important alternative analge- analgesics, such as fentanyl and morphine, in the management of severe
sic to opioids in managing acute and severe pain, especially in children acute pain [17,31]. There have been several randomized control trials to
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compare ketamine and opioids for pain management [17,21,31]. For in-
stance, a randomized control trial (RCT) conducted by Frey et al. [9] in-
volving 90 children (8-17 years) with traumatic extremity injuries
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identified that ketamine was comparable to fentanyl for pain allevia-
tion, although it resulted in minor and transient adverse events [9].

1.1. Typical dosing schedule

Despite being an important alternative to opioids, Ketamine trials
have found its safety profile to be strongest in low dose ranges of up
to 0.5 mg/Kg administered as boluses for management of severe acute
pain in ED. Commonly, dosing at 0.1-0.3 mg/Kg IV Ketamine are used
for sub-dissociative analgesia [6]. There is an option of continuous infu-
sion at 0.15-0.2 mg/Kg/Hr. the side effects include nausea, dizziness,
dysphoria, self-limitation, and being short lived, but these are mild
and need no rescuing [3]. Despite the IV ketamine at 0.3 mg/Kg being
more effective than the IV at 0.15 mg/Kg, the latter is preferred because
of its fewer adverse events and side effects compared to IV ketamine at
0.3 mg/Kg[6,20,23]. Similarly, most researchers have consensus that the
standard dosing of SQ ketamine for acute pain relief in ED is in the
ranges of 0.1-0.3 mg/Kg whereas that of IB Ketamine is 0.75-1.5
mg/Kg administered alone or in combination with other tranquilizers
[1,3,19,20,23]. In this review, only trials with doses in this range will
be included in the analysis.

Providing evidence concerning the effectiveness of ketamine in
managing severe acute pain will support appropriate analgesic
decision-making concerning its uses in the management of severe
pain acute in children in the emergency department. Making a decision
regarding appropriate analgesic to use in managing severe acute pain in
children may be challenging when there is limited evidence (Huer &
Houtrow, 2017; [17]). Thus, the evidence generated by this systematic
review will help health care professionals in ED to make the proper de-
cision based on research evidence concerning whether to use ketamine
in children with severe acute pain in ED based on its efficacy and effec-
tiveness as well as formulating guidelines regarding ketamine use in
managing severe acute pain in children in ED.

2. Methods
2.1. Study design

This study was a systematic review. The design was pertinent for
gathering and appraisal of evidence presented in the available RCTs re-
garding the use of ketamine in pain management compared to opioids
among children with severe pain in ED. The systematic review design
was conducted based on the protocols outlined by the Joanna Briggs In-
stitute (JBI) [13]. The Joanna Briggs Institute [ 13] systematic review pro-
tocol outlines a robust approach for conducting a systematic review,
which includes; formulation of a research question using the.

P(population), I(intervention), C(comparison) and O (outcome) for-
mat, conduct of a systematic literature search, development of appropri-
ate inclusion and exclusion criteria and methods for quality appraisal,
data extraction and analysis and synthesis of results, and finally
reporting of the results.

2.2. Data sources

The search for the studies included in this systematic review was
conducted using a computerised search of five electronic online biblio-
graphic databases, (CINAHL, EMBASE, EMCARE and PubMed, and
Cochrane). The search of the databases was conducted on 14th May
2019.

2.3. Search strategy

Key search terms and phrases to search for relevant studies from the
selected databases and were derived from the PICO study question. The
terms included “ketamine”, “children”, “pediatric”, “opioids”, ‘pain man-

agement”, “acute pain”, “effectiveness”, “efficacy”, “sedation”,
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“analgesic” and “adverse effects” (see appendix A) for full details of
the search. . To narrow the scope of the search, Boolean operators,
such as ‘AND’, ‘OR’, and “*’, were used to generate various search syntax
(see Table 1) [34]. This yielded search phrases, such as ‘opioid OR opioid
analgesic OR Morphine OR fentanyl’ (see Table 1).

2.4. Eligibility criteria

Inclusion Criteria: Randomized control trials (RCTs), experimental,
and quasi-experimental studies addressing the research question were
included in this review. Randomized control trial studies and experi-
mental studies often present considerably high level of evidence. All
studies that met inclusion criteria were considered for review irrespec-
tive of their publication dates. Included studies were published in the
English language. Studies that involved a population of children aged
one month and 18 years with severe acute pain related to trauma or
other illnesses, such as sickle cell were included. This included all chil-
dren presenting in ED and other care centres that provided care for chil-
dren with severe acute pain. This systematic review included studies
that compared the effectiveness of ketamine with strong opioids, such
as morphine and fentanyl for pain management measured using differ-
ent method or tools (subjective and objective pain scores), such as be-
havioural pain scale, visual pain scale, and or self-report pain scale.

Exclusion Criteria: Non-experimental studies, case studies, review
reports, and qualitative studies were excluded from the review. Studies
were excluded from this systematic review if they did not included chil-
dren of if they did not separate pooling and analysis of the data from ne-
onates, adults, as well as the population of children with two or more
chronic conditions and disabilities that required complex additional
pain management interventions that might influence the outcome of
opioids or ketamine use. Studies that did not include pain as one of
the primary outcomes were excluded.

2.5. Study selection and reporting

The primary researcher screened the citations derived from the
search results for eligibility by considering their titles and abstracts. A
subset (20%) were also screened by one of the two supervisors. The
screening process involved confirmation if the studies were RCT, true-
experimental, or quasi-experimental designs. Furthermore, the re-
viewers confirmed whether the studies met the inclusion criteria: had
children as the population, ketamine use as the interventions, opioid
drugs as the comparator, and pain management outcome as the primary
outcome. Two of three reviewers performed full-text screening to de-
termine whether the articles met the inclusion criteria. The studies
where eligibility was unclear were reviewed in full. All reference lists
of the included studies were also assessed for any additional relevant
studies (published or unpublished). For reporting of the findings of
the search and eligibility screening, Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) was used.

2.6. Critical appraisal

The Joanna Brigs Institute's critical appraisal tool was used to guide
the assessment of the methodological quality of the included studies
(Table 2) [13]. The JBI critical appraisal tool was used to establish the de-
gree to which the included studies endeavoured to minimize the possi-
bility of biases related to participants selection, randomization,
treatment allocation and blinding [2] (See Table 1).

2.7. Assessment of methodological quality

Two of the three reviewers performed the critical appraisal of the in-
cluded studies independently using the RCT critical appraisal tool pro-
vided by Joanna Briggs Institute [13]. The reviewers used the outcome
to determine the internal validity and risk of bias of the included studies
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Dosing and routes of ketamine and opioids.
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Study Sample Ketamine Opioids dosing Primary outcomes
size Dosing-route

Morphine Pentazocine Fentanyl Change in pain score ketamine Change in pain score pentazocine/fentanyl

[9] 90 1.5 mg/Kg- 2 pg/kg

intranasal intranasal

[20,23] 0.2 mg/Kg-IV 0.1 0.01 initially, 0.23 at 15 mins, pain higher thanin  0.01 initially, 0.23 at 15 mins, 0.01 at 30
mg/kg IV group receiving morphine at 30 mins, 45 mins, &1 h mins, 0.001 at 45 mins, & 0.001 at 60 mins

[19] 1876 0.2 mg/Kg-IM 0.4 Initially pain at 0.0001 Pain at 0.02 at 30 mins, pain Pain at 0.0001 initially, pain at 0.04 at 30

mg/Kg-IM at 0.0001 after 2 h mins, & 0.0001 after 2 h
[30] 629 1 1.5pg/kg Mean Pain scale at start (73 & 26), After 20 Mean Pain scale at start fentanyl (69 + 26),

mg/kg-Intranasal intranasal

min-mean pain scale was (44 + 36)

after 20 min mean pain scale was (35 £ 29)

[13]. Then, two of the reviewers met to discuss the results and outcomes
of their critical appraisal for a final appraisal. They agreed on the final
critical appraisal outcome. In cases consensus was not reached, the
third neutral reviewer was invited to make the final decision regarding
the inclusion of the article.

2.8. Minimization of bias in the systematic review

To minimize potential biases in this systematic review, three re-
viewers were in- volved. The inclusion of three reviewers minimized
potential biases that could have arisen from one reviewer [13]. The
three reviewers used the Critical Appraisal tool provided by the Joanna
Briggs Institute [13]. This helped in assessing, identifying, and reporting
the risk of bias in each study [2]. Additionally, it assisted the reviewers to
identify various indicators of internal validity, such as participant's allo-
cation and concealment, researchers blinding, randomization, equal
treatments (intervention), loss of follow-up information, intention to
treat, as well as subjective and objective measures with blinded ratters
[2,13].

2.9. Data extraction and management

A data extraction table provided by JBI (2017) was used to support
the consistency of the data extraction process. The table enables the
systematic extraction of data from the included studies. The two of
the three reviewers conducted the data extraction process. The data
extracted included authors of the study articles, year of publication,

Table 2
Side effects and adverse effects of ketamine.

setting, the populations, interventions, study result, and re- view
conclusion.

2.10. Data analysis method

A meta-analysis of the studies was intended but could not be per-
formed because of the heterogeneity of the studies in terms of sample,
setting of the study, rout of treatment administration, and outcome
measurement methods. Therefore, the data was analysed and presented
as a narrative analysis, which allowed the reviewers to pool the content
and themes derived from the included studies. The analysis involved ag-
gregating and synthesizing findings to derive a set of statements
through assembling and categorizing findings based on their similarities
in meaning and outcomes [JBI, 2017]. The category descriptions were
created to derive the themes, which were identified mainly from the
studies' result sections. The categories were then subjected to synthesis
to produce a single comprehensive set of synthesized findings. Narra-
tive forms were used. This involved generations of a set of statements
that represented aggregations of key themes derive from the studies'
results.

2.11. Storage and Management of Data

EndNote X9 2018 for the Windows operating system was used to
store and manage the results of the search and the eligible studies.
This tool allowed for removal of duplicate records, finding full-text arti-
cles, and creating group sets for the databases searched, the reviewers,

Author Ketamine dosing Incidence Side effects Adverse effects
9] 1.5 mg/Kg- intranasal 89% < Decrease in oxygen saturation « Drowsiness
 Dysphoria/dissociation
« Unpleasant taste
« Dizziness
» Nausea/vomiting
« Vision changes
« Light-headedness
* Nystagmus
[20,23] 0.2 mg/Kg-1V None indicated * Nausea * Hypotension
« Nystagmus « Systolic blood pressure
 Dizziness « Hypotension
* Mood changes « Decreased oxygen saturation
* Flushing * Bradycardia
[19] 0.2 mg/Kg-IM Not indicated « Dysphoria < Decreased oxygen saturation
« Agitation « Systolic blood pressure
« Disorientation « Hypoxemia
« Felling unreality
* Nausea
« Emesis
[30] 1 mg/kg-Intra Nasal 80.5% « Bad taste in the mouth. « Vision alteration
 Dizziness * Mood change
« Sleepiness « Discomfort

Hallucination
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Table 1

Crtical appraisal outcome for included studies.
Author and years Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13
Barcelos et al. [4] [9] YES YES YES YES NO NO YES YES YES YES YES YES YES
Reynolds et al. [30] [10] YES YES YES YES NO YES YES YES YES YES YES YES YES
Lubega et al. [21] [3] Unclear YES YES YES YES Unclear YES YES YES YES Unclear YES YES
Frey et al. [9][1] YES YES YES YES YES YES YES YES YES YES YES YES YES

Q1. Was true randomization used for the assignment of participants to treatment groups? Q2. Was allocation to treatment groups concealed? Q3. Were treatment groups similar at the
baseline? Q4. Were participants blind to treatment assignment? Q5. Were those delivering treatment blind to treatment assignments? Q6. Were outcomes assessors blind to treatment
assignment? Q7. Were treatment groups treated identically other than the intervention of interest? Q8. Was follow up complete and if not, were differences between groups in terms
of their follow up adequately described and analysed? Q9. Were participants analysed in the groups to which they were randomized? Q10. Were outcomes measured in the same way
for treatment groups? Q11. Were outcomes measured in a reliable way? Q12. Was an appropriate statistical analysis used? Q13. Was the trial design appropriate, and any deviations
from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial?

as well as the exclusion and inclusion criteria. It was also used for anno-
tating the record of the included study articles.

2.12. Ethical considerations

Since this was a systematic review that involved pooling and
appraisal of secondary data it did not generate any ethical concerns.
However, the reviewer identified that all included studies reported re-
ceipt of ethics committee approval for protocol prior to conducting the
study, although this was not an inclusion of exclusion criteria [27]. The
reviewers declared no conflict of interest during this systematic review.

3. Result
3.1. Search strategy outcomes and study inclusion

The electronic search was performed using five databases (CINAHL,
EMBASE, EMCARE and PubMed, and Cochrane) on 14th May 2019,
which yielded a total of 242 citations (see Fig. 1). Once duplicates
were removed and full-texts re- viewed, only four studies met the inclu-
sion and exclusion criteria and were included in the review (see Fig. 1).
The first and second steps of identifying the citations and retrieval and
screening of abstracts were done by the primary reviewer. However,
two other independent reviewers assessed and reviewed 20 % of the ab-
stracts and full texts of the studies. The primary reviewer screened all
the identified citations and eliminated a total of 78 duplicate studies.
The primary reviewer retrieved and screened 164 abstracts. One hun-
dred and thirty-five were excluded because they were not experimen-
tal. Only 29 full-text studies were retrieved and screened for inclusion
and exclusion criteria and of these 25 were excluded as they did not
meet the inclusion criteria. Eleven of them recruited adults. Five studies
had ketamine combined with other drugs as the intervention; one com-
pared two routes of.

ketamine administration (intra- venous and subcutaneous). Two
studies did not have pain as a primary or secondary outcome, six had
compared ketamine efficacy with other analgesics, such as NSAIDs and
anesthetics. Therefore, only four of the studies were considered suitable
for inclusion in this systematic review.

3.2. The outcome of the methodological quality assessment and risk of Bias

3.2.1. Methodological quality assessment

The Joanna Briggs Institute (JBI) critical appraisal tool for random-
ized controlled trials was used to guide quality appraisal of the methods
of the included studies [14]. The characteristics assessed included ran-
domization, concealment, baseline similarities, blinding, follow up,
methods of data analysis. The outcome of the critical appraisal of the
included studies was presented in Table 2.

In three of the included studies, there was randomization of the
participants to treatment groups [4,9,21,30] did not describe the
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participant's ran domisation so an assessment of the quality of these
methods was not possible.

All the studies concealed the allocation of the participants to treat-
ment groups, using methods such as masking the allocation in opaque
numbered study packets [30], labeling the syringes of ketamine and
morphine with a sequence-generated code [21], sequentially num-
bered, sealed envelopes [1], and manila envelopes [4] to prevent
patients and the researchers from knowing the treatment allocation.

The four studies ensured that the treatment groups were similar at
baseline, comparing demographic characteristics such as; age, weight,
gender, and race), pattern of injury, baseline pain scores, and vital
signs [4,9,21,30] .

In all studies, the participants were blinded to their treatment
[4,9,21,30]. Only two studies blinded those who administered the treat-
ment [9,21]. [4,30] did not report explicit strategies for blinding those
who administered the treatment. Two of the studies blinded the out-
come assessors [9,30] . In the two remaining studies [4,21], it is unclear
whether the outcome assessors were blinded or not because there is no
explicit explanation in the study articles.

The treatment groups were treated identically other than the
interventions being investigated (opioid or ketamine) in all studies
[4,9,21,30]. The par ticipants received similar treatment, such as vital
sign assessment and provision of care [21], unblinded oral acetamino-
phen (maximum dose of 650 mg) or 10 mg/kg ibuprofen (maximum
dose of 600 mg) [30], pre-intervention treatment [4], and use of
similar atomiser for medication delivery to patients [9]. All the in-
cluded studies reported the follow up of the participants from screen-
ing, selection, through to completion of the [4,9,21,30]. Thus, this
ruled out the pos sibility of missing data as well and the withdrawal
of patients from the study was documented. In all four included stud-
ies, the participants' data were analysed based on the group to which
they were randomized [4,9,21,30].

The outcomes were measured in the same and reliable way for treat-
ment groups in each of all the included studies. [21] measured the out-
comes for the treatment groups using numerical rating scale (NRS),
while [30] used the visual analogue scale (VAS) for children aged
11-17 years and Face Pain Scale-Revised (FPS-R) for children 4-10
years to measure the outcomes in the treatment groups. [9] also used
the VAS pain scale and Michigan Sedation Scale (MSS) to assess pain
in both treatment groups. [4] also measured the outcomes similarly
for the treatment groups, using a face pain scale. The pain scales used
in the studies, such as VAS, NRS, and FPS-R were considered reliable,
sensitive, and valid in terms of the provision of subjective and objective
pain assessment in children.

The appropriateness of the statistical methods used was also
assessed. [4,9], and [21] used Student's t-test and Mann-Whitney U
test to compare the outcome of the treatment groups. These methods
were suitable be- cause the test statistics (pain scores) followed not
normally distributions. [9], and [21] tested categorical variables using
Chi-square ( »?) or Fisher's exact test. [30] also used chi-square to deter-
mine the statistical significance of the relationships between the
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Fig. 1. PRISMA flow diagram indicating the study selection process.

treatment groups. Lastly, all the included studies had appropriate trial
designs and used standard RCT designs. All the studies adhered to the
randomization of participants to treatment (case) and comparison
(control) groups, concealment of treatment group allocation.

3.2.2. Risk of bias

From the critical appraisal, various biases were identified. This
included selection bias that occurs when eligible participants are not
appropriately randomized to treatment groups, [14] as in the case of a
study conducted by [21]. Secondly, performance bias was identified in
two studies [4,30] because of a lack of blinding those who were deliver-
ing treatment. Performance bias is attributed to differences in the treat-
ment of the case and control groups due to knowledge and awareness of
intervention allocations by the researcher and the participants [25].
Thirdly, information bias could have affected [4,21] because of a lack
of blinding the assessors of the outcome. Information bias oc- curs
when the results are interpreted based on knowledge, reference test
results, or other related information other than in practice [14]. Lack
of blinding of as- sessors also increased the risk of detection bias,
which results from the difference between the participants' treatment
groups based on how the outcome was determined [25].
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Lastly, excluded data bias could have affected a study by [21]
because of the exclusion of other important data during analysis,
such as the results of three participants in the ketamine group and
one participant in morphine group from data analysis because they
were discontinued from the study before outcomes. Excluded data
bias occurs when some results are not included in the data analyses,
because of uninterpretable tests or withdrawals of partici- pants [14].

3.3. Data extraction and characteristics of the included studies

3.3.1. Data extractions outcome

Data were extracted from the selected studies was done using a table
prescribed by JBI [13]. The key data extracted included authors of the
study articles, year of publication, setting, the populations, interven-
tions, and study results (see Table 2) [13].

3.3.2. Characteristics of the included studies

The four studies included were double-blind randomized control tri-
als (RCTs) [9,19,20,23,30], (see Table 2). They were all published in the
English language between 2012 and 2019. The studies were conducted
in three different countries; Tehran, Iran [20,23], United States [9,30],
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and Iraq [19]. Three studies focused on emergency departments
[19,20,23] and prehospital trauma centre [9,19,30]. The study by [19],
was conducted in an outdoor prehospital trauma centre for the military
in Iraq, a cohort study for 10 years.

The study sample sizes ranged from 90 to 1876. For instance, the
largest study including a sample of 1876 participants by Losvik et al.
[19], and the smallest study included a sample of 90 by Frey et al. [9].
[30] and Mahshidfar et al. [20,23] included samples of 629 and 300 re-
spectively. All the studies had power calculations to established sample
size, which was greater than 90% power. Three studies included individ-
uals with trauma and injuries including dislocation, trauma victims
[20,23], traumatic injuries [9], and suspected isolated extremity frac-
tures [30]. Losvik et al. [19] recruited participants from the Emergency
Department check-ins while Mahshidfar et al. [20,23] recruited 300
trauma patients from two teaching facilities in Iran.

One study investigated ketamine compared to morphine efficacy
[20,23], while Losvik et al. [19] compared Low dose Ketamine (LDK)
with pentazocine. The other two investigated ketamine compared to
fentanyl efficacy [9,30]. [9] com- pared intranasal (IN) ketamine (1.5
mg/kg) to intranasal fentanyl (2 pg/kg), while [30] compared intranasal
sub-dissociative ketamine (1 mg/kg) to intranasal fentanyl (1.5 mg/kg).

3.4. Key findings of each included study

Meta-analysis was not conducted because of the heterogeneity of
the included studies. For instance, the studies were performed in in dif-
ferent settings including the ED and sickle cell center. The studies also
used different pain scales to measure the outcome of the effectiveness
of pain management with ketamine. Again, the studies involved differ-
ent mode and route of delivery of the drugs (ketamine), such as intrave-
nous and intranasal. The studies also used different data analysis
methods and statistical tests.

The primary objective of this review was to compare the effective-
ness of ketamine on the management of severe acute pain in children
in the ED. The key findings are that the four included studies reported
that ketamine had non-inferior analgesic effects when compared with
opioids for the management of acute pain among children.

The second objective of this study was to describe some of the com-
mon side effects and adverse events associated with ketamine use com-
pare to opioids in the management of acute pain in children in the
emergency department and other severe and acute pain care settings.
Usually, adverse events are outcomes or unintended pharmacologic ef-
fects of a drug that which occur after upon correct administration of a
drug whereas side effects are unwanted outcomes of a drug therapy. Be-
cause of these differences, the two are reported differently in the follow-
ing tables. Incidence in this context means the rate of occurrence of the
adverse events and side-effects.

4. Discussion

The main objective of this systematic review was to investigate the
effectiveness of ketamine compared to opioids for managing acute
pain experienced in the Emergency Department (ED). The findings de-
rived from the systematic review of the four RCTs revealed that that ke-
tamine has non-inferior analgesic effects when used to manage acute
and severe pain in children in the ED to opioids, such as morphine and
fentanyl [4,9,21,30]. The four reviewed studies agreed that ketamine
was able to produce similar pain reductions outcomes as compared to
opioids in children with acute and severe pain in the emergency depart-
ment. Therefore, this suggests that ketamine can be used to provide an-
algesic outcomes comparable to opioids in managing severe pain in
children in ED.

As a secondary outcome, this systematic review found that the use of
keta- mine in the management of severe pain in children in ED is asso-
ciated with in- creased frequency of minor, transient, and non-life-
threatening side effects compared to opioids, such as morphine and
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fentanyl [4,9,21,30]. The four reviewed studies have linked ketamine
with increased frequency of occurrence of minor side effects when
used to treat severe pain in children in ED. According to the review,
some of the identified common side effects linked to ketamine included
dizziness and sleepiness, bad taste in the mouth, visual disturbances,
itchy nose, sedation, and amnesia [4,9,21,30]. Therefore, this suggests
that the side effects produced by ketamine may not impede its use in
managing severe pain in children in ED because they are temporary
and non-life threatening.

4.1. Support of the evidence

The findings generated by this systematic review are considered re-
liable for ap- plication in clinical practices. In terms of the level of evi-
dence for effective clinical application, the evidence generated by this
systematic review can be categorised as level 1A [14]. This is because a
systematic review of RCTs often provides a reliable and dependable
high level of evidence for clinical practice, which can guide decision
making and a strong recommendation for clinical practice [Cheung,
2015]. Despite including only four RCTs, this systematic review adhered
to rigorous and transparent systematic review protocols prescribed by
JBI protocol (2018), which has made the results consistent and reliable.
The studies included were high-quality RCTs. The methodological qual-
ity appraisal of the included studies confirmed that the quality of the in-
cluded studies was very high, increasing confidence in the results.

The findings regarding the effectiveness of ketamine in the manage-
ment of severe pain in children in ED generated by this systematic re-
view are consistent and corroborated by other existing systematic
reviews on a similar topic, including those with broader inclusion
criteria, populations, settings, and out- comes. For instance, a meta-
analysis conducted by [18] which included six trial studies with a total
sample size of 438 patients reported that ketamine produced similar
or superior analgesic outcomes compared to opioids. Although the
study included studies that focused on adult patients aged 18 to 70
years. Another meta-analysis conducted by [33], which included four
RCTs with a total sample of 428 patients including both children and
adults (5-70 years), identified that ketamine had a similar analgesic
outcome as opioid. Both [18,33] were meta-analyses of RCTs, thus, the
evidence they provided is of high level than this systematic review.

They adhered to the meta-analysis procedures, which enhanced the
consistency of the findings. The two meta-analyses included more stud-
ies which enhanced the confidence of the generalizability of the findings
to a larger population of children with severe pain in ED. Therefore, the
result generated by this systematic review is considered re- liable and
can be confidently used to guide clinical decisions concerning the use
of ketamine to manage severe pain in children in ED.

The comparable efficacy of ketamine to opioids as identified by this
systematic review has also corroborated by various RCTs studies. For in-
stance, an RCT conducted by [20,23] identified that ketamine provides a
significant re- duction of the average pain intensity comparable to mor-
phine in adult patients. [24] also conducted a double-blind RCT to eval-
uate the effective- ness of ketamine alone in pain management in adult
trauma patients and found out that ketamine and morphine had similar
effects in alleviating pain. The two studies included relatively large sam-
ple sizes (300 and 126 trauma patients for [20,23,24] respectively,
which enhance confidence in the generated findings and possibility of
generalization of the findings. The effectiveness and safety of ketamine
use in managing pain in children with acute and severe pain are attrib-
uted to its pharmacodynamic properties [15]. Keta- mine works by
binding to spinal preceptors and increases the effectiveness of opioid-
induced signaling [10]. Additionally, ketamine antagonizes NMDA that
preferentially acts at the postsynaptic receptors, which reduces hyper-
excitability [10]. This prevents the postsynaptic neuronal hyperexcit-
ability of pain and the occurrence of hyperalgesia, which is often
associated with opioids [5,26]. Thus, this makes it a suitable alternative
analgesic agent to opioids in managing severe pain in children. The
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comparable analgesic effect of opioid and ketamine can be understood
in terms of how the two drugs act different on pain receptors and the
outcome of stimulating those receptors. For instance, opioids are con-
sidered to target limited number of specific opioid pain receptors [15].
On the other hand, ketamine targets multiple pain pathways simulta-
neously, which limits the possibility of hyperactivity through limited
pain circuits [15,35]. Thus, opioid is associated with dampening of
acute pain transmission, but ketamine is considered to dampen pain re-
sponse [10]. These effects are comparable, only that the limited pathway
inhibited by opioid results to repeated stimulation that increases the
possibility of downstream effects, which is associated with opioid
dependence, addiction, and hyperalgesia [10].

These are avoided by ketamine, which inhibits wind-up and reduces
central sensitization, as well as chronic pain [10]. In this regard, keta-
mine appears to be a little safer and more effective in pain management
compared to opioids.

Concerning the second objective, there is widespread evidence that
ketamine use in pain management in both children is associated with
various minor temporary side effects, just as it has been identified by
this review [4,9,18,33]. However, other studies have found that the
side effect is not only in children but also in adults [18,33]. A meta-
analyses study by [18,33] identified that the ketamine produces only
transient side effects that did not require clinical attention. However,
[18] reported that the incidence of major cardiovascular events was
much higher for opioids than ketamine [35] reported that ketamine
produces minor effects such as sedation in both adult and pediatric pa-
tients. However, it does not result in major adverse dysphoric effects
which are commonly observed in opioids [35]. An evidence appraisal
conducted by [28] reported that despite being well-tolerated by both
adult and pediatric patients, ketamine is still associated with the poten-
tial occurrence of psychedelic symptoms, such as hallucination, panic,
and well as a hallucination. It also pro- duces common minor side ef-
fects, such as nausea, vomiting, as well as somnolence [28]. This implies
that ketamine is relatively safer compared to opioids, hence it can be
safely used for pain management in children in ED.

In terms of treatment, the reviewed studies indicated most of the
adverse events attributed to ketamine use are temporary and do not
require treatment [4,9,18,33]. However, some available evidence
recommends that the side effects should be evaluated for possible
[Kurdi, Theerth, & Deva, 2014].

For instance, [8] identified ketamine infusion to manage chronic
pain in both children and adults is associated with few minor side ef-
fects that do not require treatment but, the patient should be monitored
for potential health risk. [28] stated that there should be mandatory
monitoring of all the patients receiving ketamine. [5] recommended
that the side effects observed in ketamine use can be minimized or
avoided by ensuring accurate dose and often using a low dose of keta-
mine. This is supported by [15] who recommended that there should
be personalized, cautious, as well as patient titration of ketamine infu-
sion rate to produce minimal side effects. Therefore, it can be deduced
that all patients receiving ketamine medication should be monitored
for the potential occurrence of side effects and adverse events so that
they can be treated in time to enhance patient safety. The side effects
can also be minimized by using an appropriately low dose of ketamine
based on the patient's characteristics.

4.2. Clinical implications and recommendation

In clinical practice, ketamine can be considered for use as an alterna-
tive to opioids in the management of acute and severe pain among chil-
dren in ED. The evidence generated by this systematic review
demonstrates that ketamine has similar non-superior analgesic out-
comes as opioids. This systematic review has reinforced the widespread
and growing view that ketamine is safe, effective, and a suitable alterna-
tive to opioids in the management of acute pain in children in the Emer-
gency Department [4,9,18,33]. Other literature has reported that the use
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of ketamine as an alternative to opioids is rapidly growing in clinical
practice, especially in the management of acute and severe pain in the
Emergency Department [16,17]; Lalame 2019].

For instance, [11] reported that there are widespread overall accep-
tance and prevalent implementation of ketamine in the management of
acute and severe pain in children in ED. The increased use of ketamine
as an alternative to opioids analgesics has been enhanced by various fac-
tors, such as the listing of ketamine by the American College of the
Emergency Physicians (ACEP) as an appropriate alternative to opioids
[32]. This has endorsed and promoted the credibility of ketamine use
in the Emergency Department. However, [5] attribute the increased
use of ketamine as an alternative to the opioid analgesic drug to its in-
creased familiarity and popularity among emergency physicians and
other health care professionals. Additionally, [32] added that the in-
creased decision to use ketamine in pain management in ED has been
significantly influenced by increased multiple access to online medical
education by healthcare professionals that are intending to publicize ke-
tamine as an alternative to opioids. Therefore, based on the evidence
generated by this systematic review, it can be confidently recom-
mended that ketamine could be used as an alternative to opioids to ef-
fectively manage acute and severe pain in children in ED.

Ketamine can be used in cases where opioid analgesics are
completely contraindicated or when an opioid analgesic is likely to
produce an adverse reaction. For instance, ketamine can be the most ap-
propriate alternative analgesic to patients who require potent analgesic
but have opioid use problems and potential for prolonged use of opioids
[7]. This is because prolonged use may cause ad- diction and depen-
dence, and the patient who are using other medication conditions that
are known to compromise opioid use [12,17]. This is appropriate be-
cause evidence indicates that ketamine has the minimal potential of
causing ad- dictions compared to opiids [5,22]. [18] also argued that
keta- mine can minimize opioid dependence effects. Thus, it can be de-
duced that ketamine is a favorable analgesic among patients with opioid
contraindications, such as the risk of opioid dependence. It is also agree-
able that some uncommon medical conditions, such as chronic pulmo-
nary disease and renal failure may contraindicate opioid uses because
of possible severe respiratory distress and delayed elimination of
opioids respective [26]. Thus, ketamine is the most suitable alternative
in such cases.

4.3. Gaps remain

One of the key gaps identified from the systematic review is that
there is no clear evidence concerning the appropriate dose and route
of administration of keta- mine in the management of the severe pain
in children. This systematic review did not determine the effective
dose and route of administration that can be used to produce enough
analgesic effects in pain management in children. The reviewed studies
used different dosages as well as the route of administration of keta-
mine during treatment, such as intravenous, intranasal, and intramus-
cular. Thus, it would be difficult to draw conclusions about the most
appropriate do- sage and suitable route of administration when using.

ketamine to manage acute and severe pain in children. Based on this
gap, it is advisable for the ED health professionals to determine the ap-
propriate dose for ketamine based on the child's characteristics, such as
weight, age, and disease condition.

4.4. Strengths and limitations

The key strength of this systematic review is the use of the JBI sys-
tematic review protocol, which reinforced the rigor of the process.
This makes the results reliable and dependable. Secondly, the use of
three reviewers during the data search, extractions, and quality assess-
ment, which enhanced the consistency of the process and the findings.
Using strict inclusion and exclusion criteria, this systematic review re-
stricted numerous potential confounding variables by establishing strict
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inclusion criteria in terms of populations, interventions, and out- comes
[13].

One of the key weaknesses of the systematic review is the inclusion
of a few studies that addressed the question. Secondly, their heteroge-
neity of the included studies also prevented meta-analysis and therefore
a result with more statistical power to answer the question. Addition-
ally, there was no performance of sensitivity analysis and meta-
regression to determine heterogeneity since only a small number of
studies were included. There was also no calculation of reliability, par-
ticularly with the studies' eligibility and selection.

procedure, since the three reviewers were in full agreement. There
was no performance of the risk of publication bias.

5. Implications for Nursing & Health Policy

In this systematic review, the Joanna Briggs Institute [14] have been
followed. is advisable for the Emergency Department health profes-
sionals to determine the appropriate dose for ketamine based on the

child's characteristics, such as weight, age, and disease condition.

Appendix A: Search terms and phrases.
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6. Conclusion

Ketamine is a suitable alternative for opioid analgesics for the
management of acute and severe pain in children in ED. The evidence
generated by this study is that ketamine is non-inferior to opioids
(morphine and fentanyl) in controlling acute pain in children. The
study revealed that although ketamine use is associated with increased
risk of occurrence of side effects and adverse effects, they are transient,
non-life-threatening and may not need serious clinical intervention.
Therefore, this systematic review supports the possibility of the use of
ketamine as an alternative to opioids in the management of severe
pain. This includes the use of ketamine in patients with opioid contrain-
dication or in cases, where opioid is likely to cause serious side effects or
adverse outcome. However, in clinical practice, health ketamine should
not be considered as a complete re- placement for opioid analgesics.
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