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Abstract

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 anal-
gesic in children presenting in the emergency department. Objective: 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 depart-
ment. The second objective was to compare the adverse events and side ef-
fects associated with ketamine with those associated with opioids used for
pain management. 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 randomised controlled trials and
the study results analysed. Findings: Four randomised 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 possible because of the
heterogeneity of the studies, especially in terms of different outcome meas-
ures, and the approaches (pain assessment tool) used to measure the pain
outcomes. The review identified that ketamine demonstrated a non-inferior
analgesia effect compared to opioid medication (morphine or fentanyl) as de-
termined by various pain scores used in different studies. However, ketamine
use was associated with increased frequency of occurrence of temporary ad-
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verse effects that do not require clinical attention. Conclusion: Based on the
findings from the review, ketamine is a suitable alternative for opioid anal-
gesics for the management of acute and severe pain in children in ED. The
minor transient side effects associated with ketamine 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.

Keywords

Children, Ketamine, Opioid, Pain, Paediatrics, Intramuscular, Intranasal,
Intravenous, Morphine, Management, Analgesia

1. Introduction

Ketamine is increasingly becoming an important alternative analgesic to opioids
in managing acute and severe pain, especially in children in the emergency de-
partment [1]. Existing evidence indicates that a low dose of ketamine is as effec-
tive as more commonly used strong opioid analgesics, such as fentanyl and
morphine, in the management of severe acute pain [2] [3] [4]. There have been
several randomised control trials to compare ketamine and opioids for pain
management [2] [3] [4]. For instance, a randomised control trial (RCT) con-
ducted by Frey [1] involving 90 children (8 - 17 years) with traumatic extremity
injuries identified that ketamine was comparable to fentanyl for pain alleviation,
although it resulted in minor and transient adverse events [1]. Lubega [3] also
compared 1 mg/kg of intravenous (I.V.) ketamine with I.V. morphine 0.1 mg/kg
in managing severe pain related to sickle cell disease, and revealed that ketamine
had similar analgesic effects to morphine but resulted in an increased occurrence
of temporary and non-life threatening mild side effects. In view of the increased
research attention on ketamine in the management of severe pain in children,
this systematic review aims to consolidate available evidence on its use in man-

aging acute and severe pain in children.

2. Methods
2.1. Study Design

First, this study was a systematic review. The design was pertinent for gathering
and appraisal of evidence presented in the available RCTs regarding 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 Institute [5]. The Joanna Briggs Institute (2017)
systematic review protocol outlines a robust approach for conducting a syste-
matic review, which includes; formulation of a research question using the P
(Population), I (Intervention), C (Comparison) and O (Outcome) format, con-

duct of a systematic literature search, development of appropriate inclusion and
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Table 1. Search terms and phrases.

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 us-
ing a computerised search of five electronic online bibliographic 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”, “paediatric”, “opioids”, “pain management”, “acute
pain”, “effectiveness”, “efficacy”, “sedation”, “analgesic” and “adverse effects”
(see Table 1) 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) [6]. This yielded search phrases, such as “opioid OR
opioid analgesic OR Morphine OR fentanyl” (see Table 1).

2.4. Eligibility Criteria

Inclusion Criteria: Randomised control trials (RCTs), experimental, and qua-
si-experimental studies addressing the research question were included in this
review. Randomised control trial studies and experimental studies often present
considerably high level of evidence. All studies that met inclusion criteria were
considered for review irrespective 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 children
presenting in ED and other care centres that provided care for children with se-
vere acute pain. This systematic review included studies that compared the effec-
tiveness of ketamine with strong opioids, such as morphine and fentanyl for pain
management measured using different method or tools (subjective and objective

pain scores), such as behavioural pain scale, visual pain scale, and or self-report

Population Interventions Comparison Outcome
Key terms Children AND Ketamine AND Opioid AND Pain
Int 1 Pain management OR
ntramuscular
o . . Analgesic effect OR
Synonyms Paediatrics, ketamine, OR Morphine, OR . .
. . . Analgesia, OR sedation, OR
and related ~ OR babies intranasal ketamine, fentanyl, OR Effecti OR effi
ectiveness, efficacy,

search terms  OR Infants OR oral ketamine, Narcotics v ¥

OR adverse effects, OR

OR Intravenous ketamine . .
Acute pain, OR Severe pain
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pain scale. Exclusion Criteria: Non-experimental studies, case studies, review
reports, and qualitative studies were excluded from the review. Studies were ex-
cluded from this systematic review if they did not included children of if they
did not separate pooling and analysis of the data from neonates, 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 in-
fluence 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 (EA) screened the citations derived from the search re-
sults for eligibility by considering their titles and abstracts. A subset (20%) was
also screened by one of the two supervisors (DC or JT). The screening process
involved confirmation if the studies were RCT, true-experimental, or qua-
si-experimental designs. Furthermore, the reviewers confirmed whether the stu-
dies met the inclusion criteria: had children as the population, ketamine use as
the interventions, opioid drugs as the comparator, and pain management out-
come as the primary outcome. Two of three reviewers (EA and one of either DC
or JT) performed full-text screening to determine 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 Systematic Re-
views and Meta-Analyses (PRISMA) was used.

2.6. Critical Appraisal

The Joanna Brigs Institute’s critical appraisal tool was used to guide the assess-
ment of the methodological quality of the included studies (Table 2) [5]. The JBI

critical appraisal tool was used to establish the degree to which the included

Table 2. Crtical appraisal outcome for included studies.

Author and years Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QiIio Q11 Q12 Qi3
Barcelos et al. (2015) [9] YES YES YES YES NO NO YES YES YES YES YES YES YES
Reynolds etal (2017) [10]  YES YES YES YES NO YES YES YES YES YES YES YES YES

Lubega et al (2018) [3] Unclear YES YES YES YES Unclear YES YES YES YES Unclear YES YES
Frey et al. (2018) [1] YES YES YES YES YES YES YES YES YES YES YES YES YES

Q1. Was true randomisation 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 randomised? Q10. Were outcomes measured in the same way for treatment groups? Q11. Were out-
comes 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 randomisation, parallel groups) accounted for in the conduct and analy-
sis of the trial?
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studies endeavoured to minimise the possibility of biases related to participants’

selection, randomisation, treatment allocation and blinding [7].

2.7. Assessment of Methodological Quality

Two of the three reviewers performed the critical appraisal of the included stu-
dies independently using the RCT critical appraisal tool provided by JBI (2017).
The reviewers used the outcome to determine the internal validity and risk of
bias of the included studies [7]. 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 inclu-

sion of the article.

2.8. Minimisation of Bias in the Systematic Review

To minimise potential biases in this systematic review, three reviewers were in-
volved. The inclusion of three reviewers minimised potential biases that could
have arisen from one reviewer [5]. The three reviewers used the Critical Ap-
praisal tool provided by the JBI (2017). This helped in assessing, identifying, and
reporting the risk of bias in each study [7]. Additionally, it assisted the reviewers
to identify various indicators of internal validity, such as participant’s allocation
and concealment, researchers blinding, randomisation, equal treatments (inter-
vention), loss of follow-up information, intention to treat, as well as subjective

and objective measures with blinded ratters [5] [7].

2.9. Data Extraction and Management

A data extraction table provided by JBI (2017) was used to support the consis-
tency 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, 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 performed 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 aggregating and synthesising findings to derive a set of state-
ments through assembling and categorising findings based on their similarities
in meaning and outcomes [5]. 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 synthesised findings. Narrative forms were used. This involved generations
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of a set of statements that represented aggregations of key themes derived 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 articles, and creating group sets
for the databases searched, the reviewers, as well as the exclusion and inclusion

criteria. It was also used for annotating the record of the included study articles.

2.12. Ethical Considerations

Since this was a systematic review that involved pooling and appraisal of sec-
ondary data it did not generate any ethical concerns. However, the reviewer
identified that all included studies reported receipt of ethics committee approval
for protocol prior to conducting the study, although this was not an inclusion of
exclusion criteria [8]. 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 14" May 2019, which yielded a total
of 242 citations (see Figure 1). Once duplicates were removed and full-texts re-
viewed, only four studies met the inclusion and exclusion criteria and were in-
cluded in the review (see Figure 1). The first and second steps of identifying the
citations and retrieval and screening of abstracts were done by the primary re-
viewer. However, two other independent reviewers assessed and reviewed twenty
percent of the abstracts 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 hundred and
thirty-five were excluded because they were not experimental. 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 compared two routes of ketamine administration (intra-
venous and subcutaneous). Two studies did not have pain as a primary or sec-
ondary outcome, six had compared ketamine efficacy with other analgesics, such
as NSAIDs and anaesthetics. 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 randomised
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Figure 1. PRISMA flow diagram indicating the study selection process.

controlled trials was used to guide quality appraisal of the methods of the in-
cluded studies (JBI, 2018). The characteristics assessed included randomisation,
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 randomisation of the participants to
treatment groups [1] [9] [10]. Lubega [3] did not describe the 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 treatment
groups, using methods such as masking the allocation in opaque numbered
study packets [10], labeling the syringes of ketamine and morphine with a se-
quence-generated code [3], sequentially numbered, sealed envelopes [1], and
manila envelopes [9] 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 [1] [3] [9] [10].

In all studies, the participants were blinded to their treatment [1] [3] [9] [10].
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Only two studies blinded those who administered the treatment [1] [3]. Barcelos,
[9] and Reynolds [10] did not report explicit strategies for blinding those who
administered the treatment. Two of the studies blinded the outcome assessors
[1] [10]. In the two remaining studies [3] [9], 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 [1] [3] [9] [10]. The par-
ticipants received similar treatment, such as vital sign assessment and provision
of care [3], unblinded oral acetaminophen (maximum dose of 650 mg) or 10
mg/kg ibuprofen (maximum dose of 600 mg) [10], pre-intervention treatment
[9], and use of similar atomiser for medication delivery to patients [1]. All the
included studies reported the follow up of the participants from screening, selec-
tion, through to completion of the [1] [3] [9] [10]. 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 studies, the participants” data were analysed
based on the group to which they were randomised [1] [3] [9] [10].

The outcomes were measured in the same and reliable way for treatment
groups in each of all the included studies. Lubega [3] measured the outcomes for
the treatment groups using numerical rating scale (NRS), while Reynolds [10]
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. Frey [1] also used the VAS pain scale and Michigan Seda-
tion Scale (MSS) to assess pain in both treatment groups. Barcelos [9] 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. Barcelos
[9], Frey [1], and Lubega [3] 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. Frey
[1], and Lubega [3] tested categorical variables using Chi-square (y’) or Fisher’s
exact test. Reynolds [10] also used chi-square to determine the statistical signi-
ficance of the relationships between the treatment groups. Lastly, all the included
studies had appropriate trial designs and used standard RCT designs. All the
studies adhered to the randomisation 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 selec-
tion bias that occurs when eligible participants are not appropriately randomised
to treatment groups, [11] as in the case of a study conducted by Lubega [3]. Se-
condly, performance bias was identified in two studies [9] [10] because of a lack
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of blinding those who were delivering treatment. Performance bias is attributed
to differences in the treatment of the case and control groups due to knowledge
and awareness of intervention allocations by the researcher and the participants
[12]. Thirdly, information bias could have affected Barcelos [9] and Lubega [3]
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 [11]. 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 de-
termined [12]. Lastly, excluded data bias could have affected a study by Lubega
[3] 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 mor-
phine 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 [9].

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 (2017). The key data extracted included authors of the study articles, year
of publication, setting, the populations, interventions, and study results (see Ta-

ble 2) [5].

3.3.2. Characteristics of the Included Studies

The four studies included were double-blind randomised control trials (RCTs),
[1] [3] [9] [10] (see Table 2). They were all published in the English language
between 2012 to 2019). The studies were conducted in three different countries;
Brazil [9], United States [1] [10], and Uganda [3]. Three studies focused on
emergency departments, including paediatric emergency room and trauma cen-
tre [1] [9] [10]. The fourth study by Lubega [3], was conducted in a day-care
sickle cell centre.

The four studies included paediatric (children) population aged between 3 -
18 years. For instance, Barcelos [10] included children aged 3 - 14 years, while
Frey [1] recruited children aged 8 - 17 years. Lubega [3] included children aged 7
- 18 years, while Reynolds [10] recruited children aged 4 - 17 years. The study
sample sizes ranged from 25 to 240. For instance, the largest study including a
sample of 240 children [3], and the smallest study includes a sample of 25 [10].
Reynolds [11] and Frey [1] included samples of 91 and 90 respectively. All the
study’s had power calculations to established sample size, which was greater than
90% power. Three studies included children with trauma and injuries including
dislocation, closed fractures [10], traumatic limb injury [1], and suspected iso-
lated extremity fractures [11]. Lubega [3] recruited children with severe pain as-

sociated with an acute sickle cell crisis.
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Two studies investigated ketamine compared to morphine efficacy [3] [10],
while the remaining two investigated ketamine compared to fentanyl efficacy [1]
[11]. Barcelos [10] compared morphine 0.1 mg/kg administered intravenously,
followed by increments of 0.05 mg/kg versus ketamine 2 mg/kg given intrave-
nously up to a maximum dose of 70 mg. Lubega [3] investigated 1 mg/kg of
intravenous ketamine versus intravenous morphine 0.1 mg/kg. Frey [1] com-
pared intranasal (IN) ketamine (1.5 mg/kg) or intranasal fentanyl (2 ug/kg),
while Reynolds [11] 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 different settings includ-
ing the ED and sickle cell centre. The studies also used different pain scales to
measure the outcome of the effectiveness of pain management with ketamine.
Again, the studies involved different mode and route of delivery of the drugs
(ketamine), such as intravenous and intranasal.The studies also used different
data analysis methods and statistical tests.

The primary objective of this review was to compare the effectiveness of ke-
tamine 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. Frey [1] reported that the mean visual analogue scale (VAS)
reduction after 30 minutes of ketamine administration was 30.6 mm (95% CI,
25.4 - 35.8) and 31.9 mm (95% CI, 26.6 - 37.2) after fentanyl administration. In
VAS, the patients were to score their pain intensity as no pain (0 - 4 mm), mild
pain (5 - 44 mm), moderate pain (45 - 74 mm), as well as severe pain (75 - 100
mm) (Frey et al, 2018). Based on the observed confident interval, the finding is
highly plausible and has a better estimate of pain management within the popu-
lation. Additionally, the study reported that based on a one-sided test of group
difference ketamine was non-inferior as the mean difference in pain reduction
between groups was 1.3 (90% CI, —6.2 to 8.7) [5]. Barcelos [10] measured pain
using the Faces Pain Scale and found out that the median pain scores following
the procedure were similar two for both ketamine and morphine. The median
pain score following the procedure was 2 (mild pain) in both ketamine and
morphine groups. In the Faces Pain Scale, the patient points at a face with a gri-
mace of pain that represents his or her face. The faces are scaled from 1 - 10,
with o denotes no pain and 10 means extreme pain. Lubega [3] found out that
mean numerical rating scales (NRS) pain score for children randomised to the
ketamine group was 66.4 + 29.9, which was not statistically different to the mean
pain scores (61.3 + 28.7) for the morphine group (MD 5.5; 95% CI -2.2 to
—13.2). The numerical rating scale involves rating the patient’s pain on a scale of
0-10, whereby 0 is no pain and 10 is the extreme pain [3]. Moreover, the mean-

time to the maximum reduction in NRS pain scores for the ketamine group was
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60 minutes compared to 120 minutes for the morphine group (RR 1.2; 95% CI
0.9 - 1.7). This was a small confidence interval which reinforced the reliability
and accuracy of the findings. Reynolds [11] reported that the mean pain scale
score decrease after 20 minutes was 44 + 36 for the patients who received keta-
mine and 35 + 29 for those who received fentanyl (mean difference = 9 [95% CI
= —4 to 23]). This was a very wide confidence interval indicating the unreliability
of the findings. From the findings, it can be deduced that ketamine was as supe-
rior as opioids in severe pain management in children. Hence, it could be used
to effectively manage severe pain in children in the ED.

The second objective of this study was to describe some of the common side
effects and adverse events associated with ketamine use compare to opioids in
the management of acute pain in children in the emergency department and
other severe and acute pain care settings. The reviewed studies found out that
there was an increased risk of occurrence of various types and incidence of mi-
nor transient side effects associated with ketamine administration when com-
pared with opioid administration. For instance, Frey [1] revealed that the risk of
adverse events was higher in the ketamine group compared to the fentanyl group
(relative risk, 2.5; 95% CI, 1.5 - 4.0) [5]. This confidence interval was relatively
narrow, which indicated considerable reliability of the findings. Barcelos [10]
revealed that types of side effects, such as amnesia occurred in 92.3% of those
who received ketamine and 83.3% for those who received morphine (p = 0.904).
Lubega [3] identified that the patients in the ketamine group had 11.3 times the
likelihood of developing transient non-threatening adverse effects compared to
the morphine group (LDK 45(37.5%) vs. MOR 4(3.3%)). There were 2.2 times
higher cumulative number of adverse events in the ketamine group than in the
fentanyl group. The study also identified that some of the commonly reported
side effects linked to ketamine included bad taste in the mouth (n = 37; 90.2%),
dizziness (n = 30; 73.2%), and sleepiness (n = 19; 46.3%). The commonest side
effect reported in the fentanyl group included sleepiness (15; 36.6%), bad taste in
the mouth (9; 22%), and itchy nose (9; 22%) [12].

In summary, this systematic review included only four RCTs that met the in-
clusion criteria. This indicates that there is still a dearth of RCT studies that
compare the effectiveness of ketamine and opioid in the management of acute
and severe pain among children admitted to the emergency department. Con-
cerning the first objective, the review has identified that ketamine has compara-
ble effectiveness and efficacy to opioids in the management of pain in children
admitted to the ED. On the second objective, ketamine use is associated with an
increased incidence of occurrence of transient side effects and adverse events,
which are minor and may not require clinical management or hinder the use of

the drug.

4. Discussion

The main objective of this systematic review was to investigate the effectiveness

of ketamine compared to opioids for managing acute pain experienced by child-
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ren in the Emergency Department (ED). The findings derived from the syste-
matic review of the four RCTs revealed that that ketamine 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 [1] [3] [10] [11]. The four re-
viewed 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 department. Therefore, this suggests that ketamine can be used to
provide analgesic 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 associated with in-
creased frequency of minor, transient, and non-life-threatening side effects
compared to opioids, such as morphine and fentanyl [1] [3] [10] [11]. 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 in-
cluded dizziness and sleepiness, bad taste in the mouth, visual disturbances,
itchy nose, sedation, and amnesia [1] [3] [10] [11]. Therefore, this suggests that
the side effects produced by ketamine may not impede its use in managing se-

vere 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 reliable for ap-
plication in clinical practices. In terms of the level of evidence for effective clini-
cal application, the evidence generated by this systematic review can be catego-
rised as level 1A [11]. This is because a systematic review of RCT's 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 [13].
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 quality appraisal of the included studies
confirmed that the quality of the included studies was very high, increasing con-
fidence in the results.

The findings regarding the effectiveness of ketamine in the management of
severe pain in children in ED generated by this systematic review are consistent
and corroborated by other existing systematic reviews on a similar topic, in-
cluding those with broader inclusion criteria, populations, settings, and out-
comes. For instance, a meta-analysis conducted by Lee and Lee [14] which in-
cluded six trial studies with a total sample size of 438 patients reported that ke-
tamine 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 Sin [15], which included four RCTs
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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
Lee and Lee [15] and Sin [15] 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 studies which enhanced the confidence of the
generalisability 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 instance, an RCT
conducted by Mahsidfar [16] identified that ketamine provides a significant re-
duction of the average pain intensity comparable to morphine in adult patients.
Majidinejad [17] also conducted a double-blind RCT to evaluate 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 sample sizes (300 and 126 trauma patients for
Mahsidfar [16] and Majidinejad [17] respectively, which enhance confidence in
the generated findings and possibility of generalisation of the findings. The ef-
fectiveness and safety of ketamine use in managing pain in children with acute
and severe pain are attributed to its pharmacodynamic properties [18]. Keta-
mine works by binding to spinal u receptors and increases the effectiveness of
opioid-induced signaling [19]. Additionally, ketamine antagonises NMDA that
preferentially acts at the postsynaptic receptors, which reduces hyperexcitability
[19]. This prevents the postsynaptic neuronal hyperexcitability of pain and the
occurrence of hyperalgesia, which is often associated with opioids [20] [21].
Thus, this makes it a suitable alternative analgesic agent to opioids in managing
severe pain in children. The 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 consi-
dered to target limited number of specific opioid pain receptors [19]. On the
other hand, ketamine targets multiple pain pathways simultaneously, which lim-
its the possibility of hyperactivity through limited pain circuits [19] [22]. Thus,
opioid is associated with dampening of acute pain transmission, but ketamine is
considered to dampen pain response [19]. 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 [19]. These are avoided by ketamine,
which inhibits wind-up and reduces central sensitisation, as well as chronic pain
[19]. In this regard, ketamine 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 identi-
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fied by this review [1] [10] [14] [15]. However, other studies have found that the
side effect is not only in children but also in adults [14] [15]. A meta-analyses
study by Lee and Lee [14] and Sin [15] identified that the ketamine produces
only transient side effects that did not require clinical attention. However, Lee
and [14] reported that the incidence of major cardiovascular events was much
higher for opioids than ketamine Vadivelu [22] reported that ketamine produces
minor effects such as sedation in both adult and paediatric patients. However, it
does not result in major adverse dysphoric effects which are commonly observed
in opioids [22]. An evidence appraisal conducted by Niesters, Martini, and Da-
han [23] reported that despite being well-tolerated by both adult and paediatric
patients, ketamine is still associated with the potential occurrence of psychedelic
symptoms, such as hallucination, panic, and well as a hallucination. It also pro-
duces common minor side effects, such as nausea, vomiting, as well as somno-
lence [23]. 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
[1] [3] [10] [11]. However, some available evidence recommends that the side
effects should be evaluated for possible [24]. For instance, Cohen [25] identified
ketamine infusion to manage chronic pain in both children and adults is asso-
ciated with few minor side effects that do not require treatment but, the patient
should be monitored for potential health risk. Niesters, Martini, and Dahan [23]
stated that there should be mandatory monitoring of all the patients receiving
ketamine. Bell and Kalso [20] recommended that the side effects observed in ke-
tamine use can be minimised or avoided by ensuring accurate dose and often
using a low dose of ketamine. This is supported by Jonkman [18] who recom-
mended that there should be personalised, cautious, as well as patient titration of
ketamine infusion rate to produce minimal side effects. Therefore, it can be de-
duced 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 minimised
by using an appropriately low dose of ketamine based on the patient’s characte-

ristics.

4.2. Clinical Implications and Recommendation

In clinical practice, ketamine can be considered for use as an alternative to
opioids in the management of acute and severe pain among children in ED. The
evidence generated by this systematic review demonstrates that ketamine has
similar non-superior analgesic outcomes as opioids. This systematic review has
reinforced the widespread and growing view that ketamine is safe, effective, and
a suitable alternative to opioids in the management of acute pain in children in
the Emergency Department [1] [3] [10] [11]. Other literature has reported that
the use of ketamine as an alternative to opioids is rapidly growing in clinical

practice, especially in the management of acute and severe pain in the Emergen-
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cy Department [2] [26].

For instance, Jennings, Cameron, and Bernard [27] reported that there are
widespread overall acceptance 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
factors, such as the listing of ketamine by the American College of the Emer-
gency Physicians (ACEP) as an appropriate alternative to opioids [28]. This has
endorsed and promoted the credibility of ketamine use in the Emergency De-
partment. However, Bell and Kalso [20] attribute the increased use of ketamine
as an alternative to the opioid analgesic drug to its increased familiarity and
popularity among emergency physicians and other health care professionals.
Additionally, Schwenk [28] added that the increased 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 publicise ketamine as an alternative to opioids. Therefore, based on the evi-
dence generated by this systematic review, it can be confidently recommended
that ketamine could be used as an alternative to opioids to effectively manage
acute and severe pain in children in ED.

Ketamine can be used in cases where opioid analgesics are completely con-
traindicated or when an opioid analgesic is likely to produce an adverse reaction.
For instance, ketamine can be the most appropriate alternative analgesic to pa-
tients who require potent analgesic but have opioid use problems and potential
for prolonged use of opioids [29]. This is because prolonged use may cause ad-
diction and dependence, and the patient who are using other medication condi-
tions that are known to compromise opioid use [2] [30]. This is appropriate be-
cause evidence indicates that ketamine has the minimal potential of causing ad-
dictions compared to opioids [20] [31]. Lee and Lee [14] also argued that keta-
mine can minimise opioid dependence effects. Thus, it can be deduced that ke-
tamine is a favourable analgesic among patients with opioid contraindications,
such as the risk of opioid dependence. It is also agreeable that some uncommon
medical conditions, such as chronic pulmonary disease and renal failure may
contraindicate opioid uses because of possible severe respiratory distress and
delayed elimination of opioids respective [21]. Thus, ketamine is the most suita-

ble 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 re-
viewed studies used different dosages as well as the route of administration of
ketamine during treatment, such as intravenous, intranasal, and intramuscular.

Thus, it would be difficult to draw conclusions about the most appropriate do-
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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 appropriate 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 systematic review
protocol, which reinforced the rigor of the process. This makes the results relia-
ble and dependable. Secondly, the use of three reviewers during the data search,
extractions, and quality assessment, which enhanced the consistency of the
process and the findings. Using strict inclusion and exclusion criteria, this sys-
tematic review restricted numerous potential confounding variables by estab-
lishing strict inclusion criteria in terms of populations, interventions, and out-
comes [5].

One of the key weaknesses of the systematic review is the inclusion of a few
studies that addressed the question. Secondly, their heterogeneity of the included
studies also prevented meta-analysis and therefore a result with more statistical
power to answer the question. Additionally, there was no performance of sensi-
tivity analysis and meta-regression to determine heterogeneity since only a small
number of studies were included. There was also no calculation of reliability,
particularly with the studies’ eligibility and selection procedure, since the three
reviewers were in full agreement. There was no performance of the risk of pub-

lication bias.

5. 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 asso-
ciated with increased risk of occurrence of side effects and adverse effects, they
are transient, non-life-threatening and may not need serious clinical interven-
tion. Therefore, this systematic review supports the possibility of the use of ke-
tamine as an alternative to opioids in the management of severe pain. This in-
cludes the use of ketamine in patients with opioid contraindication 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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