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ABSTRACT

Objective: There has been increased interest in the use of low-dose ketamine (LDK) as an alternative analgesic
for the management of acute pain in the emergency department (ED). The objective of this systematic review was
to compare the analgesic effectiveness and safety profile of LDK and morphine for acute pain management in the
ED.

Methods: Electronic searches of Medline and EMBASE were conducted and reference lists were hand-
searched. Randomized controlled trials (RCTs) comparing LDK to morphine for acute pain control in the ED were
included. Two reviewers independently screened abstracts, assessed quality of the studies, and extracted data.
Data were pooled using random-effects models and reported as mean differences and risk ratios (RRs) with 95%
confidence intervals (Cls). We used the Grading of Recommendations Assessment, Development and Evaluation
approach to assess the certainty of the evidence.

Results: Eight RCTs were included with a total of 1,191 patients (LDK = 598, morphine = 593). There was no
significant difference in reported mean pain scores between LDK and morphine within the first 60 minutes after
analgesia administration and a slight difference in pain scores favoring morphine at 60 to 120 minutes. The need
for rescue medication was also similar between groups (RR = 1.26, 95% CI = 0.50 to 3.16), as was the
proportion of patients who experienced nausea (RR = 0.97, 95% CI = 0.63 to 1.49) and hypoxia (RR = 0.38, 95%
Cl = 0.10 to 1.41). All outcomes were judged to have low certainty in the evidence.

Conclusion: Low-dose ketamine and morphine had similar analgesic effectiveness within 60 minutes of
administration with comparable safety profiles, suggesting that LDK is an effective alternative analgesic for acute
pain control in the ED.

t has been estimated that acute pain accounts for
more than half of all emergency department (ED)
visits."? Acute pain management in the ED is an
important aspect of patient care and satisfaction. Cur-
rently, the most common group of analgesics used in
the ED are opioids.> However, there are many patients

who would benefit from an alternative to opioids for
safe and effective pain control in the ED. These
patients include opioid-naive adults and children, the
elderly, chronic opioid users, those with a history of
addiction, and those using medications for alcohol
disorder. There

dependence or opioid misuse

From the 'Department of Medicine, Division of Emergency Medicine; the 2Department of Family and Community Medicine, University of Toronto;
the 3Schwartz/Reisman Emergency Medicine Institute; and the “Sinai Health, Toronto, Ontario, Canada.

Received August 30, 2020; revision received October 6, 2020; accepted October 16, 2020.

The authors have no relevant financial information or potential conflicts to disclose.

Author contributions: NB, SLM, and KG conceived the study and designed the protocol; CW designed and executed the search strategy; NB and
KG extracted the data and completed the risk of bias assessments; SLM conducted the meta-analysis; SLM and KG supervised the conduct of
the study and data collection; NB and KG provided clinical advice on study interpretation; NB drafted the manuscript; all authors contributed sub-
stantially to its revision; and KG takes responsibility for the paper as a whole.

Supervising Editor: James Miner, MD.

Address for correspondence and reprints: Keerat Grewal, MD, MSc; e-mail: Keerat.grewal@sinaihealth.ca.

ACADEMIC EMERGENCY MEDICINE 2021;28:444-454.

ISSN 1553-2712

444

© 2020 Society for Academic Emergency Medicine
doi: 10.1111/acem.14159



https://orcid.org/0000-0002-2252-1371
https://orcid.org/0000-0002-2252-1371
https://orcid.org/0000-0002-2252-1371
mailto:

ACADEMIC EMERGENCY MEDICINE e April 2021, Vol. 28, No. 4  www.aemj.org

continues to be an increase in ED presentations by
these populations, so an equally effective and safe
analgesic option would be a helpful alternative for ED
physicians.* ¢

Ketamine is a N-methyl-D-aspartate receptor antago-
nist with analgesic and anesthetic properties.” Histori-
cally, it was used as an anesthetic, but was replaced by
newer anesthetics with more tolerable side effects. In
more recent years, due to its dissociative properties
that allow for preserved airway reflexes and hemody-
namic stability, ketamine has been increasingly used in
the ED for procedural sedation and induction for intu-
bation.>® At lower subdissociative doses (<0.5 mg/kg
IV), ketamine has been shown to have analgesic prop-
erties for acute and chronic pain.!®'! Although the
use of ketamine to manage acute pain is relatively
novel within the ED, it has unique features that could
lend itself to improved patient outcomes, particularly
for the specific populations described. An increasing
number of studies have examined ketamine in compar-
ison to opioids for pain control in the ED.!* % A pre-
vious systematic review and meta-analysis of three
studies compared ketamine to morphine for acute pain
control in the ED, but only included patients between
the ages of 18 and 65 years and only examined short-
term pain control as a primary outcome.> Other sys-
tematic reviews have compared ketamine to opioids or
placebo, but none have focused specifically on low-
dose ketamine (LDK) as an alternative to opioids.lé’17

The objective of this systematic review and meta-
analysis was to compare the analgesic effectiveness
(pain control, need for rescue analgesia) and safety
profile (proportion of patients who experienced nausea
and hypoxia) of LDK and morphine for acute pain
management in the ED.

METHODS

Data Sources and Search Strategy
In consultation with the review authors, a research

librarian conducted the systematic literature searches
in MEDLINE (1946 to July 2020) using both Ovid
and PubMed search interfaces, EMBASE (1947 to July
2020), the Cochrane Central Register of Controlled
Trials (July 2020), and electronic bibliographic data-
bases. A comprehensive search strategy (Data Supple-
ment S, available as supporting information in the
online version of this paper, which is available at

http://onlinelibrary.wiley.com/doi/10.1111 /acem.
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14159/1ull) included a combination of medical subject
headings (MeSH) and freetext terms using various
spelling and endings of key words.

Eligibility Criteria and Study Selection

Randomized controlled trials (RCTs) published in the
English language that compared the use of LDK
infu-

sion < 30 minutes) to intravenous morphine for adult

administered  intravenously ~ (bolus  or
patients (>18 years old) requiring acute pain manage-
ment for any condition in the ED or prehospital set-
ting were eligible for inclusion. We excluded the
studies of pediatric populations (<18 years old), the
use of ketamine outside of prehospital or ED settings
(most commonly operating rooms), and ketamine for
uses other than acute pain analgesia (procedural seda-
tion, intubation, perioperative, psychiatric, chronic
pain). We also excluded studies that administered
LDK in conjunction with other analgesic agents. Two
reviewers independently screened the search output to
identify potentially eligible trials, the full texts of which
were retrieved and assessed for inclusion. We also
hand-searched reference lists of relevant articles and
reviews as well as the regulatory website “clinicaltrials.
gov” to identify any unpublished trials.

Outcome Measures

We used a standardized data collection form to
extract data on patient demographics, sample size,
LDK dosage/route, morphine dosage/route, mean,
and standard deviation (SD) of pain scores at each
reported time based on a 10-point scale, need for/
type of rescue analgesia, and adverse events (nausea
and hypoxia). Our primary outcome of interest was
the difference in mean pain scores between LDK and
morphine reported at specified time intervals after
analgesic administration. Pain scores were reported
based on the Numeric Pain Reporting scale, which is
measured from zero (no pain) to 10 (worst pain).
We categorized time intervals as a pain score
reported within 15, 15 to 30, 30 to 45, 45 to 60, 60
to 90, and 90 to 120 minutes. Secondary outcomes
included the need for rescue analgesics, which we
defined as a change from LDK or morphine to a dif
ferent medication (as opposed to redosing the same
medication) and the proportion of adverse events.
Adverse events that were monitored in studies varied
considerably; therefore, we focused on nausea and
hypoxia.


http://onlinelibrary.wiley.com/doi/10.1111/acem.14159/full
http://onlinelibrary.wiley.com/doi/10.1111/acem.14159/full
https://www.clinicaltrials.gov
https://www.clinicaltrials.gov
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Risk of Bias Assessment

Risk of bias for each individual trial was indepen-
dently assessed by two reviewers using the Cochrane
Collaboration’s tool for assessing risk of bias for sys-
tematic reviews of interventions.'® We assessed the
risk of bias for each study using the following
domains: random sequence generation, allocation con-
cealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other bias. Each domain
was assessed as having a low, unclear, or high risk of
bias. Discrepancies were resolved by discussion and
consensus among the authors.

Data Synthesis and Analysis
Direct comparisons of continuous pain scores were
performed using inverse variance random-effects mod-
els to account for both within-study and between-study
heterogeneity and reported as mean differences (MDs)
with 95% confidence intervals (Cls) using Review
Manager 5.3.4 (Nordic Cochrane Centre, Copen-
hagen, Denmark). A mean difference < 0 favored
LDK and statistical significance was achieved if the
95% CI of the pooled point estimate excluded zero.
Direct comparisons of dichotomous outcomes (need
for rescue analgesia, nausea, and hypoxia) were per-
formed using Mantel-Haenszel random-effects models
and reported as risk ratios (RRs) with 95% Cls.
RRs < 1 favored LDK, and statistical significance was
achieved if the 95% CI of the pooled RR excluded
unity. Statistical heterogeneity between studies was
assessed using the [? statistic, with I* values > 50%
indicating substantial heterogeneity.

We used the Grading of Recommendations Assess-
(GRADE)

approach, which provides a structured and transparent

ment, Development and Evaluation
framework to assess the certainty (high, moderate, low,
and very low) of the evidence.!” We used conventional
GRADE guidance and considered risk of bias, incon-
sistency, imprecision, indirectness, and publication

bias for the body of evidence informing each outcome.

RESULTS

The search strategy yielded 524 potentially relevant
citations. After duplicate citations and studies that
did not meet eligibility criteria were eliminated, 17
studies were retrieved for full article review (Figure 1).
Nine studies were subsequently excluded, leaving
eight studies included in the review with a total of
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1,191 patients (598 patients in the LDK group and
593 patients in the morphine group). A summary of
the included trials is shown in Table 1. All studies
were published between 2014 and 201912142024
One study was reported as an abstract.”* Sample
sizes of included studies ranged from 45 to 300
patients. The included studies used LDK doses rang
ing from 0.2 to 0.5 mg/kg intravenously. All studies
used morphine boluses of 0. mg/kg intravenously.

Four studies examined patients with abdominal,

13,14,20,21
4 two stud-
12,22

flank, low back, or extremity pain;
ies examined patients with longbone fractures;
one study examined trauma patients with muscu-
loskeletal pain;*®> and one study examined those with
a sickle cell pain crisis.”* All studies were conducted
in the ED, with no prehospital studies included. The
majority of studies included in this review were found
to have a low risk or unclear risk of bias for each

domain (Table 2).

Outcomes

Six studies, with a total of 757 patients (380 in the
LDK group and 377 in the morphine group) reported
a pain score within 15 minutes of analgesic adminis-
tration (Figure 2).127 1429233 The pooled estimate
showed no significant difference in mean pain scores
between LDK and morphine within 15 minutes
(MD = —0.15, 95% CI = —0.68 to 0.38). Six studies
reported a pain score between 15 and 30 min-
utes.">'"2°72% The pooled estimate showed no signifi-
cant difference in mean pain scores between groups
(MD = —0.03, 95% CI = —0.37 to 0.32). The pain
scores were also similar between 30 and 45 minutes
(MD = 0.40, 95% CI = —0.89 to 1.68) and between
45 and 60 minutes (MD = 0.52, 95% CI = —0.03 to
1.07). There was a small statistically significant differ-
ence in pain scores favored morphine at 60 to
90 minutes (MD = 0.12, 95% CI = 0.03 to 0.22)
and 90 to 120 minutes (MD = 0.08, 95% CI = 0.05
to 0.11; Figure 3). All pain outcomes were judged to
have low certainty in the evidence using GRADE crite-
ria, downgraded for inconsistency and imprecision
(Table 3).

Three studies with a total of 306 patients (153 in
the LDK group and 153 in the morphine group)
reported on the use of rescue medication (Fig
ure 4).7?%%2 The pooled estimate showed no signifi-
cant difference in need for rescue medication between
LDK and morphine (14.4% vs. 11.1%; RR = 1.26;
95% CI: 0.50 to 3.16, very low certainty). Seven of



ACADEMIC EMERGENCY MEDICINE e April 2021, Vol. 28, No. 4  www.aemj.org

524 citations identified from electronic
search (no filters)
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177 citations excluded after
English, human and RCT filters

347 citations identified from filtered
electronic search

\4

applied

17 duplicate citations excluded

y

330 titles, keywords and abstracts
screened

\ 4

313 citations did not meet

17 potentially relevant studies retrieved in
full text for further scrutiny

> eligibility criteria

9 studies excluded:

- not true randomization and not
patient-reported outcomes (1)

- ketamine + morphine vs. morphine

A

& trials included in review

v

alone (7)
- subset of data from a larger study
already included (1)

Figure 1. Flow diagram of included studies. RCT = randomized controlled trial.

the included studies with a total of 1,065 patients (535
in the LDK group and 530 in the morphine group)
reported on nausea.!”!'*?%?* The pooled estimate
showed no difference in nausea between LDK and
morphine (10.7% vs. 11.1%; RR = 0.97; 95% CI:
0.63 to 1.49). Hypoxia was reported in three stud-
ies?®?123 with a total of 405 patients (204 in the LDK
group and 201 in the morphine group). The risk of
hypoxic events was not significantly different between
LDK and morphine (3.9% vs. 14.4%, RR = 0.38,
95% CI = 0.10 to 1.41). The outcomes of nausea and
hypoxia were judged to have low certainty in the

evidence, downgraded for inconsistency and impreci-

sion (Table 3).

DISCUSSION

In this systematic review and meta-analysis of eight
RCTs with over 1,000 patients, we found that LDK is
an effective alternative to opioids for acute pain in the
ED. Our findings are consistent with previous studies
on this topic.> 172> Specifically, there was no signifi-
cant difference in reported mean pain scores between
LDK and morphine within the first 60 minutes after
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Table 1
Characteristics of Included Studies

Study Country Intervention Sample Size Age (Years) Type of Pain

Alshahrani 20192 NR LDK 0.3 mg/kg N =278 NR Acute sickle cell pain crisis
vS. 140 LDK
Morphine 0.1 mg/kg 138 morphine

Forouzan 2019™ Iran LDK 0.3 mg/kg N =136 18-65 Acute renal colic patients with pain > 5/10
vs. 68 LDK
Morphine 0.1 mg/kg 68 morphine

Jahanian 201822 Iran LDK 0.5 mg/kg N = 156 18-65 Upper or lower extremity long-bone fractures
VS. 78 LDK secondary
Morphine 0.1 mg/kg 78 morphine to blunt trauma, pain > 7/10

Mahshidfar 20172®  Iran LDK 0.2 mg/kg N = 300 18-70 Trauma patients with MSK pain > 5/10
vSs. 150 LDK
Morphine 0.1 mg/kg 150 morphine

Majidinejad 20142 Iran LDK 0.5 mg/kg N =126 18-55 Long-bone fracture
vs. 63 LDK
morphine 0.1 mg/kg 63 morphine

Miller 20152 USA LDK 0.3 mg/kg N =45 18-59 Abdominal, flank, low back, or extremity
Vs. 24 LDK pain requiring IV opioids
Morphine 0.1 mg/kg 21 morphine

Motov 20153 USA LDK 0.3 mg/kg N =90 18-55 Acute abdominal, flank, back, or MSK pain
vs. 45 DK with pain > 5/10
Morphine 0.1 mg/kg 45 morphine

Motov 2019%° USA LDK 0.3 mg/kg N =60 >65 Acute abdominal, flank, back, or MSK pain
VS. 30 LDK with pain > 5/10
Morphine 0.1 mg/kg 30 morphine

LDK = low-dose ketamine; MSK = musculoskeletal; NR = not reported.

Table 2
Risk of Bias Summary for Included Trials
Random Blinding Selective
Sequence Allocation of Patients/  Blinding of Outcome Incomplete Outcome
Trial Generation  Concealment  Personnel Assessment Qutcome Data  Reporting  Other Bias
Alshahrani 2019%*  Low Low Low Low Unclear Unclear Low
Forouzan 2019 Unclear Low Low Low Low Low Low
Jahanian 201822 Low Low Low Low Low Low Low
Mahshidfar 201723 Unclear Unclear Low Unclear Low Low Low
Majidinejad 2014'>  Unclear Unclear Low Low Low High* Low
Miller 20152 Unclear Unclear Unclear Unclear Low Low Low
Motov 2015'3 Low Low Low Low Low Low Low
Motov 2019%° Low Low Low Low Low Low Hight

*Prespecified outcomes (respiratory complications, adverse events) detailed in the online registry were not reported.

tTrial stopped early; underpowered for primary outcome.

analgesia administration and a slight difference in pain
scores favoring morphine at 60 to 120 minutes. The
differences in pain scores after 60 minutes were quite
small and may not represent a clinically important sig-
nificant difference. We also found no significant differ-
ence in the proportion of patients requiring rescue
analgesia with LDK compared to morphine. These
findings suggest that LDK may be considered an effec-
tive alternative to opioids for controlling acute pain in
the ED, particularly within the first hour after analge-
sia administration.

The use of LDK may be particularly helpful in situa-
tions where the treating clinician is unable to adminis-
ter opioids or requires an alternative analgesic. For
instance, emergency physicians may be uncomfortable
using opioids for patients with chronic pain who are
already on high-dose opioids due to the high doses of
opioids that may be required. In this scenario, LDK
may offer an alternative analgesic option. LDK also
offers a unique alternative for pain management in
the growing population of ED patients on naltrexone
for alcohol dependence or buprenorphine for opioid
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Pain score within 15 minutes:
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Ketamine Morphine Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CIl IV, Random, 95% CI
Motov 2019 3 36 30 5 35 30 7A% -2.00[3.80,-0.20)
Miller 2015 306 3.28 24 387 259 21 T7% -082[-254, 0890]
Motoy 2015 12 35 45 42 29 45 11.3%  -1.00[2.33, 033
Forouzan 2019 4.82 258 68 454 216 68 20.8% 0.28[-0.52,1.08]
Mahshidfar 2017 41 28 150 4 25 150 26.2% 0.10[-0.50, 0.70]
Majidinejad 2014 27 18 63 24 15 B3 269% 0.30[-0.28, 0.88)
Total (95% Cl) 380 377 100.0%  -0.15[-0.68, 0.38) *
i i

Heterogeneity: Taur= 012 Chi*=9.41, df=5(P=009); P= 47%
Testfor overall effact; Z= 0.57 (P = 0.57)

Pain score at 15-30 minutes:

L) JI
-4 -2
Favor Ketamine

1 1 I'
I Vi 4
Favor Morphine

Ketamine Morphine Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Miller 2015 41 318 24 387 272 2 3.8% 0.23[-1.49,1.95] D
Motow 2019 42 34 30 44 31 30 41%  -0.20[-1.85,1.45] I
Motov 2015 41 32 45 39 31 45 6.4% 0.20[-1.10,1.50] I —
Mahshidfar 2017 45 31 1580 38 3 150 186% 0.70[0.01,1.39] i
Forouzan 2019 1.3 2 g8 164 1.4 68 236% -033[0.91,029] =
Jahanian 2018 463 114 78 484 095 78 434% -0 054,012
Total (95% CI) 305 302 100.0%  -0.03[-0.37,0.32]
Heterogeneity: Tau®= 0.04; ChF=6.53, df=5 (P =0.26), F= 23% l4 52 5 é j‘

Test for overall effect Z=0.15 (P = 0.88)

Pain score at 30-45 minutes:

Favor Ketamine

Favor Morphine

Ketamine Morphone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Motoy 2019 g 32 a0 4 28 30 8.7%  -0.10[-1.65,1.45]
Miller 2015 33 263 24 236 2.mM 21 10.2% 0.94 [-0.42, 2.30] -
Motoy 2015 48 32 43 34 3 43 10.7% 1.40[0.09, 2.71] [
Mahshidfar 2017 49 33 140 32 28 150 18.8% 1.70[1.00, 2.40] —
Jahanian 2018 347 073 78 348 086 78 257%  -0.01[-0.26, 0.24] -
Forouzan 2019 0.53 0.68 68 066 0.74 68 258%  -013[-037,011] -
Total (95% CI) 393 390 100.0% 0.52 [-0.03, 1.07] '.‘
Heterogeneity: Tau® = 0,29, Chi®= 29,30, df= 5 (P < 0.0001), F= 83% ‘ 2 s 2 -il

Test for overall effect: Z= 1.86 (P = 0.06)

Pain score at 45-60 minutes:

Favor Ketamine

Favor Morphine

Ketamine Morphone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Miller 2015 267 227 24 242 193 21 283% 0.25[-0.98, 1.48] —
Mahshidfar 2017 48 32 1480 34 31 1850 3423% 1.40[0.69, 2.11] ——
Forouzan 2019 068 0.79 68 108 09 68 375% -040[-068,-012] -
Total (95% CI) 242 239 100.0% 0.40 [-0.89, 1.68] -’—

Heterogeneity: Tau®=1.13, Chi*= 21.51, df= 2 (P = 0.0001), F=91%
Testfor overall effect Z= 0.61 (P=0.54)

Figure 2. Mean pain score differences within 60 minutes between LDK and morphine. LKD = low-dose ketamine.

use disorder. In the setting of alcohol dependence,
naltrexone acts as a competitive opioid antagonist that
decreases pleasure associated with alcohol.”® However,
naltrexone may make opioids less effective and cause
withdrawal once  stopped.?®

intense symptoms

-4 -2
Favor Ketamine

0 : 4
Favor Marphine

Buprenorphine, for opioid use disorder, is a partial
mu-opioid receptor agonist and kappa-opioid antago-
nist that decreases the efficacy and safety of opioids for
acute pain in the ED.*"*® With the increasing number

of patients

prescribed  these

medications, it is
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Pain score at 60-90 minutes:
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Heterogeneity: Tauw®=0.00; Chi*=136, di=3 (P=071);F=0%

Ketamine Morphine Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Miller 2015 27 2 24 256 246 21 04% 016 -1.39,1.69] T
Motow 2019 38 28 30 36 31 30 0.4% 0.20 [-1.29, 1.69]
Motow 20145 48 31 43 39 31 43 06% 0.90 [-0.41, 2.21] P
Jahanian 2018 278 042 78 266 D14 78 986% 0.12[0.02, 0.22] .
Total (95% CI) 175 172 100.0% 0.12[0.03, 0.22] ]

1]

Testfor overall effect £= 251 (F=0.01)

Pain score at 90-120 minutes:

'
Ju
o

-2
Favor Ketamine

2
Favor Morphine

Ketamine Morphine Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Motow 20149 32 125 29 33 3 0 01% -010[1.51,1.31] |
Miller 20145 267 207 24 171 2.1 21 01% 0.96 [-0.30, 2.27] +
Motow 2014 38 29 41 37 289 42 01% 0.20 [-1.08, 1.45]
Jahanian 2018 192 0.1 78 1.84 0.09 78 998% 0.08 [0.05,0.11] .
Total (95% CI) 172 171 100.0% 0.08 [0.05, 0.11]

Heterogeneity: Tau®= 0.00; Chi*=1.98, df=3 F=058). F=0%
Testfor averall effect Z=5.01 (P = 0.00001%

]
0 1
Favor Morphine

[

-2 -1
Favor Ketamine

Figure 3. Mean pain score differences from 60-120 minutes between LDK and morphine. LKD = low-dose ketamine.

imperative that ED physicians find safe and effective
alternatives to opioids for pain control, and ketamine
may represent such an alternative. However, before
ketamine can be widely used for these patients, further
studies of these patient populations are needed.
Opioids have several well-known side effects such as
hypotension, apnea, nausea, and Vomiting.29 While
we were unable to report on hypotension and vomit-
ing, our review found no significant difference in nau-
sea or hypoxia between patients who received LDK
versus morphine. Although the difference in hypoxia
was not significantly different between groups, there
was a smaller absolute number of hypoxic events
among patients who received LDK compared to mor-
phine (3.9% vs. 14.4%). There are several scenarios in
the ED where specific side effects associated with opi-
oids would want to be avoided. For instance, in
hypotensive or critically ill patients, opioids may lead
to further hypotension and worse outcomes. In
patients with underlying lung disease or decreased
level of consciousness, opioids may increase the risk
of apnea and associated hypoxia. Patients with renal
impairment present another population that could
benefit from LDK as opposed to opioids. Dose reduc-
tions in opioids are typically recommended in patients
with renal disease due to an increased risk for opioid

adverse effects, whereas such reductions are not neces-
sarily recommended with ketamine.”® As such, LDK
may offer an alternative to opioids in these popula-
tions.

In 2017, the American College of Emergency Physi-
cians released a policy statement on optimizing the
treatment of acute pain in the ED.”" It was suggested
that treatment of acute pain should begin with nonopi-
oid agents. Furthermore, LDK was suggested as an
analgesic option to be used alone or as a part of a
multimodal approach to acute pain relief in the ED.
The results of our systematic review, which is the lar-
gest systematic review to date on this topic, suggests
that LDK may be a safe and effective analgesic option
to opioids. While the side effect profile ketamine is
more favorable compared to opioids, there are well-rec-
ognized adverse events associated with ketamine, such
as laryngospasm, hypertension, tachycardia, and emer-
gence reactions. Two studies in this review com-
mented on emergence reactions: one study'” reported
9.5% of patients who received LDK experienced an
emergence reaction whereas the other study”' reported
no emergence reactions in either group. The study by
Motov and colleagues® reported a higher number of
pooled adverse events unique to LDK (dizziness, feel-
ing of unreality, etc.) in patients in the LDK group. As
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Need for rescue medication
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Figure 4. Direct comparison of the need for rescue medication and
in the ED. LKD = low-dose ketamine.

such, it is important to consider these events and
monitor for them when choosing an analgesic for each
patient.

LIMITATIONS

As with all systematic reviews and meta-analyses, the
results from this study are limited by the quality of tri-
als that were included. One of the included trials was
an abstract that was unlikely to be peer reviewed to
the same level of scrutiny as the fulltext journal arti-
Furthermore, this abstract was limited with
respect to the amount of information that could be

cles.

included, resulting in high or unclear risks of bias in
study methodology, varying or unclear definitions of

Favor Ketamine Favor Morphine

safety profile between LDK and morphine for acute pain management

outcomes, and how they were measured. We could
not include data for studies that only reported a
change in pain scores without raw pain scores.
Although four study authors were contacted for further
information, only two replied providing additional
data for review. Although the search strategy used to
identify potentially relevant studies was comprehensive,
only English-language articles were included in this
review. It is possible that some studies may have been
missed if they were published in other languages. The
doses of LDK that were used across the studies varied
from 0.2 to 0.5 mg/kg. As such, differences in LDK
dose may have impacted study results. We were also
not able to comment on the duration of the LDK
infusion. Only four studies specified over how long
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the LDK was given. Previous research has supported
LDK given as a short infusion over 15 minutes is
associated with significantly lower rates of sedation
and psychogenic effects with no difference in analgesic
quality.*” For pain outcomes, there were six time inter-
vals that were assessed—there may be a correlation
between these results over time. The reporting of
adverse events varied widely between studies. There-
fore, we only reported on nausea and hypoxia. How-
there other significant
associated with opioids and ketamine that warrant fur-
ther study. For instance, we could not examine emer-

€ver, are adverse events

gence reaction or perceptual disturbances that have
been commonly associated with ketamine. Finally, it is
important to note that all outcomes assessed were
judged to have low certainty in the evidence, which
were downgraded for inconsistency and imprecision in
the studies.

CONCLUSION

In conclusion, this systematic review and meta-analy-
sis of eight randomized controlled trials with over
1,000 patients found that low-dose ketamine is an
effective alternative to opioids for acute pain in the
ED. We found no significant difference in reported
mean pain scores between low-dose ketamine and
morphine within the first 60 minutes after analgesia
administration and a slight difference in pain scores
favoring morphine at 60 to 120 minutes. We also
found no significant difference in the proportion of
patients requiring rescue analgesia with low-dose keta-
mine compared to morphine. These findings suggest
that low-dose ketamine may be considered an effec-
tive alternative to opioids for controlling acute pain

in the ED.
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