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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 handsearched. 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 (CIs). 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%
CI = 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.

I

t has been estimated that acute pain accounts for
more than half of all emergency department (ED)
visits.1,2 Acute pain management in the ED is an
important aspect of patient care and satisfaction. Currently, the most common group of analgesics used in
the ED are opioids.3 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-na€ıve adults and children, the
elderly, chronic opioid users, those with a history of
addiction, and those using medications for alcohol
dependence or opioid misuse disorder. There
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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.4–6
Ketamine is a N-methyl-D-aspartate receptor antagonist with analgesic and anesthetic properties.7 Historically, 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 hemodynamic stability, ketamine has been increasingly used in
the ED for procedural sedation and induction for intubation.8,9 At lower subdissociative doses (<0.5 mg/kg
IV), ketamine has been shown to have analgesic properties for acute and chronic pain.10,11 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 comparison to opioids for pain control in the ED.12–14 A previous 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 shortterm pain control as a primary outcome.15 Other systematic reviews have compared ketamine to opioids or
placebo, but none have focused specifically on lowdose ketamine (LDK) as an alternative to opioids.16,17
The objective of this systematic review and metaanalysis 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 databases. A comprehensive search strategy (Data Supplement S1, 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/full) included a combination of medical subject
headings (MeSH) and free-text 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
administered
intravenously
(bolus
or
infusion < 30 minutes) to intravenous morphine for adult
patients (≥18 years old) requiring acute pain management for any condition in the ED or prehospital setting 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 sedation, 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 different 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.
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Risk of Bias Assessment
Risk of bias for each individual trial was independently assessed by two reviewers using the Cochrane
Collaboration’s tool for assessing risk of bias for systematic reviews of interventions.18 We assessed the
risk of bias for each study using the following
domains: random sequence generation, allocation concealment, 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 models to account for both within-study and between-study
heterogeneity and reported as mean differences (MDs)
with 95% confidence intervals (CIs) using Review
Manager 5.3.4 (Nordic Cochrane Centre, Copenhagen, 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 performed using Mantel-Haenszel random-effects models
and reported as risk ratios (RRs) with 95% CIs.
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 I2 statistic, with I2 values ≥ 50%
indicating substantial heterogeneity.
We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach, which provides a structured and transparent
framework to assess the certainty (high, moderate, low,
and very low) of the evidence.19 We used conventional
GRADE guidance and considered risk of bias, inconsistency, 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 2019.12–14,20–24
One study was reported as an abstract.24 Sample
sizes of included studies ranged from 45 to 300
patients. The included studies used LDK doses ranging from 0.2 to 0.5 mg/kg intravenously. All studies
used morphine boluses of 0.1 mg/kg intravenously.
Four studies examined patients with abdominal,
flank, low back, or extremity pain;13,14,20,21 two studies examined patients with long-bone fractures;12,22
one study examined trauma patients with musculoskeletal pain;23 and one study examined those with
a sickle cell pain crisis.24 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 administration (Figure 2).12–14,20,21,23 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 minutes.13,14,20–23 The pooled estimate showed no significant 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 difference 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 criteria, 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 (Figure 4).13,20,22 The pooled estimate showed no significant 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
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524 citations identified from electronic
search (no filters)

177 citations excluded after
English, human and RCT filters
applied

347 citations identified from filtered
electronic search

17 duplicate citations excluded

330 titles, keywords and abstracts
screened

313 citations did not meet
eligibility criteria

17 potentially relevant studies retrieved in
full text for further scrutiny

9 studies excluded:
- not true randomization and not
patient-reported outcomes (1)
- ketamine + morphine vs. morphine
alone (7)
- subset of data from a larger study
already included (1)

8 trials included in review
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.13,14,20-24 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 studies20,21,23 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 imprecision (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.15–17,25 Specifically, there was no significant 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

Alshahrani 201924

NR

LDK 0.3 mg/kg
vs.
Morphine 0.1 mg/kg

N = 278
140 LDK
138 morphine

NR

Age (Years)

Acute sickle cell pain crisis

Type of Pain

Forouzan 201914

Iran

LDK 0.3 mg/kg
vs.
Morphine 0.1 mg/kg

N = 136
68 LDK
68 morphine

18–65

Acute renal colic patients with pain > 5/10

Jahanian 201822

Iran

LDK 0.5 mg/kg
vs.
Morphine 0.1 mg/kg

N = 156
78 LDK
78 morphine

18–65

Upper or lower extremity long-bone fractures
secondary
to blunt trauma, pain ≥ 7/10

Mahshidfar 201723

Iran

LDK 0.2 mg/kg
vs.
Morphine 0.1 mg/kg

N = 300
150 LDK
150 morphine

18–70

Trauma patients with MSK pain ≥ 5/10

Majidinejad 201412

Iran

LDK 0.5 mg/kg
vs.
morphine 0.1 mg/kg

N = 126
63 LDK
63 morphine

18–55

Long-bone fracture

Miller 201521

USA

LDK 0.3 mg/kg
vs.
Morphine 0.1 mg/kg

N = 45
24 LDK
21 morphine

18–59

Abdominal, ﬂank, low back, or extremity
pain requiring IV opioids

Motov 201513

USA

LDK 0.3 mg/kg
vs.
Morphine 0.1 mg/kg

N = 90
45 LDK
45 morphine

18–55

Acute abdominal, ﬂank, back, or MSK pain
with pain ≥ 5/10

Motov 201920

USA

LDK 0.3 mg/kg
vs.
Morphine 0.1 mg/kg

N = 60
30 LDK
30 morphine

≥65

Acute abdominal, ﬂank, back, or MSK pain
with pain ≥ 5/10

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

Table 2
Risk of Bias Summary for Included Trials

Trial
24

Random
Sequence
Generation

Allocation
Concealment

Blinding
of Patients/
Personnel

Blinding of Outcome
Assessment

Incomplete
Outcome Data

Selective
Outcome
Reporting

Other Bias

Alshahrani 2019

Low

Low

Low

Low

Unclear

Unclear

Low

Forouzan 201914

Unclear

Low

Low

Low

Low

Low

Low

Jahanian 201822

Low

Low

Low

Low

Low

Low

Low

23

Mahshidfar 2017

Unclear

Unclear

Low

Unclear

Low

Low

Low

Majidinejad 201412

Unclear

Unclear

Low

Low

Low

High*

Low

Miller 201521

Unclear

Unclear

Unclear

Unclear

Low

Low

Low

Motov 201513

Low

Low

Low

Low

Low

Low

Low

Motov 201920

Low

Low

Low

Low

Low

Low

High†

*Prespeciﬁed outcomes (respiratory complications, adverse events) detailed in the online registry were not reported.
†Trial 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 significant difference. We also found no significant difference in the proportion of patients requiring rescue
analgesia with LDK compared to morphine. These
findings suggest that LDK may be considered an effective alternative to opioids for controlling acute pain in
the ED, particularly within the first hour after analgesia administration.

The use of LDK may be particularly helpful in situations where the treating clinician is unable to administer 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:

Pain score at 15-30 minutes:

Pain score at 30-45 minutes:

Pain score at 45-60 minutes:

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.26 However,
naltrexone may make opioids less effective and cause
intense withdrawal symptoms once stopped.26

Buprenorphine, for opioid use disorder, is a partial
mu-opioid receptor agonist and kappa-opioid antagonist that decreases the efficacy and safety of opioids for
acute pain in the ED.27,28 With the increasing number
of patients prescribed these medications, it is
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Pain score at 60-90 minutes:

Pain score at 90-120 minutes:

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 vomiting, our review found no significant difference in nausea 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 morphine (3.9% vs. 14.4%). There are several scenarios in
the ED where specific side effects associated with opioids 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 reductions in opioids are typically recommended in patients
with renal disease due to an increased risk for opioid

adverse effects, whereas such reductions are not necessarily recommended with ketamine.30 As such, LDK
may offer an alternative to opioids in these populations.
In 2017, the American College of Emergency Physicians released a policy statement on optimizing the
treatment of acute pain in the ED.31 It was suggested
that treatment of acute pain should begin with nonopioid 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 largest 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-recognized adverse events associated with ketamine, such
as laryngospasm, hypertension, tachycardia, and emergence reactions. Two studies in this review commented on emergence reactions: one study12 reported
9.5% of patients who received LDK experienced an
emergence reaction whereas the other study21 reported
no emergence reactions in either group. The study by
Motov and colleagues20 reported a higher number of
pooled adverse events unique to LDK (dizziness, feeling of unreality, etc.) in patients in the LDK group. As

Not serious

Not serious

Not serious

6

3

6

4

7

3

D at 30–45 min

D at 45–60 min

D at 60–90 min

D at 90–120 min 4

3

D at 15–30 min

Need for rescue
medication

Nausea

Hypoxia

Serious*

Serious*

Serious*

Serious*

Serious*

Serious*

Serious*

Serious*

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

393

None 172

None 175

none

None 242

None 395

None 380

Other

LDK

171

172

390

239

392

377

Morphine

—

—

—

—

—

—

RR
(95% CI)

Absolute

MD 0.08 higher
(0.05 higher to 0.11 higher)

MD 0.12 higher
(0.03 higher to 0.22 higher)

MD 0.52 higher
(0.03 lower to 1.07 higher)

MD 0.40 higher
(0.89 lower to 1.68 higher)

MD 0.03 lower
(0.37 lower to 0.32 higher)

MD 0.15 lower
(0.68 lower to 0.38 higher)

(95% CI)

Effect
Certainty

⨁⨁○○
Low

⨁⨁○○
Low

⨁⨁○○
Low

⨁⨁○○
Low

⨁⨁◯◯
Low

⨁⨁○○
Low

Serious†

Serious†
None 8/204 (3.9%)

⨁⨁○○
Low
29/201 (14.4%) 0.38 (0.10 to 1.41) 89 fewer per 1,000
⨁⨁○○
(from 130 fewer to 59 more) Low

None 57/535 (10.7%) 59/530 (11.1%) 0.97 (0.63 to 1.49) 3 fewer per 1,000
(from 41 fewer to 55 more)

Very serious† None 22/153 (14.4%) 17/153 (11.1%) 1.26 (0.50 to 3.16) 29 more per 1,000
⨁○○○
(from 56 fewer to 240 more) Very low

Serious‡

Serious‡

Serious†

Serious†

Serious†

Serious†

Imprecision

No. of Patients

D = difference in pain scores between groups; LDK = low-dose ketamine; MD = mean difference; RR = relative risk.
*Results inconsistent across trials.
†The 95% CI includes both a reduction and an increase in pain scores.
‡Clinically unimportant difference.

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

D within 15 min

Serious*

6

Outcome

Not serious

No. of
Studies Risk of Bias Inconsistency Indirectness

Certainty Assessment

Table 3
Summary of Findings and GRADE Assessment for the Comparison of LDK and Morphine for Acute Pain Management in the ED
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Need for rescue medication

Nausea

Hypoxia

Figure 4. Direct comparison of the need for rescue medication and safety proﬁle between LDK and morphine for acute pain management
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 trials 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 full-text journal articles. Furthermore, this abstract was limited with
respect to the amount of information that could be
included, resulting in high or unclear risks of bias in
study methodology, varying or unclear definitions of

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.32 For pain outcomes, there were six time intervals that were assessed—there may be a correlation
between these results over time. The reporting of
adverse events varied widely between studies. Therefore, we only reported on nausea and hypoxia. However, there are other significant adverse events
associated with opioids and ketamine that warrant further study. For instance, we could not examine emergence 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-analysis 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 ketamine compared to morphine. These findings suggest
that low-dose ketamine may be considered an effective alternative to opioids for controlling acute pain
in the ED.
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