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ABSTRACT

Introduction: Renal colic is one of the most
common urological emergencies, and is usually
caused by ureteral colic spasms. Pain manage-
ment in renal colic remains the central focus of
emergency treatment. The purpose of this meta-
analysis is to identify the efficacy and safety of
ketamine versus opioids in the treatment of
patients with renal colic.
Methods: We searched PubMed, EMBASE,
Cochrane Library, and Web of Science databases
for published randomized controlled trials

(RCTs) that referred to the use of ketamine and
opioids for patients with renal colic. The
methodology was based on the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The mean
difference (MD) or odds ratio (OR) with a 95%
confidence interval (CI) was used to analyze the
data. The results were pooled using a fixed-ef-
fects model or random-effects model. The pri-
mary outcome measure was patient-reported
pain scores 5, 15, 30, and 60 min after drug
administration. The secondary outcome mea-
sure was side effects.
Results: The data analysis revealed that keta-
mine was similar to opioids in pain intensity at
the time of 5 min post-dose (MD = - 0.40, 95%
CI - 1.82 to 1.01, P = 0.57), 15 min post-dose
(MD = - 0.15, 95% CI - 0.82 to 0.52, P = 0.67),
30 min post-dose (MD = 0.38, 95% CI - 0.25 to
1.01, P = 0.24). Also, the pain score of ketamine
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was better than that of opioids at 60 min after
administration (MD = - 0.12, 95% CI - 0.22 to
- 0.02, P = 0.02). As for safety, the ketamine
group was linked to a significant decrease in the
incidence of hypotensive (OR = 0.08, 95% CI
0.01–0.65, P = 0.02). The two groups did not
statistically differ in the incidence of nausea,
vomiting, and dizziness.
Conclusions: Compared with opioids, keta-
mine showed a longer duration of analgesia in
renal colic, with satisfactory safety.
Trial Registration: The PROSPERO registration
number is CRD42022355246.

Keywords: Meta-analysis; Ketamine; Opioid
peptides; Renal colic; Randomized controlled
trial; Systematic review; Emergency; Kidney
calculi; Pain management

Key Summary Points

Renal colic caused by nephrolithiasis is
common in urological and emergency
clinical practice. Timely pain
management is an essential component of
renal colic treatment at the time of the
patient visit. Given the adverse side effects
of nonsteroidal anti-inflammatory drugs
(NSAIDs) and opioids, the development of
new mechanism-based analgesics with
fewer side effects and better pain relief
properties appeared crucial. Thus, we
conduct a meta-analysis of randomized
controlled trials (RCTs) to systematically
assess the efficacy and safety of ketamine
versus opioids in the treatment of patients
with renal colic for the first time. To the
best of our knowledge, no previous studies
have been conducted on this subject
matter.

Compared to opioids, the use of ketamine
produces more persistent relief in patients
with renal colic and has a much better
safety profile. Our meta-analysis
concluded that ketamine holds promise as
an alternative to opioids for renal colic
patients in pain management in the
emergency department.

INTRODUCTION

Renal colic, resulting from urinary tract
obstruction mainly due to stone impaction [1],
was the most common reason for urological
emergencies [2]. Approximately 5–15% of the
population worldwide suffered from renal colic
[3], and typical symptoms of the disease inclu-
ded colic in the lower back, which can radiate to
the groin, perineum, and other areas, accom-
panied by nausea and vomiting [4]. Timely pain
management is an essential component of renal
colic treatment at the time of the patient visit
[5].

Currently, nonsteroidal anti-inflammatory
drugs (NSAIDs) or opioids serve as the conven-
tional treatment options for renal colic [6, 7].
These drugs have analgesic action primarily
through two very different pharmacological
mechanisms. The NSAIDs were mainly the
inhibition of cyclooxygenase (COXs) and thus
the synthesis of inflammatory substances such
as prostaglandins [8], and opioids suppressed
nociception by binding to opioid receptors [9].
Although many studies have reported that
NSAIDs and opioids provided pain relief in renal
colic [10, 11], the side effects of these drugs
must not be overlooked either. Pathan et al. [12]
concluded that patients with coronary artery
disease, asthma, or chronic obstructive pul-
monary disease have limitations in the avail-
ability of NSAIDs, and opioids can also cause
considerable side effects, including decreased
blood pressure, vomiting, dizziness, and light-
headedness [13]. Given their adverse side effect
profile, the development of new mechanism-
based analgesics with fewer side effects and
better pain relief properties appeared crucial.

Ketamine is a derivative of phencyclidine
(PCP) and represented one of the most widely
used anesthetics throughout the world [14, 15].
As a result of its providing adequate analgesia
without significant respiratory depression, this
medicine presented low and predictable side
effects, which set it apart from other analgesics.
In addition, ketamine can be administered
through multiple routes (injection, intranasal,
oral, skin, topical, epidural, and subcutaneous)
[16], and quickly distributed into organs and
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tissues after administration with a short half-life
of about 2–3 h. Ketamine can also promote
relaxation of smooth muscle that facilitated the
expulsion of stones. Their potential in the
treatment of renal colic has gradually begun to
receive attention in more recent years. How-
ever, there were few evidence-based assessments
available of ketamine for renal colic.

Thus, the present study was designed to
conduct a meta-analysis of randomized con-
trolled trials (RCTs) to systematically assess the
efficacy and safety of ketamine versus opioids in
the treatment of patients with renal colic. This
meta-analysis was performed in agreement with
the latest Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA
2020) statements.

METHODS

Search Strategy

Three authors independently searched and
screened all the relevant published literature in
PubMed (inception to November 2022),
EMBASE (inception to November 2022),
Cochrane Library (inception to November
2022), and Web of Science databases (inception
to November 2022). This search strategy com-
bined the following specific subject (MeSH)
headings: ‘‘ketamine’’, ‘‘kidney calculi’’, ‘‘opioid
peptides’’, ‘‘pain management’’, ‘‘randomized
controlled trial’’, and ‘‘renal colic’’. The PICOS
(populations, interventions, comparators, out-
comes, and study designs) strategies were uti-
lized to guide the search. Reference lists of
included articles were also traced by the
researchers to avoid missing literature. The
specific retrieval strategy is listed in Table 1.
Inter-investigator reliability was assessed using
kappa scores. Our study was registered at
PROSPERO, registration number
CRD42022355246.

Inclusion Criteria

Included articles were identified based on the
following inclusion criteria: (I) all RCTs

analyzing the efficacy and safety of ketamine
and opioids in the treatment of renal colic; (II)
the full text can be obtained; (III) the study
contained complete and accurate data available
for analysis. The benefits of RCTs are multiple
and the risk of bias is lower for high-quality
RCTs compared to non-RCTs. The PRISMA
flowchart was presented in Fig. 1. A PRISMA
checklist is shown in Supplementary Material
‘‘PRISMA Checklist’’.

Quality Assessment

Assessing the quality of the included RCTs using
the Cochrane Handbook [17]. By random
sequence generation, allocation concealment,
blinding method, incomplete outcome data,
and selective reporting, articles were graded
into three categories: ( ?) low risk of bias; (?)
unclear risk of bias; (–) high risk of bias.

Data Extraction

Data extraction was carried out by three authors
independently. The extracted data included:
(I) the name of the first author and year of
publication; (II) the type of article; (III) treat-
ment modalities for each group; (IV) the sample
size of each group; (V) the mode of adminis-
tration; (VI) the dose of administration; (VII)
the outcome of the article. The main outcome
was changes in pain scores and the secondary
outcome was the incidence of hypotensive,
nausea, vomiting, and dizziness after
administration.

Statistical and Meta-analysis

Outcomes analysis was performed with Review
Manager software (RevMan, version 5.3.0,
Cochrane Collaboration) [18]. Mean difference
(MD) and 95% confidence interval (CI) was
adopted to portray the continuous results and
odds ratio (OR) and 95% CI were adopted to
analyze the dichotomous results. The I-square
(I2) test was applied to evaluate the effect of
heterogeneity on the results of a meta-analysis.
If we found statistical heterogeneity, the ran-
dom-effect model was utilized (P\0.05).
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Instead, we considered the study homogeneous
and selected a fixed effects model for the anal-
ysis. The results were visualized by forest plot,
and a P value of less than 0.05 was considered
significant.

Compliance with Ethics Guidelines

This article is based on previously conducted
research and does not contain any new studies
on human participants or animals by any of the
authors.

RESULTS

Characteristics of Included Studies

Based on the search strategy developed above, a
total of 59 articles were obtained (PubMed: 21;

EMBASE: 13; Cochrane Controlled Trials Regis-
ter: 18; Web of Science: seven). Of these, 46
irrelevant or duplicated articles were excluded.
Following a screening of titles and abstracts, five
articles were excluded. After examining the
tables and figures in each article, three articles
were excluded due to the inability to obtain full
text or the absence of effective data. Finally, five
RCTs were selected for final analysis [19–23].
The characters of included studies are given in
Table 2.

The Quality of Included Studies

All five included studies were RCTs, among
which four studies were double-blind RCTs
[19–22]. One study [23] was conducted without
blindness, and therefore graded the quality of
evidence as high risk of bias ‘‘-’’. In terms of
selective reporting and other bias, two studies

Table 1 Search strategy according to populations, interventions, comparators, outcomes, and study designs (PICOS)

Population Intervention Comparator Outcomes Study design

Inclusion

criteria

Patients with acute flank pain

suggesting renal colic and

pain meeting the following

criteria was considered

suggestive of renal colic pain:

Flank pain with radiation to

the groin or genitalia

accompanied by frequency,

hematuria, or hydronephrosis

in the ultrasound, and renal

stone

Ketamine Opioids Patient-reported pain scores

at 5, 15, 30, and 60 min

after intervention; blood

pressure; pulse rate;

complications

Randomized

controlled

trials

Exclusion

criteria

Patients with opioid addiction

and prior use of analgesics,

pregnancy, history of

ketamine or morphine

hypersensitivity, history of

cardiovascular disease and

hypertension, breastfeeding,

respiratory distress, altered

level of consciousness and

anyone with no cooperation

Not

performed

Not

performed

Not performed Letters,

comments,

reviews,

qualitative

studies
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were judged as having unclear risk of bias ‘‘?’’.
The results of the risk of bias assessment are
reported in Fig. 2. The agreement between
reviewers reached a kappa score of 0.82.

Efficacy

The severity of pain was quantified by the pain
score in the questionnaire. We considered the
changes in the mean value of pain scores as the
main outcome to determine the efficacy of
treatment with ketamine.

Changes in Pain Score at 5 min

Three RCTs reported the data that the changes
in the pain score at 5 min after treatment of
renal colic with ketamine and opioids (Fig. 3A).
Considering P\0.05, we regarded the study as
heterogeneous and therefore chose a random-
effects model for the analysis. The results iden-
tified that therapy with ketamine exhibited
similar effects on pain scores as opioids after
5 min of treatment (MD = - 0.40, 95% CI:
- 1.82 to 1.01, P = 0.57).

Fig. 1 PRISMA of the study selection process
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Changes in Pain Score at 15 min

Four RCTs, incorporating a total of 554 patients,
demonstrated the changes in the pain score
15 min after treatment (Fig. 3B). The test of
heterogeneity proved the existence of statistical
heterogeneity across groups, and therefore a
random-effects model was applied for evaluat-
ing the results, which reflected MD was - 0.15,
with a 95% CI of - 0.82 to - 0.52 (P = 0.67).
We concluded that the effect of ketamine on
pain score was similar to that of opioids after
15 min of treatment.

Changes in Pain Score at 30 min

Five RCTs with a sample of 690 patients
revealed in the pain score at 30 min after treat-
ment (Fig. 3C). As notable statistical hetero-
geneity was observed among the groups, a
random-effects model was applied for the meta-
analysis. The model revealed that the MD was
0.38, the 95% CI was - 0.25 to 1.01, the I2 was
83%, and the Chi-squared value was 23.81
(P = 0.24). We concluded that the ketamine and

opioids groups were similar in terms of the pain
score 30 min after treatment.

Changes in pain score at 60 min

Three RCTs analyzed the changes in the pain
score at 30 min after treatment of renal colic
with ketamine and opioids (Fig. 3D). Pooled
results from a fixed-effects model visualized by
the forest plot (MD - 0.12, 95% CI – 0.22 to -

0.02, I2 = 68%, Chi2 = 6.19, P = 0.02). From
these results, we suggested superior effects of
ketamine for pain reduction compared to opi-
oids at 60 min after treatment.

Safety

Hypotensive
Two of the RCTs included in our study exam-
ined the risk of hypotensive after treatment of
renal colic with ketamine and opioids (Fig. 4A).
A fixed-effects model was selected to perform
the analysis based on the heterogeneity test
(P[0.05), and it was observed that the OR was
0.08 and the 95% CI was 0.01 to 0.65 (P = 0.02).

Fig. 2 The risk of bias graph
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Our analysis revealed that the risk of hypoten-
sive after treatment in the ketamine group was
significantly better than that in the opioids
group.

Nausea
Five RCTs with a sample of 690 patients
explored the risk of nausea after treatment
(Fig. 4B). With a random-effects model, the OR
was 0.42 (95% CI 0.04–4.87, P = 0.49). Based on
the above results, we found no significant

differences in the risk of nausea after treatment
between the two groups.

Vomiting
Two RCTs investigated the data that the inci-
dence of vomiting after treatment of renal colic
with ketamine and opioids (Fig. 4C). Due to
P[ 0.05, we performed a fixed-effects model for
the analysis. The results showed that there was
no significant difference between the two
groups in the incidence of vomiting (OR = 1.25,
95% CI 0.50–3.14, P = 0.64).

Fig. 3 Forest plots showing changes in: A pain score at 5 min; B pain score at 15 min; C pain score at 30 min; D pain score
at 60 min
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Fig. 4 Forest plots showing changes in: A hypotensive; B nausea; C vomiting; D dizziness; E blood pressure (systolic
pressure)
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Dizziness
Four RCTs with a sample of 554 patients
detected the occurrence of dizziness after treat-
ment between the two groups (Fig. 4D). A ran-
dom-effects model showed that OR was 2.47
(95% CI 0.50–12.33, P = 0. 27). By combining
with the above results, we found no significant
differences in the risk of dizziness after treat-
ment between the two groups.

Blood Pressure
Two RCTs compared the changes in blood
pressure (systolic pressure) after treatment of
renal colic with ketamine and opioids (Fig. 4E).
Due to P[0.05, a fixed-effects model was
applied for the analysis. The results showed that
the difference between the groups was not sta-
tistically significant in blood pressure after
treatment (OR = 1.11, 95% CI - 2.00 to 4.23,
P = 0.48).

Table 3 Evidence overview of outcomes of ketamine versus opioids in the treatment of patients with renal colic

Outcome No. of
trials
(evaluated)

Intervention,
% (n/N) or
mean

Control, %
(n/N) or
mean

Statistical
model

Results and magnitude of
effect (95% CI)

Strength
of evidence

Changes in pain

score at 5 min

3 (370) 6.16 points 6.6 points Random Similar between groups:

MD - 0.40 (- 1.82 to

1.01)

Moderatea

Changes in pain

score at

15 min

4 (554) 4.83 points 5.09 points Random Similar between groups:

MD - 0.15 (- 0.82 to

0.52)

High

Changes in pain

score at

30 min

5 (690) 3.17 points 2.756 points Random Similar between groups:

MD 0.38 (- 0.25 to

1.01)

High

Changes in pain

score at

60 min

3 (520) 2.35 points 2.18 points Random Greater with ketamine:

MD - 0.12 (- 0.22 to -

0.02)

Moderatea,c

Hypotensive 2 (240) 0 5 Fixed Greater with ketamine: OR

0.08 (0.01–0.65)

Moderatea,c

Nausea 5 (690) 6.4 21.6 Random Similar between groups:

OR 0.42 (0.04–4.87)

Moderatea,b

Vomiting 2 (266) 5.5 4.5 Fixed Similar between groups:

OR 1.25 (0.50–3.14)

Lowa,b

Dizziness 4 (554) 10.25 4.25 Random Similar between groups:

OR 2.47 (0.50–12.33)

High

Blood pressure 2 (336) 123.17 122.17 Fixed Similar between groups:

MD 1.11 (- 2.00 to

4.23)

Lowa,b

CI confidence interval; MD mean difference; OR odds ratio
Downgraded based on the following: aRisk of bias (moderate or high)
bImprecision
cUnknown consistency or inconsistency
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Grading of Evidence
By the GRADE methodology, we collected evi-
dence from systematic reviews to summarize
the outcomes (Table 3).

DISCUSSION

Abdominal pain due to kidney stone accounts
for 1% of emergency department visits [24].
Epidemiological studies have revealed that the
prevalence of kidney stones is around 1–5% in
Asia, 5–9% in Europe, 13% in North America,
and 20% in Saudi Arabia [25]. Also, the inci-
dence of kidney stones in Western countries
was also increasing year by year [26]. Most kid-
ney stones are discovered when patients seek
treatment in the emergency department due to
an attack of renal colic. Sufficient, safe, and
timely analgesia was an essential component of
the management of patients with renal colic in
emergency medicine.

Ketamine, a non-competitive N-methyl-D-
aspartate receptor (NMDAR) antagonist, is a
widespread analgesic and dissociative anes-
thetic agent. Despite being best characterized by
its dissociative anesthetic properties, various
new indications for ketamine have been iden-
tified in a variety of clinical settings including
anesthesia, pain medicine, and psychiatry in
recent years [27]. Zarate et al. demonstrated that
intravenous NMDAR produced robust and rapid
antidepressant effects [28]. In addition, keta-
mine is also increasingly used to treat acute and
chronic pain [29]. The primary receptor target
of ketamine is the NMDAR. As a non-competi-
tive open-channel blocker, ketamine exerts
analgesic effects by binding to the allosteric PCP
site located within the pore of the NMDAR
channel [30, 31]. The NMDAR has been proven
to play an essential role in learning, memory,
synaptic plasticity, and pain perception [32].
However, the molecular mechanisms of keta-
mine are not restricted to NMDAR, and some
studies also pointed out that ketamine could
bind to opioid receptors, monoamines, cholin-
ergic, and adrenoceptor systems [33]. In the
management of acute pain, sub-dissociative
doses of ketamine (0.1–0.6 mg/kg) have been
shown to provide favorable analgesia effects in

patients with opioid-tolerant pain and opioid-
induced nociceptive hypersensitivity states.
Because ketamine has sympathomimetic activ-
ity, it may cause tachycardia, hypertension,
increased intracranial pressure, and vomiting
[34]. Despite these side effects, ketamine is an
ideal drug because of its short half-life and the
absence of clinically significant respiratory
depression [35].

Many published studies now compare the
analgesic effects of ketamine with those of opi-
oids in patients with acute pain. Motov et al.
[36] found that ketamine is as efficacious as
morphine in pain relief and showed a favorable
safety profile. In another study, Abdolkarimi
et al. [37] proved that ketamine showed a better
clinical effect in pain relief than meperidine. An
RCT carried out by Shimonovich et al. [38]
analyzed the efficacy and safety of intranasal
ketamine for acute traumatic pain in the emer-
gency department. They concluded that intra-
nasal ketamine and intravenous, intranasal
morphine provided similar safety and efficacy.
Frouzan et al. [39] also explored the analgesic
effects of ketamine and morphine in patients
with fractures, revealing that morphine had a
better analgesic effect than ketamine. Further-
more, Lester et al. [40] reported that the treat-
ment of sub-dissociative ketamine in the
emergency department may be a safe and
effective analgesic adjunct.

In our research, we scrutinized five RCTs
enrolled 690 participants with renal colic to
systematically analyze the efficacy and safety of
ketamine and opioids in the treatment of renal
colic. We found that both groups showed a
similar degree of improvement in their pain
symptoms at 5, 15, and 30 min after adminis-
tration. However, patients in the ketamine
group exhibited significantly improved pain
levels at 60 min than the opioids group, sug-
gesting that it could provide a more persistent
analgesic effect for renal colic. Regarding safety,
the ketamine group was superior to the opioids
group in terms of the risk of hypotensive after
treatment. Regarding the other safety outcome
measures, the incidence of nausea, vomiting,
and dizziness was similar between the two
groups.

1090 Pain Ther (2023) 12:1079–1093



Based on the above results, we considered
the satisfactory safety of ketamine in treating
renal colic. Moreover, in the case of emergency
room visits, respiratory mechanics and hemo-
dynamics monitoring is a difficult challenge.
The study by Shimonovich et al. [38] found that
ketamine could be efficient not only in allevi-
ating pain but also in reducing the risks of
hemodynamic instability and respiratory side
effects. Thus, ketamine has some advantages in
emergency pain management and may serve as
an alternative to conventional drugs for pain
relief in patients with renal colic. These findings
offered an alternative option to clinicians and
provided a new therapeutic strategy for renal
colic in urological emergencies.

As far as we are aware, no previous meta-
analyses are reporting on the efficacy and safety
of ketamine for renal colic. Our study includes
studies that are all findings from RCTs, which
we considered to have a low risk of bias and may
be thought to be the main strength of this
study. The results of meta-analysis carry great
importance from a scientific standpoint but also
in clinical practice. However, our study still has
some shortcomings and there is still much work
to be done in the future. First, the mode of
administration of ketamine in the study by
Arash et al. [20] was intravenous, but other
RCTs included in our meta-analysis reported
that those of ketamine were intranasal. Such
differences could potentially lead to bias in the
results. Future studies concentrating on the
most recent RCTs are needed to solve this
problem. Second, the pain assessment tools
used in the study by Mahboub et al. [19] are
different from those used in other included
RCTs, which might also result in bias. Third, the
included RCTs are all from Iran, which limits
the applicability of the findings of our study.
Therefore, further high-quality RCTs are rec-
ommended to determine the efficacy and safety
of ketamine in the treatment of renal colic.

CONCLUSIONS

Compared to opioids, the use of ketamine pro-
duces more persistent relief in patients with
renal colic and has a much better safety profile.

Our meta-analysis concluded that ketamine
holds promise as an alternative to opioids for
renal colic patients in pain management in the
emergency department.
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