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Abstract
Purpose of Review Complex regional pain syndrome (CRPS) is a painful debilitating neurological condition that accounts for
approximately 1.2% of adult chronic pain population. Ketamine, an NMDA receptor antagonist, is an anesthetic agent that has
been used by some pain specialists for CRPS. There is a growing body of clinical evidence to support the use of ketamine in the
treatment of neuropathic pain, especially CRPS. This meta-analysis study was aimed to examine the efficacy of ketamine in the
treatment of CRPS.
Recent Findings A search of Embase, Pubmed, Web of Knowledge, Cochrane, Clinical Trial.gov, and FDA.gov between Jan 1,
1950, and August 1, 2017, was conducted to evaluate ketamine infusion therapy in the treatment of CRPS. We selected
randomized clinical trials or cohort studies for meta-analyses. I2 index estimates were calculated to test for variability and
heterogeneity across the included studies. The primary outcome is pain relief. The effect of ketamine treatment for complex
regional pain syndrome was assessed by 0–10 scale numerical rating pain score. The secondary outcome is the pain relief event
rate, which is defined as the percentage of participants who achieved 30% or higher pain relief in each of the qualified studies.
Our meta-analysis results showed that the Ketamine treatment led to a decreased mean of pain score in comparison to the selfcontrolled baseline (p < 0.000001). However, there is a statistical significance of between-study heterogeneity. The immediate
pain relief event rate was 69% (95% confidence interval (CI) 53%, 84%). The pain relief event rate at the 1–3 months follow-ups
was 58% (95% CI 41%, 75%).
Summary The current available studies regarding ketamine infusion for CRPS were reviewed, and meta-analyses were conducted to evaluate the efficacy of ketamine infusion in the treatment of CRPS. Our findings suggested that ketamine infusion can
provide clinically effective pain relief in short term for less than 3 months. However, because of the high heterogeneity of the
included studies and publication bias, additional random controlled trials and standardized multicenter studies are needed to
confirm this conclusion. Furthermore, studies are needed to prove long-term efficacy of ketamine infusion in the treatment of
CRPS.
Keywords Ketamine . Ketamine infusion . CRPS . Complex regional pain syndrome . RSD . Reflex sympathetic dystrophy .
Causalgia
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Complex regional pain syndrome (CRPS) is a painful debilitating neurological condition that accounts for approximately
1.2% of adult chronic pain population [1]. The prevalence is
higher in female patients than male patients with a ratio of 3 to
1 [2]. This condition often develops after a noxious event such
as trauma, minor injury, and surgeries. However, the probability of developing CRPS is not related to the extent of surgery
or injuries [3]. This disease typically presents with allodynia,
hyperalgesia, sudomotor and vasomotor abnormalities, and
trophic changes. It has a varying clinical course from a mild
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and self-limiting to a severe and chronic disabling disease.
While patients with new onset of CRPS may resolve with
aggressive treatments, chronic CRPS patients with symptoms
longer than a year rarely improve. And 80% of these chronic
CRPS patients are severely disabled [4].
Despite the various available interventions and medications, many patients continue to suffer severe uncontrolled
pain and have poor quality of life. While the pathophysiology
of CRPS is unclear, prior studies have demonstrated that the
activation of N-methyl-D-aspartate (NMDA) receptor increases excitatory transmission of afferent neurons, which
can lead to central sensitization and development of chronic
pain [5]. Ketamine, an NMDA receptor antagonist, is an anesthetic agent that acts on glutamate binding sites. There is a
growing body of clinical evidence to support the use of ketamine in the treatment of neuropathic pain, especially CRPS.
This meta-analysis study was aimed to examine the efficacy of
ketamine in the treatment of CRPS.

Methods
Search Strategy and Selection Criteria
This systemic review and meta-analysis is in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement. This study was registered with International Prospective Register of Systematic
Reviews (Registration number CRD42017067398).
We selected relevant studies published between Jan 1,
1950, and August 1, 2017, by searching Embase, Pubmed,
Web of Knowledge, Cochrane, Clinical Trial.gov, and FDA.
gov with no language restrictions. We utilized the following
combined text and MeSH terms as search words: “Ketamine”
and “complex regional pain syndromes”. The complete search
used for Pubmed was: (“Complex regional pain syndromes”
[MeSH] OR “causalgia”[MeSH] OR CRPS* OR reflex
sympathetic dystrophy* OR RSD* OR algodystrophy*)
AND ((2, 2 Chlorophenyl 2 methylamino cyclohexanone*)
OR “ketamine”[MeSH]). We considered all potentially
eligible studies for review and conducted a manual search
on the reference lists of key articles.

Inclusion Criteria and Data Collection
We regarded studies as eligible for inclusion if (A) they are
randomized clinical trials or cohort studies. (B) Ketamine intravenous infusion was used in the treatment of complex regional pain syndrome with no restrictions of dosage and duration. (C) Pain outcomes were measured before and after
ketamine treatment through validated tools such as VAS.
Case reports, studies on animals, and reviews were excluded.
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Two independent investigators (JZ, YW) reviewed study
titles and abstracts. The studies that satisfied the inclusion
criteria were retrieved for full text assessment. Two independent reviewers (JZ, YW) assessed risk for bias according to
the PRISMA recommendations. Studies selected for detailed
analysis and data extraction were analyzed by two investigators (JZ, YW) with an agreement value (κ) of 98%.
Disagreements were resolved by a third investigator (DW).
We extracted the following data from the selected studies:
(A) Demographic and clinical characteristics: (1) the total
number of individuals, age, sex. (2) Ketamine dosage
and treatment duration, side effects.
(B) Pain scores at baseline, immediately after treatment, and
1–3 months after treatment.
(C) The pain relief event rate (the percentage of participants
who achieved 30% or higher pain relief) at immediately
after treatment, and 1–3 months after treatment.

Outcome Measures and Statistical Analysis
The primary outcome is pain relief. The effect of ketamine
treatment for complex regional pain syndrome was assessed
by 0–10 scale numerical rating pain score (NRS) with one
exception measured by 100-mm visual analogue scale [6••].
We analyzed pain score as continuous variables and reported
absolute differences between arithmetic means before and after treatments.
The secondary outcome is the pain relief event rate, which
is defined as the percentage of participants who achieved 30%
or higher pain relief in each of the qualified studies. This
analysis was used to estimate the incidence of clinically meaningful pain relief. The analysis was calculated for (1) immediate pain relief and (2) 1–3 months after treatment. Regarding
the 1–3 months follow-up outcomes, we perform a metaanalysis at the time points between 1 to 3 months follow-ups
after ketamine treatment. We calculated the estimates of the
pain relief event rate using Stata 12.0 with a random-effect
model. We chose this random-effect model because of the
substantial statistical heterogeneity among the studies, and
the clinical heterogeneity due to the differences in experimental designs.
We calculated estimates of the mean differences in pain
scores between treatment and baseline groups by using
random-effects model. We assessed the possibility of publication bias by constructing a funnel plot of each trial’s effect size
against the standard error. We assessed funnel plot asymmetry
using Begg’s and Egger’s tests, and defined significant publication bias as a P value < 0.05. We chose the Cochran Q test to
assess heterogeneity between studies, with values greater than
50% regarded as being indicative of moderate-to-high heterogeneity. We used Stata 12.0 for statistical analysis. All meta-
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analyses were evaluated for heterogeneity using the chisquare-based I2 test and Q test. I2 index estimates were calculated to test for variability and heterogeneity across the included studies. If a moderate or high heterogeneity was observed,
random-effects meta-analysis was conducted by the
DerSimonian and Laird method. P < 0.05 was considered statistically significant.

Results
Included Studies Characteristics
We identified 82 studies, of which 15 studies were included in
our analysis with data from 258 subjects [6••,7–12,13•,14–20]
as shown in Fig. 1. All studies were published between 2002
and 2015 (Table 1). Mean treatment duration was 8.41 days
(range 1 to 43.8 days). Patients had mean age of 37.34 ±
9.23 years, and mean duration of CRPS of 39.67 ±
31.61 months. Trials comprised CRSPI and CRSPII patients.

The Effect of Ketamine Treatment on Pain Score

Nine of the 15 studies (a total of 159 participants) included
data of pain relief event rates for the immediate after treatment
period [6••,7–11, 13•,14,15]. These nine studies were used for
meta-analysis to estimate the pain relief event rate in the immediately after treatment period. Seven studies (a total of 115
participants) were found to have data of pain relief event rates
for the 1–3-month period after treatment [6••,7,8, 10–12, 14].
These seven studies were used to estimate the 1–3 months
after treatment pain relief event rates. It should be noted that
the results from these studies showed a high level of variance,
which may influence the pooled estimation of incidence.
Therefore, we conducted data synthesis to exclude the studies
with a low score of study quality. Based on this analysis, one
study [9] was excluded for the analysis of immediate incidence. After adjustment, the pooled immediate pain relief
event rate was 69% (95% confidence interval (CI) 53%,
84%). (Fig. 4a) The pain relief event rate at 1–3 months
follow-ups was 58% (95%CI 41%, 75%) (Fig. 4b). The
squares in Fig. 4b represent effect estimates of individual studies with the 95% confidence intervals of pain relief event rate
with size of squares proportional to the weight assigned to the
study in the meta-analysis.

Discussion
CRPS is a complex medical condition that remains a challenge in our daily clinical practice. Ketamine intravenous infusion has been a promising treatment that demonstrated

82 studies identified
24 studies excluded on the
basis of title and abstract
identified

Screening
Eligibility
Included

Fig. 1 The flow chart of the study
selection process for this metaanalysis

Identificat
ion

In the pooled analysis of all 15 qualified studies, the ketamine
treatment led to a decreased mean of pain score in comparison
to the self-controlled baseline (p < 0.000001) as shown in
Fig. 2. However, there is a statistical significance of
between-study heterogeneity. In this analysis, there was evident publication bias presented by the funnel plot with Egger’s
test (P < 0.05). The funnel plot was presented in Fig. 3 and
publication bias was evident in all studies.

The Effect of Ketamine on Pain Relief Event Rate
in CRPS

3 studies identified through manual
search

61 potentially relevant articles
retrieved for assessment

46 studies excluded
21 reviews
6 animals studies
16 case reports
4 topical application design

15 studies included

12 Page 4 of 8
Table 1
Study

Curr Pain Headache Rep (2018) 22: 12

Characteristics of included studies
Duraon of
intervenons
(day)

N

N
(man)

Weight

Age

23.4±9.6mg/hr

4.7

33

25

-

40.5±13.8

-

-

S+ketamine

7_8mg/hr

16.4

13

8

-

38.8±12.8

7.7±1.8

5

20

2

68.4±18.7 30.4±10.4

Year

Intervenon

Concentraons

Correl, G et al

2004

S+ketamine

Webster, L et al

2006

Baseline
Treatment end Immediate response
(pain score)
(pain score)
(% relief)

Follow-up eﬀecveness
(% relief in 1-3 month)

None eﬀect
(% none relief)

76

54

6

4.8±2.3

62

54

38.5

8.97±0.3

0.5±0.8

93.5

89.4

0

Kiefer, R et al

2008

S+ketamine

3_7mg/kg/hr

Kiefer, R et al

2008

S+ketamine

50 _ 500mg/d

10

4

0

-

25.3±10.3

85.1±1.9

89±0.1

0

0

100

Schwartzman, R
et al

2009

S+ketamine

0.35mg/kg/hr

10

19(26)

1

-

41.9±9.8

7.7±1.5

6.01±0.6

26.3

Eﬀecve

5

Goldberg, M et al 2010

S+ketamine

10_ 40mg/hr

5

16

1

67.9±19.3

33±10.2

8.5±1.6

5.4±0.8

62.5

0.6

37.5

Pal, S et al

2012

S+ketamine

0.9±0.4mg/kg

43.8

18

7

79.9±21.3

42±8.5

8.2±1.7

0.8±0.6

77

38

27

Goebel, A et al

2015

Racemic
ketamine

44.6±21.9mg/hr

4.5

5

3

-

44.6±6.9

8.2±1.2

4.5±3.7

83.3

33.3

17.7

S+ketamine

0.25 _ 0.3mg/dl

4.5

9

1

-

29.1±9.43 54.44±9.77

29.0±20.26

-

-

-

22.2±2.0
mg/hr/70kg

4.5

15

2

-

42.3±13.7

6.9±1.3

2±0.8

-

-

-

3

23

-

-

14.8±1.25

5.63±2.3

4.53±2.46

-

-

-

4.5

30

8

78.9±17.8 43.7±11.5

7.2±1.2

2.68±0.51

-

-

-

68.9±10.8 43.2±13.0

Koﬄer, S et al

2007

Schilder, J et al

2013

S+ketamine

Sheehy, K et al

2015

S+ketamine

Sigtermans, M et
2009
al

S+ketamine

Sigtermans, M et
2010
al

S+ketamine

1

10

0

6.2±0.2

0.4±0.3

-

-

-

Dahan, A et al

2011

S+ketamine

20±4mg/hr/70
kg

4.2

30

8

79±19

46±12

7.29±0.16

4.38±0.29

67

-

32

Kiefer, R et al

2002

S+ketamine

0.15_7mg/kg/hr

5

6

-

-

-

-

-

-

66.7

0

0.1–0.3
mg/kg/hr
22.2±2.0
mg/hr/70 kg
0.08 _
0.26mg/hr/kg

History
(pain duraon)

Side eﬀect

28.1±47
Elevaons of liver enzymes,
months
Inebriaon, Hallucinaons
Fulﬁll CRPS Irritaon; fague, dizziness,
diagnosis criteria spinal pain, no hallucinaons
Psychotropic side eﬀects
49.4±25.6
(anxiety, dysphoria,
months
nightmares, diﬃcules with
sleep), muscular weakness
Nausea, redness, dizziness,
58±20
insomnia, headaches,
months
weakness, euphoria,
disorientaon
6.6±5.8
months

Nausea, headache, redness
or dysphoria ;none reported
agitaon, blurred vision,
hallucinaons, delusions

No evidence of signiﬁcant
Fulﬁll CRPS tachycardia, arterial oxygen
diagnosis criteria desaturaon, hallucinatory
responses
5.62 years
(6 months
Hypertension and sedaon
unrelenng
pain)
Liver enzymes were mildly
>1 year
raised
Muscle weakness, dizziness,
55.6±24.75
fague, episodes of
months
hyperhidrosis
No direct eﬀect on motor
9.6±9.9
funcon over 12 weeks follow
months
up
Fulﬁll CRPS Psychiatric/psychological
diagnosis criteria disorders
Psychomimec side eﬀects,
9.4±8.0
nausea, voming
months
Dose-dependent
8.4±6.1
annocicepon,
years
psychomimec side eﬀects
Fulﬁll CRPS
Psychomimec side eﬀects
diagnosis criteria
Fulﬁll CRPS
diagnosis criteria

-

-, not reported; purple color, calculated by software; N, number; hr., hour

beneficial effect in the management of CRPS. Same as other
medical treatments when first introduced to clinical practice,
the effectiveness of ketamine treatment in CRPS has been
studied by different research teams in various locations with
various approaches. Predictably, the results from these studies
Fig. 2 The results of the metaanalyses for pain scores. Forest
plots displaying the pooled study
outcomes that compared before
and after treatment pain scores.
For each estimate, the dark
shaded area is the weight of the
estimate in proportion to the
overall effect. SMD, standard
mean difference

are diverse. Given the complexity of this disease and the lack
of effective treatments, there is a clear need in reaching a
conclusion regarding the efficacy of ketamine treatment. In
the hierarchy of clinical evidences, when clinical studies are
ranked according to their freedom of biases, the meta-analysis

Study

%

ID

SMD (95% CI)

Weight

Dahan, A 2011

12.43 (10.11, 14.74)

7.26

Goebel, A 2015

1.35 (-0.06, 2.75)

8.16

Goldberg,M 2010

2.45 (1.52, 3.38)

8.50

Kiefer, R 2008

-0.29 (-1.69, 1.11)

8.16

Kiefer, R-2008

14.02 (10.81, 17.23)

6.27

Koffler, S 2007

1.60 (0.52, 2.68)

8.40

Patil, S 2012

5.81 (4.28, 7.33)

8.05

Schilder, J 2013

4.54 (3.15, 5.93)

8.17

Schwartzman,R 2009

1.40 (0.74, 2.06)

8.63

Sheey,K 2015

0.46 (-0.12, 1.05)

8.67

Sigtermans, M 2009

4.90 (3.88, 5.93)

8.44

Sigtermans, M 2010

22.75 (15.27, 30.23)

2.76

Webster,L 2006

1.40 (0.54, 2.27)

8.53

Correl,G 2004

(Excluded)

0.00

Overall (I-squared = 95.6%, p = 0.000)

4.37 (2.87, 5.87)

100.00

Favors [Baseline] Favors [Ketamine]

NOTE: Weights are from random effects analysis
-30.2

0

30.2
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1

0

Funnel plot with pseudo 95% confidence limits

4

3

2

Fig. 3 Funnel plots of the
standardized mean difference
(SMD) for illustration of
publication bias. Funnel plot
asymmetry to all CRPS studies
according to Begg’s and Egger’s
tests
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-10

studies are in the top. Considering these facts, we conducted
this meta-analysis study to examine the efficacy of ketamine
treatment.
Our results clearly showed a significant difference in pain
relief from ketamine treatment. These results were based on
the 15 eligible studies. However, we were unable to conduct a
meta-analysis to compare ketamine treatment to placebo, because only one of the studies was a randomized placebocontrolled prospective trial. Most of these studies were clinical
studies that compared the baseline pain scores to after ketamine treatment pain scores. Therefore, the only approach to
analyze these data was to compare the pain scores before and
after ketamine treatments on the same patients. Additionally,
while physicians and patients focus on pain reduction, functional improvement is another crucial factor to measure treatment success. But our review did not generate enough data to
conduct appropriate analysis to assess the functional improvement associated with ketamine treatment. In addition, there
are other limitations in this meta-analysis such as inclusion
of retrospective studies, high heterogeneity of the included
trials, and publication bias, which render this study susceptible
to the influence of bias.
The reduction of the pain scores after ketamine treatment in
comparison to baseline was statistically significant in this
study. However, the clinical importance of reduction in pain
scores remains difficult to interpret. Farrar JT conducted a
study in which the clinical importance of changes in pain
intensity was evaluated. This study was based on data collected from on 2724 subjects in 10 placebo-controlled clinical
trials of pregabalin in diabetic neuropathy, postherpetic neuralgia, chronic low back pain, fibromyalgia, and osteoarthritis.
The changes of pain intensity from baseline were compared to
the standard 7-point patient global impression of change

0

10
SMD

20

30

(PGIC) for each subject. The PGIC is a self-report measure
that reports the patient’s perception of the efficacy of treatment. A consistent relationship between the change in pain
intensity and the PGIC regardless of disease type, age, sex,
study result, or treatment group was found in this study. And
more importantly, this study demonstrated a reduction of approximately 30% in pain intensity is an indication of clinically
significant difference [21]. Therefore, we used the 30% pain
relief event rates to evaluate efficacy of ketamine treatments
for clinically meaning pain relief. The rate meta-analysis results showed ketamine is effective with an incidence of 69% at
immediately after treatment, and 58% at 1–3 months after
treatment, which proved ketamine can provide CRPS patients
with clinically meaningful pain relief.
While our meta-analysis results suggested ketamine treatment is effective in short term at immediate after and 1–
3 months after treatments, there is no clear evidence regarding
long-term effect of the ketamine treatment. Our review found
two studies that conducted long-term follow-ups at 6 months
after treatment. One of these studies was Correll’s retrospective study in which 33 patients were enrolled. This study
showed 31% of the patients remained pain free at 6 months
after inpatient ketamine infusion. The other study was an
open-label trial by Kiefer et al. This trial enrolled 20 patients
with CRPS who underwent subanesthetic low-dose ketamine
infusion. It showed 16 patients had complete remission at
6 months. These studies clearly suggested that ketamine
may offer long-term benefit up to 6 months. However, due
to the low number of patients enrolled in these studies, it is
not feasible to conduct a meta-analysis to prove its long-term
effect.
Adverse effects reported in these studies included anxiety,
dysphoria, nightmares, hallucinations, insomnia, euphoria
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Fig. 4 Measurements of pain
relief event rates. a The forest plot
for the pain relief rate at
immediately after treatment. b
The forest plot for pain relief
event rate at 1–3 months followups. All studies assessed pain
relief rates according to the
outcomes presented in studies
collected in Table 1. Squares
represent the effect estimates of
individual studies with their 95%
confidence intervals of
prevalence. The sizes of squares
are proportional to the weight
assigned to the study in the metaanalysis
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a
%

Study
ID

ES (95% CI)

Weight

Correl, G 2004

0.76 (0.61, 0.91)

14.05

Webster, L 2006

0.62 (0.36, 0.88)

10.96

Kiefer, R 2008

0.94 (0.84, 1.04)

14.95

Schwartzman, R 2009

0.26 (0.06, 0.46)

12.74

Goldberg, M 2010

0.63 (0.39, 0.87)

11.68

Patil, S 2012

0.77 (0.58, 0.96)

12.81

Goebel, A 2015

0.83 (0.50, 1.16)

9.32

Dahan, A 2011

0.67 (0.50, 0.84)

13.49

Kiefer, R-2008

(Excluded)

0.00

Overall (I-squared = 82.3%, p = 0.000)

0.69 (0.53, 0.84)

100.00

NOTE: Weights are from random effects analysis
-1.16

0

1.16

b
Study

%

ID

ES (95% CI)

Weight

Correl, G 2004

0.54 (0.37, 0.71)

17.48

Webster, L 2006

0.54 (0.27, 0.81)

13.76

Kiefer, R 2008

0.89 (0.75, 1.03)

18.63

Goldberg, M 2010

0.60 (0.36, 0.84)

14.88

Patil, S 2012

0.38 (0.16, 0.60)

15.47

Goebel, A 2015

0.33 (-0.08, 0.74)

9.41

Kiefer, R 2002

0.67 (0.29, 1.05)

10.37

Overall (I-squared = 72.8%, p = 0.001)

0.58 (0.41, 0.75)

100.00

NOTE: Weights are from random effects analysis
-1.05

agitation, blurred vision, and sedation, which are all wellknown common side effects of ketamine. It is worth noting
that two studies reported elevation of liver enzymes. There is
research to show that ketamine can induce hepatotoxicity by
inducing mitochondrial impairment [22]. In Correll’s study, 4
of out of 33 patients were found to have elevated liver enzymes, all these patients’ enzyme levels returned to baseline
within 20 days after discontinuation of ketamine [6••]. Goble’s

0

1.05

study reported one case of elevated live enzymes in a group of
five patients who underwent ketamine infusion for CRPS [7].
This patient’s liver enzyme level did not normalize for
2 months after ketamine infusion was stopped. In all our analyzed studies, 5 patients in a total of 258 patients developed
hepatotoxicity. According to these data, the event rate of hepatotoxicity from ketamine infusion is 1.9%. However, it is
possible some cases of liver dysfunction were not reported
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or missed in the studies, which can lead to underestimation of
the event rate. Therefore, it is necessary to monitor liver enzymes prior to and during the ketamine treatment. If abnormal
liver enzyme levels were detected, ketamine infusion should
be promptly discontinued.

Conclusion
Patients with chronic pain secondary to CPRS who are refractory to conservative treatment modalities are left with few
treatment options. Even with invasive interventions such as
spinal cord stimulation and sympathetic blocks, there still remain a substantial number of patients who continue to suffer
debilitating pain. Our study suggested that ketamine infusion
can provide clinically effective pain relief in short term for less
than 3 months. However, because of the high heterogeneity of
the included trials and publication bias, additional prospective
and standardized multicenter studies are needed to confirm
this conclusion. In addition, more studies are needed to prove
its long-term efficacy in the treatment of CRPS.
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