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Abstract Despite being a recognized clinical entity for over 140 years, complex re-

gional pain syndrome (CRPS) remains a difficult-to-treat condition. While
there have been multiple therapies explored in the treatment of CRPS,
NMDA antagonists such as ketamine continue to hold significant interest
because of their potential ability to alter the central sensitization noted in
chronic pain states. The objective of this review is to identify published lit-
erature for evidence of the efficacy and safety of ketamine in the treatment of
CRPS.

PubMed and the Cochrane Controlled Trials Register were searched (final
search 26 May 2011) using the MeSH terms ‘ketamine’, ‘complex regional
pain syndrome’, ‘analgesia’ and ‘pain’ in the English literature. The manu-
script bibliographies were then reviewed to identify additional relevant pa-
pers. Observational trials were evaluated using the Agency for Healthcare
Research and Quality criteria; randomized trials were evaluated using the
methodological assessment of randomized clinical trials.

The search methodology yielded three randomized, placebo-controlled
trials, seven observational studies and nine case studies/reports. In aggregate,
the data available reveal ketamine as a promising treatment for CRPS. The
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optimum dose, route and timing of administration remain to be determined.
Randomized controlled trials are needed to establish the efficacy and safety
of ketamine and to determine its long-term benefit in CRPS.

1. Introduction

Complex regional pain syndrome (CRPS) has
had many names throughout the years, reflecting
contemporary understanding of the condition.[-?!
It was first described over 100 years ago as ‘cau-
salgia’ and subsequently has carried multiple other
descriptors such as ‘reflex sympathetic dystrophy’,
‘Sudeck’s atrophy’, ‘algodystrophy’ and ‘neurodys-
trophy’. Finally, the term ‘complex regional pain
syndrome’ was adopted in 1994 by the Interna-
tional Association for the Study of Pain (IASP),
conceding that the pathophysiology and diag-
nosis were in fact much more complicated than
previously acknowledged.3#

CRPS is a condition that can occur after a
noxious event, or brain or spinal cord injury and it
has a reported incidence rate of from 5.46 to 26.2
per 100000 persons.>>¢1 The basic features of
CRPS include pain disproportionate to the injury,
allodynia and hyperalgesia, and autonomic ab-
normalities.*”1 The IASP published descriptive
criteria for CRPS in 1994 (table I). The low speci-
ficity of the IASP criteria led to the development
and validation of the Budapest criteria (table II),
which is the currently accepted and international
standard for the diagnosis of CRPS -1

The pathophysiology of CRPS is still not fully
understood, and it involves the complex interaction

Table I. International Association for the Study of Pain (IASP) di-
agnostic criteria for complex regional pain syndrome (CRPS) [these
criteria have been reproduced from Merskey and Bogduk,®! with
permission of the IASP; the criteria may not be reproduced for any
other purpose without permission]

1. A preceding noxious event without obvious nerve lesion (CRPS I)
or with obvious nerve lesion (CRPS II)

2. Continuing pain, allodynia or hyperalgesia with which the pain is
disproportionate to any inciting event

3. Evidence at some time of oedema, changes in skin blood flow
or abnormal sudomotor activity in the region of pain

4. This diagnosis is excluded by the existence of conditions that
would otherwise account for the degree of pain and dysfunction

© 2012 Adis Data Information BV. All rights reserved.

of many factors. One of the hallmarks of CRPS is
that of central sensitization. This is caused by a re-
duction in the firing threshold of As and C fibres
leading to the ongoing release of neurotransmitters
and peptide neuromodulators from peripheral
afferent terminals.' 12! As a result of an inciting in-
jury, Ad and C fibres become surrounded by a
complex microenvironment of neurotrophic fac-
tors, cytokines, prostaglandins, proteins, bradyki-
nins, nitric oxide, nitric oxide synthase, calcitonin
gene-related peptide, endothelin-1, tumour necrosis
factor (TNF)-a, interleukins, substance P and
endothelium-dependent vasodilator neuropeptides,
which then collectively activate intracellular phos-
phokinase A and C.['3271 Phosphokinase A and C
in turn phosphorylate tetrodotoxin-resistant sen-
sory neuron-specific sodium channels, which causes
peripheral sensitization of nociceptive afferents.!®!

This constant level of depolarization accumu-
lates through multiple activated signalling cas-
cades and leads to the blockade of magnesium
ions on the NMDA receptors. The suppression
of magnesium ions activates the NMDA recep-
tors, causing the release of calcium through the
activation of the o-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid and the kainate ligand-
gated ion channels.[?>-3% This in turn increases the
depolarization of the pain pathways and ampli-
fication of the pain signal, leading to central
sensitization.!””! Thus, a low level of pain signal
transmission remains constant even if the inciting
noxious stimulation is removed.

The NMDA receptor antagonists, such as
ketamine, are an attractive option in the treat-
ment of CRPS because they can possibly reverse
central sensitization and alter neural plasticity.[3!]
There is now a growing body of evidence in the
literature suggesting that ketamine can in fact
help in the treatment of neuropathic conditions
and even postoperative pain.[*?-4 This article,
unlike previous reviews, will examine the entire
body of literature available to determine the
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Table Il. Budapest clinical diagnostic criteria for complex regional pain syndrome (reproduced from Harden et al.,[®! with permission)

e

. Continuing pain, which is disproportionate to any inciting event

2. Must report at least one symptom in three of the four following categories:

sensory: reports of hyperaesthesia and/or allodynia

vasomotor: reports of temperature asymmetry and/or skin colour changes and/or skin colour asymmetry

sudomotor/oedema: reports of oedema and/or sweating changes and/or sweating asymmetry

motor/trophic: reports of decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes

(hair, nails, skin)

3. Must display at least one sign at time of evaluation in two or more of the following categories:

sensory: evidence of hyperalgesia (to pinprick) and/or allodynia (to light touch and/or deep somatic pressure and/or joint movement)

vasomotor: evidence of temperature asymmetry and/or skin colour changes and/or asymmetry

sudomotor/oedema: evidence of oedema and/or sweating changes and/or sweating asymmetry

motor/trophic: evidence of decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes

(hair, nails, skin)

4. There is no other diagnosis that better explains the signs and symptoms

efficacy and safety of ketamine in the treatment
of CRPS.[3]

2. Literature Search Methodology
2.1 Systemattic Literature Search

PubMed and the Cochrane Controlled Trials
Register were searched using the MeSH terms
‘ketamine’, ‘complex regional pain syndrome’,
‘analgesia’ and ‘pain’ in the English literature. The
search was limited to human trials and included all
trials indexed before 26 May 2011. Data from
animal studies, abstracts and letters were ex-
cluded. The manuscript bibliographies were then
reviewed to identify additional relevant papers.
We evaluated all case reports, as well as retro-
spective, prospective and randomized controlled
trials. Each randomized and observational study
received a score based on their design, inter-
vention performed, follow-up and data extraction.
Randomized trials were evaluated using generally
accepted principles of intervention research as
shown in the methodological assessment of ran-
domized clinical trials by Koes et al.?®! (table I1I),
whereas observational studies were evaluated
using the Agency for Healthcare Research and
Quality (AHRQ) criteriat! (table 1V). It was de-
termined that studies with scores >50 (based on
either scoring criteria) would be included in our
evaluation.

© 2012 Adis Data Information BV. All rights reserved.

2.2 Qualitative Analysis

Table V illustrates the five levels of qualitative
analysis used to measure the effectiveness of ket-
amine in treating CRPS. For the randomized,
placebo-controlled studies, a positive outcome
was defined as ketamine being more efficacious
than the control in providing pain relief. In the
observational studies, a positive outcome was
defined as pain relief with the use of ketamine.

2.3 Recommendations

Grading recommendations were based on cri-
teria by Guyatt et al.,[* as listed in table VI.

3. Evidence for the Use of Ketamine in
Complex Regional Pain Syndrome

The systematic literature search yielded three
randomized, placebo-controlled trials, seven ob-
servational studies and nine case reports/series
evaluating the efficacy of ketamine in the treatment
of CRPS (tables VII and VIII). These studies show
that ketamine has both acute efficacy and long-
term implications in the management of complex
regional pain. Details from relevant studies are
summarized in the following sections.

3.1 Efficacy

The three randomized trials included in this re-
view were performed by Finch et al.,*¥ Schwartzman

CNS Drugs 2012; 26 (3)
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et al.l¥! and Sigtermans et al.B?% In the study by
Schwartzman et al.,’l it was shown that the
CRPS patients treated with intravenous ketamine
had a 27% decrease in their scores on the nu-
merical rating scale for pain, compared with 2% in
the placebo group. In this study there was also a
statistically significant reduction of pain in the
ketamine group, as measured by the Short-Form
McGill Pain Questionnaire, decreased night-time
awakening and decreased spontaneous burning
pain in the treatment group.*! After a mean 4.2-day
course of continuous intravenous ketamine infu-

sion, Sigtermans et al.’®! showed that scores on
the numerical rating scale for pain were signifi-
cantly lower in the treatment group than in the
placebo group periodically over a 12-week period.
This study concluded that the lowest pain scores
were 1 week after the ketamine treatment.

In another randomized, crossover, placebo-
controlled study by Finch et al.,B?# topical 10%
ketamine was used in patients with CRPS twice in
a period separated by 1 week and compared with
placebo. This study concluded that topical keta-
mine did not lead to pain reduction in patients

Table lll. Methodological assessment of randomized clinical trials, using criteria adapted from Koes et al.l3”]

Criteria Weighted  Scores for identified studies
score Sigtermans  Schwartzman  Finch
(points) et al.[38 et al.[39] et al.[34
A Homogeneity: description of inclusion and exclusion criteria (1 point); 2 2 2 2
restriction to an homogeneous population (1 point)
B  Comparability of relevant baseline characteristics: duration of complaints, 5 5 5 5
value of outcome measures, age, recurrence status and radiating complaints
(1 point each)
C Randomization procedure: randomization procedure described (2 points); 4 4 4 2
randomization procedure excludes bias (2 points)
D  Drop-outs: described for each study group separately (3 points) 3 3 3 3
E <20% loss for follow-up (2 points) 2 2 2 2
<10% loss for follow-up (2 points) 2 2 2 2
F  >50 subjects in the smallest group (8 points) 8 0 0 0
>100 subjects in the smallest group (9 points) 9 0 0 0
G Interventions: included in protocol and described (5 points); all reference 10 10 10 10
treatments explicitly described (5 points)
H  Pragmatic study: comparison with an existing treatment modality (5 points) 5 0 0 0
| Co-interventions: avoided or similar; other medical interventions are avoided 5 5 5
in the design of the study (except analgesics, advice on posture or use at home
of heat, rest or routine exercise scheme) [5 points]
J  Placebo-controlled: attempt at blinding (3 points); successful blinding (2 points) 5 5 5 5
K Attempt to blind patients (3 points); successful blinding (2 points) 5 5 5 5
L  Outcome measures: relevant and included measurements of pain, improvement 10 8 8 8
in global measure, functional status, activity and adverse effects (2 points each)
M  Blinded outcome assessments (effect measurement by a blinded assessor) 10 10 10 10
N Follow-up period adequate: moment of measurement during or just after 3
treatment (3 points); moment of measurement 6 mo or longer (2 points)
O Intent-to-treat analysis: when loss to follow-up is <10%, relating to all 5 5 5 5
randomized patients for most important outcome measures and on moments of
effect measurement minus missing values (excluding non-compliance and
co-interventions) [5 points]
P Frequencies of most important outcomes presented for each treatment group 5 5 5 5
with mean or median with standard error or percentiles (5 points)
Total score 100 74 74 72

© 2012 Adis Data Information BV. All rights reserved.
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supported by results without consideration of biases and limitations

(3 points)

Funding or sponsorship

9

Type and sources of support for study

64 55 57 68 62 62

63

100

10 Total score

with CRPS but it did reduce allodynia, which is
an important aspect of this condition.

Among the seven observational studies, two
were performed by Kiefer et al.[*!#3] Interestingly,
the first of these was a pilot study of four patients
that failed to demonstrate the effectiveness of
ketamine infusions in CRPS.[*!1 However, in the
follow-up, open-label, phase II study, 20 patients
received 5-day infusions of an anaesthetic dose of
ketamine in combination with midazolam. It was
concluded that ketamine demonstrated a signif-
icant benefit in reducing pain and associated
movement disorders, and in improving quality of
life and ability to work at 3—6 months.[*’]

In the study by Koffler et al.,[*” at 6 weeks
there was a marked reduction in pain in the
ketamine-treated group and there were no ad-
verse neurocognitive effects. In the prospective
study performed by Goldberg et al.,*3! there
was a significant reduction in pain following the
4-hour outpatient ketamine infusions, which
were performed consecutively for 10 days. An-
other prospective study performed by Goldberg
et al.*®l showed the effectiveness of a 5-day infu-
sion, and one by Sigtermans et al.[*?! showed the
effectiveness of a 5-hour infusion of intravenous
ketamine, in the treatment of CRPS. In the ret-
rospective study by Correll et al.,[*¥ patients
receiving a second treatment of intravenous keta-
mine infusion (with doses ranging from 10 to
50 mg/hour for a mean of 4.7 days) were shown to
have longer periods of pain relief than patients
treated with a single infusion. After a single keta-
mine infusion, 54% of 33 patients were pain
free at 3 months and 31% remained pain free at
6 months. Following a repeat ketamine infusion,
58% of 12 patients had pain relief at 1 year and
33% remained pain free for more than 3 years.

3.2 Route of Administration

Of the studies reviewed, ketamine was most
commonly administered intravenously. However,
Finch et al.’¥l and Ushida et al.l’’! showed that
topical administration of ketamine could be ef-
fective in the treatment of CRPS. Also, in the case
study performed by Villanueva-Perez et al.,> oral
ketamine was effective in the treatment of CRPS.

CNS Drugs 2012; 26 (3)
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Table V. Quality of evidence developed by the US Preventive Services Task Force (USPSTF) [reproduced from Berg and Allan,“8] with

permission]

| Conclusive: evidence obtained from at least one properly randomized controlled trial

II-1  Strong: evidence obtained from well designed controlled trials without randomization

-2 Moderate: evidence obtained from well designed cohort or case-control analytical studies, preferably from more than one centre or

research group

II-3 Limited: evidence obtained from multiple time series with or without intervention. Dramatic results in uncontrolled experiments could

also be regarded as this type of evidence

] Intermediate: opinions of respected authorities, based on clinical experience, descriptive studies and case reports or reports of expert

committees

3.3 Dose and Duration

There has been no consensus in the literature
with reference to the dose and the duration needed
for systemic administration or topical application
of ketamine for the treatment of CRPS.M34] Re-
ported durations of intravenous ketamine infusion
have varied from hours to 10 days.[3%42:43:45-47]
Ketamine doses have also varied greatly among the
different studies. Intravenous infusion dosages

have ranged from 0.35pg/kg/hour to a high of
7 mg/kg/hour.3%42-4547 The titration of ketamine
has also differed among the different studies; one
study titrated in set intervals while others titrated
to analgesia or feelings of inebriation.[3%:42:444547]

3.4 Adverse Effects

The adverse effects reported with ketamine
include feelings of inebriation, nausea, psycho-

Table VI. Grading recommendations (reproduced from Guyatt et al.,[*®! with permission)

Grade of Benefit vs risk and burden Methodological quality of supporting Implications

recommendation/description evidence

1A Strong Benefits clearly outweigh risk RCTs without important limitations or Strong recommendation, can
recommendation, and burdens, or vice versa overwhelming evidence from apply to most patients in

high-quality evidence

1B  Strong
recommendation,
moderate-quality
evidence

1C Strong
recommendation,
low-quality or very
low-quality evidence

2A  Weak
recommendation,
high-quality evidence

2B Weak
recommendation,
moderate-quality
evidence

2C Weak
recommendation,
low-quality or very
low-quality evidence

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits closely balanced with
risk and burdens

Benefits closely balanced with
risk and burdens

Uncertainty in the estimates of
benefits, risk and burden;
benefits, risk and burden may be
closely balanced

observational studies

RCTs with important limitations
(inconsistent results, methodological
flaws, indirect or imprecise) or
exceptionally strong evidence from
observational studies

Observational studies or case series

RCTs without important limitations or
overwhelming evidence from
observational studies

RCTs with important limitations
(inconsistent results, methodological
flaws, indirect or imprecise) or
exceptionally strong evidence from
observational studies

Observational studies or case series

most circumstances without
reservation

Strong recommendation, can
apply to most patients in
most circumstances without
reservation

Strong recommendation but
may change when higher
quality evidence becomes
available

Weak recommendation, best
action may differ depending
on circumstances or on
patient or societal values

Weak recommendation, best
action may differ depending
on circumstances or on
patient or societal values

Very weak recommendation,
other alternatives may be
equally reasonable

RCT =randomized controlled trial.
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tomimetic effects and headaches.?8-3744471 Hyper-
tension and elevated liver enzymes were other
reported adverse effects that resolved after ter-
mination of the ketamine infusion.[**33 In the
study by Koffler et al.,*”! the cognitive effects of
ketamine were extensively evaluated with a bat-
tery of neuropsychological tests prior to infusion
and at 6 weeks post-infusion. Their conclusion
was that ketamine has no residual cognitive ef-
fects at 6 weeks.

3.5 Use of Adjuvants

In several studies that did not report psychoto-
mimetic effects and that did not use feelings of
inebriation as endpoints for ketamine dose titra-
tions, adjuncts such as clonidine or midazolam
were used.[3943:43.46.331 In one case study, it was
documented that ketamine-induced hypertension
improved with the use of midazolam.[>3

4. Conclusion

In treating the many possible disease mecha-
nisms of CRPS, multiple receptors and physiological
pathways have been targeted, including neuropep-
tides, inflammatory markers and other regulators.!
Ketamine has been studied frequently because of
its potential ability to alter the central sensitization
noted in chronic pain states.

There are multiple difficulties encountered
when attempting to compare the different studies
using ketamine. Various investigators have used
different doses, different routes of administration
and different outcome measures. The studies
published to date contain relatively small sample
sizes. Perhaps most significantly, most of the ar-
ticles used the original broad IASP definition of
CRPS, not the more specific Budapest criteria.

In this review, both prospective and retrospective
studies representing multiple routes of ketamine
administration were included in an attempt to give
the broadest possible view of literature support
for the role of ketamine in treating CRPS.[3+3%-38]
Although observational studies do not provide as
high a level of evidence as randomized controlled
trials, their inclusion and review in this article
bridges gaps in our understanding of the potential

© 2012 Adis Data Information BV. All rights reserved.

benefits of ketamine in the treatment of CRPS and
helps to establish its safety and appropriate route of
administration.?3 To date, there have been nine
case studies/reports published using ketamine to
control CRPS. These nine reported cases and case
series show that ketamine is effective in treating
CRPS; however, unsuccessful trials may be under-
reported in the literature because of reporting bias.
Without having data regarding unsuccessful trials it
is difficult to gauge the efficacy of ketamine for the
treatment of CRPS.

The current level of evidence is 2B (i.e. weak rec-
ommendation, moderate-quality evidence) for the
use of ketamine in the treatment of CRPS pain. We
do not have sufficient evidence to recommend rou-
tine use of ketamine in CRPS. Within the context of
this limited evidence for use of ketamine, there are
limited data about the optimal dose, route and
timing of administration. Although ketamine de-
monstrates promise for safe and effective use in the
treatment of CRPS, the need for large, well de-
signed, randomized controlled trials is evident.
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