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Purpose: Ketamine is a N-methyl-D-aspartate (NMDA) antagonist with strong analgesic properties. Its addition to the treatment of
neuropathic pain may reduce pain intensity and improve overall quality of life. A systematic review and meta-analysis of randomized
controlled trials was performed to investigate the addition of ketamine to the treatment of patients with neuropathic pain.

Patients and Methods: GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach was used to
rate the overall certainty of the evidence for each outcome. Eighteen (18) randomized controlled trials including 706 participants were
included for further analysis.

Results: Ketamine addition to standard treatment of neuropathic pain (NP) resulted in a statistically significant reduction of pain
intensity at one week after the end of treatment with ketamine (MD —2.14, 95% CI —2.65 to —1.63; p<0.00001) and after 30 days after
the end of treatment with ketamine (MD —1.68, 95% CI —2.25 to —1.12; p<0.00001) and a statistically significant increase in
discomfort (RR 4.06; 95% CI 1.18 to 13.95; p=0.03), and psychedelic effects (RR 4.94; 95% CI 2.76 to 8.84; p<0.00001).
Conclusion: There is a statistically significant pain reduction by adding ketamine to the treatment of chronic NP when compared to
the standard treatment. However, such pain reduction comes at the expense of adverse outcomes, especially psychedelic effects related
to the administration of ketamine. However, the overall quality of certainty of evidence is low due to the clinical heterogeneity among
the intervention characteristics of the trials analyzed (different administration routes, dosing regimen, therapy durations, different
clinical characteristics of the population investigated). Future large multi-centered trials are necessary to confirm or not the results of
the present review.

Keywords: ketamine, chronic pain, neuropathy, neuralgia, treatment

Introduction
Although data on neuropathic pain prevalence in the general population may not be accurate due to different definitions
and evaluation methods, estimations indicate that between 6.9 and 10% of the global population are affected by some
type of neuropathic pain.' The World Health Organization (WHO) has estimated that 22% of the world’s primary care
patients have chronic debilitating pain making chronic pain a problem to be addressed by all physicians and health
professionals.”

Neuropathic pain (NP) may develop after a nerve injury or disease, with changes occurring downwards and upwards
along the modulating pathways of the injured neuron.
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Three factors distinguish NP from others types of pain: a) there is no transduction (conversion of noxious stimulus to
electric signal); b) the prognosis is poor: pain from injuries in nervous tissues is more likely to become chronic; ¢) NP is
refractory to therapy with conventional analgesics, such as non-steroidal anti-inflammatory drugs (NSAIDs) and
opioids.” A variety of substances are involved in the development and maintenance of NP, which may explain the
high incidence of comorbidities associated with it and why drugs that are effective in other conditions can also be
effective in NP.>® However, in case of NP etiological therapy is rarely effective. Thus, pain relief is the primary focus.’

N-Methyl-D-aspartate receptors (NMDARs) are ionotropic glutamate receptors that play a role in synaptic transmis-
sion, in neuroplasticity, and in learning and memory processes. Alterations on NMDARs functions are involved in some
of the nervous system disorders, such as neuropathic pain. Therefore, they have been extensively investigated as possible
therapeutic targets for pain management.

In such context ketamine has been receiving new attention and its role has expanded from general anesthesia to
depression treatment,'® multimodal analgesia,'' as an anti-hyperalgesic, and in the treatment of NP.'*!3
The purpose of the systematic review and meta-analysis is to assess the impact of the addition of ketamine to the

treatment of patients suffering from chronic NP.

Materials and Methods

Methodology was followed The Cochrane Handbook for Intervention Reviews.'* This systematic review was registered
in PROSPERO International Prospective Register of Systematic Reviews (number CRD42020203060) and is reported in
accordance with PRISMA Preferred Reporting Items for Systematic Reviews and Meta-analysis statement (PRISMA)
statement.'” (Figure 1 — PRISMA Checklist).

Search Strategy

The search was performed in the following electronic databases: the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE via PubMed (OvidSP), LILACS (Literatura Latino-Americana e do Caribe em Ciéncias da
Saade), Web of Science and the EMBASE (Excerpta Medica dataBASE). The databases were searched for published
RCTs with no restrictions to date, from inception to the last search performed on November 18th, 2021.

The search was conducted using multiple combinations of the following keywords: “neuralgia” and “ketamine”
(Appendix 1 — search strategy). No language or publication status restrictions were imposed. In addition, an online search
for additional eligible studies was conducted in the Science Research website, and we also hand searched the reference
lists of included studies.

Eligibility Criteria and Study Selection

We considered all RCTs evaluating the addition of ketamine, by any route of administration, to the standard treatment
compared to standard treatment (ST) plus placebo, or ST alone, in adult patients with NP. (Appendix 2— eligibility
criteria). Using standardized screening forms (Appendix 3 — data extraction form), two reviewers (JEGP, LFGP)
independently screened all titles and abstracts identified by the literature search, obtained full-text articles of all
potentially eligible studies, and evaluated these studies for eligibility. Reviewers resolved the disagreement through
discussion, and with third-party adjudication if necessary.

Primary and Secondary Outcomes

The primary outcome of this review was pain measured by numerical rating scale (NRS) or visual analog scale (VAS).
Secondary outcomes were the following: worst pain score measured by numerical rating scale, least pain score measured
by numerical rating scale, pain interference on life appreciation, pain measured by multidimensional pain scales, quality
of life, mood, impact on interpersonal interactions, quality of sleep, impact on general daily activities, impact on work,
and adverse outcomes (eg, psychedelic effects, nausea, and vomiting) Eligible studies reported on one or more of the
outcomes listed above.
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Figure | Study selection PRISMA flow diagram.

# 1,404 records
identified
through

database
searching

# 4 additional
record identified

through other
sources

# 35 records after reading
titles and abstracts

i

# records after duplicates
removed: 32

- 16 PUBMED

- 9 CENTRAL

- 2 LLACS

- 1 EMBASE

- 4 hand search

# records
screened: 32

# of full-text
articles assessed
for eligibility: 18

- PUBMED 11
- CENTRAL 3

- LILACS 1
- EMBASE 1
- HANDSEARCH 2

# of full-text
articles
excluded, with
reasons: 14

- PUBMED: 5 (2
NON-RCTS; 1
NOT THE
POPULATION; 1
NOT THE
CONTROL
GROUP; 1 NOT
THE OUTCOME
INVESTIGATED)

- CENTRAL: 6 (4
DUPLICATES; 1
PROTOCOL OF
STUDY; 1 NOT
THE DESIGN)

- LILACS: 1 (NOT
THE
POPULATION)

- HAND SEARCH
2 (1 NOT THE
POPULATION; 1
NOT THE
INTERVENTION)

# of studies
included in
qualitative
synthesis: 18

# 18 of studies
included in
quantitative
synthesis
(meta-analysis)

Notes: Adapted from: Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.

Creative Commons.

Journal of Pain Research 2022:15

https:

1013

Dove:


https://www.dovepress.com
https://www.dovepress.com

Guimaraes Pereira et al Dove

Data Extraction and Quality Assessment

Two reviewers (JEGP, LFGP) independently extracted the following data using a pre-piloted, standardized data extrac-
tion form: characteristics of the study design; participants; interventions; outcomes and the length of follow-up. If eligible
articles had missing data, we contacted authors for clarification.

Reviewers independently assessed the validity of included studies using the risk of bias approach for Cochrane
reviews.'#!®!” Risk of bias was assessed using five separate criteria: adequacy of sequence generation, allocation
sequence concealment, blinding (investigators, patients, collectors, statistician, outcome assessors), incomplete outcome
data, and selective outcome reporting. For incomplete outcome data, we considered loss to follow-up enough to induce
clinically relevant bias as high risk of bias.

Certainty of Evidence

We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to rate the
certainty of evidence, in which a body of evidence based on randomized trials begins as high certainty evidence but may
be rated down by one or more levels for each of five categories of limitations: risk of bias, inconsistency, indirectness,
imprecision and reporting bias.'® Detailed GRADE guidance was used to assess the overall risk of bias, imprecision,'”
inconsistency,'® indirectness?® and publication bias,?' and results were summarized in an evidence profile table.

Statistical Analysis

We calculated pooled risk ratios (RRs) for dichotomous outcomes, mean differences (MD) for continuous outcomes and
standardized mean difference (SMD) for continuous outcomes measured by different scales, with the corresponding 95%
confidence interval (CI). We used a random-effects model with the Mantel-Haenszel statistical method for the dichot-
omous outcomes and the Inverse Variance for the continuous outcomes. We addressed variability in results across studies
using the I statistic and the P value (>0.10) obtained from the Cochrane chi-square test.

Risk-ratio does not incorporate zero-event trials, thereby excluding these trials and data from the combined estimate.
A random-effect model was chosen because when dealing with a series of studies, subjects differ substantially from one
study to another.*?

Our primary analyses were based on all randomized patients who had reported outcomes for each study (complete
case analysis). We used Review Manager (RevMan®) (version 5.3; Nordic Cochrane Centre, Cochrane Collaboration) for
all analyses.”> We planned to perform sensitivity and pre-specified subgroup analyses according to different regimens of
administration, but data was insufficient to perform those analyses. Publication biases were assessed via visual inspection
of funnel plots for outcomes with 10 or more studies.**

Results

Search results
We identified a total of 1404 studies plus 4 additional studies through hand search. After independent screening by title,
and then by abstract, we selected 39 studies, and after duplicate removal, 32 studies were deemed eligible for inclusion in

the review. Of those, 14 did not fulfill our eligibility criteria and were excluded (Figure 1. PRISMA flow diagram). We,

therefore, included 18 studies Max with a total of 706 participants in this review.>*

Characteristics of the Included Studies
Among the 18 eligible randomized control studies (RCTs), they took place in a variety of settings (Table 1) including
Brazil,>**2#!%? Canada,*® Denmark,>’ Egypt,”’28 France,** Italy,40 Netherlands,>>-*%%7 Norway,38 South Korea,?! United

Kingdom,*® United States of America.?*>° Sample sizes ranged from eight®® to 214 participants (Table 1).

29,38

A total of two trials with 20 participants, included exclusively patients with post-herpetic neuralgia, while only one

trial included 8 patients exclusively suffering from post-traumatic neuralgia;*® two trials with 224 participants, included

exclusively patients with cancer related neuropathic pain;>*** two trials, with 45 participants, included patients with neuralgia
from direct damage to either central or peripheral nervous system;*>*’ two trials included 79 patients suffering from complex

1014 https: Journal of Pain Research 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

S1:770T YoJeasay ured jo [eudnof

:sdyyy

slol

Table | Study Characteristics According to Population and Setting

Author, Country Number of Mean Age Sex (Male, n) Inclusion Criteria Exclusion Criteria Follow-Up
Year Randomized Per Studied (Weeks)
Participants Group
Eide, 1994%® Norway 8 1:71.9 I: 4 Patients with post-herpetic neuralgia Patients not to use analgesic medication 3 weeks
(cross-over P:71.9 C: 4 attending the Pain Clinic, The National the last 2 days before each test session.
study) (cross-over (cross-over study) Hospital, Oslo, Norway, that were able to
study) and willing to participate.
Max, USA 8 1:40 I:0 Patients with chronic posttraumatic pain Not reported 3 days
1995%° (cross-over P:40 C:0 and widespread mechanical allodynia that
study) (cross-over (cross-over study) need to demonstrate symptoms and signs
study) suggesting altered central nervous system
processing of sensory input. All patients
were required to have mechanical
allodynia to light stroking with a cotton
gauze pad extending at least 5cm from
site of injury.
Mercadante, Italy 10 I: 57 I:7 Patients with cancer and pain unrelieved Patients with coexisting liver or renal 3 days
2000%° (cross-over C: 57 C:7 by their dose of morphine and disease or with encephalopathy were
study) (cross-over (cross-over study) a Karnofsky status of 50 or more were excluded.
study) selected for this study. No adjuvant drugs
had been previously used.
Lauretti, Brazil 26 I:46 £ 12 I: 6 Patients aged between 21 and 65years, Not reported 3 weeks
2002*' C:47 £ 10 C:8 with neuropathic chronic pain for more
then six months, refractory to NSAID,
physiotherapy, antidepressants, tramadol
or intravenous meperidine, were
included.
(Continued)
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Table | (Continued).

Author, Country Number of Mean Age Sex (Male, n) Inclusion Criteria Exclusion Criteria Follow-Up
Year Randomized Per Studied (Weeks)
Participants Group
Kvarnstrom, Denmark 12 (cross-over I: 47 I: 3 Patients should be affected by peripheral | Patients with drug abuse, cardiovascular | week
2003%° study) C: 47 C:3 nerve or root lesions of traumatic origin, disease or previous treatment with
with spontaneous and evoked pain in the | intravenous ketamine or lidocaine were
cutaneous territory supplied by the not considered for the study.
injured nerve together with clinically
demonstrable sensory deficit or sensory
hyperfunction. The age of the patients
should be between 20 and 75 years
Lynch, 20053 Canada 92 Ketamine: 51 Ketamine: 9 Nonpregnant adult; Established diagnosis Evidence of another type of pain as 3 weeks
Amitriptyline: Amitriptyline: 11 of postherpetic neuralgia, diabetic severe as the pain understudy; Evidence
51 Ketamine neuropathy, or postsurgical/post of another type of neuropathic pain not
Ketamine +Amitriptyline: 12 traumatic neuropathic pain; Moderate to | included in this study; Major depression

+Amitriptyline:

52
C: 52

C: 15

severe pain all or most of the time
persisting despite other treatment
modalities; Pain has persisted for 3
months or longer; Presence of dynamic
tactile allodynia or pinprick hyperalgesia
in pain; Normal cognitive and
communicative ability as judged by clinical
assessment and ability to complete self-
report questionnaires.

requiring treatment; Allergy to
amitriptyline or ketamine; Ongoing use of

a monoamine oxiDase inhibitor.
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Vranken,
2005%

Netherlands

33

I (50 mg): 58.4
+123
I (75mg): 512 +
14.3
C:518% 11

1 (50 mg): 5
I (75mg): 6
C:5

Age |8 years or older; patients suffering
from neuropathic pain caused by lesion or
dysfunction in the central nervous
system, and insufficiently responding to
conventional medical therapy (including
opioids, anticonvulsants, antidepressants,
baclofen, a-adrenergic agonists, oral
anesthetic antiarrhythmic agents).
Neuropathic pain was described by at
least one of the following: burning pain,
paroxysmal episodes of shooting pain, or
pain on light touch. Additionally, patients
had to score above 12 on the Leeds
Assessment of Neuropathic Symptoms

and Signs questionnaire.

Patients were excluded from the study if
they: were pregnant; had a history of
intolerance, hypersensitivity, or known

allergy to ketamine; had a known history

of significant hepatic, renal, or psychiatric
disorder; had a history of cardiac events
including arrhythmias, congestive heart
failure, or unstable angina; had poorly
controlled hypertension (systolic BP
abovel80 mmHg, or diastolic BP above
90 mmHg despite anti-hypertensive
therapy); had a history of substance

abuse.

| week

Tonet, 20082

Brazil

30

Not specified

Not specified

Adult patients with chronic neuropathic

pain.

Not specified

4 weeks

Sigtermans
2009

Netherlands

60

1:43.7 £ |1.5
C: 475 % 13.1

I: 8
C: 4

Patients who were diagnosed with
Complex Regional Pain Syndrome Type-|,
that was based on the International

Association for the study of pain criteria.

Pain score of less than 5 of 10,
age < |8 years, pregnancy/lactation,
increased intracranial pressure, a history
of psychosis, a serious medical disease
(eg, cardiovascular, renal, or liver disease)
and use of strong opioid
medication.

12 weeks

(Continued)
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Table | (Continued).

Author, Country Number of Mean Age Sex (Male, n) Inclusion Criteria Exclusion Criteria Follow-Up
Year Randomized Per Studied (Weeks)
Participants Group
Schwartzman USA 19 I: 38 (mean) I:0 Patients diagnosed with CRPS based on Patients who were pregnant or had 12 weeks
2009% C: 45.5 (mean) C: the revised IASP (International known substance abuse issues, glaucoma
Association for the Study of Pain) criteria; or thyrotoxicosis were excluded. Any
whose condition was intractable for subject that
a minimum of 6 months and had failed at was unable to provide consent due to
least three therapies. The patients were cognitive difficulties was
ketamine naive and were of either gender not enrolled in this study. Patients
including all racial or minority groups. with active litigation, compensation or
The patient’s age was between 18 and 65 disability issues related to
years. their CRPS, and subjects on calcium
channel or beta blockers due
to the need to utilize clonidine with
ketamine were excluded.
Amr, 2010% Egypt 40 I: 48.6x10.1 I: 16 All patients had been exhibiting Patients who had SCI at or above the C-4 4 weeks
C:48.7 £ 9.7 C: 17 symptoms for over 6 months. The study’s | level were excluded because of the risk of
inclusion process continued until the respiratory arrest. Other exclusion
requested number of patients was factors were: pre existing hypertension,
reached. angina, congestive cardiac failure, hepatic
impairment, renal impairment, and an
allergy to any drugs used in the study.
Amr, 20117 Egypt 40 I: 48.6+10.1 I: 16 Duration of symptoms was more than six Patients with previous chronic 8 weeks
C487 9.7 C: 17 months in all patients. The process of anticoagulation therapy, coagulation
inclusion into the study went on until the disorders, infection in the back, bed
target number of patients was reached. sores, spine deformity, hepatic or renal
impairment were excluded from the
study.
Barros, Brazil 12 1:71.7 1:4 Post Herpetic Neuralgia patients seen at | Those presenting abnormal biochemical 5 weeks
2012% (cross-over P:71.7 C:4 the Pain Management Clinic (HC-FMB- blood tests and skin lesions in the area of

study)

(Cross-over
study)

Unesp, Botucatu-SP), older than 18 years

old and able to understand the Numerical

Verbal Scale (NVS: 0 to 10) were invited
to take part in the study.

pain were not included in the study.
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Niesters, Netherlands 10 I: 54.4 +4,2 I:2 Patients were required to have at least Agel8 or.80 yr; presence or history of | day
2013% (cross-over C: 544 £4,2 C:2 two of the following symptoms in legs, a medical disease such as renal, cardiac,
study) (cross-over (cross-over study) arms, or both (in a stocking-glove vascular (including hypertension), or
study) distribution): (i) symmetrical dysesthesias | infectious disease; presence or history of
or paresthesias; (i) burning or painful feet a neurological and psychiatric disease
with night-time worsening; or (iii) such as increased cranial pressure,
peripheral tactile allodynia. With respect epilepsy or psychosis; glaucoma;
to the QST, subjects were included if they pregnancy; obesity (BMI.30); or use of
had an abnormal warm and cold strong opioid medication.
detection threshold, an abnormal warm
and cold pain threshold, or allodynia.
Kim, 2015%' South 30 I: 69 I: Not specified Patients with reported pain resistant to Patients were excluded if they had 2 weeks
Korea C: 69 C: Not specified conventional treatments, including hypermagnesemia, hypercalcemia,
stellate ganglion block, local anesthetic abnormal electrocardiogram, asthma, any
infiltration, epidural block, and systemic degree of heart block, or renal
administration of anticonvulsants and impairment (blood ureaN|2 mmol/L and
antidepressants. Spontaneous pain with creatinineN | 50umol/L) or were taking
a visual analog scale (VAS) scoreN7 and digoxin.
lasting for=6 months.
Rigo, 2017°2 Brazil 42 Ketamine: 54 + Ketamine: 6 Patients who had experienced Patients with a history of severe 12 weeks
12.4 Methadone: 6 neuropathic pain for more than 6 months psychiatric disorder, misuse of illegal
Methadone: 52 Keta+Metha: 5 and who were poorly responsive to drugs | drugs, or hepatic disease were excluded.
+13.6 used to treat neuropathic pain who were
Keta+Metha: 45 22 to 77 years old from the Clinical Care
+85 & Pain Management. (HUSM)
(Continued)
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Table | (Continued).

study)

(cross-over

study)

(cross-over study)

peripheral or central pain requiring IV
ketamine infusion, and no previous

ketamine treatment (naive patients).

Author, Country Number of Mean Age Sex (Male, n) Inclusion Criteria Exclusion Criteria Follow-Up
Year Randomized Per Studied (Weeks)
Participants Group
Fallon, 2018 UK 214 I: Not specified I: Not specified 2|8 years old; histological cancer Patients who have received 4 weeks
C: Not C: Not specified diagnosis; written informed consent; chemotherapy or radiotherapy in the
specified Index neuropathic pain related to preceding six weeks; who may have
underlying malignancy or resulting from | a change in tumoricidal treatment during
treatment received for this; Index the period of study; Diastolic pressure >
neuropathic pain (worst pain) 2 4 on 0— | 100 mmHg at screening; History seizures
10 (VAS); McGill Sensory Scale Score > 5; in last 2 years; currently taking class
Patient has had a trial of at least one l-antiarrhythmic drugs; life expectancy
adjuvant analgesic (gabapentin, pregabalin, less than two months; patient who are
amitriptyline) or has been offered these actively hallucinating; women of
and declined; patient is able to comply childbearing potential not using adequate
with study procedures. contraception, patients with
cerebrovascular disease; patients with
psychotic disorders.
Pickering, France 20 I: 55 + 12 I:10 Patients with at least 18 year of age, Previous IV ketamine treatment; 35 days
20193 (cross-over C:55% 12 C: 10 chronic pain for more than 3 months, contraindication (I) to ketamine

(hypersensitivity, uncontrolled high blood
pressure, severe heart failure), (2) to
magnesium (severe kidney failure), or (3)
to sodium chloride (water inflation, fluid
retention); medical/surgical history or
drug treatment judged by the investigator
to be incompatible with the trial; women
of childbearing age without effective
contraceptive method; pregnancy or
lactation; involvement in another clinical
trial; and inability to comply with

protocol requirements.

Abbreviations: |, intervention group; C, control; NSAIDS, nonsteroidal anti-inflammatory drugs; CRPS, Complex Regional Pain Syndrome; IASP, International Association for the Study of Pain; SCI, spinal cord injury; QST, quantitative
sensory testing; BMI, body mass index; VAS, visual analogic scale.
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regional pain syndrome (CRPS);*>*® one trial with 92 participants, stated to encompass all types of neuropathic pain®® and

eight trials, with 231 participants, did not specify the etiology of neuropathic pain.27-2830732.344142 (e 1),

All except one of our eligible trials included both male and female participants, with one trial including only female
patients.’® Males represented 53.82% of the overall population studied (excluding the studies that are not specified).
There were two studies that did not specify the gender distribution of the population.*'* The mean age of the
participants ranged from 40°° to 71.9°® years (Table 1).

A set of diverse protocols has been adopted for ketamine administration across different trials. Control group in 13
RCTs (558 participants) received placebo.?> %2330 The duration of treatment with ketamine ranged from one day*° to
12 weeks.?*632
Different routes of treatment have been adopted for ketamine administration across the trials, with eleven trials

25,26,28,30,31,33-35,38—40 27,41

adopting the intravenous route, two trials adopting the epidural route, two trials administering

32,42 29,36,37

ketamine through the oral route and three trials adopting the topical route for treatment administration.

41

A wide range of doses have been utilized, beginning at 0.1 mg/kg/day*' and going up until 0.75 mg/kg/day.*

(Table 2).

Risk of Bias in Individual Studies

The overall quality of all included studies was considered high. Random sequence generation, allocation concealment,
blinding of participants and personnel and selective reporting were all considered of low risk of bias. Publication bias
could not be evaluated since no single meta-analysis pooled more than 10 studies. Four studies presented high risk of bias
derived from loss to follow-up.?¢~**-¢ (Figure 2; Table 3)

Effectiveness of Interventions

Primary Outcome: Pain

Overall Pain Reduction Compared to Standard Treatment

Results from six RCTs (212 patients)*® '~ yielded a statistically significant reduction of pain between ketamine and
standard treatment (ST) (MD —1.68, 95% CI —2.39 to —0.96; I>= 90%; p < 0.00001) (Figure 3). The certainty of evidence
was rated as low because of imprecision (low number of patients (<400) and inconsistency. No publication bias was
detected. We were unable to perform sensitivity analysis due to the small number of trials included in this analysis.

Pain Reduction Compared to Standard Treatment at Different Time Periods

Results from five RCTs (182 patients)™ >7~** yielded a statistically significant reduction of pain until after one-week
post-treatment between ketamine and ST (MD —2.14, 95% CI —2.65 to —1.63; I>= 79%; p < 0.00001) (Figure 4). A mean
reduction of 46% compared to baseline pain. The certainty of evidence was rated as low because of imprecision (low
number of patients: <400) and inconsistency (Table 4). No publication bias was detected.

Results from five RCTs (152 patients)*® %3142 yielded a statistically significant reduction in pain between ketamine
and ST until up to two weeks post-treatment (MD —1.30, 95% CI —2.04 to —0.57; I>= 84%; p = 0.0005) (Figure 4).
A mean reduction of 28% compared to baseline pain The certainty of evidence was rated as very low because of
imprecision (low number of patients (<400) and wide confidence intervals) and inconsistency (Table 4). No publication
bias was detected.

Results from 4 RCTs (122 patients)*® **** yielded a statistically significant reduction on pain after until 30 days post-
treatment between ketamine and ST (MD —1.68, 95% CI —2.25 to —1.12; I’= 77%; p < 0.00001) (Figure 4). A mean
reduction of 36% compared to baseline pain The certainty of evidence was rated as very low because of imprecision (low
number of patients (<400) and wide confidence) and inconsistency (Table 4).

The test for subgroup differences yielded a I’=45% (Figure 4), thus revealing a consistent effect of ketamine
compared to ST across the different time points after the treatment. No publication bias was detected.

Pain Reduction Compared to Baseline Pain Levels Over Time
Results from five RCTs (181 patients)®® 24? yielded a statistically significant reduction of pain between baseline values
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Table 2 Study Characteristics Related to Description of Intervention, Control, and Outcomes

Author, No. of Description of Dose Description of Measured Outcomes
Year Randomized Intervention Control
Patients in
Intervention
and Control
Eide, 1994 1:8 Ketamine (0,15 mg/kg), Intravenous - Saline solution Assessment of allodynia,
C8 morphine (0.075 mg/kg) or | Ketamine 0.15 mg/kg wind-up-like pain, tactile and
(cross-over saline (9 mg/mL NaCl) were injected in 10 thermal sensibility and pain,
study) given IV minutes or using VAS.
Morphine.
Max, 1:8 For 3 days, patients were Intravenous - Saline solution — Background pain and
1995%° C8 given 2 hours of intravenous Ketamine 0.75 mg/ 0.375 ml/kg/h mechanical allodynia, each
(cross-over ketamine, alfentanil or kg/h, can get rated every 10 minutes on
study) placebo. If no pain relief after doubled. Alfentanil a VAS. At 10 minutes
60 minutes, the infusion rates 1.5 mcg/kg/min, can intervals, the side-effects
were doubled at this time get doubled. were asked.
and again at 90 minutes.
Mercadante, I:10 On 3 separate days, patients Intravenous - Saline solution Pain intensity; nausea and
2000 c:10 received ketamine Ketamine 0.25 mg/kg vomiting, drowsiness,
(cross-over hydrochloride 0.25 mg/kg, or 0.5 mg/kg, confusion, and dry mouth;
study) 0.50 mg/kg, or saline solution | administered in 30 MMSE; arterial blood
as a slow intravenous bolus minutes. pressure and side effects.
administered in 30 minutes.
Lauretti, I:10 (3 At intervention group was Epidural catheter - 30 g preservative- The pain intensity was
2002 excluded) given 0.1 mg/kg ketamine 0.1 mg/kg racemic free clonidine (2 mL) | assessed by a VAS in the days
C:13 (2 mL) in 1% lidocaine ketamine in 1% in 1% lidocaine I, 7, 14 and 21 by the
solution. At control Group lidocaine solution, solution followed by beginning of the study.
was given 30 pg clonidine followed by 30 mg of 30 mg of 1%
(2 mL) in 1% lidocaine 1% lidocaine. lidocaine (3mL)
solution. The epidural (Total dose — 0,3mg/ | (Total dose - 80 pg/
catheter was maintained for kg/day) day)
3 consecutive weeks. The
outcomes were assessed
weekly.
Kvarnstrom, I: 12 Effects of ketamine 0.4 mg/kg Intravenous — Saline solution Sensibility to touch, static
2003% C:12 and lidocaine 2.5 mg/kg were | Ketamine 0.4 mg/kg sensibility, thermal sensitivity
(cross-over investigated. All substances for 40 minutes and intensity of continuous
study) were given intravenously. spontaneous pain using
Two intravenous cannulas a VAS. Measurements were
were applied, one for the taken at T:0 and then at T:I5,
infusion and one for blood T:45, T:60, T:120, T:150.
sampling.
Lynch, 2005%¢ Ketamine 22 Treatments consisted of four | Topical cream - 1% Topical placebo Average daily pain intensity
Amitriptyline topical creams, containing Ketamine, or 2% (vehicle only) using an | [-point NRS McGill
22 placebo (vehicle only), 2% amitriptyline + 1% Pain Questionnaire,
Ketamine + amitriptyline, 1% ketamine, or ketamine, 3 times/ measures of allodynia and
Amitriptyline a combination of 2% day for 3 weeks hyperalgesia, and patient
23 amitriptyline and 1% satisfaction.
C:25 ketamine.

(Continued)
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Table 2 (Continued).

amitriptyline +

amitriptyline (25 mg) +

30 mg/ day, for 4

Amitriptyline 25 mg

+ carbamazepine

Author, No. of Description of Dose Description of Measured Outcomes
Year Randomized Intervention Control
Patients in
Intervention
and Control
Vranken, Ketamine |1 First, S(C)-ketamine50 mg lontophoretic Isotonic saline Pain intensity measured by
2005% (50 mg)/11 will be compared with administration - solution — 3mL VAS, health status (Pain
(75mg) placebo. If S(C)-ketamine Ketamine 50mg or Disability Index and EQ-5D)
C:ll 50 mg turns out to be more 75mg for 5 days. and quality of life (SF-36).
effective than placebo, S(C)-
ketamine 75 mg will be
compared to S(C)-ketamine
50 mg.
Tonet, 2008* I: 10 In the first group received Oral - Ketamine

The patients were evaluated

for pain intensity, weekly for

ketamine for 4 h (25 mL/h)
daily for 10 days (5 days on, 2
days off, 5 days on). First day,

infusion was set to 50% of

the maximum rate.

Second day, the infusion was

increased to 75% of the
maximum rate. Third day,
infusion was increased to the
maximum rate and

maintained.

dose - 0.35 mg/kg/h,
not to exceed
25 mg/h.

carbamazepine carbamazepine (600 mg) + weeks. 600mg four weeks, using the
+ ketamine ketamine (30 mg/day) numerical pain scale.
C: 13 patients in the second group
amitriptyline + amitriptyline (25 mg/day) +
carbamazepine. | carbamazepine (600 mg/day).
When there was a need for
analgesic supplementation,
codeine (30 mg) was
administered.
Sigtermans I: 30 Patients were given a 4.2-day Intravenous - Normal saline Spontaneous pain assessed
2009% C:30 intravenous infusion of low- Ketamine infusion solution by a NRS. Radboud Skills
dose ketamine or placebo rate started at |.2 Questionnaire (RASQ) and
using an individualized dosage mcg/kg.min to the Walking Ability
based on effect (pain relief) a maximum of 7.2 Questionnaire (WAQ); active
and side effects (nausea/ mcg/kg.min range of motion, threshold
vomiting/psychomimetic for touch; skin temperature
effects). and volumetric
measurements.
Schwartzman I:9 Infusion of 100 mL of normal Intravenous - Normal saline Overall pain level, joint pain,
2009% C: 10 saline with or without Ketamine maximum solution

pin hyperalgesia, touch
allodynia, cold allodynia and
deep pressure evoked pain,

strength and facility of

movement, McGill

questionnaire, quality of life

questionnaire and a pain
questionnaire, sensory and

motor tests were assessed.

(Continued)
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Table 2 (Continued).

Author, No. of Description of Dose Description of Measured Outcomes
Year Randomized Intervention Control
Patients in
Intervention
and Control
Amr, 2010%® I: 20 Intervention group received Intravenous - Isotonic saline 0.9% VAS for pain was assessed
C: 20 80 mg ketamine over Ketamine 80 mg prior to treatment, daily
(cross-over a 5-hour daily for 7 days and administered in 5 following the infusions for 7
study) 300 mg of gabapentin 3 times hours, for 7 days days and one week after
daily. Control group received infusion termination. Side
a saline infusion over 5 hours effects, were reported.
daily for 7 days and 300 mg of
gabapentin 3 times daily.
Amr, 20117 I: 20 Intervention group received Epidural infusion - Isotonic saline 0.9% VAS for pain obtained pre-
C: 20 0.2 mg/Kg of ketamine (2 mL) 0.2 mg/Kg of 2mL injection, 7, 15, 30, 45 and 60
(cross-over through epidural injection. preservative-free days post injection. Patients
study) Control group received ketamine 2 mL. were also asked to report
saline solution 0.9%(2 mL) any side-effects.
through epidural injection.
Both groups received
gabapentin 300 mg 3 times/
day.
Barros, I: 12 Divided into two groups Topical Oinment - Placebo ointment Numerical Verbal Scale,
20127 C: 12 instructed to apply the Ketamine 1%, during Measured at the times: M| —
(cross-over ointment on the site of pain 15 days First 15 days of treatment;
study) four times a day. After 15 M2 start of washout; M3 —
days of treatment - washout start of 15 days of crossover
period of seven days. After treatment; M4 — End of
the washout period, treatment.
treatments were inverted
and carried out for the same
time.
Niesters, I: 10 Treatments were as follows: - Intravenous — Isotonic saline 0.9% Spontaneous pain scores
2013% C: 10 Ih infusion of 0.57 mg/kg S | Ketamine 0.57 mg/kg during | hour were measured by NRS.
(cross-over (+) ketamine; - morphine infusion duration of Subjects were contacted
study) bolus of 0.05 mg/kg followed | hour after their treatment to
by 0.015 mg/kg/h for | h; and determine the duration of
a | h saline solution infusion. pain relief. And conditioned
pain modulation (CPM).
Kim, 2015°' I: 15 Patients were randomly Intravenous - Magnesium sulfate Pain was rated on a VAS
C: 15 divided into 2 groups of |5 Ketamine (I mg/kg (30 mg/kg per hour) during a 2-week follow-up.
patients each, and ketamine per hour) diluted in | were diluted in 0.9% | All patients also completed
| mg/kg or magnesium 0.9% normal saline normal saline to the Doleur Neuropathique 4
30 mg/kg was administered to a final volume of a final volume of questionnaire at baseline and
intravenously for | hour after 100 mL 100 mL final visits.
midazolam sedation.
(Continued)
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Table 2 (Continued).

Author, No. of Description of Dose Description of Measured Outcomes
Year Randomized Intervention Control
Patients in
Intervention
and Control
Rigo, 2017%2 I: 11 Patients were randomly Oral — Ketamine Methadone 3mg or | During 90 days, we assessed
Methadone: 13 allocated to receive one of | 3mg during 3 months Methadone 3mg + pain scores using a |0-point
Methadone + the 3 treatments: 3 mg Ketamine 30mg VAS, allodynia, burning/
Ketamine: 13 methadone, 30 mg ketamine, shooting pain, and side
or 3 mg methadone plus effects
30 mg ketamine 3 times
a day.
Fallon, 201833 I: 107 Randomized in two groups to | Oral — Ketamine 40— Placebo Duration of analgesic benefit
C: 107 receive ketamine or placebo 400 mg/d, during 2 using the Short Form McGill
across 2 weeks to an weeks Pain Questionnaire. Mean
effective and tolerable and worst pain; Hospital
dosage. The starting dosage Anxiety and Depression
was 40mg/d, with Score and serious adverse
a maximum400 mg/d. events.
Patients receive a stable dose
for 16 days.
Pickering, I: 20 Each patient received: Intravenous — Magnesium 3000 mg Primary endpoint - area
2019% C: 20 placebo /placebo, ketamine / | Ketamine 0.5 mg/kg administered over under the curve of daily pain
(cross-over placebo, and ketamine / diluted in 45 mL 30 min intensity for a period of 35
study) magnesium, every 35 days. saline solution days after infusion. Secondary
After this, patients returned endpoints - pain (at 7, 15, 21
for the second and 28 days) and health-
randomization. They were related, emotional, sleep, and
re-evaluated and randomized quality of life questionnaires.
if their pain intensity on
the day of randomization was
like pain intensity at
inclusion. The same
assessment was done before
the third period.

Abbreviations: |, intervention group; C, control; VAS, visual analogic scale; MMSE, Mini-Mental State Examination.

and after one week of treatment with ketamine (MD —4.12, 95% CI —5.72 to —2.51; I>= 98%; p < 0.00001) (Figure 5).
The certainty of evidence was rated as very low because of imprecision (low number of patients (<400) and wide
confidence intervals) and inconsistency. No publication bias was detected.

Results from other five RCTs (151 patients)*® 2*21*? yielded a statistically significant reduction of pain between
baseline values and after two weeks of treatment with ketamine (MD —3.60, 95% CI —4.75 to —2.44; ’= 94%;
p < 0.00001) (Figure 5). The certainty of evidence was rated as very low because of imprecision (low number of
patients (<400) and wide confidence intervals) and inconsistency. No publication bias was detected.

Results from three RCTs (103 patients)?’***? yielded a statistically significant reduction of pain between baseline
values and after four weeks of treatment with ketamine (MD —3.86, 95% CI —4.51 to —3.21; I>= 78%; p < 0.00001)
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Figure 2 Risk of bias according to different domains.
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Table 3 Risk of Bias

Author, Was the Woas Woas There Woas There | Was There | Was Was Was Loss to | Are Reports of Woas The Study
Year Randomization | Allocation Blinding of Blinding of | Blinding of | There There Follow-Up the Study Free of | Apparently Free of
Sequence Adequately | Participants? | Caregivers? | Data Blinding Blinding (Missing Suggestion of Other Problems
Adequately Concealed? Collectors? | of of Outcome Selective That Could Put It
Generated? Staticians? | Outcome | Data) Outcome at a Risk of Bias?
Assessors? | Infrequent?* | Reporting?
Amr 2010% Probably yes Definetely Definetely yes | Definetely Definetely Probably Definetely Probably yes Definetely yes Definetely yes
yes yes yes yes yes
Amr 20117 Probably yes Definetely Definetely yes | Definetely Probably yes | Probably Probably Probably yes Definetely yes Definetely yes
yes yes yes yes
Barros Probably yes Probably yes Definetely yes | Probably yes | Probably yes | Probably Probably Probably yes Definetely yes Probably yes
20127 yes yes
Eide, 1994 | Probably yes Probably yes Probably yes Probably yes | Probably yes | Probably Probably Probably yes Definetely yes Probably yes
yes yes
Fallon, Probably yes Probably yes Probably yes Probably yes | Probably yes | Probably Probably Definetely not | Definetely yes Definetely yes
2018% yes yes
Kim, 2015%' Probably yes Probably yes Definetely yes | Probably yes | Probably yes | Probably Definetely Definetely yes | Probably yes Probably yes
yes yes
Kvarnstrom, | Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes | Definetely yes Probably yes
2003% yes yes yes yes yes
Lauretti, Probably yes Probably yes Definetely yes | Probably yes | Probably yes | Probably Probably Definetely yes Definetely yes Probably yes
2002*' yes yes
Lynch, Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely not | Probably yes Probably yes
20053¢ yes yes yes yes yes
Max, 1995%° Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes Definetely yes Probably yes
yes yes yes yes yes
Mercadante, Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes Definetely yes Probably yes
2000%° yes yes yes yes yes
Niesters, Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes Definetely yes Definetely yes
2013%° yes yes yes yes yes

(Continued)
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Table 3 (Continued).

Author, Was the Was Was There Woas There | Was There | Was Was Was Loss to | Are Reports of Was The Study

Year Randomization | Allocation Blinding of Blinding of | Blinding of | There There Follow-Up the Study Free of | Apparently Free of
Sequence Adequately | Participants? | Caregivers? | Data Blinding Blinding (Missing Suggestion of Other Problems
Adequately Concealed? Collectors? | of of Outcome Selective That Could Put It
Generated? Staticians? | Outcome | Data) Outcome at a Risk of Bias?

Assessors? | Infrequent?* Reporting?

Pickering, Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes | Definetely yes Definetely yes

2019% yes yes yes yes yes

Rigo, 20172 | Probably yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Probably not Definetely yes Definetely yes

yes yes yes yes yes

Scwartzman, | Probably yes Probably yes Probably yes Probably yes | Probably yes | Probably Probably Probably not Probably yes Probably yes

2009%¢ yes yes

Sigtermans, Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes | Definetely yes Probably yes

2009% yes yes yes yes yes

Vranken, Definetely yes Definetely Definetely yes | Definetely Definetely Definetely Definetely Definetely yes | Definetely yes Definetely yes

2005%7 yes yes yes yes yes
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STK ST Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Amr 2010 2.15 0.639 20 43 0.4 20 21.0% -2.15[-2.48,-1.82] -
Amr 2011 2.43 0.56 20 4.25 1.45 20 18.4% -1.82[-2.50,-1.14] —
Kim 2015 4.33 2.15 15 3.1 1.45 15 12.7% 1.23 [-0.08, 2.54] T
Schwartzman 2009 6.06 0.9 9 7.61 0.6 10 18.2% -1.55[-2.25, -0.85] —
Sigtermans 2009 2.68 0.51 30 5.45 0.48 30 21.5% -2.77[-3.02, -2.52] -
Tonet 2008 4.7 2.8 10 6.75 1.71 13 8.3% -2.05[-4.02, -0.08] B
Total (95% CI) 104 108 100.0% -1.68 [-2.39, -0.96] L
Heterogeneity: Tau® = 0.60; Chi? = 48.28, df = 5 (P < 0.00001); I* = 90% _54 _52 0 é j‘

Test for overall effect: Z = 4.60 (P < 0.00001) Favours [STK] Favours [ST]

Figure 3 Meta-analysis on the overall mean pain reduction. Forest plot is representing the comparison of the overall mean pain between group ketamine and ST.

(Figure 5). The certainty of evidence was rated as very low because of imprecision (low number of patients (<400) and
wide confidence intervals) and inconsistency. No publication bias was detected.

Results from two RCTs (58 patients)**” yielded a statistically significant reduction of pain between baseline values
and after two months of treatment with ketamine (MD —2.22, 95% CI —4.22 to —0.21; I*= 95%; p = 0.03) (Figure 5). The
certainty of evidence was rated as very low because of imprecision (low number of patients (<400) and wide confidence
intervals) and inconsistency. No publication bias was detected.

Results from two RCTs (40 patients)***? yielded a non-statistically significant difference in pain between baseline
values and after three months of treatment with ketamine (MD —3.22, 95% CI —7.66 to 1.22; >= 98%; p = 0.15)
(Figure 5). The certainty of evidence was rated as very low because of imprecision (low number of patients (<400) and
wide confidence intervals including both benefit and harm) and inconsistency.

STK ST Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.2 one week
Amr 2010 2.15 0.639 20 4.3 0.4 20 27.0% -2.15[-2.48, -1.82] -
Amr 2011 2.43 0.56 20 4.25 1.45 20 19.7% -1.82[-2.50,-1.14] —
Schwartzman 2009 6.06 0.9 9 7.61 0.6 10 19.4% -1.55[-2.25, -0.85] —
Sigtermans 2009 2.68 0.51 30 5.45 0.48 30 28.4% -2.77[-3.02,-2.52] -
Tonet 2008 4.7 2.8 10 6.75 1.71 13 5.5% -2.05[-4.02, -0.08]
Subtotal (95% CI) 89 93 100.0% -2.14 [-2.65, -1.63] -
Heterogeneity: Tau? = 0.22; Chi® = 19.18, df = 4 (P = 0.0007); I = 79%
Test for overall effect: Z = 8.23 (P < 0.00001)
1.1.3 after 15 days
Amr 2010 2.24 0.754 20 4.4 0.461 20 26.5% -2.16[-2.55,-1.77] —-
Amr 2011 2.55 0.639 20 4.3 0.405 20 27.1% -1.75[-2.08, -1.42] -
Kim 2015 4.33 2.15 15 3.1 1.45 15 15.0% 1.23 [-0.08, 2.54] e
Schwartzman 2009 6.13 1 9 7=5 0.6 10 22.0% -1.37[-2.12,-0.62] —
Tonet 2008 3.7 275 10 5.16 1.8 13 9.4% -1.46[-3.43,0.51] —_— 1
Subtotal (95% CI) 74 78 100.0% -1.30 [-2.04, -0.57] >
Heterogeneity: Tau? = 0.49; Chi? = 25.16, df = 4 (P < 0.0001); I> = 84%
Test for overall effect: Z = 3.48 (P = 0.0005)
1.1.4 after 30 days
Amr 2010 2.2 0.44 20 4.35 0.23 20 37.8% -2.15[-2.37,-1.93] -
Amr 2011 2.81 0.754 20 4.32 0.45 20 33.7% -1.51[-1.89,-1.13] -
Schwartzman 2009 6.49 1.1 9 7.52 0.6 10 21.9% -1.03[-1.84,-0.22] —
Tonet 2008 26 217 10 4.66 2.74 13 6.6% -2.06 [-4.07, -0.05]
Subtotal (95% CI) 59 63 100.0% -1.68 [-2.25, -1.12] o
Heterogeneity: Tau? = 0.21; Chi? = 13.24, df = 3 (P = 0.004); I> = 77%
Test for overall effect: Z = 5.87 (P < 0.00001)

-4 -2 0 2 4

Test for subgroup differences: Chi? = 3.64, df = 2 (P = 0.16), I*> = 45.0%

Favours [STK] Favours [ST]

Figure 4 Meta-analysis on the average mean pain reduction. Forest plot is representing the comparison of the mean pain between group ketamine and ST according to time

after the end of treatment.
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Table 4 GRADE Evidence Profile for Clinical Outcomes

Quality Assessment Summary of Findings Certainty
in
Study Event Rates Relative Anticipated Absolute Effects )
Risk or Estimates
No of Risk of | Inconsistency | Indirectness | Imprecision | Publication | Control | Ketamine A Control® Ketamine
verage
Participants Bias Bias 3
) (Cl 95%)

(studies)
Follow-Up in
Days
Pain Average at one week after treatment (p < 0.00001)
182 No Serious No serious Serious Undetected Average 2.14 pain XXO0O0
(5) serious limitations® limitations imprecision® reduction (2.65 less to LOW
04-12 weeks limitations 1.63 less) compared to

control
Pain Average at two weeks after treatment (p = 0.0005)
152 No Serious No serious Serious Undetected Average 1.30 pain XXXO
(5) serious limitations® limitations imprecision® reduction (2.04 less to | VERY LOW
02-12 weeks limitations 0.57 less) compared to

control
Pain Average at four weeks after treatment (p < 0.00001)
122 No Serious No serious Serious Undetected Average 1.68 pain XXXO
(4) serious limitations® limitations imprecision® reduction (2.25 less to VERY LOW
04—12 weeks limitations 1.12 less) compared to

control
Psychedelic effects (p=0.0007)
266 No No serious No serious Serious Undetected 8/134 56/132 4.94 (2.76— 200 per 788 more per 1000 XXO0O0
) serious limitations limitations imprecision® 8.84) 1000° LOW
01-90 days limitations
Discomfort (p=0.03)
40 No No serious No serious Serious Undetected 2/20 12/20 4.06 (1.18— 167 per 511 more per 1000 XXOO0
) serious limitations limitations imprecision® 13.95) 1000° LOW
01-03 weeks limitations

Notes: Table Representing the Quality of the Evidence and Summary of Findings. *Serious limitations due to high heterogeneity (1>>60%). "Serious imprecision due to less than 400 patients/events. “Serious imprecision due to wide
confidence intervals and less than 400 patients/events. 9Based on data from Niesters, 2013. *Based on data from Kvarnstrom, 2003.
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Time 2 Pain Baseline Pain Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.3 After the end of ketamine: 7 days
Amr 2010 2.15 0.639 20 8.425 0.109 20 21.1% -6.28[-6.56, -5.99] -
Amr 2011 2.43 0.56 20 7.64 1.03 20 20.8% -5.21[-5.72,-4.70] -
Schwartzman 2009 6.06 0.9 9 7.66 0.4 9 20.6% -1.60[-2.24,-0.96] -
Sigtermans 2009 2.68 0.51 30 7.2 1.16 30 20.9% -4.52[-4.97,-4.07] -
Tonet 2008 4.7 2.8 13 7.3 176 10 16.5% -2.60[-4.47,-0.73] —
Subtotal (95% CI) 92 89 100.0% -4.12 [-5.72, -2.51] e

Heterogeneity: Tau® = 3.16; Chi? = 191.24, df = 4 (P < 0.00001); I> = 98%
Test for overall effect: Z = 5.02 (P < 0.00001)

2.1.4 After the end of ketamine: 15 days

Amr 2010 4.4 0.461 20 8.425 0.109 20 23.6% -4.03[-4.23, -3.82] -

Amr 2011 2.55 0.639 20 7.64 1.03 20 22.6% -5.09[-5.62, -4.56] -

Kim 2015 433 2.15 15 8 1.94 15 17.2% -3.67 [-5.14, -2.20] —
Schwartzman 2009 6.13 1 9 7.66 0.4 9 21.8% -1.53[-2.23,-0.83] -
Tonet 2008 3.7 275 13 7.3 176 10 14.7% -3.60[-5.45, -1.75] e
Subtotal (95% CI) 77 74 100.0% -3.60 [-4.75, -2.44] -

Heterogeneity: Tau? = 1.45; Chi? = 63.85, df = 4 (P < 0.00001); I* = 94%
Test for overall effect: Z =6.12 (P < 0.00001)

2.1.5 After the end of ketamine: 21 days

Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.1.6 After the end of ketamine: 30 days

Amr 2010 4.35 0.23 20 8.425 0.109 20 49.1% -4.08[-4.19, -3.96] |
Amr 2011 432 045 20 7.64 1.03 20 38.7% -3.32[-3.81, -2.83] =
Tonet 2008 26 217 13 7.3 176 10 12.3% -4.70[-6.31, -3.09]

Subtotal (95% CI) 53 50 100.0% -3.86 [-4.51, -3.21] L 2

Heterogeneity: Tau? = 0.22; Chi? = 9.23, df = 2 (P = 0.010); I*> = 78%
Test for overall effect: Z=11.67 (P < 0.00001)

2.1.8 After the end of ketamine: 2 months

Amr 2011 4.42 0.57 20 7.64 1.03 20 51.0% -3.22[-3.74,-2.70] b
Schwartzman 2009 6.49 1.1 9 7.66 0.4 9 49.0% -1.17[-1.93,-0.41] —
Subtotal (95% CI) 29 29 100.0% -2.22 [-4.22,-0.21] -

Heterogeneity: Tau? = 1.99; Chi? = 18.97, df = 1 (P < 0.0001); I> = 95%
Test for overall effect: Z = 2.16 (P = 0.03)

2.1.9 After the end of ketamine: 3 months

Rigo 2017 1.6 1.3 11 71 0.8 11 49.7% -5.50[-6.40, -4.60] —-
Schwartzman 2009  6.69 0.9 9 7.66 0.4 9 50.3% -0.97 [-1.61, -0.33] -
Subtotal (95% Cl) 20 20 100.0% -3.22 [-7.66, 1.22] e ——

Heterogeneity: Tau? = 10.10; Chi® = 64.21, df = 1 (P < 0.00001); I> = 98%
Test for overall effect: Z = 1.42 (P = 0.15)

-10 5 0 5 10
Favours [Favors time 2] Favours [Baseline]

Test for subgroup differences: Chi? = 2.66, df = 4 (P = 0.62), I*> = 0%

Figure 5 Meta-analysis on the average mean pain reduction over time. Forest plot is representing the comparison of the mean pain in the ketamine at different time points
compared to baseline pain.

The test for subgroup differences yielded a I’=0%, thus revealing a consistent effect of ketamine across the different
time points after the treatment. No publication bias was detected.

Pain Reduction Measured by Multidimensional Scales

Results from five RCTs (356 patients)*'***%37 yiclded a non-statistically significant difference between ketamine and
ST on the reduction of pain at different multidimensional pain scales (MD —0.02, 95% CI —0.43 to 0.39; I’= 0%; p =
0.93) (Figure 6). The certainty of evidence was rated as low because of imprecision (low number of patients (<400) and
confidence intervals including clinically important benefit and harm) and no publication bias was detected.

Secondary Outcome

Adverse Outcomes

Psychedelic Effects. Results from nine RCTs (266 patients)>>28-20-32:34.35.37.38.40
in the number of psychedelic effects when ketamine was used for the treatment of patients with NP compared to ST

yielded a statistically significant increase
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STK ST Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Fallon 2018 0 0 107 0 0 107 Not estimable
Kim 2015 4.38 1 15 464 1.6 15 32.6% -0.19 [-0.91, 0.53]
Lynch 2005 0 0 25 0 0 25 Not estimable
Pickering 2020 90 51 20 82 51 20 43.5% 0.15 [-0.47, 0.77]
Vranken 2005 27.5 23.7 11 29.5 16.9 11 24.0% -0.09 [-0.93, 0.74]
Total (95% CI) 178 178 100.0% -0.02 [-0.43, 0.39]

Heterogeneity: Tau? = 0.00; Chi? = 0.55, df = 2 (P = 0.76); I> = 0% t t

Test for overall effect: Z = 0.08 (P = 0.93) “ raveurs [STK] Favours ST]

PN

Figure 6 Meta-analysis on the average standardized mean pain reduction. Forest plot is representing the comparison of the mean pain between group ketamine and ST
according to different multidimensional pain scales.

(RR 4.94, 95% CI 2.76 to 8.84; events (STK:56/132, ST:8/134); I’= 0%; p < 0.00001) (Figure 7). The certainty of
evidence was rated as low because of imprecision (low number of events (<400) and wide confidence intervals) (Table 4)
and no publication bias was detected (Table 4).
Discomfort. Results from two RCTs (40 patients)
reporting general discomfort when ketamine was used for the treatment of NP compared to ST (RR 4.06, 95% CI 1.18 to
13.95; events (STK:12/20, ST:2/20); I>= 0%; p = 0.03) (Figure 7). The certainty of evidence was rated as low because of
imprecision (low number of events (<400) and wide confidence intervals) (Table 4) and no publication bias was detected
(Table 4).

Nausea and Vomiting, Fatigue and Dizziness. There was no difference between ketamine and ST regarding nausea and

3538 yielded a statistically significant increase in the number of patients

vomiting, fatigue, and dizziness (Figure 7). The certainty of evidence was rated as low for nausea and vomiting, fatigue,
dizziness because of imprecision (low number of events (<400) and wide confidence intervals including both clinically
important benefit and harm) and no publication bias was detected.

Adverse Outcomes (Composite Analysis). An overall analysis on adverse outcomes did not detect a significant
difference between the two groups. The certainty of evidence was rated as low because of imprecision (low number
of events (<400) and wide confidence intervals including both clinically important benefit and harm) and no publication
bias was detected according to the characteristic Christmas tree shape of the Funnel Plot (Figure 8).

We were unable to perform the following pre-specified analyses due to the lack of data from the included studies:
Worst pain score measured by numerical rating scale; Least pain score measured by numerical rating scale; pain
interference on general activities by numerical scale; pain interference on mood activities by numerical scale; pain
interference on ability to walk by numerical scale; pain interference on work by numerical scale; pain interference on
personal relationships by numerical scale; pain interference on sleep by numerical scale; pain interference on life
appreciation by numerical scale.

We tried to contact authors to ask for further information regarding the missing data, but unfortunately no further
information has been provided.

Discussion

Main Findings

There is a statistically significant pain reduction by adding ketamine to the treatment of chronic NP when compared to
the standard treatment. However, such pain reduction comes at the expense of adverse outcomes, especially psychedelic
effects related to the administration of ketamine. This raises questions such as whether these undesirable effects would
make patients drop out of treatment and whether (S+) ketamine could provide the same amount of pain relief, but still
sparing patients from experiencing such inconvenient side effects.
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STK ST Risk Ratio
Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio

Study or Subgroup M-H, Random, 95% CI

1.15.1 Nausea and Vomiting
Eide 1994 2 8 1 8 13.5% 2.00[0.22, 17.89] =
Kvarnstrom 2003 4 12 1 12 14.5% 4.00 [0.52, 30.76] i
Niesters 2013 2 10 7 10 20.1% 0.29[0.08, 1.05] L
Pickering 2020 3 20 1 20 13.6% 3.00 [0.34, 26.45] -
Rigo 2017 1 11 4 13 14.5% 0.30[0.04, 2.27] i
Sigtermans 2009 19 30 5 30 23.8% 3.80[1.63, 8.85] —
Subtotal (95% CI) 91 93 100.0% 1.40 [0.45, 4.33] ‘
Total events 31 19
Heterogeneity: Tau? = 1.22; Chi? = 14.46, df = 5 (P = 0.01); I> = 65%
Test for overall effect: Z = 0.58 (P = 0.56)
1.15.2 Psychedelic Effects
Amr 2010 3 20 0 20 4.0% 7.00[0.38, 127.32] >
Eide 1994 3 8 0 8 4.3% 7.00[0.42, 116.91] >
Kvarnstrom 2003 8 12 0 12 4.5% 17.00 [1.09, 265.02] >
Mercadante 2000 4 10 0 10 4.3% 9.00 [0.55, 147.95] »
Niesters 2013 7 10 2 10  19.9% 3.50[0.95, 12.90] s
Pickering 2020 2 20 0 20 3.8% 5.00 [0.26, 98.00]
Rigo 2017 1 11 0 13 3.5% 3.50[0.16, 78.19]
Sigtermans 2009 28 30 5 30 52.1% 5.60 [2.50, 12.54] —i—
Vranken 2005 0 11 1 A, 3.5% 0.33[0.02, 7.39]
Subtotal (95% CI) 132 134 100.0% 4.94 [2.76, 8.84] ‘
Total events 56 8
Heterogeneity: Tau? = 0.00; Chi? = 4.41, df = 8 (P = 0.82); I> = 0%
Test for overall effect: Z = 5.38 (P < 0.00001)
1.15.3 Fatigue
Amr 2010 2 20 1 20  19.1% 2.00[0.20, 20.33] =
Amr 2011 0 20 6 20 14.7% 0.08 [0.00, 1.28] + =
Eide 1994 5 8 2 8 33.6% 2.50[0.67, 9.31] T &
Pickering 2020 4 20 3 20 32.7% 1.33[0.34, 5.21] —
Subtotal (95% ClI) 68 68 100.0% 1.17 [0.33, 4.16] e
Total events 11 12
Heterogeneity: Tau? = 0.80; Chi? = 5.93, df = 3 (P = 0.12); I> = 49%
Test for overall effect: Z = 0.24 (P = 0.81)
1.15.4 Dizziness
Amr 2010 2 20 2 20 20.2% 1.00 [0.16, 6.42]
Eide 1994 8 8 2 8 33.3% 3.40[1.17,9.87] —
Kvarnstrom 2003 9 12 1 12 19.6% 9.00 [1.34, 60.46] . E—
Rigo 2017 2 11 ik 13 15.7% 2.36 [0.25, 22.70] i
Vranken 2005 0 11 3 11 11.2% 0.14 [0.01, 2.48] + =
Subtotal (95% CI) 62 64 100.0% 2.13[0.71, 6.33] ‘
Total events 21 9
Heterogeneity: Tau? = 0.64; Chi? = 6.94, df = 4 (P = 0.14); I> = 42%
Test for overall effect: Z = 1.36 (P = 0.18)
1.15.5 Discomfort
Eide 1994 6 8 0 8 20.6% 13.00[0.85, 198.14] = >
Kvarnstrom 2003 6 12 2 12 79.4% 3.00 [0.75, 12.00] ——
Subtotal (95% CI) 20 20 100.0% 4.06 [1.18, 13.95] —~l—
Total events 12 2
Heterogeneity: Tau? = 0.00; Chi? = 0.99, df = 1 (P = 0.32); I> = 0%
Test for overall effect: Z = 2.22 (P = 0.03)
0.01 0.1 10 100

Favours [STK] Favours [ST,
Test for subgroup differences: Chi? = 7.28, df = 4 (P = 0.12), I> = 45.1% [5TK] [5T]

Figure 7 Meta-analyses on the incidence of adverse outcomes. Forest plot is representing the comparison between group ketamine and ST according to different adverse
outcomes.
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Figure 8 Publication bias. Funnel Plot representing the distribution of studies according to their results.

Strengths and Limitations

To our knowledge this is the most extensive search (no language or publication status restrictions) of the potential use of
ketamine as an adjunct to NP treatment in the literature to date. We included studies in which ketamine was administered
via different routes, dosing regimen, with different therapy duration. We independently rated the overall certainty of
evidence (GRADE approach) for each outcome, extracted and analyzed data on the main outcomes deemed most
important for stakeholders. We also assessed publication bias for the outcomes with ten or more studies included and
the only funnel plot performed did not suggest the possibility of publication bias (Figure 7).

The primary limitation of our review is the low certainty of evidence due to study limitations, mostly due to inconsistency
and imprecision. Thus, revealing the existence of great heterogeneity among ketamine administration protocols and the
different clinical presentations and pathophysiology of neuropathic pain conditions. Ketamine was administered through the
intravenous route in most of the studies included in this review. Amongst those studies the doses ranged from 0.5 to 1.5 mg/
kg/day and duration of treatment lasted up to 10 days, and with pain reduction lasting up to one month.

Despite the moderate number of identified trials,'” the certainty of evidence is low to very low due to the low number
of patients/events included in each individual meta-analysis, causing imprecision to be a major limiting factor to the
quality of the yielded evidence.

Another limitation of this study is that we were unable to perform sensitivity analyses to explore the causes of high
heterogeneity due to the small number of studies included in each meta-analysis.

Finally, due to a variety of outcomes, we could not pool the data of all eligible studies in all the proposed meta-
analyses for this review, as this may limit the strength of evidence from yielded results.

Relation to Previous Studies

Six systematic reviews have been published in the recent past relevant to our study objectives.**** One review,"’
although not performing meta-analysis, evaluated the administration of ketamine along with other NMDA receptor
antagonist drugs. Its results suggested that introducing ketamine to the treatment of patients with neuropathic pain
brought benefits to patients, but in this review, there were no meta-analysis performed and it also included studies in
which patients were evaluated while still on ketamine infusion, therefore turning its conclusions very unlikely to be
translated into everyday practice.

Another one limited itself to investigate the use of ketamine strictly through the intravenous route.*® Orhurhu et al*®
found, like in our study, significant pain reduction at two weeks after the ketamine infusion in a meta-analysis including
only two trials where patients suffered from neuropathic pain and no further benefits at time points thereafter.

Other reviews were less extensive in terms of the population, limiting their scope to only specific clinical conditions
presenting neuropathic pain, such as complex regional pain syndrome (CRPS) without a broader and more extensive

analysis encompassing several neuropathic pain conditions.***¢
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Only one review had a similar approach to ours.*’” Nonetheless, at the time (2010) limited itself to RCTs where
ketamine was administered through the intravenous route in patients with neuropathic pain post limb amputation. And it
is worth noting that neither one of these reviews used the Grading of Recommendations Assessment, and the
Development and Evaluation (GRADE) approach to rate the certainty of evidence.

Clinical Implications of the Study
Results showed that ketamine reduced significantly (ranging from 28% to 46%), neuropathic pain compared to the
baseline pain in the control group; and its effects can last for up to two months after the end of treatment. Thus, ketamine
could be an attractive option to both patients and care providers for the management of breakthrough pain episodes and
for cases refractory to standard care.

Although ketamine administration does not seem to cause serious adverse outcomes, our meta-analysis revealed
a significant increase in psychedelic effects. Nevertheless, considering that intravenous ketamine administration takes
place in Hospital facilities, those side effects would be safely manageable; hence moving the risk-benefit relation in favor
of ketamine. In addition, those side effects could be decreased or avoided by choosing (S+) ketamine instead of the
racemic ketamine. Yet, only in one study S(+) ketamine was the treatment of choice,’” and its results found a non-
significant reduction in pain after the administration of ketamine through intravenous route.

Research Perspectives

Based on the data from this systematic review to determine the potential efficacy of ketamine for neuropathic pain
treatment, we found statistically significant results on pain reduction, but we lacked quality of evidence due to
imprecision from small sample size and clinical heterogeneity among included studies.

Some insights may be drawn from our results. Although it was not possible to perform the pre-specified meta-
analyses based on different characteristics of ketamine therapy regimen, the most prevalent route of administration was
the intravenous route, with 11 trials adopting such route doses ranged from 0.15 to 1.5 mg/Kg/day,?"-26-28-30:31.33735.37-40
with one trial using doses from 1.7 up to 10 mg/Kg/day.*® The duration of treatment was under 10 days in 8 out of these
11 trials that opted for the intravenous route,>26-2%30-31:34:35:38 pys - a]l studies from which we could retrieve data used
racemic ketamine as the drug of choice for the study. Thus, we believe that more randomized clinical trials should be

performed to determine the efficacy of ketamine for the treatment of neuropathic pain.

Conclusion

This comprehensive meta-analysis of 18 RCTs provides current evidence for the addition of ketamine to the standard
treatment of patients suffering from neuropathic pain. It confirms previous observations that ketamine can be safely
administered to patients, although revealing a significant increase in psychedelic effects amongst these patients. It also
demonstrates with very low quality of evidence that the addition of ketamine to the standard treatment of patients with
neuropathic pain may be more efficacious than the standard treatment alone on reducing neuropathic pain for as long as
two months after the end of the treatment.
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CENTRAL, Central Register of Controlled Trials; CRPS, Complex Regional Pain Syndrome; EMBASE, Excerpta
Medica database; FDA, Food and Drug Administration office; GRADE, Grading of Recommendations Assessment,
Development and Evaluation; LILACS, Literatura Latino-Americana ¢ do Caribe em Ciéncias da Saude; MEDLINE,
Medical Literature Analysis and Retrieval System Online; NMDA, N-methyl-D-aspartate; NMDARs, N-methyl-
D-aspartate receptors; NP, neuropathic pain; NSAIDs, non-steroidal anti-inflammatory drugs; NRS, numerical rating
scale; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis; PROSPERO, International
Prospective Register of Systematic Reviews; RCTs, randomized controlled trials; ST, standard of treatment; VAS, visual
analog scale; WHO, World Health Organization.
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