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Abstract: Neuropathic pain (NP) is a heterogeneous group of conditions characterized by the experi-
ence of a number of sensory disturbances including pain, burning sensations, paroxysms of stabbing
pain, dysesthesias, allodynia, and hyperalgesia. The above-mentioned sensations may occur in a
specific dermatome area or other delimited region of the body. The objective of this review was to an-
alyze the evidence for ketamine in multifactorial neuropathic pain. The research group systematically
searched the databases MEDLINE (via PubMed), EMBASE, SCOPUS, the Cochrane Central Register
of Controlled Trials, the Cumulative Index to Nursing and Allied Health Literature (Cinahl), and
the Web of Science. The findings of this review show that different forms of low doses of ketamine
(LDK) do not present statistically significant changes for any of the scales included. In this study, the
total symptom score [standardized mean difference (SMD) = —3.59, confidence interval (CI) = —4.16
to —3.02, and p < 0.00001], neuropathy impairment score (SMD = —1.42, CI = —3.68 to 0.84, and
p = 0.22), and neuropathy symptom checklist (SMD = —0.09, CI = —0.15 to —0.02, and p = 0.01) were
taken into account. For finality compared to the use of a placebo, the findings suggest that LDK does
not exhibit significant differences in terms of pain reduction and functionality. Moreover, no specific
dosages are identified to support the use of LDK in the reduction in NP,

Keywords: ketamine; pharmacology; neuropathic pain; polyneuropathy

1. Introduction

Neuropathic pain (NP) constitutes a heterogeneous group of conditions characterized
by the experience of a varied number of sensory alterations that include pain, burning
sensations, paroxysms of stabbing pain, dysesthesias, allodynia, hyperalgesia, and hyper-
pathia. The mentioned sensations can occur in a dermatomal area or another delimited
region. It is understood that NP involves neuronal responses where both peripheral and
central pain signaling contribute to the generation of spontaneous pain and evoked aspects
of pain, encompassing allodynia [1,2]. Several studies report that out of a total of 243 cancer
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patients, 77.78% (189 individuals) experience symptoms like NP or neuropathic diseases,
secondary to cancer or its treatment, such as chemotherapy [1,34].

The relationship between NP and neuropathy was studied by Hannon in 2023 in a
group of 14 patients, aged 35 to 75 years, with a withdrawal from the study due to chest
pain. It was found that the prevalence of NP associated with different pathologies, in
various anatomical areas, was 46.2% in the feet of the participants, 46.2% radiating to the
legs, and 7.8% only in the hands. The pain was described as a ‘burning’ sensation (10/13
patients = 76.7%), tingling (5/13 = 38.5%), pain (3/13 = 23.1%), sharp pain (3/13 = 23.1%),
and stinging discomfort (1/13 =7.7%).

Ketamine is a medication used as an adjuvant analgesic for reducing postoperative
pain. Its mechanism of action involves being a non-competitive antagonist of the N-methyl-
D-aspartate receptor, suspending cholinergic transmission, and inhibiting the reuptake
of norepinephrine and 5-hydroxytryptamine [5,6]. Inhibiting these receptors can prevent
central sensitization and the activation of responses to peripheral painful stimuli. This pre-
vents intracellular calcium entry, resulting in the decline of the central sensitization cascade
and hyperexcitability, leading to reduced intensity and duration of postoperative pain.

In 2011, Niesters [7] reported that for a 70 kg patient, ketamine dosing began at
5 mg/h with a maximum infusion rate of 30 mg/h, which could be increased by 2.5 mg/h
if pain relief was insufficient. On the other hand [8], it was analyzed that ketamine
can be administered in 50 mg/5 mL vials intravenously with an electric syringe at a
dose of 0.5 mg/kg diluted in 45 mL of physiological saline (0.9% NaCl) following pain
clinic procedures.

Studies conducted by various authors [1,9,10] conclude that the most common ad-
verse events of administering ketamine include anorexia, nausea, vomiting, drowsiness,
dizziness, hallucinations, and tinnitus. Research by Monks in 2022 [11], reported that
intravenous ketamine administration leads to many intolerable side effects; however, a
safer alternative is topical administration.

Lynch’s 2005 study [2], involving 20 patients with neuropathic pain, exhibited symp-
toms such as dynamic tactile allodynia, pinprick hyperalgesia, or a combination of hyperal-
gesia, hyperesthesia, and allodynia in the affected area, assessed on the NRS-PI. For this,
topical 1% ketamine was used, resulting in a 16% reduction in pain scores greater than or
equal to the NRS-PI, and a 50% or greater reduction in pain scores was observed in the 10%
of subjects.

Finally, a report by Song in 2018 [12] demonstrates that ketamine has other ben-
efits in addition to reducing neuropathic cancer pain. Its topical form is used for the
treatment of postherpetic neuralgia. Additionally, the administration of this drug aided
in postoperative pain in total knee arthroplasty and increased knee flexion in these pa-
tients. The study by Timm [13] showed that ketamine can reduce morphine (opioid)
consumption/administration after thoracotomy. However, it is unable to reduce persistent
postsurgical pain. Additionally, Chumbley [14] demonstrated that this drug helps reduce
continuous pain over spontaneous and mechanical evoked pain in patients suffering from
nerve injury.

Objective
The objective of this study is to demonstrate the benefits of using ketamine versus

other therapeutic modalities in the treatment of patients with neuropathic pain of multifac-
torial origin.

2. Methods
2.1. Literature Search

This systematic review was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines [15]. This review has been registered
on PROSPERO with the following ID: CRD42024497118. The research team systematically
searched electronic databases for the literature search, including MEDLINE (via PubMed),
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EMBASE, SCOPUS, the Cochrane Central Register of Controlled Trials, the Cumulative
Index to Nursing and Allied Health Literature, and the Web of Science databases, covering
records from the earliest time to January 2024. Randomized or controlled clinical trials that
have been published in English or Spanish were included. The following keywords were
used in different combinations: “ketamine”; “pharmacology”; “polineuropathy”; and “neu-
ropathic pain”. The search strategies for each database are available in the supplemental
content (see Supplementary Table S1). Two authors (VB and JJ-V) independently screened
the titles and abstracts of the references retrieved from the searches. We obtained the full
text for references that either author considered to be potentially relevant. We involved a
third reviewer (PN-B) if a consensus could not be reached.

The inclusion criteria for the studies in this review were as follows: patients with
NP, patients who were administered LDK, reports of pain, disability, and/or functionality,
and studies that were randomized clinical trials and experimental studies. Studies were
excluded if they were letters, case reports/series, reviews, or non-human trials, as well
as studies that enrolled patients with other diseases or administered other therapies in
addition to LDK or had no control group.

2.2. Data Extraction and Quality Assessment

Two authors (JG-A and JL) independently extracted relevant data for each trial. The
following data were extracted from the original reports: (i) authors and year of publication,
(ii) DM of study and the total number of participants, (iii) outcome, (iv) statistical values and
main results, (v) geographical region, (vi) sex distribution, and (vii) doses of intervention
and type of administration. The methodological quality of the included studies was
evaluated by the Cochrane RoB2 tool [16]. This tool assesses the RoB2 across seven domains:
generation of a random sequence, concealment of the randomization sequence, blinding of
participants and treatments, blinding of the evaluation of the results, incomplete results,
selective reporting of results, and other sources of bias. Each domain could be considered
as having “low”, “unclear”, or “high” RoB2. Disagreements were resolved by discussion or
determined by a third reviewer (JJV-F) if a consensus could not be reached. The agreement
rate between the reviewers was calculated using kappa statistics, resulting in a substantial
agreement with a value of 0.72.

2.3. Data Synthesis and Analysis

For the assessment of NP, two scales were used: the numeric rating scale (NRS) and
visual analog scale (VAS) for meta-analysis. These scales were analyzed as continuous
outcomes. The effect size was calculated as the standard mean difference (SMD). The
SMD score was calculated using Cohen’s d as the effect size statistic, categorizing the
effect sizes as trivial (<0.2), small (0.2-0.5), medium (0.6-0.8), or large (>0.8). Additionally,
depending on the heterogeneity of the data, the Hartung-Knapp-Sidik—-Jonkman random
effect or Mantel-Haenszel fixed effect methods were used to quantify the pooled effect
size of the studies included. We presented the effect sizes as SMD, with their respective
95% confidence intervals (Cls) in the range between 2 and —2. The heterogeneity of results
across studies was evaluated using the 12 statistic, which considers 0-40% as “may not be
important”, 30-60% as “moderate”, 50-90% as “substantial”, and 75-100% as “considerable”
heterogeneity. Furthermore, we conducted a visual inspection to detect overlapping Cls in
the forest plots as well as the corresponding p-values. The meta-analysis was performed
using RevMan 5.4 [16].

2.4. Rating the Quality of Evidence

The synthesis and quality of evidence for each outcome were assessed using the
Grading of Recommendation, Assessment, Development, and Evaluation (GRADE). The
quality of the evidence was classified into four categories: high, moderate, low, and very
low [17]. We used the GRADE profiler to import the data from RevMan 5.4 to create a
‘summary of findings’ table, which can be found in Supplementary Table S3.
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3. Results
3.1. Study Selection

Through electronic searches, a total of 184 studies were found (Figure 1). Ultimately,
six trials met the eligibility criteria and were included in this systematic review and meta-
analysis [18-23]. The kappa agreement rate between reviewers was 0.77. The excluded
studies and the reasons for their exclusion are available in Supplementary Table S2 of the
Supplemental Materials.
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Figure 1. Flow diagram showing the study selection process based on the suggested format of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.

3.2. Descriptive Analysis of Studies Not Included in the Meta-Analysis

Within the included studies, 14 of them could not be pooled for meta-analysis [3,6,10,24-34].
The most frequently assessed scale is the NRS (numerical rating scale) in Yazigi et al., 2012 [34]
(France), then ketamine (dose and administration) in Sigtermans et al., 2009 [33] (the
Netherlands) and in Yazigi et al., 2012 [34] (France), and finally VAS (visual analog scale) in
Sigtermans et al., 2009 [33] (the Netherlands). On the other hand, the studies of Yazigi et al.,
2012 [34], France, and Sigtermans et al., 2009 [33], the Netherlands, showed statistically
significant differences in some measurement scales. In relation to these escalations, the use
of ketamine could have an effect that indicates that pain reduction is statistically significant,
which supports the use of ketamine to manage pain in these patients. The studies mainly
focus on non-functional types of pain, such as neuropathic, nociceptive, and chronic pain.
In addition to treating patients with persistent and chronic pain, such as CRPS, post-spinal
cord injury pain, phantom limb pain, cancer pain, and chronic postsurgical pain (Table 1).
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Table 1. Characteristics included studies.

Reference

Ketamine Group

Non-Ketamine Group

Count
¥ Patients

Intervention

Patients Intervention

Results between Groups

Carver,
etal., 2018
[24]

N =45
Age =49
Patients with
multiples ribs
fracture

The United
States of
America

Infusion of LDK

(2.5 pg-kg ™! min~1)
within 12 h of a patient’s
arrival at the institution
and were continued for a
total of 48 h unless safety

concerns prompted

otherwise

N =46
Age =46
Patients with
multiple rib
fractures

A similar dose of
placebo was
administered

While no difference was noted
in NPS or
OME within the entire cohort at
12h,24h,0r48h,
LDK significantly reduced OME
utilization in severely injured
patients (ISS, >15).

NPS at 12-24 h: mean 5.9,
SD2.0,p =0.36

NPS at 24-48 h: mean 5.7,
SD2.0,p =077

OME at 12-24 h: mean 57.3,
SD57.1,p=0.79
OME at 24-48 h, mean 99.6,
SD 157.2,p = 0.63

Czarnetzki,
etal., 2019
[25]

N =80
Age =67.0
Patients subjected to
major lower back
surgery

Switzerland

Intravenous ketamine
0.25 mg/kg
preoperatively, followed
by 0.25 mg/kg/h
intraoperatively and
0.1 mg/kg/h from1h
before the end of surgery
until medical discharge

Similar volume of
placebo
(physiological
saline), the dosing of
which was based on
ideal body weight.

N =80
Age = 66.0
Patients subjected to
major lower back
surgery

DN4 score > 4 at baseline p = 1,
DN4 score > 4 at 6 months
p =0.607, DN4 > 4 at 12 months
p=0.319

Total score COMI at baseline
p =0.957; at 6 months p = 0.946;
at 12 months p = 0.841
*MEAN AND SD *

Jafarinia,
etal., 2016
[26]

N =20
Age =40.7
Patients with
depression and
chronic pain

Iran

50 mg ketamine (50 mg
capsules) thrice daily for
6 weeks.

N =20
Age =38.95
Patients with
depression and
chronic pain

50 mg diclofenac
(50 mg capsules)
thrice daily for
6 weeks.

There was no significant
difference between the mean
VAS scores for ketamine and

diclofenac

arms at baseline, 3 weeks

post-treatment, and at the study
end point (72 & 17.95 vs.
69.50 + 18.77, p-value = 0.669,
55.70 £ 29.91 vs. 55.35 + 30.07,
p-value = 0.960, 55.25 + 26.08 vs.
49.95+ 30.58, p-value = 0.577;
Analysis of GLM repeated-
measure ANOVA confirmed the
effect size of time X treatment
was not significant throughout
the trial period (F1.71,
64.84 = 0.289, p-value = 0.715).
Mean (95%CI) difference in
changes in the
VAS score between ketamine
and diclofenac intervention
groups were not statistically
different
at week 3 or the study endpoint
at week 6 (16.30 £ 17.86 vs.
14.25 + 14.17; mean difference:
ketamine—diclofenac (95% CI):
2.05 (—8.27 to 12.37); Cohen’s d:
0.13; p-value = 0.690 and
16.65 + 22.67 vs. 19.55 + 24.69;
mean difference:
ketamine—diclofenac (95% CI):
—2.90 (—18.07
to 12.27); Cohen’s d: —0.12;
p-value = 0.701

Jain, et al.,
2022 [27]

N=25
Age =33.44
Patients undergoing
elective laparoscopic
cholecystectomy
under
general anesthesia
of GRADE I or II
with chronic pain

India

Ketamine (0.5 mg/kg)
intravenous injection
after LC

N=25
Age = 37.64
Patients undergoing
elective laparoscopic
cholecystectomy
under
general anesthesia
of GRADE I or II
with chronic pain

Normal saline
(2mL)
intravenous
injection after LC

NRS at 1 h: mean 1.44; SD 0.77;
p =0.056

NRS at 2 h: mean 1.40; SD 0.76;
p=0.13

NRS at 4 h: mean 1.44; SD 0.82;
p=029

NRS at 6 h: mean 1.76; SD 1.09;
p=0.623

NRS at 8 h: mean 2.28; SD 1.34;
p=0.18

NRS at 12 h: mean 2.04; SD 1.17;
p=0207

NRS at 24 h: mean 1.44; SD 0.82;
p=0.137
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Table 1. Cont.

Reference

Country

Ketamine Group

Non-Ketamine Group

Results between Groups

Patients Intervention Patients Intervention
Elez—l’é%l Group 1: received
8¢ = 2 mg of epidural
N=12 N2=12 hine (2 mL
) Age =56 Age =50 morphine (2 mL).
Lauretti, . . . Group 2: received VAS score: mean: 9; DS: 1:
etal,, 1999 Brazil Patients with Received 0.2 mg/kg N3 =12 2 mg of epidural =0222
7 terminal cancer epidural ketamine (2 mL) Age =55 & of €p p=9.
[28] . . . morphine (2 mL). morp
suffering from Patients with c . ived
chronic pain terminal cancer roup 3: receive
suffering from 5.00 mg epidural
chronic pain midazolam (2 mL).
_ VAS at baseline:
Grgup 11:7_830 Pain group 1, mean 91.4, SD 8.5
(g;e - n=32 Similar volume of Pain group 2, mean 93.2, SD 8.9
roup 2 Group 1 =0.5 mg/kg Ace = .
. _ . . ge=47.6 placebo Pain group 3 (placebo), mean
Lumanauw, The United N=35 intravenous ketamine X .
(physiological 91.2,SD 9.4
etal., 2019 States of Age=443 . ith i he desi ¢
[29] America Group 2 = 0.25 mg/kg Patients with acute saline), the dosing o
. . X ¥ . exacerbations of which was based on Both ketamine groups were
Patients with acute intravenous ketamine S . . .
. chronic pain ideal body weight superior to placebo, to
exacerbations of . . .
o successful improvement in their
chronic pain L
pain p = 0.001
N=74 Intraoperative N=73 Isot_onic sodium Pain (YAS) at rest
. . 3 chloride, bolus, and in the
Nielsen, The United Age =57 S-ketamine bolus Age =55 infusi . .
. . . . infusion, the dosing ketamine group, mean 46, SD 19
etal., 2017 States of Patients subjected to 0.5 mg/kg, followed by  Patients subjected to -
. . . ‘ . . . of which was based Placebo group, mean 48, SD 20
[30] America spinal fusion an infusion spinal fusion on
%]
surgery 025 mg/kg*h surgery ideal body weight p=0.62
NRS (numerical rating scale),
Group 1= pain score
Ketamine 25 mg at4 h _ K1 =NRS mean 5.4, SD = 2.06
Gr(;}lri 12(()K1) preoperatively Gr(l)\‘}qi 12(§P1) no?rrr?;iall&; ;rtﬁ h K2 = NRS mean 6.41, SD = 0.95
A o 46 Group 2 = ketamine A __ 45 " rativel K3 =NRS mean 6.28, SD = 1.1
Group 2 (K2) 10mgat1lh Group 2 (P) Eroup2=1mL
Rakhman Nri 20 preoperatively, and Nli 20 normalp saline at 11 P1=NRSmean 5.0,SD =1.71
etal 2011/ Israel Age_: 45 25mgat4h Age_: 43 and 4 h P2 = NRS mean 4.69, SD = 1.69
['3’ 1] Group 3 (K3) preoperatively Group 3 (P3) reoperativel P3 = NRS mean 5.16, SD = 1.75
g Nli 20 Group 3 = ketamine 5 mg Nli 20 é)r P 3-1 m}i
A - 16 at 17 h preoperatively, A - 47 oulp 1.7 17 Patients self-rated satisfaction
| ge= . 10mgat1lh  8e= . normat sane at 1/, scores
Patients undergoing . Patients undergoing 1land4h .
tumor resection preoperatively, and tumor resection preoperatively were better in the K2 and K3
25mg at_4 h patients compared with their
preoperatively control counterparts
(p < 0.005)
Methadone group Visual analog scale (VAS)
N=13 Methadone 3 mg
Ketamine erou Age =52 oral, 3 times a day VAS after 90 days of treatment
N= 1% P Methadone + Ketamine group = mean 1.6,
Rigo, et al., Brazil Age =54 Ketamine 30 mg oral, ketaﬁlrlelgroup " Met_hadone * _ Methad SD = 1'3_ 13
2017 [32] razi Patients with 3 times a day = etamine group = ethadone group = mean 1.3,
. Age =45 Methadone 3 mg, SD=1.0
neuropathic 1 plus 30 ¢ Methad K . _
chronic pain ) ) oral plus 30 mg o ethadone + ketamine group=
Patients with ketamine oral, 3 mean22,SD=1.1
neuropathic chronic times a day
pain p <0.001
N=30 N=30 Similar volume of TR0 (umerical rating scale),
Sigtermans, Age =437 Age =47.5 placebo end of gveek one, ketamine
etgal 2009’ The Patients with Ketamine 1.2 pug/kg per Patients with (physiological oD = mean 2 6’8 SD = 051
¢ Netherlands complex regional min, intravenous complex regional saline), the dosing of group = o o
[33] . . . Placebo group = mean 5.35,
pain syndrome pain syndrome which was based on 3D = 048
type 1 type 1 ideal body weight p< 0‘0‘01
. Similar volume of They were not
Yazici N =30 Ketaml.ne.((.).l mg/kg as N =30 placebo significantly different between
azigl, Age =573 a preincisional bolus Age =56.9 (physiological the two groups at an;
etal., 2012 Lebanon Pati & bi ) followed by a continuous i bi ) Aphy h dg - : . . fg P d 4
[34] atients subjected to infusion of Patients subjected to  saline), the dosing o time point of the study, at rest

a thoracotomy

0.05 mg/kg/h)

a thoracotomy

which was based on
ideal body weight

(p = 0.75) or during
coughing (p = 0.70)
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Table 1. Cont.

Ketamine Group

Non-Ketamine Group

Reference Country Results between Groups
Patients Intervention Patients Intervention
The RR of having CP during
movement was not significantly
decreased by ketamine and
Nefopam 0.2 mL/' kg nefopam (ketamine vs. placebo:
bolus over 20 min o
_ RR 0.48 [95% CI, 0.14-
. N nefopam = 22 started before K
_ Ketamine 0.2 mL/kg - AT 1.69, p = 0.25]; nefopam vs.
N=24 - Age=71 surgical incision, o
A bolus over 20 min started placebo: RR 0.52 [95% CI,
ge="71 oy N placebo =23 followed by a _
before surgical incision, Ace = 71 X infusi 0.15-1.84, p = 0.31]).
) ) ) followed by a confinuou ge = continuous infusion
ollowed by a co ous
Aveline, Patients with . . of 120 mg/kg/h .
. infusion of 120 mg/kg/h . . . Ketamine and nefopam
etal., 2014 France osteoarthritis 1 th 3 Patients with until the end did d he RR of
[10] scheduled for until the en osteoarthritis of surgery and then id not decrease the RR o
. of surgery and then . having a DN4 score Z4 at M12
elective - scheduled for 60 mg/kg/h until .
. 60 mg/kg/h until the . compared with placebo (RR 0.48
tricompartmental elective the second o _
TKA performed second post- tricompartmental postoperative day [95% CI, 0.1-2.37], p = 036 and
operative day TKA RR 0.27 [95% CI, 0.03-2.16],
. . . p = 0.22, respectively). No
Infusion of isotonic i
saline difference was documented
between ketamine and nefopam
(RR 1.91; 95% CI, 0.19-19.52;
p=0.59).
BPI pain score
Ketamine group average mean
Similar volume of 543,SD=1.3
Hard N =93 Subcutaneous infusion of N =92 placebo Placebo group average mean
et al 237’12 Australia Age =63.0 ketamine at three doses Age =643 (physiological 521,SD=14
i:%] Patients with cancer levels (100, 300, or Patients with saline), the dosing of ~ The difference in absolute terms
g pain 500 mg) cancer pain which was based on is small (0.71) and was not
ideal body weight clinically significant because the
difference was
not >BPI units.
NRS (numerical rating scale),
Group KM: pain score
ketamine 0.5 mg/kg Group Kin the first 24 h at
. d mg sulfate Rest = mean 1, SD = X
N =44 Ketamine group (K) N =43 an _ ! _
Hassan, Age =50.14 0.5 mg/kg bolus, then Age =50.91 50 rﬁigrl;gi’nglen Movement = mean 3, 5D = X
etal., 2021 Egypt Patients undergoing 0.12 mg/kg/h infusion Patients undergoing 0.12 mg/kg/h and Group KM in the first 24 h
[6] cancer breast for the first 24 h cancer breast Mer sulf Rest = 19D = X
surgeries postoperatively surgeries g sulfate est =mean 1, 5D =
8 mg/kg/h Movement = mean 3, SD = X
infusions for the first
24 h postoperatively Rest p =0.193
Movement p = 0.255
3.3. Study Included Meta-Analysis Characteristics
A summary of the included studies is presented in Table 2. The overall population
included 628 patients (315 in the KLD group and 313 in the placebo group). The mean age
in the KLD group was 52.9 years (£2.1), the mean age in the placebo group was 53.4 years
(£3.1), and the mean follow-up duration was 31 days (ranging from 1 to 84).
Table 2. Summary of the characteristics of the studies included in the meta-analysis.
Tota.I Nin Characteristics and Doses in Total N in Control Charact.erlstlcs and
Author Country Experimental E . Doses in Control Outcomes
G xperimental Group Group G
roup roup
N =40 N =40 Similar volume of NRS pain severity score
Pevton The United Age =55.3 Ketamine 0.5 mg/kg Age =55.3 placebo (median [interquartile range,
ety al ’ States of Patients with preincision, 0.25 mg/kg/hour Patients with (physiological IQR]) for average pain in the
2017 [éb] ‘America chronic pain after a intraoperatively and chronic pain aftera  saline), the dosing of previous 24 h among those
thoracic or 0.1 mg/kg/ hour for 24 h thoracic or which was based on patients reporting CPSP was
abdominal surgery abdominal surgery ideal body weight. 17.5/100 (IQR (0-40))
NRS (numerical rating scale),
N=79 N=75 Similar volume of worst palcr; ;;?;el’\&asy Otoday
Remérand, Age = 64. Ketammg (.)'5 mg/kg IV Age = 65. p le?cebOA Ketamine = mean 41, SD = 28
Patients with before incision and a 24 h Patients with (physiological _ _
etal., France . R . . X . . R X Placebo = mean 45, SD = 35
. chronic pain after infusion of ketamine 2 ug/kg chronic pain after saline), the dosing of .
2009 [21] . . . . Worst, day 4 to day 7 pain
total hip per min total hip which was based on NRS
arthroplasty arthroplasty ideal body weight.

Ketamine = mean 31, SD =25
Placebo = mean 37, SD = 23
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Table 2. Cont.

Total N in s . . Characteristics and
Author Country Experimental Cha]rsadeqmcs and Doses in Total N in Control Doses in Control Outcomes
G xperimental Group Group G
roup roup
Received a combination of the
continuous i.v. infusion of
ketamine for 48 h and
patient-controlled thoracic
epidural analgesia (PCEA) Were given a
N =24 with ropivacaine 1.5 mg/mL N =27 combination of NRS (rest) first month in
Age =60 during the thor.acotomy. Age =60 . con.tinuous lv : ketamine group: mean: 0.9;
Pati postoperative period. Ani.v. . infusion of saline oy ’
atients planned for Ketamine infusion was Patients planned for solution and PCEA SD: 1.2; p = 0.827
an elective partial ) . an elective partial . . ) NRS (rest) third month in
standardized as follows: with ropivacaine : A A,
Joseph pneumonectomy 0.5 mg/kg of ketamine during pneumonectomy 1.5 mg/mL during ketamine group: mean: 1.1;
’ (partial or total i . (partial or total : SD:2.1; p = 0.385
etal., France lob involvi anesthesia lob involvi the thoracotomy NRS (abduction) fi h
2012 [18] obectomy involving induction and an obectomy involving postoperative } (a ¢ uction) first mont!
one or more lobes, . gt 3 . one or more lobes, . N in ketamine group: mean: 1.2;
intraoperative continuous i.v. period. The saline o
except total infusion of except total solution was SD: 1.5; p = 0.909
pneumonectomy) . 11 pneumonectomy) i NRS (abduction) third month
b ketamine 3 pug kg™ min administered . - . oA,
y posterolateral or I . . by posterolateral or - in ketamine group: mean: 1.3;
ollowing by a postoperative using the same =
lateral thoracotomy - - lateral thoracotomy SD: 2.5; p = 0.589
infusion protocol and the
of ketamine 1.5 pg kg ! same duration
min~! during the
postoperative 48 h,
starting at the end of the
surgery
NRSr after 1 month: mean:
1.0; interquartile range: 0-3.0;
p=0.667
NRSr after 3 months: mean:
1.0; interquartile range: 0-2.0;
p =0.696
NRSr after 6 months: mean: 0;
interquartile range: 0-2.0;
p=0.929
N =288 N =89 Age =508 NRSCII ‘after 1 mqnth: mean:
K Age =497 . . 3.0; interquartile range:
ang, . Infusion of 100 mg of Patients scheduled . o
Patients scheduled N R N Infusion of 50 mL of 1.0-4.0; p = 0.168
etal, South Korea for electi ketamine (2 mg/mL) with for elective o, 1 sali Sd af ths: .
2020 [19] for elective 48 mL of 0.9% normal saline unilateral breast 0.9% normal saline NR. after 3 months: mean:
unilateral breast ’ 2.0; interquartile range: 0-3.0;
cancer surgery _
cancer surgery p=0.119
NRSd after 6 months: mean:
1.0; interquartile range: 0-3.0;
p=0474
DN-4 after 1 month: mean:
5.0;p =0115
DN-4 after 3 months: mean:
3.0;p =0.720
DN4-4 after 6 months: mean:
1.0; p=0.210
Visual analog scale (VAS)
VAS 24 h
Ketamine group = mean 4.7,
SD=27
Placebo group = mean 4.8,
SD=24
~ ) _ . p=0.902
N =52 Ketamine 0.5 mg/kg N =50 Similar volume of
. X . VAS 48 h
. Age =517 intravenous on induction of Age =514 placebo . -
Randy, The United 5 . : . 5 . . . Ketamine group = mean 5.4,
Patients with anesthesia, and a continuous Patients with (physiological
etal., States of . . . . . . . . X SD=21
2010 [22] A R chronic back pain infusion at 10 ug/kg per min chronic back pain saline), the dosing of Placeb - 53
merica undergoing back on induction and terminated undergoing back which was based on acebo gg]gu_pz—zmean i
surgery at wound closure. surgery ideal body weight. p= 6 338
VAS 6 weeks
Ketamine group = mean 3.1,
SD=24
Placebo group = mean 4.2,
SD=24
p=0.026
There was a statistically
Bolus dose of 0.15 mg/kg of Similar volume of significant difference
N =32 racemic ketamine after N =32 laceb in the VAS pain scores at rest
Lee, Age =37 anesthetic induction. Racemic Age =38 ( hpsai(c)(leo Oical and
etal, South Korea Patients scheduled ketamine was also infused Patients scheduled APy 8l¢ while coughing until 24 h
. . N . saline), the dosing of .
2017 [23] for robotic continuously until the end of for robotic which was based on postoperatively
thyroidectomy the surgery at a rate of thyroidectomy ideal body weight between the two groups
2 mg/kg/min ywelght. (p = 0.028 and

p = 0.039, respectively)
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3.4. Risk of Bias Assessment in Individual Studies

Here, we present an assessment of risk of bias in individual studies. The evaluation
of RoB2 is presented in Figure 2. In the random sequence generation, 100% of the studies
were classified as “low risk” [18-23]. In allocation concealment, 66.66% were classified as
“low risk” of bias [19-22], while 33.33% presented an “unclear risk” [18,23]. For blinding
of participants and personnel, 50% of trials were rated “low risk” of bias [18,19,23], while
33.33% received a “high risk” rating [21,22] and 16.66% received a “unclear risk” rating [20].
For the blinding of outcome assessments, 66.66% of trials were rated “low risk” [18,20,21,23]
and 16.66% “unclear risk” [19], while 16.66% received a “high risk” [22]. For incomplete
outcome data, 83,66% received “low risk” [18,19,21-23], while 16.66% received “unclear
risk” [20]. Finally, for the selection of the reported results, 33.33% of the trials were rated as
“low risk” [20,23], while 66.66% received “high risk” [18,19,21,22].

Allacation concealment (selection hias)

. Blinding of outcome assessment (detection hias)

Joseph 2012

. . Blinding of participants and personnel (peformance bias)

® | ® | ncomplete outcome data (attrition bias)

® 0 O ® @O 0| -:cecte eporting (reporting bias)
O O S S O ®|otherbias

® O O ®|® |Randomsequence generation (selection bias)

Kang 2020 .

Lee 2017 . +
Peyton 2017 ® e o e
Randy 2010 ® e e o

Remerand 2009 . l.l .

Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each
included study [18-23].

3.5. Synthesis of Results
3.5.1. Scales for Evaluation

Regarding the studies that showed some homogeneity in treatment and evaluation,
six studies were included in this meta-analysis. We would like to highlight that these six
studies were only included in the quantitative analysis since here the results of the outcomes
between groups are shown and we can make comparisons between studies [18-23]. The
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evaluation scales used in these studies were NRS and VAS. The administration and dosage
of LDK were performed orally and intravenously (IV), with doses of 0.5 mg/day. The
results of each evaluation scale are detailed below.

NRS LDK First Month

Four studies [18-21] provided data used to perform a meta-analysis to assess associ-
ated symptoms in patients with NP using the NRS scale. These studies showed a significant
difference in the pooled SMD estimate between LDK 0.5 mg versus the placebo (serum
0.5mg) (SMD = —0.44, CI = —0.64 to —0.24, and p < 0.001), with a substantial heterogeneity
(I2 = 55% and p = 0.09) [18-21]. These results are presented in Figure 3. The quality of
evidence, based on the GRADE rating, was determined to be low.

Ketamine 0.5 mg Serum 0.5 mg Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Joseph 2012 09 1.2 24 08 13 27 8.7% 010[-0.59,0.79)
Kang 2020 1 075 88 15 075 89 836% -050[0.72,-0.28]
Peyton 2017 82 56 40 61 61 40 06% 210047, 467)
Remerand 2009 31 25 79 37 23 75 71% -060[-1.36,0.16]
Total (95% CI) 231 231 100.0% -0.44[-0.64,-0.24]
i 2 = = = 2= t t 1 t {
Heterogeneity. Chi*= 6.60, df= 3 (P = 0.09), F=55% T 20 S 50 100

Test for overall effect Z= 4.26 (P < 0.0001)

Study or Subgroup

Ketamine 0.5 mg
Mean SD Total Mean

Favours [experimental] Favours [control]

Figure 3. Forest plot of comparisons of the TSS standardized mean difference (SMD) between LDK600
EV and the placebo [18-21].

NRS LDK Third Month

Two studies [18,19] provided data used to perform a meta-analysis to assess associated
symptoms in patients with NP using the NRS scale. These studies showed no significant
difference in the pooled SMD estimate between LDK 0.5 mg versus the placebo (serum
0.5mg) (SMD = —0.46, CI = —0.61 to —0.32, and p < 0.001) and had substantial heterogeneity
(I2 = 88% and p = 0.004) [18,19]. These results are presented in Figure 4. The quality of
evidence, based on the GRADE rating, was determined to be very low.

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Serum 0.5 mg
SD Total Weight

Joseph 2012 11 21 24 03 07 27  27% 080[0.08,1.68]
Kang 2020 1 05 88 15 05 89 97.3% -0.50[0.65,-0.35)
Total (95% CI) 112 116 100.0% -0.46 [-0.61,-0.32]

Heterogeneity. Chi*=8.14, df=1 (P = 0.004), F= 88%
Test for overall effect Z=6.27 (P < 0.00001)

Hoo I 0 50 100

Favours [experimental] Favours [control]
Figure 4. Forest plot of comparisons of the TSS standardized mean difference (SMD) between oral
LDK600 and the placebo [18,19].

VAS LDK First Month

Two studies [22,23] included data used to perform a meta-analysis to assess associated
symptoms in patients with NP and using the VAS scale. These studies showed no significant
difference in the pooled SMD estimate between LDK 0.5 mg versus the placebo (serum
0.5mg) (SMD = —0.55, CI = —1.14 to —0.05, and p = 0.07) and had a substantial heterogeneity
(I2 = 18% and p = 0.27) [22,23]. These results are presented in Figure 5. There was a low
quality of evidence according to the GRADE rating.

Ketamine 0.5 mg Serum 0.5 mg Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lee 2017 36 18 32 44 12 32 636% -0.80[1.55,-005)
Randy 2010 47 27 52 48 24 50 364% -0.10[-1.09,089]
Total (95% CI) 84 82 100.0% -0.55[-1.14,0.05]
ity: Chi*= = - == k + 1 + J
Heterogeneity: Chi*=1.22,df=1 (P=0.27); F=18% 2100 -50 0 50 100

Test for overall effect Z=1.79 (P =0.07)

Favours [experimental] Favours [control]

Figure 5. Forest plot of comparisons of the TSS standardized mean difference (SMD) between oral

LDK1800 and the placebo [22,23].
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4. Discussion

The objective of this systematic review and meta-analysis was to determine the clinical
efficacy of the use of ketamine in patients with multifactorial NP. The main findings of
this study, in different types of follow-up and scales, were that LDK showed a reduction
in pain within the first month, as evaluated by the NRS, in comparison to the placebo.
However, it does not have a significant benefit after three months or within the first month
when measured with VAS, in terms of the reduction in NP symptoms, in comparison to
the placebo.

To perform comparisons with previous meta-analyses or systematic reviews investi-
gating the effect of ketamine on NP, we found two articles that align with the clinical and
pharmacological parameters mentioned in this review. For Michelet’s study in 2018 [35],
the results suggest moderate evidence supporting the efficacy of ketamine in chronic pain.
The effect of ketamine in patients with PN, whether due to injury, surgery, or limb am-
putation, among others, has been studied in various conditions and in complex regional
pain syndrome (CRPS), which considers neuropathic pain, chronic pain postsurgical and
other severe pain conditions, demonstrating that ketamine can provide considerable relief
from chronic pain in the short term; however, research on its long-term effects is less
conclusive [35]

Additional studies are required to conclude on the effect of ketamine on chronic
pain and to determine optimal administration regimens for this condition. Unlike the
aforementioned study, our research presented a different outcome assessment, focusing on
NP rather than chronic pain, showing that LDK yields positive results in NP management
in the first month, distinguishing it from Michelet’s study in 2018. Regarding Zhao's study
in 2018 [36], the main findings indicate that ketamine infusion can provide short-term
pain relief for complex regional pain syndrome, lasting less than three months. However,
due to the high study heterogeneity and publication bias, additional randomized trials
and standardized multicenter studies are needed to confirm this conclusion. Additionally,
further studies are needed to support the efficacy of ketamine in the treatment of pain in
complex regional pain syndrome. Our review reported a shorter efficacy duration of one
month, and the outcome assessment differed as we focused on NP rather than complex
regional pain syndrome. Additionally, the included studies did not report the LDK dosage.
Regarding the dosage of LDK used, none of the aforementioned studies reported it [35,36].

In an analysis of 15 studies on CRPS, ketamine showed a notable decrease in pain
scores. The immediate pain relief rate was 69%, and the 1-3-month pain relief rate was 58%.
Reported adverse effects included anxiety, dysphoria, nightmares, hallucinations, insomnia,
euphoria, agitation, blurred vision, and sedation. Additionally, elevations in liver enzymes
were reported in two studies, suggesting that ketamine may induce hepatotoxicity through
mitochondrial impairment. This patient’s liver enzyme levels did not return to normal
until 2 months after the ketamine infusion was stopped [35].

In another study, ketamine was shown to have a significant reduction in pain scores
compared to placebo in patients with chronic pain. The meta-analysis revealed a short-
term analgesic effect up to 2 weeks after infusion. In the studies reviewed, doses ranged
from 0.22 mg/kg to 0.6 mg/kg, and the duration of administration ranged from 30 min
to 5 h, administered over several consecutive days. The types of pain included in these
studies were mostly neuropathic, characterized by allodynia (pain due to stimuli that are
not normally painful) and hyperalgesia (exaggerated response to painful stimuli); among
them, severe post-spinal cord injury, phantom limb pain, opioid-refractory cancer pain, and
fibromyalgia stand out [37].

While there is a limited variety in meta-analyses examining the use of LDK in patients
with NP associated with other pathologies, it is worth mentioning that ketamine has
been more extensively studied in pre- and postsurgical pain. Five systematic reviews
and meta-analyses [38—42] have reported its benefits in reducing pre- and postsurgery
pain, acute pain, especially in emergency services, and to a lesser extent, nausea reduction.
An additional study on the use of perioperative ketamine showed that, compared with
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placebo, ketamine may not produce significant differences in the number of patients with
chronic postsurgical pain after 6 months. Despite this, it can reduce the incidence of chronic
postsurgical neuropathic pain after 3 months. The most notable adverse effects in this study
group were an increased risk of nystagmus and postoperative visual disturbances. The
doses used in these studies were between 0.2 mg/kg and 0.5 mg/kg, with infusions of
0.06 mg/kg/h to 0.18 mg/kg/h, administered over 24 to 48 h [43].

This underscores ketamine’s diverse applications, extensively documented in the
literature, but this is the first meta-analysis associating it with NP.

The effects of ketamine are still under study; however, it is recognized as a general
anesthetic and has been widely used in the treatment of refractory depression. Among
its known mechanisms, ketamine antagonizes the NMDA receptor, leading to effects on
synaptic plasticity and neuronal communication. It also increases the release of glutamate in
specific brain areas, modulating the activity of monoamine receptors and contributing to its
antidepressant effect. Additionally, ketamine interacts with opioid receptors, producing an
analgesic effect. Studies have demonstrated these effects at a low dose of 0.1-0.3 mg/kg/h.
In this review, we found evidence suggesting that even after treatment cessation, the
beneficial effects persist or are maintained in chronic pain for at least three months. Further
research is needed to comprehensively understand the long-term effects of ketamine in
chronic pain management.

Based on the evidence we analyzed, we observed consistency in the dosage and
administration methods of LDK among patients experiencing neuropathic pain (NP) linked
to various conditions. The only variations in the studies suitable for meta-analysis were the
outcome measures (NRS and VAS) and the follow-up periods of one and three months. In
patients with NP stemming from both central and peripheral mechanisms, these factors
significantly contribute to the onset of symptoms, leading to the exploration of various
treatment options. While there is a wide range of pharmacological treatments available,
many suggested medications lack substantial evidence supporting their efficacy. The
clinical implications of our findings are constrained by the quality and quantity of the
existing evidence. The use of different evaluation scales and follow-up durations resulted
in considerable heterogeneity among the samples, preventing direct comparisons and
necessitating the exclusion of some studies from the analysis. Consequently, we cannot
make definitive clinical recommendations regarding the use of LDK for patients with
NP, diabetes mellitus (DM), or other conditions. Although LDK may help alleviate pain,
enhance functionality, or decrease disability, there is no agreement on the appropriate
dosage, administration routes, or treatment duration. Additionally, research indicates that
discontinuing LDK indefinitely or permanently might lead to adverse effects for patients.
One proposed pharmacological option is LDK, which has shown some short-term benefits
for symptomatic diabetic polyneuropathy. Studies have reported a noticeable reduction in
symptoms after one month of continuous use; however, the analgesic effect tends to wane
after five weeks. A recommended intravenous dose of LDK is 0.5 mg/kg, which has been
found to improve pain management and is generally well-tolerated. The most common side
effects reported include nausea, vomiting, and dizziness. Our findings indicate that LDK
is effective in reducing NP during the first month, as measured by the NRS, although no
significant differences were noted when assessed using the VAS. This discrepancy, despite
identical administration times and dosages, may stem from the differences in assessment
scales utilized across studies. If any studies using the NRS scale reported statistically
significant results with greater weight, it could have skewed the forest plot of NRS at the
one-month follow-up to show favorable results for LDK. A closer examination revealed that
Peyton’s 2017 study exhibited a substantial change from its baseline, potentially influencing
the pooled data to yield statistically significant outcomes. Notably, Peyton’s study did
not assess VAS during the first month. In conclusion, while ketamine has demonstrated
effectiveness for short-term pain relief in various chronic pain conditions or neuropathies,
the evidence regarding its long-term effects remains unclear. Therefore, it is advised that
broader experimental studies be conducted, as the variability in dosages and treatment
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durations highlights the need for further research to establish optimal treatment protocols
and to better evaluate both the potential benefits and adverse effects associated with its
use [20,35,44].

5. Limitations

This review has limitations. Firstly, the included studies may have publication bias:
studies with different results that were in non-indexed literature in the selected databases
may have been excluded. Secondly, there is a probability that a more sensitive and specific
search regarding the topic to be studied was not carried out. Finally, personal preferences
may have influenced the authors in the selection of articles. Other limitations include the
change in objective after the registration of PROSPERO, the meta-analysis with only two
studies giving weak conclusions.

6. Conclusions

The use of LDK compared to the use of placebos only showed significant differences
within the first month of use in the reduction in NP, as measured by the NRS scale. In our
study, the dose and the neurophysiological mechanism that can support the use of LDK
for the reduction in NP were not found. It is important to note that based on the GRADE
analysis, the evidence in favor of or against the use of LDK in patients with NP is low to
moderate; therefore, additional high-quality studies with a large number of patients are
needed. Finally, we believe that new primary studies supporting or refuting the use of LDK
in the treatment of NP are necessary.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ph17091165/s1, Table S1: Search strategy in databases. Table S2:
Excluded studies and reasons. Table S3: GRADE. Summary of Findings (SoF) and quality of evidence
(GRADE) for Duloxetine in patients with neuropathic pain associated.
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Neuropathic pain NP
Low doses of ketamine LDK
Intravenous v
Numeric pain score NPS
Oral morphine equivalent OME
Douleur neuropathique-4 items  DN4
Numeric rating scale NRS
Visual analog scale VAS
Brief pain inventory BPI

Peripheral neuropathy PN
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