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Abstract

Introduction: Facial pain (FP) is a type of neuropathic pain
which recognizes both central and peripheral causes. It can
be difficult to treat because it can often become resistant to
pharmacological treatments. Motor Cortex Stimulation
(MCS) has been used in selected cases, but the correct indi-
cations of MCS in FP have not been fully established. Here we
systematically reviewed the literature regarding MCS in FP
analysing the results of this technique and studying the pos-
sible role of different factors in the prognosis of these pa-
tients. Methods: A literature search was performed through
different databases (PubMed, Scopus, and Embase) accord-
ing to PRISMA guidelines using the following terms in any
possible combination: “facial pain” or “trigeminal” or “anaes-
thesia dolorosa” and “motor cortex stimulation.” Results:
111 articles were reviewed, and 12 studies were included in
the present analysis for a total of 108 patients. Overall, at lat-
est follow-up (FU), 70.83% of patients responded to MCS.
The preoperative VAS significantly decreased at the latest FU
(8.83£1.17 and 4.31 £ 2.05, respectively; p < 0.0001). Younger

age (p = 0.0478) and a peripheral FP syndrome (p = 0.0006)
positively affected the definitive implantation rate on uni-
variate analysis. Younger age emerged as a factor strongly
associated to a higher probability to go to a definitive MCS
implant on multivariate analysis (p = 0.0415). Conclusion:
Our results evidenced the effectiveness of MCS in treating
FP. Moreover, the younger age emerged as a positive prog-
nostic factor for definitive implantation. Further studies with
longer FU are needed to better evaluate the long-term re-
sults of MCS. © 2021 S. Karger AG, Basel

Introduction

Neuropathic pain (NP) can substantially impair qual-
ity oflife and is often associated with other problems such
as loss of function, anxiety, depression, disturbed sleep,
and impaired cognition [1]. Standard treatment consists
of pharmacological therapies, but this type of pain often
shows a tendency to become refractory to different drugs
and painkillers [2]. Chronic facial pain (FP) recognizes
different causes [3, 4] such as cerebrovascular accidents
(central post-stroke pain and thalamic pain), different
types of trigeminal pain (trigeminal NP, trigeminal deaf-
ferentation pain, and post-herpetic neuralgia) and the
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atypical FP, recently re-defined as persistent idiopathic
FP by the International Headache Society, whose exact
physiopathology is still unknown [5]. Motor cortex stim-
ulation (MCS) was firstly advocated as a type of treatment
for NP by Tsubokawa et al. who reported a considerable
improvement of pain in a patient suffering from central
deafferentation pain [6]. Since then, several case reports
and case series have been reported on the results of MCS
for different types of NP and FP [7-16]. Although a pre-
vious critical review about NP suggested the usefulness of
MCS in these patients [17] and a meta-analysis showed
the effectiveness of MCS over placebo and transcranial
magnetic stimulation (TMS) in different NP [18] syn-
dromes, the correct indications of MCS have not been
fully established. Moreover, to the best of our knowledge,
no systematic review with a pooled analysis of the litera-
ture has been published about the results of MCS in FP.
The aim of our study was to systematically review the lit-
erature regarding MCS in FP analysing the results of this
technique in these patients. Furthermore, we studied the
possible role of different factors in the prognosis of FP
patients submitted to MCS.

Methods

Inclusion Criteria and Outcomes Measurement

This study was conducted in agreement with the PRISMA
guidelines statement [19]. Three medical databases (PubMed, Sco-
pus, and Embase) were screened for eligible scientific reports. The
key words “facial pain” or “trigeminal” or “anaesthesia dolorosa”
and “motor cortex stimulation” were used in any possible combi-
nation. The last search was launched in April 2020. Two reviewers
(A.R.and E.I.) independently screened the abstracts and the refer-
ences list. Any difference was solved by consensus with a third se-
nior author (N.M.).

Studies were included if they met all the following criteria: (1)
prospective or retrospective studies on MCS in patients with FP in
English language, (2) series with > 5 patients, and (3) series which
clinical data, outcome, and follow-up (FU) were reported for each
patient. As outcome indicators, we studied the implantation rate
(the rate of patients implanted after the stimulation trial), the re-
sponder rate after MCS at latest FU, the tolerance rate (if reported
in the studies for each patient or otherwise evaluated as an increase
of > two points on VAS scale during FU) and the changes in vi-
sual analogue scale (preoperatively and at latest FU). Moreover, we
studied the influence of sex, age (<50 vs. 250 years), FP syndrome
(central vs. peripheral), pain duration before MCS, and history of
previous operations on the clinical outcomes with univariate and
multivariate analysis (logistic regression model).

Statistical Analysis

Statistical analyses were done using StatView version 5 soft-
ware (SAS Institute Inc.). Statistical comparison of continuous
variables was performed by Student’s ¢ test. Statistical comparison
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Fig. 1. Flowchart of study selection.

of categorical variables was performed by ¥* statistic, using the
Fisher exact test. A multivariate logistic regression model was used
to estimate the odds ratio to be a patient implanted and to be a re-
sponder, while adjusting for baseline variables that included sex,
age, FP syndrome, and pain duration before MCS. Differences
were considered significant at p < 0.05.

Results

A total of 111 articles were identified and reviewed
(Fig. 1). Finally, 12 studies were included in the present
investigation (Table 1) [7, 9, 20-29] for a total of 108 pa-
tients. A summary of demographic and clinical data of
patients included in the pooled analysis is reported in Ta-
ble 2. Before MCS definitive implantation, all patients
were submitted to a stimulation trial. Out of them, 96/108
(88.88%) were submitted to permanent MCS. The mean
age at implantation was 55.04 + 13.03 years, and the mean
FU was 41.89 + 42.86 months. The mean duration of pain
before MCS implantation was 5.92 + 4.72 years. Twenty-
four patients had a central FP syndrome, and 84 had a
peripheral FP syndrome. Overall, at latest FU there were
68/96 (70.83%) patients who responded to MCS. We were
able to study the impact of the following factors for the
univariate and multivariate analysis in this amount of pa-
tients: sex, n = 82; age, n = 82; FP syndrome type, n =108;
pain duration before MCS, n = 58; and history of previous
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Table 1. Studies included in the systematic review on MCS in FP

Author Type of article Patients, n FU, months
Meyerson et al. [9] Retrospective 5 14.4
Herregodsts et al. [20] Retrospective 7 12.7

Ebel et al. [21] Retrospective 7 14.5
Nguyen et al. [7] Retrospective 7 28.3
Brown et al. [22] Retrospective 10 10
Rasche et al. [23]* Retrospective 7 49.7
Pirotte et al. [24] Retrospective 7 224
Lefauceheur et al. [25] Retrospective 6 12
Fagundes-Pereyra et al. [26] Retrospective 6 29.1

Raslan et al. [27] Retrospective 11 33
Kolodziej et al. [28] Retrospective 9 6-72 (39 mean)
Rasche et al. [29] Retrospective 26 67.2

*In this study, patients with peripheral FP were not considered because the long-term results of these patients have
been reported in Rasche et al. [29]. MCS, motor cortex stimulation; FP, facial pain; FU, follow-up; FP, facial pain.

operations, n = 50. Amongst the studied factors, the
younger age (p = 0.0478) and a peripheral FP syndrome
(p = 0.0006) positively affected the definitive implanta-
tion rate on univariate analysis. None of the studied fac-
tors affected the probability to be a responder. Tolerance
to the MCS was developed in 23/66 (34.84%) of cases and
none of the studied factors affected the possibility to de-
velop a tolerance after MCS. When studied (41 patients),
the preoperative VAS significantly decreased at latest FU
(8.83 £ 1.17 and 4.31 + 2.05, respectively; p < 0.0001). In
the multivariate analysis, younger age emerged as a factor
strongly associated to a higher probability to go to a de-
finitive MCS implant (p = 0.0415, Table 3).

Discussion

The idea that the motor cortex could be implied in
pain modulation is not new and dates back to the last cen-
tury when Penfield and Jasper discovered that motor cor-
tex excision during epilepsy surgery was related to the
relief from some types of severe pain, obviously followed
by serious morbidities [30]. Moreover they noted that the
sensory cortex excision did not accomplish the same goal
[30]. From a pathophysiological point of view, the activa-
tion of the connection fibres amongst motor and sensory
cortex had been initially proposed by Tsubokawa et al. [6]
as the main mechanism responsible for the implementa-
tion of the nociceptive inhibitory system at the thalamus
level. However, different studies suggest that MCS would
be able to modulate nociception also at the level of

Motor Cortex Stimulation in Facial Pain

Table 2. Demographic and clinical data of patients included in the
pooled analysis

Patients 108
Sex (M/F)* 26/56
Mean age, years™ 55.04+13.03
Mean FU, months 41.89+42.86
Type of pain

Central pain 24
Brainstem infarction 2
Central demielynation 1
Post-stroke pain 14
Other causes 7
Peripheral pain 84
Trigeminal NP** 68
Typical drug-resistant trigeminal neuralgia 10
Persistent idiopathic FP 2
Other causes 4
Patients with previous operations (yes/not)*** 25/25
Number of previous operations

Patients with 1 previous operation 42
Patients with 2 previous operations 14
Patients with 3 previous operations 7
Patients with 4 previous operations 2
Type of previous operations 2
Posterior fossa surgery 18
Percutaneous balloon compression 1
Percutaneous glycerol injection 3
Radiofrequency rhizotomy 10
Gamma knife surgery 3
Previous other site neuromodulation 7

FU, follow-up; NP, neuropathic pain; FP, facial pain. * available
in 82 cases; ** including anaesthesia dolorosa, trigeminal post-her-
petic and post-traumatic pain; *** available in 50 cases.
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Table 3. Logistic model coefficients table for MCS implant

Coef Std. error Coefficient/SE x> pvalue  Exp (coef) 95% lower  95% upper
Y: constant 3.206 1.760 1.822 3.319 0.0685 24.675 0.784 776.506
Pain duration before MCS 0.088 0.087 1.007 1.013 0.3141 1.092 0.920 1.296
FP syndrome 0.95 0.814 1.167 1.362 0.2431 2.585 0.525 12.739
Sex 0.520 0.898 0.579 0.335 0.5626 1.682 0.289 9.783
Age -0.053 0.026 -2.039 4.156 0.0415 0.948 0.901 0.998

MCS, motor cortex stimulation; FP, facial pain.

brainstem, cingulate gyrus, anterior insula, orbitofrontal
cortex, and dorsal horns of the spinal cord [31]. Recent
studies on animal models of NP support the hypothesis
that MCS would be effective on chronic pain because of
the activation of protein kinase M zeta, a regulator of syn-
aptic plasticity, in the anterior cingulate cortex [32]. From
a technical point of view, MCS is performed under gen-
eral anaesthesia by a small craniotomy even if the use of
burr hole techniques under local anaesthesia has also
been reported [6, 9]. The current technique implies the
positioning of a 4- or 8-polar electrode paddle in the epi-
dural space, and the identification of precentral sulcus by
the presence of N20-P20 phase reversal on median nerve
somatosensory evoked potentials. After confirmation of
the electrodes’ correct position through motor evoked
potential by electromyography, the paddle is sutured to
the dura. Recently, the identification of the motor strip on
a preoperative functional MRI has been reported as a use-
ful tool during surgery [24]. The subdural electrodes
placement has been considered but this strategy was as-
sociated to a higher risk of complications (subdural hae-
matoma and epileptic seizures) without raising the effec-
tiveness [33]. To our knowledge, this was the first system-
aticreview with a pooled statistical analysis which assessed
effectiveness of MCS in FP investigating some predictive
factors of positive response. Our pooled analysis con-
firmed the efficacy of MCS in treating FP without a sig-
nificant difference amongst the different causes. Further-
more, we found a significant reduction of the VAS values
at last FU whenever reported. Some authors suggested
that MCS would be more efficacious in peripheral NP
over central NP [17]; however, our analysis fails to show
such a difference. These data could be explained by the
fact that in all included studies of our pooled analysis, a
stimulation trial had been performed. In fact, we found
that peripheral FP positively affects the possibility to
prosecute with full implantation after the trial. Thus, pa-
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tients with central FP could have decided to not go on
with the definitive implantation due to the lack of re-
sponse to the stimulation trial. Some authors supported
the TMS of the motor cortex in order to identify patients
who will be responders to MCS, avoiding the more inva-
sive neurostimulation trial [34-36]. While the positive
predictive value of this test has been accepted, the nega-
tive predictive value of TMS is still debated [36]. Thus, it
is uncertain if TMS should be routinely used to rule out
patients for MCS. Another strong predictive factor for
definitive implantation in our pooled analysis was the
younger age of MCS. In our opinion, this may be ex-
plained by the fact that younger patients could be more
compliant during the trial phase of this advanced tech-
nology. Moreover, a more efficient synaptic plasticity,
which is typical of younger patients, could play a role in
the better results in this category of patients. Thus, MCS
might be proposed earlier in the clinical history of patient
[2, 3]. Nonetheless in our pooled analysis we found that
the duration of pain does not affect the possibility to re-
spond to MCS. This could be related to the fact that MCS
induces a brain plasticity which is probably not influ-
enced by the molecular mechanisms underlying the NP
maintenance [31, 32]. Thus, also patients with longer
pain history should not be excluded a priori from this ap-
proach. Even if we found no factors associated with the
tolerance development, some authors reported tolerance
episodes along time [6, 7, 21]. The mechanism of this phe-
nomenon is still not completely understood. Further
studies are needed to better understand if the stimulation
modalities and parameters could affect the tolerance de-
velopment to MCS. In our analysis, the most frequent
complication was the occurrence of transient intraopera-
tive seizures. Clinically important issues such as epidural
haematoma or stroke were occasionally reported 7,9, 21,
23,24,28,29]. Our study has some limitations. All articles
included in our systematic review were retrospective. The
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mean FU greatly varied amongst the studies, and it was

>5 years only in few cases.

Conclusion

This systematic review evidenced the effectiveness of
MCS in treating FP. In our pooled analysis, younger age
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