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Surgical treatment of a patient with erythromelalgia
(Mitchell's syndrome) using invasive spinal cord
stimulation: A Clinical case

Vachtang G. Toriya, Sergei V. Vissarionov, Margarita V. Savina, Alexey G. Baindurashvili

H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery, Saint Petersburg, Russia

BACKGROUND: Erythromelalgia is a rare hereditary disorder manifesting the basic triad of symptoms: erythro — red-
ness, melos — limb, and algos — pain. It was first described by the American neurologist, S. Weir Mitchell in 1878. Clinical
manifestations of the disease worsen the physical and psychological condition of the patient leading to reduced quality of
life, increased morbidity and mortality. Currently, etiotropic therapy for erythromelalgia that demonstrates high efficacy in
individuals with this pathology, has not been developed. Moreover, there is no consensus on treatment strategies for this
category of patients, emphasized by the absence of clinical guidelines for the treatment of erythromelalgia. Treatment of
patients with erythromelalgia is currently based on sequential pharmacotherapy in order to select the most effective therapy.

CLINICAL CASE: We presented the result of surgical treatment of erythromelalgia in a 15-year-old adolescent using
invasive spinal cord stimulation.

DISCUSSION: Erythromelalgia remains an understudied condition with the lack of sufficient understanding of its etiology
and pathogenesis. For the first time in Russia, a technique of invasive spinal cord stimulation was used in a pediatric patient
with erythromelalgia, which resulted in a significant reduction of neuropathic pain, restoration of vasomotor regulation in the
form of reduced edema and hyperemia.

CONCLUSIONS: In a patient with prolonged and pronounced refractory neuropathic pain caused by erythromelalgia, spi-
nal cord stimulation was the only effective treatment technique alternative to symptomatic and drug therapy. Spinal cord
stimulation should be considered as a method of treating neuropathic pain associated with pharmacoresistant forms of
erythromelalgia.
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KnuHnyeckmia cyyan

Xupypruyeckoe sieyeHue naumMeHTa ¢ IpuTpoMenanruen
(cunpapom Mutuenna) ¢ npumeHeHueM

WHBA3UBHOM CTUMYNALUM CNIMHHOIO MO3ra.
Knunuueckoe Habnioaenue

B.I. Topus, C.B. Buccapuonos, M.B. CasuHa, A.I. banHaypawusunu

HauuoHanbHbIN MeAVLMHCKUIA UccnefoBaTesbCKUiA LIeHTp TpaBMartonorim u optonegumn uM. LU, TypHepa, CankT-lletepbypr, Poccus

O6ocHoeaHue. 3puTpoMenanrus — peaKoe HacieACTBeHHOe 3aboneBaHue, NPOSBNSAIOLLEECS OCHOBHOW TPUAAON CUM-
NTOMOB: erythros — nokpacHeHue, melos — KoHe4YHOCTb U algos — bonb. Bnepsble onMcaHa aMepUKaHCKUM HEBPOJIOroM
S. Weir Mitchell B 1878 r. Knunudeckue nposiBnenns 3aboneBaHns yxyowalT (U3MYECKOE W MCUXONOrMYECKOe COCTOSHUE,
YTO MPUBOLMT K CHUMEHMIO KAUeCTBA XU3HM, MOBLILLEHMIO YPOBHSA 3ab01eBaeMOCTH U CMepTHOCTU. B HacTosee BpeMs Bbl-
COKO3(HEKTMBHAS ITMOTPOMHASA TePanKUs NPpY 3pUTPOMENanTuM He paspaboTtaHa, He JOCTUMHYT KOHCEHCYC B CTPATerum Nieve-
HWS 3TOW KaTeropuu NaLMeHToB, OTCYTCTBYIOT K/IMHUYECKME PEKOMEHAALIMK N0 UX JieueHuto. JSleueHne naLMeHToB C 3pUTpoMe-
nanrueii B HacTosLLee BpeMA OCHOBAHO Ha nocsenoBaTtenbHOM dhapMakoTepanum ¢ Lenbio noabopa Hanbonee 3 deKTMBHOM
CXEMBI.

Knunuyeckoe Habnioderue. TpeacTaBneH pesynbTaT XMPYPryecKkoro feYeHns aputpoMenanriv y 15-neTHero noapocTka
C MPUMEHEHWNEM WHBA3WBHOM CTUMYNIALMU CMIMHHOMO MO3ra.

06cyxcdeHue. IpUTPOMENANTUsA OCTAETCA W B Hallle BPEMS Manon3yyeHHbIM 3aboneBaHUeM, 3TUONOMUA U NaToreHes faH-
HOro COCTOSHMSA A0 KOHLA He MoHATHbI. Briepeble B Poccuu y nauueHTa getckoro Bospacta C 3puTpoMenanrueil npuMeHeHa
MeTOAMKA MHBA3MBHOW CTUMYNALMSA CMIMHHOMO MO3ra, YTo 06ecneynso 3HauuTeNlbHOe YMEHbLUEHWE HerponaTuyeckon bomw,
BOCCTaHOBJIEHWE Ba30MOTOPHOM PErynsALMM B BUAE YMEHBLLEHWUS OTEKA U TUMNEPEMUU.

3akoqeHue. Y naupeHTa ¢ LUTUTENbHOW U BbIPaXKeHHO pedpaKTepHOM HeliponaTieckomn Dosblo, Bbl3BaHHOM 3pUTPOME-
nanrven, CTUMyNALMA CIMHHOMO MO3ra OKasanacb eAVHCTBEHHON 3DMEKTUBHON METOAMKON NEYEHMS, CTaBLUEN anbTepHaTyh-
BOW CUMMTOMAaTUYECKON U NeKapCTBeHHOW Tepanuu. CTUMYNALMIO CIMHHOTO MO3ra CNefyeT paccMaTpuBaTh Kak OAMH U3 BO3-
MOXHbIX METO/0B JIeYeHUs HermponaTuieckon bonu, cesi3aHHoN ¢ hapMaKope3ncTEHTHBIMK hopMaMu 3puTPOMeENantuu.

KnioueBble cnoBa: aputpoMenanrus; Heiponatuyeckas 60nb; CTUMYNALMA CMMHHOMO MO3ra; HEMPOMOAYNALUMS; CUHLPOM
Mutuenna.
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BACKGROUND

Erythromelalgia is a rare hereditary disorder that is
characterized by the basic triad of symptoms, namely erythro
(redness), melos (limb), and algos (pain). It was first described
by the American neurologist S. Weir Mitchell in 1878 [1].

Currently, the pathogenesis of erythromelalgia is underin-
vestigated. Most patients with erythromelalgia have an SCN9A
gene mutation [2]. Several studies revealed that the SCN9A
gene is located in the 2g24.3 locus of chromosome 2 and is
responsible for the a-subunit formation of the closed sodium
channel NaV1.7, which is widespread in the spinal ganglia
neurons (nociceptors) that conduct pain signals and increase
depolarization to enhance the signal [3, 4].

Patients with erythromelalgia are classified into patients
with a primary form and an idiopathic form according
to the SCN9A gene mutation. Additionally, secondary
erythromelalgia can develop in the presence of the underlying
disease (usually myeloproliferative, rheumatoid, or infectious),
which is consistent with the concept of the polymorphic
etiology of this pathology [5].

Experts from Europe and the United States of America
reported the erythromelalgia incidence of 0.36-2.00 per
100,000 people per year. Primary erythromelalgia is more
common. Erythromelalgia is detected approximately 2 times
more often in females than in males [6-8].

The primary disease diagnosis is based on the history
and clinical presentation. Erythromelalgia is a disease with
multiple manifestations, which mainly include skin redness,
swelling, and extremities soreness, more often the lower
ones. Less commonly, the process is localized on the upper
limbs, face, perineum, and genitals [9, 10].

Moreover, a local increase in the skin temperature is noted
in the clinical disease presentation. Usually, the lesion sym-
metrically develops on both limbs; with daily disease activity
with pain syndrome exacerbation at night, and seasonal activ-
ity with increased symptoms in warm months. Some patients
develop a severe neuropathic burning pain syndrome that
interferes with sleep and limits their motor activity [11, 12].

The most common complications of erythromelalgia
are trophic disorders in the form of macerations and ulcer-
ations [13].

Infection of soft tissues and sepsis occur in some cases,
which can lead to lower extremity amputations [14].

Some patients may have mental disorders due to
the constant and severe neuropathic pain [15].

A large number of patients with erythromelalgia are
diagnosed with refractory hypertension, with frequent
hypertensive crises with simultaneous neuropathic pain
syndrome intensification [16, 17].

All these manifestations deteriorate the patient’s physical
and mental condition and reduce the quality of life, which
leads to increased morbidity and mortality [18].
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Increased manifestations of erythromelalgia are mainly
triggered by an increased ambient temperature, wearing tight
shoes, increased physical activity, and forced longtime limb
position, causing a disorder of their tropism.

Currently, highly effective etiotropic therapy for
erythromelalgia has not been developed, no consensus has
been achieved on the treatment strategy for this category of
patients, and there are no clinical treatment guidelines.

The main therapy for erythromelalgia is symptomatic
and consists in cooling the extremities by wrapping them in
wet cloths, using air conditioners and fans, and immersing
the extremities in cold water for a long time, which
often induces frostbite and the above-mentioned trophic
complications.

The treatment of patients with erythromelalgia is
currently based on consistent pharmacotherapy to select
the most effective regimen. The therapy is aimed at
alleviating the patients’ condition induced by the main
disease symptoms. Drugs from the groups of sodium channel
blockers, antidepressants, anticonvulsants, antihistamines,
prostaglandins, immunosuppressive drugs, aspirin, and
topical drugs are mostly used. However, none of the drugs
was fully effective, which led to polypharmacy in most
patients. Some patients are resistant despite a wide range
of drugs, and most often these are patients with primary
erythromelalgia [19, 20].

The literature presents no systemic data on interventional
treatment of erythromelalgia. Several clinical cases of adult
patients with this disease have been described. The authors
reported a positive effect of neuromodulation, clinical
manifestation regression, and improved quality of life in
the immediate and long-term postoperative periods [21, 22].

CLINICAL CASE

A 15-year-old patient with a previously diagnosed
hereditary erythromelalgia was hospitalized in the Department
of Spinal Pathology and Neurosurgery of the H.I. Turner
National Medical Research Center for Children’s Orthopedics
and Trauma Surgery. The patient complained of hyperemia,
burning pain, swelling in the feet and lower third of the lower
legs, refractory hypertension with hypertensive crises up to
5 times a day, and subsequently increased pain. For the first
time, clinical manifestations were recorded at the age of
4 years and were induced by physical exertion. They
disappeared during the rest period. The disease course was
slowly progressive, and cold therapy was first started using
an air conditioner and a cold rubber water bag at the age of
11 years. Since then, decreased motor activity has been noted;
however, the patient could not attend an educational institution.
The child was examined by a geneticist, a neurologist, and
a dermatologist. The hereditary nature of the disease has
been established, considering erythromelalgia in the mother
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Fig. 1. Patient A. at the age of 14 years. Ulcerative skin lesion of
the lower extremities

and grandmother. The patient began to receive effective
pharmacotherapy at the age of 12 years. Hypertension
and hypertensive crises were first registered at the age of
13 years. Over the subsequent period, several treatment
regimens were tested using various combinations of non-
steroidal anti-inflammatory drugs, antihistamines, opioids,
antidepressants, systemic and local hormone therapy,
antiepileptic drugs, and topical agents with lidocaine and

silver. All therapy options were ineffective or had effect for
no more than 4 h, after which the pain syndrome intensified.
During the treatment, adverse reactions developed in the form
of toxicoderma and skin ulcers of the lower extremities from
the upper third of the lower leg to the feet (Fig. 1), which
required surgical hospital treatment. Episodes of panic
attacks with difficulty breathing appeared due to the condition
deterioration and increased pain at rest and night, followed
by sleep regression [20].

Patient examination revealed a forced sitting position on
the bed with symptomatic cooling of the lower extremities
with a cold rubber bag and air conditioning. Onychomycosis,
hyperemic lower extremities from the middle third level of
the leg, trophic foot ulcers in the healing stage, and post-
ulcer scars of the lower legs and feet up to 15 x5 cm? in size
were noteworthy (Fig. 2).

Physical examination revealed no abnormalities in
the cardiovascular, respiratory, and digestive systems.
The neurological status included hyperesthesia from
the middle third level of the lower leg, increasing in
the distal direction. Pain neuropathic syndrome intensified
in 20-30 min after a manual feet examination. Condition
on the Karnofsky scale was 40%. The pain was rated at
8 points on a visual analog scale. Night sleep regression
was first registered at the age of 14 years. Carbamazepine
was prescribed at 200 mg twice a day, and hypertension
was treated with Enap at 10 mg twice a day. Hypertensive
crises occurred up to 5 times a day and were stopped by
Concor and Capoten, and the maximum blood pressure was
160/110 mm Hg. Urinalysis and clinical and biochemical
blood test results were within reference values. Magnetic

Fig. 2. Appearance of the lower extremities at hospitalization
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resonance and computed tomography of the thoracic and
lumbar spine revealed no pathology.

Electroneuromyography revealed signs of diffuse axonal
motor fiber and, to a greater extent, sensory peripheral
nerve fiber damage of the lower extremities, which are
characteristic of manifestations of axonal, predominantly
sensory, and polyneuropathy of the lower extremities. No
disorders were registered in the functional activity of sensory
and motor fibers of the upper and lower extremities.

Thus, a rare case of hereditary drug-resistant erythrome-
lalgia with severe complications in the form of trophic skin
disorders of the lower extremities, refractory hypertension
with frequent hypertensive crises, panic attacks with respi-
ratory failure, sleep regression, and motor activity limitation
was diagnosed in the patient.

A multidisciplinary treatment approach for chronic pain
syndrome was decided, considering the disease duration,
the lack of symptomatic therapy effects, and the condition
deterioration. Spinal cord stimulator implantation was
planned as part of a multimodal treatment regimen.

The surgery was performed to implant a permanent
eight-junction cylindrical epidural electrode. The electrode
was placed at the Th,,—Th,, vertebrae level and the pulse
generator was implanted in the right lumbar region using
intraoperative radiography (Fig. 3).

Intraoperative neurophysiological monitoring was
performed to position the electrodes to cover the sensory
area of the lower legs and feet. The muscular activity
of the lower extremities (m. vastus lateralis, m. tibialis
anterior, m. gastrocnemius, and m. abductor hallicis brevis)
was recorded when the epidural electrode was activated
in the TriggeredEMG mode. The electrodes were placed in
such a way that the maximum effect of the electric current
accounted for the lower leg and feet region on both sides,
which was manifested by the emergence of evoked activity
on the electromyograms of the corresponding lower extremity
muscles (Fig. 4).

The patient was in a horizontal position with a low
flat pillow under his head for 2 days postoperatively to
prevent electrode displacement. Stimulation started on
a postoperative day 2 with constant tonic mode exposure
with parameters of 4+ and 5—, pulse duration of 350 ms,
frequency of 40 Hz, and the current strength of 2.1 mA
(current strength range: 0.4-4.1 mA). The sensations of
stimulation were described by the patient as a vibration that
initially occurred in the lower legs with a gradual spread
distally to the foot level. The patient did not feel the vibration
in the feet, which is typical for sensory polyneuropathy
manifestations, considering the electroneuromyography
results. However, the current strength was not increased,
and the cumulative effect of neuromodulation was observed,
considering the data of intraoperative mapping during
neurophysiological monitoring, indicating the conduction of
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Fig. 3. Intraoperative radiography and the position of the eight-
junction epidural electrode at the Th,~Th,, vertebrae level

electric current when the epidural stimulator was connected
to the lower legs muscles.

Improvement was noted on day 2 of stimulation in the form
of an insignificant pain syndrome regression. Starting from
day 3, the patient had a sensation of vibration in the feet, with
a tendency to reduce skin hyperemia and extremity swelling.
After 3 days of positive dynamics with constant tonic mode
stimulation, a transition was made to the variable Burst
mode. Further stimulation took place in the mode of 3 min
operation and 3 min pause, with parameters of 5+ and 6-,
the current strength of 1.1 mA (current strength range of
0.5-4.1 mA), the pulse width of 300 ms, basic frequency
of 40 Hz, instantaneous pulses of 5, duration of 1 ms, and
frequency of 500 Hz. The decision to change the stimulation
mode to the Burst mode was due to the positive effect
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Fig. 4. Data of intraoperative neurophysiological monitoring
using an epidural electrode with muscular activity registration of
the lower extremities on the left and right: channel I: m. vastus
lateralis, channel Il: m. tibialis ant., channel Ill: m. gastrocnemius,
and channel IV: m. abd. hallucis brevis. The muscular activity during
the period of choosing the epidural electrode position is presented,
and the muscular activity of the feet on both sides is recorded in
presence of rhythmic stimulation with electrical impulses when the
electrode is connected
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Fig. 5. Patient A. at 15 years old. The appearance of the lower
extremities on day 7 of stimulation, regression of hyperemia, and
leg and feet swelling

of stimulation on day 1 and the literature data on a more
pronounced analgesic effect of this mode [23].

Pain, erythema, and edema started to noticeably decrease
after 4 days of stimulation. On day 7, edema and erythema
regressed (Fig. 5), the pain index on the visual analog scale
decreased to 2 points, and the duration of sleep increased.

The therapeutic effect persisted 3 weeks after the start of
stimulation, and the carbamazepine intake was discontinued.
The patient's condition did not deteriorate thereafter. The pa-
tient experienced an increased incidence of hypertensive cri-
ses with simultaneous occurrence of shooting impulses in
the lower extremities during stimulation, as well as pain syn-
drome intensification 2 months after the start of stimulation.

The child was hospitalized in the Cardiology Department
for examination and antihypertensive therapy selection.
Propranolol was prescribed at 1.875 mg/kg per day, and
losartan at 12.5 mg once daily in the course of therapeutic
measures. With antihypertensive therapy, the incidence
and degree of arterial hypertension decreased, as well as
the incidence of shooting impulses to the lower extremities,
but without complete regression. The stimulation period was
reduced and the pause period was increased, with the mode
of 1.5 min of stimulation and 12 min of pause. The episodes
of shooting impulses into the lower extremities almost
completely disappeared after a change in the stimulation
mode, and the analgesic effect was preserved. Pain in
the sitting position was 2—3 points on the visual analog scale
and up to 4 points in the supine position, with increased pain
at night 6 months after the therapy initiation. The patient
occasionally resorted to symptomatic lower extremity
cooling. A positive vasomotor effect persisted in the form
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of the absence of significant swelling and skin hyperemia of
the lower extremities. The Karnofsky index increased to 70%,
the physical and emotional state significantly improved, and
depressive symptoms and negative emotions associated with
pain decreased.

DISCUSSION

Erythromelalgia, which was first described in 1878 and
diagnosed by a characteristic triad of symptoms, remains
an insufficiently studied disease nowadays, with no
sufficient etiology and pathogenesis understanding [1-5].
The literature revealed no clear and reasonable strategies
for the treatment of patients with erythromelalgia [20].
The presented clinical case describes a rare hereditary
form of erythromelalgia resistant to combination
pharmacotherapy with a constant progredient course
and periods of exacerbation and remission. Over the past
3 years, the patient gradually developed severe trophic
complications that required inpatient treatment, as well
as concomitant arterial incurable hypertension and sleep
regression, which, in combination, led to panic attacks
and negative emotions associated with pain. The severe
condition resulted in decreased motor activity; therefore,
the quality of life significantly decreased. Considering
the drug-resistant disease course, neurosurgical techniques
aimed at nociceptive receptor blockade, and antinociceptive
system strengthening were considered and applied. For
the first time in Russia, the technique of invasive spinal
cord stimulation was used in a pediatric patient with
erythromelalgia, which significantly reduced the neuropathic
pain and restored vasomotor regulation, namely reducing
swelling and hyperemia, normalizing sleep, increasing
motor activity, and generally improving the quality of life.
A stable weakening of the manifestations of erythromelalgia
for 6 months after surgical treatment was achieved using
spinal cord stimulation. We may suggest a pathognomonic
effect of spinal cord stimulation on the clinical
manifestations of erythromelalgia with the main localization
of the process in the lower extremities due to the regression
of neuropathic pain syndrome and dyscirculatory disorders
[3, 4]. In our case, the spinal cord stimulation technique
surpassed in efficiency the traditional pharmacological
treatment [5, 7 12, 15, 16], which determines the interest
in future research in the field of neuromodulation as part
of a multimodal treatment regimen for patients with this
complex and debilitating disease.

CONCLUSION

This study presented a clinical case of a patient with
drug-resistant erythromelalgia with severe neuropathic
pain, trophic disorders, and severe complications, which
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necessitated inpatient treatment. The spinal cord stimulator
implantation was part of a multimodal treatment regimen
for a patient with this complex and debilitating disease
based on the lack of effect from long-term symptomatic
therapy and the deterioration of the child’s condition. Re-
gression of neuropathic pain syndrome and dyscirculatory
disorders was achieved as a result of surgical treatment in
the immediate postoperative period. Thus, spinal cord stim-
ulation has become the only effective treatment method,
an alternative to symptomatic and drug therapy, in a pa-
tient with prolonged and severe refractory neuropathic pain
caused by erythromelalgia. Spinal cord stimulation should
be considered as one of the treatment methods for neuro-
pathic pain associated with drug-resistant forms of eryth-
romelalgia.
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