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Abstract: A 41-year-old woman presented with burning and erythema in her extremities
triggered by warmth and activity, which was relieved by applying ice. Extensive workup was
consistent with adult-onset primary erythromelalgia (EM). Several pharmacological treatments
were tried including local anesthetics, capsaicin, ziconotide, and dantrolene, all providing 2448
hours of relief followed by symptom flare. Interventional therapies, including peripheral and
sympathetic ganglion blocks, also failed. Thus far, clonidine and ketamine have been the only
effective agents for our patient. Genetic testing was negative for an EM-associated mutation in the
SCNY94 gene, encoding the Na, 1.7 sodium channel, suggesting a mutation in an alternate gene.
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Introduction

Erythromelalgia (EM) is a rare neurovascular disorder characterized by swelling,
erythema, and burning in the extremities in a stocking-glove distribution, which is
relieved by exposure to cold but worsened by heat stimuli. Based on its etiology, EM
is classified into two types: primary and secondary EM. Primary EM may be either
hereditary with mutations in SCN94 resulting in defective Na, 1.7 sodium channels
or idiopathic with spontaneous gain-of-function mutations in SCN94 or other genes.
Secondary EM is associated with hematological disorders involving thrombocytosis,
certain immunological disorders, and some vasoactive medications.! Despite the
discovery of underlying Na, 1.7 channel dysfunction in inherited EM,* these patients
often course through many different treatment modalities with inconsistent therapeu-
tic responses.? This report describes a case of refractory late-onset primary EM and
raises key questions about its diagnosis, treatment, and the utility of genetic testing.

Consent for publication
We obtained written permission from the patient to publish this case report and the
accompanying images.

Case description

A 41-year-old woman presented to our clinic with late-onset EM, diagnosed 9 years
prior at another institution following prolonged casting for a left metatarsal stress
fracture. Her clinical presentation included burning, erythema, and swelling through-
out her left foot. Over the course of next 3—4 months, her symptoms progressed to
involve all extremities in a stocking-glove distribution. Her pain grew more intense
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with the addition of “throbbing, stabbing, and jerking”
sensations. The frequency of her symptoms also escalated
over time. Initially, she suffered from monthly flares lasting
up to 24-48 hours, but within 5 years, she was essentially
confined to her home maintained at an ambient temperature
of 15°C. Her past medical history was significant for Rayn-
aud’s disease, focal alopecia, hirsutism, premature ovarian
failure, and severe melanosis coli secondary to long-term
laxative use for chronic constipation. Her family history
was negative for EM.

During her initial visit to our clinic in 2012, her symp-
toms were nearly constant and had spread to involve her nose
and ears. Her extremities were swollen, erythematous, and
mottled (Figure 1A and B), and she episodically developed
purple patches on her digits with a characteristic evolution
(Figure 1C and D). Over the course of approximately 4
weeks, hard immobile papules would appear, whiten, and
then ulcerate. Her symptoms were exacerbated by warmth,
stress, physical activity, certain foods, and alcohol. She also
had allodynia and arthralgias that persisted between flares.

Having failed several treatments at other institutions,
she had stopped taking any medications when she presented
to us but was chronically icing her limbs and receiving
intermittent herbal body wraps that briefly mitigated her
symptoms. Laboratory studies including complete blood
count, comprehensive autoimmune panel (rheumatoid
factor, erythrocyte sedimentation rate, C-reactive protein,
anti-nuclear antibody, anti-dsDNA, anti-cyclic citrullinated
peptide, anti-Ro, anti-La, anti-Sm, anti-ribonucleoprotein,
anti-Scl70, anti-centromere), cold agglutinin screen, serum
protein electrophoresis, and serum concentrations of IgG
and heavy metals were all negative, ruling out secondary
causes of EM. Autonomic reflex screen showed cardiova-
gal impairment consistent with limited neuropathy, as
cardiovascular adrenergic and postganglionic sympathetic
sudomotor function was preserved. There was evidence
of length-dependent large-fiber peripheral neuropathy per
nerve conduction studies, and transcutaneous oximetry
(tcpO2) showed abnormal peripheral hemodynamic regula-
tion with increased tcpO2 at the distal extremities, which
decreased more proximally. Plain radiographs of the hands
showed resorptive changes involving distal tufts of her distal
phalanges, but there were normal degenerative changes in
the feet where her symptoms were the most severe. Quan-
titative sensory testing revealed changes consistent with
peripheral neuropathy, with the most significant changes
noted with vibration and temperature sense. Thermog-
raphy was positive, and her skin biopsy showed pernio,

E

Figure | Erythematous feet (A) and hands (B) at baseline with firm, nodular
lesions in the beginning stages of development. An example of extremities (C and
D) during a symptom flare with progression of lesions to blisters and ulceration.
Demonstration of feet (E) and hands (F) after successful treatment with clonidine
and ketamine, and lesions in the process of healing.

microvascular inflammation from repeated exposure to
cold, which likely reflected her icing habits. Other special
testing including hemodynamic responses to valsalva and
tilt table testing as well as quantitative axon reflex sweat
tests were negative.

Medical treatment over the past 4 years included trials of
an array of oral, intravenous (IV), and topical medications
including opioids, sodium and calcium channel blockers,
antidepressants, antiepileptics, dantrolene, immunoglobulin
infusions, compounded creams, and other adjuvants (Table 1
presents a summary of medical and interventional therapies).
Medical management with these agents was either ineffective
or amplified her symptoms. These flares involved 1 week
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Table | Classes of medications and interventions tried with
varying efficacy

Medications
NSAIDs
Opioids (full and partial agonists)
Antidepressants (tricyclics and serotonin—norepinephrine reuptake
inhibitors)
Antiepileptics
GABA analogs
Sodium channel blockers (oral, epidural, IV, IT)
Sodium channel blockers (small molecule, topical)
Calcium channel blockers
Alpha-2-agonists
Dissociative anesthetics (ketamine)
TrpVI agonists (cream, patch)
Glucocorticoids (oral, epidural)
Quinolines (hydroxychloroquine)
Biologics (IVIG)
Nitrates and phosphodiesterase inhibitors
Microtubule polymerization inhibitors
Antihyperglycemics (rosiglitazone)
Xanthine derivatives (pentoxyfylline)
Ryanodine receptor antagonists (dantrolene)
Interventions
Thoracolumbar spinal cord stimulator, T11-L3 (trial only)
Epidural steroid injections
Epidural and intrathecal infusions
Local anesthetics (lidocaine, bupivacaine)
Opioids (fentanyl, dilaudid)
Clonidine
Sympathetic ganglion blocks
Peripheral nerve blocks
Perivascular blocks

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; GABA, gamma
aminobutyric acid; IV, intravenous; IT, intrathecal; IVIG, intravenous immunoglobulin.

of pain intensification followed by 2—4 weeks of swelling
with fulminant development of ulcerating lesions on her
digits. Sequential rounds of IV nitroglycerin and high-dose
capsaicin patches were also tried but were discontinued
secondary to desquamation. An initial improvement with IV
dantrolene infusion was encouraging; however, the therapy
was discontinued due to side effects. Transdermal clonidine
improved her erythema and swelling; however, the associated
vasodilation worsened her pain, which was controlled by the
addition of IV ketamine. Clonidine and ketamine were the
only agents that transiently dampened her symptoms without
provocation of flares; however, she required monthly week-
long hospitalizations for these treatments, which provided
only minimal relief (Figure 1E and F).

Interventional therapies included sympathetic ganglion
and perivascular blocks as well as intrathecal and epidural
infusions of fentanyl, local anesthetics, clonidine, and
ziconotide, which all resulted in brief symptom mitigation
(up to 48 hours) followed by her characteristic flare lasting

up to 4 weeks. Epidural catheter placement resulted several
times in insertion-site erythema, pain, and sterile drainage in
the absence of systemic signs of infection. In one instance,
48 hours after the initiation of an epidural infusion of 0.25%
bupivacaine, she developed sudden onset complete lower
extremity motor weakness and saddle anesthesia that resolved
3 hours after terminating the infusion.

Given the intractability of her symptoms, she was enrolled
in a clinical trial testing of a topical small-molecule Na, 1.7
inhibitor, XEN402, a novel compound that exhibits potent,
voltage-dependent block of Na,1.7.* She was prematurely
discontinued from this trial due to dramatic desquamation
that developed days after initial application of the inhibitor.
With the goal of formulating our therapeutic strategy, we
sought the results of her SCN94 exon sequencing, which was
performed during the clinical trial. Surprisingly, it revealed a
wild-type sequence for the SCN94 gene encoding the Na, 1.7
o-subunit. This ruled out all known coding region genetic
defects linked to inherited EM as well as any novel mutations.

Discussion

In this case report, we describe the condition of a patient
severely affected by erythema, swelling, and pain in her hands
and feet that progressed in spite of multiple therapeutic trials.
Complex regional pain syndrome (CRPS) is a disease affect-
ing the extremities that often develops after fracture or minor
injury,’ as was the case with this patient. However, while
she does meet the criteria for CRPS (including vasomotor,
sudomotor, motor, and sensory signs),’the triggering of her
symptoms by even mild increases in ambient temperature
or activity, the use of cooling behaviors to achieve symptom
relief, and predominance of erythema and burning are highly
suggestive of EM as the primary diagnosis.

In 2004, the SCN94 gene was implicated in the patho-
genesis of inherited EM,? and since then, an impressive
amount of research has been performed to produce targeted
inhibitors of the Na 1.7 channel.*’ Interestingly, however,
the heterogeneous clinical presentation of patients with EM
explains the phenotype—genotype discrepancy of this dis-
ease,’® as even patients with the same mutation can exhibit a
range of phenotypes.>® Nevertheless, genetic testing may still
help develop targeted treatment strategies, as certain Na, 1.7
mutations have been shown to be exquisitely responsive to
specific agents such as mexiletine®!° and carbamazepine.'!'?

This case report highlights the challenge in managing
symptoms of primary EM in patients for whom genetic
testing rules out an SCN94 exonic mutation. Interestingly,
one recent study of 48 patients meeting clinical criteria for
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EM found that only seven of the 48 patients carried protein-
modifying mutations of Na, 1.7, whereas 20 patients had
rare protein-modifying mutations in genes encoding other
sodium channel o~ or B-subunits, transient receptor potential
channels, or other pain-related targets.'* This suggests that
screening our patient for mutations beyond the SCN9A4 gene
may identify additional targets and clarify the genetic basis
of her condition.

Treatment for our patient began with local anesthetics
(LAs) in an effort to directly dampen aberrant sodium chan-
nel activity. Sodium channel-binding sites of LAs are highly
dynamic, as LAs’ binding affinity is voltage-dependent and
the charges within binding sites fluctuate as the channel
cycles change between four different conformational states.
Thus, several different LAs were tried given their varied state-
dependent binding preferences, with lidocaine having greater
affinity to the open state, for example, and flecainide to the
closed state.!* Antiepileptics were then tried as their sodium
channel antagonism is produced via a different mechanism
allowing them to preferentially inhibit the high-frequency
repetitive firing of hyperexcitable neurons.”” Even at high
doses, however, antiepileptics, such as carbamazepine,
oxcarbazepine, lamotrigine, and topiramate, were not effec-
tive. Consequently, our patient was enrolled in a clinical
trial testing of topical application of a novel Na, 1.7 small
molecule inhibitor. Unfortunately, however, it was negligibly
therapeutic for her, and she was discontinued from the trial
due to severe desquamation.

We then extended our approach to target the vascula-
ture using agents such as calcium channel blockers, TrpV1
antagonists, phosphodiesterase inhibitors, and nitrates. These
vasoactive drugs notably increased our patient’s swelling,
pain, and lesion/ulcer formation independent of the delivery
method. Then, we hypothesized that dantrolene, a ryanodine
receptor antagonist that blocks intracellular calcium release
from the sarcoplasmic reticulum, may be beneficial. Dan-
trolene is effective in malignant hyperthermia, a pathological
state involving build-up of available intracellular calcium
leading to cellular hypermetabolism, and notably, increased
autonomic activity. In our patient, IV dantrolene did not
impart symptom relief. Instead, she experienced multiple
side effects including eye pain, myalgias, slurred speech,
and vomiting that continued for 2 weeks after cessation of
the drug.

The characteristic symptoms of EM are both sensory
and autonomic in nature, reflecting the known distribution
of sodium channels in sensory and sympathetic ganglia.'¢
In our patient, clonidine and ketamine effectively mitigated

her symptoms but only when administered systemically,
suggesting that a central site of action was necessary for
efficacy. As an adrenergic o -receptor agonist, clonidine
may address sympathetic overdrive in EM by blunting
excess central outflow via medullary o,-receptors and
peripherally counteracting aberrant vasoconstriction. Ket-
amine, an N-methyl-D-aspartate (NMDA )-receptor antago-
nist, has been effective in treating CRPS, a pain disorder
marked by local sympathetic dysfunction.!” The mechanism
by which ketamine blunts the apparent sympathetically
mediated pain in these patients is unclear; however, inhibi-
tion of pathological synaptic changes has been suggested
by a study which shows that NMDA-receptor antagonism
impedes synaptic plasticity.'® The fact that EM symptoms
typically affect the extremities in sequence suggests that
synaptic plasticity may contribute to the progression of
the disease.

We therefore suggest that successful management
of patients with EM can be achieved when three major
goals are simultancously addressed: primary analgesic
management, dampening sympathetic outflow, and revers-
ing excessive vasoconstriction. Genetic testing may be
informative if an SCN94 mutation is identified that may be
responsive to specific agents. As our understanding of the
pathophysiology and diverse genetic basis of primary EM
continues to expand, the development of directed defini-
tive treatments for this debilitating disease will continue
to evolve. Until then, cases like this emphasize the need
for multimodal approaches to achieving symptomatic relief
for our patients.
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