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Objective: To report on the histopathologic findings of
affected skin in consecutively collected biopsy specimens from 49 patients with erythromelalgia (EM).
Design: Skin biopsy specimens were obtained from the

foot arch and analyzed by light microscopy, immunofluorescence microscopy, and electron microscopy.
Setting: Oslo University Hospital–Gaustad, University
of Oslo, Oslo, Norway.
Participants: Thirty-one patients had primary EM, 17

lial cell defects and a slight perivascular inflammatory reaction. Among the 17 secondary EM cases, sparse
perivascular lymphocyte infiltrations were observed in
the biopsy specimens from 2 patients with chronic myelogenous leukemia and 1 patient with diabetes mellitus. Eleven patients also had signs of vasculopathy based
on findings of immunodeposits of C3 and fibrin. Six of
30 patients with primary EM showed endothelial abnormalities on electron microscopy. All 3 investigations
showed unremarkable biopsy results in 16 cases.

Results: Light microscopy showed evidence of capil-

Conclusions: Histopathologic analysis is not useful as
a routine diagnostic tool in EM because no morphological changes are specific to EM. The capillary proliferation and vasculopathy are assumed to be a consequence
of intermittent skin hypoxia (vascular hypothesis of pathogenesis). Whether the proliferation is a consequence of
EM or a pathogenic factor in the development of the disease is uncertain.

lary proliferation in 10 of 31 patients with primary EM
and in 1 of 17 patients with secondary EM. The biopsy
specimen from the patient with erythromelalgic syndrome showed numerous capillary nests with endothe-
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patients had secondary EM, and 1 patient had erythromelalgic syndrome.
Main Outcome Measure: Evidence of microvascular
abnormalities in skin biopsy specimens.
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RYTHROMELALGIA (EM) IS A
clinical syndrome that is
characterized by erythema,
increased skin temperature,
and burning pain in the extremities. The pain is relieved by cooling and
aggravated by warming.1 It is commonly divided into primary and secondary cases,2
depending on whether or not there is an underlying disease. A rare subtype, erythromelalgic syndrome (ES), which was
described by Kvernebo,3 has a strong hereditary component and usually affects the
skin of the feet and legs. Some authors consider EM to be a symptom complex rather
than a disease entity.3,4 A clinical severity
scale with 8 categories based on the need
for cooling has been introduced for classification purposes.5
Knowledge about histopathologic findings in diseased skin of patients with EM
is limited. Using light microscopy and immunhistochemical analysis, Davis et al6 investigated 29 cases of primary EM and
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found capillary alterations with hyperplasia, ectasia, endothelial swelling, or dermal fibrosis in a high proportion of biopsy specimens. These findings were
considered to be nonspecific. A decrease
in nerve ending density associated with dilated capillary loops was noted in 12 of 16
patients examined. Vascular thrombi were
not identified. In addition to Davis and colleagues’ study, we have found several other
reports based on the histopathologic examination of 1 or more cases of EM, all of
which demonstrated heterogenic and nonconclusive findings. Kvernebo 3 previously reported biopsy results from the skin
of 6 patients with EM. Two specimens
showed capillary proliferation, and 1 specimen showed cholesterol emboli, while 3
specimens showed no histopathologic
findings.3
The pathogenesis of EM is debated. At
present, some authors believe in a vasculogenicmechanismwithmaldistributionofmicrovascular perfusion through anatomical
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49 Patients with EM
Sex, F/M = 37/12
Age, 56.8 (17.6) mo
Severity group, 2.6 (1.4)
Duration, 103.0 (84.7) mo
Symptoms at biopsy, 15

31 Patients with
primary EM
Sex, F/M = 26/5
Age, 55.4 (18.7) y
Severity group,
2.4 (1.1)
Duration, 96.2
(58.9) mo
Symptoms at
biopsy, 7

11 Controls
Sex, F/M = 1/10
Age, 64.2 (12.3) mo

17 Patients with
secondary EM
Sex, F/M = 10/7
Age, 60.2 (15.7) y
Severity group,
2.6 (1.4)
Duration, 98.9
(98.9) mo
Symptoms at
biopsy, 7

1 Patient with ES
Sex, F/M = 1/0
Age, 40.3 y
Severity group, 7
Duration, 328 mo
Symptoms at
biopsy, 1

Figure 1. Characteristics of the study participants. Severity group: Eight
categories based on the need for cooling, where 0 indicates no symptoms
and 8 indicates a continuous need for cooling or epidural anesthesia.5 The
values are expressed as mean (SD) unless indicated otherwise. EM indicates
erythromelalgia; ES, erythromelalgic syndrome.

or functional microvascular arteriovenous shunts, with increased thermoregulatory perfusion and a relative lack of
nutritive capillary perfusion in affected skin. The tissue consequently becomes hypoxic, causing supplying arterioles
to dilate, which in turn leads to a paradoxical situation with
the coexistence of hyperemia and hypoxia.3,4 This hypothesis gives an explanation for why cooling universally reduces
pain. The cooling reduces metabolism and thereby the hypoxia; the improvement of tissue oxygenation reduces the
arteriolar dilatation; and hyperemia is less pronounced: the
vicious cycle is reversed. Some authors believe that a primary neurogenic dysfunction of peripheral autonomous
nervesinducesasecondarymaldistributionofperfusionwith
a microvascular shunt mechanism.7,8
In a previous study, Kalgaard et al9 demonstrated the
effect of infusion of prostacyclin on symptoms and on
sympathetic dysfunction in EM. This drug acts by vasodilatation and inhibition of platelet activation, and our
assumption is that the vasodilatory effect on precapillary sphincters increases nutritive skin perfusion. Another study demonstrated that the prostaglandin E1 analogue misoprostol reduces symptoms and microvascular
arteriovenous shunting in EM.10 According to the vascular hypothesis, affected skin is hypoxic during attacks. Since hypoxia is known to be a strong stimulus
for angiogenesis,11 findings of microvascular proliferation in affected skin of patients with EM would support
the hypothesis of a vascular pathogenetic mechanism. To
our knowledge, this article represents the first report to
describe the histopathologic changes in consecutively collected skin biopsy specimens from patients with EM examined by light microscopy, immunofluorescence (IF)
microscopy, and electron microscopy.

cases has previously been reported.5 In the present prospective study, all patients in the database with EM symptoms were
invited to participate, and 49 patients who were eligible for inclusion agreed. We also included 1 female patient without symptoms at the time of examination. She had previously had a limbthreatening case of EM and had been treated successfully with
prostaglandin E1.3 Therefore, 50 patients, along with 11 controls, were included in the study (Figure 1).
When biopsy specimens were obtained, the patients’ symptoms were recorded according to a clinical severity scale based
on the need for cooling.5 The duration of disease and patient
age and sex were also recorded. The controls were healthy volunteers. Informed written consent was obtained from all patients. The study was approved by the regional ethical committee.

BIOPSY PROCEDURE
Fifty boat-shaped excision biopsy specimens measuring 1.5⫻0.5
cm were obtained from the medial arch of the sole of the foot
of the patients and the controls. In 1 case of EM in which only
the hands were affected, the biopsy specimen was obtained from
the palm. One patient with ES, described previously in detail,3
had a total 3 of biopsy specimens obtained on different occasions and from different locations: from the plantar aspect of
the foot, from the dorsal aspect of the foot, and from the amputated right leg.
All biopsy specimens were divided into 3 equal parts: 1 for
light microscopy, 1 for IF microscopy, and 1 for electron microscopy. One biopsy specimen was excluded from analysis because it contained only epidermis, leaving biopsy specimens
from 49 patients for examination. Furthermore, in 1 of the 31
cases of primary EM that was prepared for electron microscopy, the material was accidentally destroyed, which left 30 primary EM cases for the electron microscopic investigation.

LIGHT MICROSCOPY
The biopsy specimens were fixed in formalin and embedded
in paraffin and processed for routine histopathologic evaluation by light microscopy. Sections were cut at a thickness of 5
µm and stained with hematoxylin-eosin for routine examination. When the histopathologic changes were reported, special emphasis was paid to vascular density and capillary formation as well as possible edema and inflammation.

IF MICROSCOPY
The biopsy specimens were quick frozen in embedding medium (Tissue-Tek OCT [optimal cutting temperature] Compound; Laboratory-Tek Products Division, Miles Laboratories, Naperville, Illinois) and stored at −70°C until use. Frozen
sections were then examined with direct IF using the following specific antibodies labeled with fluorescein isothiocyanate: anti-Fc IgG (Behringwerke, Marburg, Germany), anti-Fc
IgA (Behringwerke), anti-C3c (Behringwerke), antifibrinogen/
antifibrin (Behringwerke), and anti-Fc IgM (Dakopatts, Glostrup, Denmark). The IF microscopic examinations were performed with an incident light microscope (Leitz Orthoplan; Leica
Mikrosysteme Vertrieb GmbH, Mikroskopie und Histologie,
Wetzlar, Germany).

METHODS

ELECTRON MICROSCOPY
STUDY POPULATION
Since 1983, we have collected a database of cases of EM, and a
review of the clinical and epidemiological characteristics in 87

The specimens were fixed by immersion in buffered 0.1M phosphate buffer (pH, 7.4) containing 2.5% glutaraldehyde and postfixed in 1% osmium tetroxide in 0.1M cacodylate buffer. They
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49 Patients with EM
33, Normal skin
12, CP
3, I
5, E
3, TA

31 Patients with
primary EM
20, Normal skin
8, CP
1, CP + E
1, CP + E + I
1, TA

Overview: 10 × 10 Magnification

11, Controls
11, Normal skin

17 Patients with
secondary EM
13, Normal skin
1, CP
2, E
1, I + E
1, TA

20 × 10 Magnification

A

B

C

D

1 Patient with ES
1, CP + I + E + TA

Figure 2. Light microscopy results. CP indicates capillary proliferation;
E, edema; EM, erythromelalgia; ES, erythromelalgic syndrome;
I, inflammation; and TA, thickened arteries.

were dehydrated in ethanol and embedded in Epon 812. Semithin sections were stained with toluidine blue, and ultrathin
sections were stained with uranyl acetate–lead citrate and examined with an electron microscope ( JEOL 100B; JEOL Ltd,
Tokyo, Japan).

STATISTICAL ANALYSIS
Statistical analyses were performed with statistical software (Statview SE⫹ Graphics; Abacus Concepts Inc, Piscataway, New Jersey). Comparison between groups were performed using the
Mann-Whitney U test, and differences were considered significant at P⬍.05.
RESULTS

Sixteen of our 49 patients had normal findings with all
3 investigational techniques.
LIGHT MICROSCOPY
Of 49 EM biopsy specimens, 33 did not show pathologic findings. Of the remaining 16 specimens, 12 showed
increased numbers of capillary profiles in the papillary
dermis compared with control biopsy specimens
(Figures 2, 3, and 4). Other findings were inflammation, edema, and thickened arteries (Figure 2). Vasculitis or thrombosis were not found in any of the biopsy
specimens.
The disease severity of the 12 patients with capillary
proliferation was not different from that of the remaining 37 patients without proliferation (2.5 vs 2.9 on a severity scale of 8 categories; P = .85). The mean duration
of the disease was 98.1 months for patients with proliferation vs 104.8 months for patients without proliferation (P=.87).
IF RESULTS
Twenty-eight specimens showed no abnormalities, whereas
the remaining 21 specimens had pathologic deposits
(Figure 5). The deposits were found in the walls of small
vessels. C3c and immunoglobulins were seen as granular

Figure 3. Histopathologic features of primary erythromelalgia (EM). Biopsy
specimens from the medial aspect of the arch of the sole of the foot of 2
patients with primary EM. Epidermis with a cornified layer is typical for the
region. Note the increased number of capillaries in the papillae
(hematoxylin-eosin, original magnification ⫻100 [A and C] and original
magnification ⫻200 [B and D]).

or small lumpy deposits, while fibrin was usually seen more
diffusely in the inner part of the vessel wall.
The combination of complement and fibrin deposits
in vascular walls is consistent with vasculopathy in terms
of IF microscopy and indicates damage to vessel walls.
It may be seen along with vasculitis but is not diagnostic for this condition. None of these patients, or any other
patients, had signs of vasculitis according to clinical or
light microscopic findings. Three of 12 patients with capillary proliferation vs 8 of 37 without such a finding had
IF deposits of complement and fibrin in small-vessel walls.
Immunofluorescence showed vasculopathy deposits in
vessel walls in 8 of 31 patients with primary EM and in
the 1 patient with ES vs 2 of 17 patients with secondary
EM (P=.44).
The severity and duration of EM did not correlate with
the finding of vasculopathy. The mean disease severity
for the 11 patients with EM and vasculopathy was 2.6 vs
2.7 for the 38 patients without vasculopathy (P=.75). The
mean duration of disease for the 11 patients with EM and
vasculopathy was 97.2 months vs 108.0 months for the
38 other patients (P =.92). The specimen from the patient with ES showed deposits of C3 and fibrin in dermal vessels, suggestive of damage to the vessel walls, but
light microscopy did not show vasculitis.
ELECTRON MICROSCOPY
Forty-eight biopsy specimens from patients with EM were
examined. Six of 30 patients with primary EM showed
endothelial abnormalities demonstrated as either endothelial cell defects or swollen endothelium, with or without perivascular leukocyte accumulation. One specimen from a patient with primary EM showed only
perivascular leukocyte infiltration, without endothelial
cell defects. Of the 7 cases involving endothelial cell abnormalities with or without swelling of endothelial cells,
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Figure 4. Three biopsy specimens were obtained from the patient with hereditary erythromelalgic syndrome—1 in 1983, 1 in 1991, and 1 from the amputated
right leg in 1993—and stained with hematoxylin-eosin. A, The patient’s legs and feet in 1983. B, The biopsy specimen shows increased numbers of small vessels
in papillary dermis, mainly clustered in small groups, and there are dilated small vessels deeper in the corium and subcutis (original magnification ⫻200). C, The
patient’s left foot in 1991. D, The biopsy specimen shows epidermal spongiosis and dilated and increased numbers of capillaries in the dermis, with papillary
edema and some lymphomonocytic cells in the deeper layers (original magnification ⫻100). E, The patient’s legs and feet in 1993. F, The top part of the biopsy
specimen from the amputated foot shows epidermal hyperplasia with a large area of fibrosis in a very broadened dermis (original magnification ⫻20). G, The
bottom part of the specimen shows hyperplastic epidermis and dermal papillae with increased number of vessels, edema, fibrosis, and mild inflammation (original
magnification ⫻100).

49 Patients with EM
28, Normal skin
16, CD
14, FD
4, IgG deposits
7, IgM deposits

31 Patients with primary EM
18, Normal skin
2, CD
5, CD + FD
1, CD + FD + IgG
1, CD + IgM
1, CD + FD + IgM
1, FD + IgM
1, CD + FD + IgM + IgG + IgA
1, IgM

11, Controls
11, Normal skin

17 Patients with
secondary EM
10, Normal skin
2, CD
2, FD
1, CD + FD
1, CD + FD + IgG + IgM
1, IgG + IgM + IgA

1 Patient
with ES
0, Normal skin
1, CD + FD

Figure 5. Immunofluorescence results. CD indicates complement deposits;
EM, erythromelalgia; ES, erythromelalgic syndrome; and FD, fibrin deposits.

6 were found in specimens with capillary proliferation
demonstrated by light microscopy. Sparse perivascular
lymphocyte infiltration, which was observed in the specimens from 2 patients, was the only significant morphological change seen among the 17 secondary EM cases;
one patient had chronic myelogenous leukemia, and the
other had diabetes mellitus. The ES case showed numerous capillary nests with endothelial cell defects and slight
perivascular inflammatory reaction.
COMMENT

Since 1983, in Norway, a nation of 4.6 million inhabitants, we have been able to collect a database of patients
with EM. To a great extent, the patients were referred
from general practice and dermatology colleagues who

were familiar with our interest in this condition. When
the patients of the present study were recruited, the database comprised 87 patients, and all live patients were
invited to participate. A detailed presentation of the clinical findings has previously been published.5 The present
study did not reveal specific diagnostic findings in skin
biopsy specimens. Capillary proliferation or vascular damage was demonstrated in 31 of 49 specimens, mainly in
those from patients with primary EM.
THE VASCULOGENIC HYPOTHESIS OF EM
Capillary proliferation was observed in 10 of 31 patients with primary EM and in only 1 of 17 patients with
secondary EM. The ES case had marked nests of proliferated capillaries (Figure 4). It is well known that the architecture of the capillary network is dynamically adapting to functional demands. Angiogenesis, eg, is an essential
part of cancer growth, claudication, and angina pectoris.12 During systematic exercise, muscle capillary density is increasing, and the stimulus to growth is believed
to be local hypoxia.13 Hypoxia may also be a stimulus for
capillary proliferation in the skin.11 The term skin hypoxia usually refers to an anatomical skin area, but skin
hypoxia can also be caused by systemic microvascular
disturbances, such as diabetes microangiopathy and sepsis, or by local microvascular disturbances, such as microemboli and thromboses. August Krogh14 was awarded
the Nobel Prize in physiology and medicine in 1920. One
of his achievements was the identification of the “Krogh
cylinder,” postulating that all cells need to be located
within a critical radius of a perfused capillary to survive.
The radius of the cylinder is defined by the limited diffusion capacity of oxygen in the tissue, and cells located
outside such a radius will experience insufficient nutrition. In tissues with a large heterogeneity of distribution of perfused capillaries, some cells will experience low
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oxygen tension, while cells that are near to perfused capillaries will experience adequate oxygen tension. Microvascular perfusion is dynamically regulated and varies with
time owing to neuroendocrine and paracrine factors giving rise to temporal variation in local perfusion. We have
postulated that in patients with EM and stable central hemodynamic and open arteries, the skin becomes intermittently hypoxic, with attacks of shunting through anatomical arteriovenous anastomoses located in the skin
of the hands and feet.3,15 Our prestudy hypothesis was
therefore that we would find capillary proliferation in the
skin because of hypoxia as a stimulus for microvascular
proliferation.
In the biopsy specimen from the patient with ES, we
found nests of capillaries, atrophy of adnexal skin structures, and hyperplastic epidermis. Skin atrophy may be
a consequence of the patient’s chronic hypoxia of the skin,
which was documented on several occasions by extremely low levels of transcutaneous oxygen tension and
an inability to heal an ulcer in spite of open leg arteries
and normal deep venous function.3
Of the 31 patients with primary EM, 10 had capillary proliferation, but none had atrophy of the adnexal
structures. Hypoxia in EM is also documented by previous reports showing skin necrosis leading to leg
amputation in 2 patients with EM and open leg arteries5 and by a case involving an 8-year-old girl with nail
growth disturbances during 3 months of acute severe
EM and extremely low levels of transcutaneous oxygen tension.3
Capillary proliferation was not found in 37 of 49 patients, and we did not find any correlation with duration or severity of EM. It is uncertain why only some patients develop proliferation. It is possible that proliferation
is the result of a complex interaction between cytokines, progenitor cells, and hypoxia and that patients with
EM have different genetic capacities for microvascular
angiogenesis.
We consider the abnormal IF findings in patients without clinical and light microscopic findings of vasculitis
to represent vascular damage that could be termed vasculopathy. This could be induced by hypoxia. The clinical observation that the use of prednisolone and nonsteroidal anti-inflammatory agents is generally of little
therapeutic value in EM is consistent with the relatively
few signs of inflammation observed. The electron microscopy findings in 7 cases with either absence or swelling of endothelial cells are also consistent with the hypoxia hypothesis.
Apart from the study by Davis et al,6 all previously published reports of skin abnormalities in EM have involved selected materials from a few patients, mainly ones
who were recruited from a hematology practice.16-18 Capillary proliferation has previously been reported by Monk
et al19 in 1 case, by Kvernebo3 in 2 cases, and by Davis et
al6 in 18 cases. In contrast to a few cases reported elsewhere,16-18 we found no cases with microthrombi.
In patients with EM secondary to thrombocythemia
and chronic myeloid leukemia, histopathologic analysis
has shown arteriolar changes with swollen and large
nuclei and narrowing of the lumen caused by fibromuscular and intimal arteriolar proliferation and occluding

thrombi.16-18 Monk et al19 found marked focal capillary
proliferation in the upper dermis and a minimal inflammatory infiltrate in a patient with EM secondary to pergolide administration for Parkinson disease.19 Eisler et
al20 examined 3 patients with EM-like eruptions due to
the use of bromocriptine. Prominent perivascular lymphocyte infiltration and perivascular edema of the dermis, without vasculitis, were found. Symptoms and histopathologic findings were reversible when the therapy
was discontinued. These reports are all compatible with
our vascular pathogenetic hypothesis of EM.
THE NEUROGENIC HYPOTHESIS OF EM
Over the last years, a neurogenic hypothesis for the pathogenesis of EM has been presented, but in this study, we
did not examine the density of autonomic nerves in the
skin. Uno and Parker21 showed the degeneration of autonomic nerve plexuses in affected skin of 1 patient with
EM, and the results were compared with unaffected skin
of the same individual and with the skin of a control person. Blanchard et al22 showed a slight and questionable
reduction in the density of autonomic adrenergic nerve
terminals in the periarterial and glandular plexuses in the
skin of 1 patient. The finding of decreased nerve fiber
density associated with dilated capillary loops in 12 of
16 patients with primary EM described by Davis et al6
supports the hypothesis that patients with primary EM
may have a small-fiber neuropathy. In electrophysiologic studies, Ørstadvik et al7,8 have demonstrated small,
afferent, nerve fiber dysfunction in patients with EM. Several authors have demonstrated that primary, hereditary EM may be a neuropathic disorder of small sensory
and sympathetic neurons caused by a genetic defect in
the gene SCN9A, which codes for NaV1.7, a sodium channel in peripheral thin-fiber neurons. The defect leads to
hyperexcitability of sensory small-fiber neurons and reduced lidocaine sensitivity.23-25
In our biopsy study, we were not able to study nerve
endings. However, in our opinion, there is no conflict
between the vascular and the neurogenic hypothesis. We
believe that a primary thin-fiber dysfunction can lead to
a secondary vascular maldistribution and hypoxia accompanied by secondary capillary proliferation and, vice
versa, that a primary vascular maldistribution leading to
skin hypoxia can cause a secondary hypoxic-induced
neuropathy.
In summary, no specific diagnostic findings were demonstrated in skin biopsy specimens from patients with
EM. Capillary proliferation was seen in 12 of 49 patients, and vasculopathy with immunodeposits of C3 and
fibrin was seen in 11 patients. The vascular and neuropathic hypotheses of pathogenesis are not mutually exclusive, as arterioles, shunts, and venules are partially under neurologic control. The findings are compatible with
the prestudy hypothesis that recurrent episodes of skin
hypoxia in selected patients may lead to microvascular
damage followed by vascular proliferation.
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