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Objective: To describe the demographics, presentation, and outcome in patients with
erythromelalgia-a rare and poorly understood clinical syndrome defined by the triad of
red, hot, painful extremities.

Design: Retrospective medical record review with follow-up by survey questionnaire.
Setting: Large tertiary care medical center.

Subjects: Patients with erythromelalgia examined at the Mayo Clinic, Rochester, Minn,
between 1970 and 1994.

Intervention: The medical records of 168 patients were analyzed. Follow-up data, which
consisted of answers to 2 survey questionnaires or the most recent information in the
medical record from patients still alive and death certificates or reports of death for those
deceased patients, were obtained for all but 13 patients.

Main Outcome Measures: Survival, morbidity, and quality of life.

Results: All patients were white; 122 (72.6%) were female, and 46 (27.4%) were male.
At presentation, the patients' mean age was 55.8 years (age range, 5-91 years). Symptoms
had been present since childhood in 7 patients (4.2%). Six patients (3.6%) had a firstdegree relative with erythromelalgia. Symptoms were intermittent in 163 patients
(97.0%) and constant in 5 (3.0%). Symptoms predominantly involved feet (148 patients
[88.1%]) and hands (43 patients [25.6%]). Kaplan-Meier survival curves revealed a
significant decrease in survival compared with that expected in persons of similar age and
of the same sex (P<.001). After a mean follow-up of 8.7 years (range, 1.3-20 years), 30
patients (31.9%) reported worsening of, 25 (26.6%) no change in, 29 (30.9%)
improvement in, and 10 (10.6%) complete resolution of the symptoms. On a standard
health status questionnaire, scores for all but one of the health domains were significantly

diminished in comparison with those in the US general population.

Conclusion:Erythromelalgia is a syndrome with significantly increased mortality and
morbidity compared with the US general population.

ERYTHROMELALGIA is a rare clinical syndrome characterized by the triad of
redness, increased temperature, and pain usually of the extremities. The term
erythromelalgia was coined in 1878 by Mitchell.[1] erythros (red), melos (extremity), and
algos (pain). Other terms have been used, [2,3] such as "erythermalgia"' and
"erythralgia." Babb et al ,[5] in an article describing 51 patients from our institution in
1964, suggested that an increased incidence of myeloproliferative disease was associated
with the disorder.
To better define the demographics, presentation, role of therapy, and outcome of
erythromelalgia, we studied patients with erythromelalgia examined at the Mayo Clinic,
Rochester, Minn, between 1970 and 1994. This is the largest retrospective study of the
syndrome of erythromelalgia thus far reported describing patients with the diagnosis of
erythromelalgia.
We provide the first available data on the natural history of disease and quality-of-life
measures in these patients and demonstrate that erythromelalgia is a clinical syndrome
associated with significant mortality and morbidity.

RESULTS
PATIENT DEMOGRAPHICS
One hundred sixty-eight patients with disease fulfilling the diagnosis of
erythromelalgia were seen at the Mayo Clinic between 1970 and 1994; 122 (72.6%) were
female, and 46 (27.4%) were male. All were white. Average age of these patients was
55.8 ± 18.9 years; median age, 60 years; and age range, 5 to 91 years. Three patients were
11 years old or younger.
Fifteen patients were from Olmsted County, Minnesota, and 32 from elsewhere in the
State of Minnesota. Incidence could not be calculated, because we did not screen other
possible codings of the disorder and thus could not be sure of complete population-based
case assessment.
Six patients (including 3 from 1 family) had a first degree relative with
erythromelalgia. Two more patients have since reported a first-degree relative with the
disorder.

PATIENTS, MATERIALS, AND METHODS
Patients With Erythromelalgia The medical records of 271 Mayo Clinic patients with a
master index diagnosis of erythromelalgia between 1970 and 1994 were reviewed.
Erythromelalgia was defined as a convincing history of unexplained red, hot, and painful
extremities. The subjective elements of redness, heat, and pain were required to fulfill the
diagnosis. Because of the intermittent nature of this disorder, it was impossible to
demonstrate objective signs in some patients. One hundred sixty eight cases fulfilled
these criteria for inclusion in the study.

Data Abstracted The history of erythromelalgia at presentation, duration of disease at
presentation, associated illnesses at presentation, characteristics of the presentation,
distribution of the disease, laboratory results, and findings on clinical examination were
recorded and compared.

Follow-Up Follow-up of all patients was attempted. When necessary, death certificates
were obtained, or the cause of death was established by contacting the deceased's family
by telephone or mail.
All living patients were sent 2 survey questionnaires (an erythromelalgia survey
questionnaire and a health survey questionnaire) by the Mayo Survey Research Center. If
there was no reply to a first or second mailing, contact was made by telephone. If a
patient signed a letter refusing to fill out the surveys (10 patients did so), the patient was
documented as being alive on that date for the Kaplan-Meier survival curves. If the
patient could not be traced, the latest follow-up in the clinic medical record within the
past 2 years was reviewed. If there was no follow-up within that time, the patient was
deemed to have been lost to follow-up and was excluded from compilation of the KaplanMeier survival curve.

Erythromelalgia Survey Questionnaire The questions covered symptoms, coincident
diseases, quality of life., and the effectiveness of various treatments tried.

Health Survey Questionnaire Along with the erythromelalgia survey questionnaire, a
general health questionnaire (Medical Outcome Survey Short Form 36-Items [SF-36] )[6]
was sent to the patients. The SF-36 is a self'-administered standard survey that measures
health related quality-of-life outcomes that are not specific to age, disease, or treatment
and that are known to be most directly affected by disease and treatment. It provides a
common yardstick to compare patients who have chronic health problems with those

sampled from the US general population. United States general population norms were
estimated from responses to the National Survey of Functional Health Status, a 1990
cross-sectional survey that included the SF-36. Respondents were drawn from the sample
frames of the 1989 and 1990 reports of the General Social Survey, conducted by the
National Opinion Research Center. The General Social Survey has surveyed the noninstitutionalized, adult US population annually over the past 20 years.[6] Physical and
mental health concepts are measured. The SF-36 includes 1 multi-item scale measuring
each of 8 health concepts (or domains): (l.) physical functioning, (2) role limitations due
to physical health problems, (3) bodily pain, (4) general health, (5) vitality (energy and
fatigue), (6) social functioning, (7) role limitations due to emotional problems, and (8)
mental health (psychological stress and psychological well-being). These scales were
scored by the 5-point Likert scale.
The SF-36 was scored so that a higher score indicated a better state of health. The
scores were compared with scores from persons from the US general population. The SF36 has been validated, and there are at least 260 clinical trials using the. SF-36 to assess
general health outcomes from the patient's viewpoint.[7]

Statistical Analyses
Appropriate summary statistics (eg, means, medians, SEs, and SDs) were used to
describe these data. Kaplan-Meier survival curves were obtained to estimate survival
from diagnosis. A 1-sample log rank test was performed to test survival compared with
that expected for persons of similar age and same sex with use of 1980 Minnesota white
reference rates. The Cox proportional hazards model was used to assess the influence that
certain characteristics at diagnosis had on survival. Statistical significance was set at
P<.05. All values are reported as mean ± SD.

Neurophysiological And Vascular Studies
We assessed the frequency and types of abnormalities observed during tests of
vascular, peripheral neurophysiological, and autonomic function in patients with
erythromelalgia. These will be reported in detail in a separate article.[8] Briefly, 5
patients had detailed vascular studies performed in 10 affected lower extremities before
and during symptoms. Fifty-four patients underwent neurophysiological testing, 27 had
autonomic reflex screening, and 2 had recordings of peripheral autonomic surface
potentials.

CLINICAL PRESENTATION
At the time of presentation, the average
duration of symptoms varied from less than I
month to 26 years (mean, 47.6 t 59 months;
median, 24 months). Symptoms had been
present since childhood in 7 patients (4.2%).
Symptoms were intermittent in 163 patients
(97.0%) and constant in 5 (3.0%). Feet were
involved in 148 (88.1%), hands in 43 (25.6%),
and legs in 23 (13.7%). Other sites involved
were ears (1 patient), neck (1 patient), and face
(4 patients).
During symptoms, the painful affected
extremity was described as "hot" by 81 patients (48.2%), "burning" by 110 (65.5%), and
"numb" by 5 (3.0%).
Symptoms were exacerbated by heat in 86 patients (51.2%) and exercise in 48 (28.6%),
and they were worse at night in 42 (25.0%). Cooling the extremity with cold water or ice
relieved the symptoms in 113 (67.3%).
On physical examination, the affected limb was abnormal in 111 patients (66.1%) and
normal in 57 (33.9%). The affected limb was red in 83 (49.4%) (Figure 1) and manifested
acrocyanosis in 16 (9.5%), ulcers in 10 (6.0%), and a reticular cutaneous pattern in 8
(4.8%). Gangrene was not seen.

COMORBIDITIES
A history of smoking was present in 84 patients (50%), of hypertension in 23 (1.3.7%),
of hyperlipidemia in 19 (11.3%), and of diabetes mellitus in 4 (2.4%). A history of
myeloproliferative disease was present in 15 patients (8.9%): polycythemia rubra vera in
9, essential thrombocythemia in 4, and chronic granulocytic leukemia in 2.

INVESTIGATIONS
Erythrocyte sedimentation rate, determined
in 136 patients, was increased (defined as >29
mm/h) in 11 patients (8.1%). Serum protein
electrophoresis was performed in 111 patients,
and findings were abnormal in 4 (3.6%). A
skin biopsy specimen was obtained in l.2
patients (7.1%); all specimens were reviewed,
and the findings were confirmed as variable
and nonspecific.
Results of vascular and neurophysiological studies will be reported in a separate
article.'8] Briefly, measurements in the toes during symptoms revealed a mean
temperature increase of 11.6°C (P<001) along with a laser flow increase from a mean of
6.8 mL/min per 100 g of tissue to 76.5 mL/min per 100 g of tissue (P<.001). Baseline
transcutaneous oximetry measurements (TcP0z) in the feet decreased by 6.7 mm Hg (P =
.03) during symptoms. Twenty-one of 54 electromyographic recordings showed
abnormalities: all fulfilled the criteria for axonal neuropathy. Seventeen of 27 autonomic
reflex screening tests and 1 test of peripheral autonomic surface potentials showed severe
postganglionic sudomotor impairment; 5 of 17 patients additionally had peripheral
adrenergic dysfunction.

FOLLOW-UP
Demographics
Ninety-nine patients (58.9%) completed the erythromelalgia survey questionnaire; 98
patients completed the SF-36 health survey questionnaire. The questionnaires were
completed a mean of 8.7 years after the diagnosis (range, 1.3-20 years). Forty-five
patients (26.8%) were ascertained to be dead in 1996. Eleven patients (6.5%) who did not
complete the questionnaire had adequate recent follow-up data available in their clinical
records. No follow-up data were available for 13 patients (7.7%). These patients were
seen only once and could not be reached for final follow-up.

Death
The causes of death are listed in Table 1. Death occurred a mean of 6.3 ± 4.8 years
(range, 0.44-18.84 years) after the diagnosis. Copies of death certificates were obtained
for 27 patients. Three of the patients in our study committed suicide because of their
disease. Additionally, an affected relative of 1 patient committed suicide.

Kaplan-Meier Survival Curve
The Kaplan-Meier survival estimates are
shown in Figure S. A 1-sample log rank test
showed a significant decrease in survival from
that expected in persons of similar age and of
the salve sex on the basis of 1980 Minnesota
white reference rates (P<.001). We studied 4
factors recorded at the time of diagnosis: sex,
age, duration of symptoms, and smoking. There was no statistically significant difference
in survival rates between males and females (P = .12). Older patients had a significantly
higher risk of death (P<.001), with the risk increasing 4% (95% confidence interval, 1%6%) per year of age. When age at diagnosis was adjusted for, sex, duration of symptoms,
and smoking were not statistically significant.

Erythromelalgia Survey Questionnaire
Symptom Progression. Patients were asked whether their symptoms had progressed
since their initial Mayo Clinic visit. Thirty (31.9%) of 94 reported that in general their
symptoms were worse; 25 (26.6%), that they were about the same; 29 (30.9%), that they
had decreased; and 10 (10.6%), that they had disappeared completely.
When asked specifically about how their symptoms had changed, 25 (26.6%) reported
that the episodes of erythromelalgia were "a lot more frequent;" 8 (8.5%), that they were
"somewhat more frequent;" 23 (24.5%), that they were "about the same;" 10 (10.6%),
that they were "somewhat less frequent;" 18 (19.1%), that they were "a lot less frequent,"
and 10 (10.6%), that their symptoms had "completely stopped."
Eighty-two (85.4%) of 96 patients reported episodes of erythromelalgia within the
previous 12 months. Only 43 (43.4%) of 99 patients reported average annual frequencies
of symptoms. The average rate was 72 episodes per person-year, or 1.38 episodes per
week.
Distribution of Symptoms. Of 63 patients (63.6%) with symptoms involving only the
lower extremities at presentation, 9 (14.3%) reported progression to involvement of upper
and lower extremities. No such progression was reported by patients with upper
extremity symptoms alone at presentation. Of the 5 patients with unilateral symptoms at
presentation, only 1 reported progression to bilateral symptoms.
Local Complications. Eighty-seven patients answered the question on local
complications. Unspecified skin damage due to ice or cold water (19 patients [21.8%]),
infections (14 [16.1%]), ulcers (11 [12.6%]), and development of gangrene (1 [ 1.1% >])
were reported. No patients reported amputation or loss of a limb.
Functional Impairment. Reported disabilities attributed to erythromelalgia included

inability to walk long distances (48 patients t50.0%1), inability to stand for long periods
(47 [49.0%]), having to give up a job (12 [12.5%]), inability to drive (12 [12.5%]), use of
a wheelchair (3
[3.1%]),and being bed bound (2 [2.1%]).
Associated Myeloproliferative Disease. Myeloproliferative disease was reported to
have developed later in 2 (1.3%) of the 153 patients who did not have it at presentation
(chronic myeloid leukemia in one patient and polycythemia rubra vera in the other).
Efficacy of Treatment. The patients responding to the survey questionnaire tried 84
different drugs or methods of treatment to relieve their symptoms. The effectiveness of
the most commonly tried treatment categories (any tried by at least 2 patients) is
summarized in Table 2.
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(22%) scoring in the abnormal range; the mental health and vitality domains had the

fewest patients scoring in the abnormal range (6%).
COMMENT
Erythromelalgia is a rare syndrome, and there is little information about its natural
history, optimal treatments, and effect on quality of life. This retrospective, review of
patients seen at the Mayo Clinic attempts to address some of these gaps in our
knowledge. Few large case-series have been reported. [5,9,10] A comprehensive
prospective evaluation of 40 patients and a review of existing literature on
erythromelalgia has recently been published.[11]
We recognize that a retrospective study of a rare, poorly defined clinical syndrome at a
tertiary referral center has several limiting flaws. The study was subject to recall bias
because questionnaires were used. The results may partly reflect the "Berkson bias,"
because patients coming to our tertiary referral center are more likely to have more than 1
medical problem, and the "survival bias," because patients at a tertiary referral center are
generally seen later in the course of their disease. More than 70 physicians at our
institution were involved with making the diagnosis of erythromelalgia in the patients
described. A precise estimate of the number involved with diagnosis is difficult at a
multi-specialty group practice because the final diagnosis is usually arrived at after
multiple consultations among various specialties and subspecialties, including internal
medicine, vascular medicine, dermatology, and neurology.
However, descriptive studies are necessary in rare disorders such as this and give
insight unavailable in case reports. Furthermore, an understanding of erythromelalgia is
important since, as we have shown, the diagnosis is associated with significantly
diminished scores in almost all health domains (Table 3) and with a significant decrease
in survival compared with that in age- and sex-matched control subjects (Figure 2). Three
patients who committed suicide had erythromelalgia listed on their death certificates as
the second cause of death (Table 1). The symptoms can be devastating for the patients.
Diagnosis was made by clinical history and was supported by abnormal findings on
physical examination and raised temperature in the affected extremity when the
symptoms were present. If symptoms could not be elicited, the diagnosis relied on history
alone. Only about two thirds of patients had abnormal findings on physical examination.
Because of the intermittent occurrence of erythromelalgia, diagnosis may have to rely on
history alone. The definition of erythromelalgia used in this study was the triad of red,
hot, painful extremities, which was used in the original description of the syndrome.
Other authors [12,13] have proposed additional criteria for diagnosis, but these were not
used since this was a retrospective study and the required additional data were variably
recorded. The terms erythromelalgia and erythermalgia were used interchangeably in
accord with the original term proposed by Smith and Allen from the Mayo Clinic in
1938: "This term [erythromelalgia] is not entirely adequate because it does not denote the
importance of heat.... We propose . . . to substitute a more descriptive term, namely,
`erythermalgia' for the syndrome commonly called `erythromelalgia'. . . ."[4, p175] We
did not use the subclassification proposed by Kurzrock and Cohen,[14] which included
the terms "adult-onset erythromelalgia" and "early-onset erythromelalgia." Nor did we
use the subclassifications proposed by Drenth and Michiels,[15] who divided the
syndrome of hot, burning extremities into entities designated as "erythromelalgia"
(aspirin-responsive disease associated with thrombocytosis, related to a

myeloproliferative disorder) and "erythermalgia" (aspirin-resistant disease),
erythermalgia being then subclassified into a primary form with onset at a young age and
a secondary form. Thus, for this study and for clinical purposes, we were "lumpers."[3]
There is a wide differential diagnosis for that erythromelalgia includes reflex
sympathetic dystrophy, angiodyskinesia, acrocyanosis, and lipodermatosclerosis.
Cutaneous ulcers and unspecified skin damage were present in many of the patients at
the initial examination and in those responding to the survey. Immersion of the various
body parts in cold water or ice causes a chronic cold-induced injury to the extremities. In
the advanced stages of erythromelalgia, patients can appear to have severe ischemia when
in reality they have a cold induced injury.
Comorbidities are listed in the "Comorbidities" subsection of the "Results" section. A
history of smoking was prevalent in the patients studied. Lrythromelalgia has been
reported to occur in association with drugs (verapamil,[16] nicardipine,[17]
bromocriptine,[17,18] pergolide,[19] and mercury poisoning'20]), rheumatologic disease
(systemic lupus erythematosus[21,22] and Raynaud syndrome[23]), other disease states
(eg, pernicious anemia,[24] thrombotic thrombocytopenic purpura[25] hereditary sensory
neuropathy,[26] infectious mononucleosis,[27] acute diabetic neuropathy,[28] and
vasculitis[29,30]), and pregnancy.[31] In one series,[5] 30 (59%) of 51 patients, and in
another [32] 9 (56%) of 16 patients, were said to have primary disease. Many authors
refer to erythromelalgia in the context of these Comorbidities and associations as
"secondary" erythromelalgia. We chose not to separate out patients with comorbid
conditions, because we could not be sure their erythromelalgia was truly secondary to
those conditions.
Myeloproliferative disease has been particularly associated with erythromelalgia in
previous reports.[5,33-37] In this study, although 15 patients (8.9%) had
myeloproliferative disease at the time of diagnosis of the erythromelalgia,
myeloproliferative disease subsequently developed in only 2 (1.3%). This figure is lower
than those suggested by previous case series (19.6%[5] and 25% [31]). There have been
numerous anecdotal reports of myeloproliferative disease associated with erythromelalgia
[32-36]; the myeloproliferative disease may succeed or precede the diagnosis of
erythromelalgia.[5]
We did not find skin biopsy specimens to be helpful in diagnosis, because they showed
nonspecif1c changes and did not confirm the thrombi and intimal proliferation reported
by Crone et al [38] and Michiels et al.[39] These negative findings in 12 patients with
erythromelalgia add to the literature on skin biopsy in this disorder. The literature
concerning skin biopsy in erythromelalgia is extremely limited, consisting of case.
reports, small case series [38,39] or reports of biopsies from patients with erythromelalgia
in the context of specific disorders.[40] Case reports and small case series tend to report
positive findings and neglect to report negative findings such as ours. One reason for very
few pathological reports in this disorder is the fear that biopsy sites will not heal. Further
studies are necessary to help delineate the pathologic features of this condition.
A detailed presentation of the vascular and neurophysiological findings will be
published separately.[8] During symptoms, an increase in blood flow and temperature is
accompanied paradoxically by a decrease in oxygenation of the affected area; a high
proportion of patients have a distal small fiber neuropathy with selective involvement of
cutaneous sympathetic fibers; in addition, large fiber neuropathy is often present.

Inherited primary erythromelalgia has previously been reported, including in a young
woman and her mother [41] and a kindred of 29 persons affected with erythromelalgia in
5 generations, showing autosomal dominant inheritance.[42]
We report the outcome of disease in a large cohort of patients. We found that
approximately equal proportions of patients became worse, stayed the same, or got better,
and 10% experienced resolution of disease over a mean of 8.7 years. Kalgaard et al[9]
also reported outcome in erythromelalgia but divided their patients into different groups.
The Kaplan-Meier survival curves demonstrated a significant decrease in survival
compared with age- and sex-matched control subjects (Figure 2). When observed causes
of death (Table 1) were compared with expected causes of death in an age- and sexmatched US general population, rates of death from myeloproliferative disease, suicide,
and connective tissue disease were over represented (95% confidence interval).
No single medication, drug group, or method of treatment was found to be universally
helpful in the relief of symptoms in our patients (Table 2). The disease was not
exquisitely sensitive to aspirin as described in previous reports.[5,32] Almost all patients
had already tried aspirin before coming to our institution. On initial presentation, 60% of
the patients reported that aspirin had provided no relief of symptoms (data not shown).
Furthermore, aspirin was of no help to more than half of the patients responding to our
survey. Numerous other drugs and methods of treatment were used with varying success.
In total, 84 different medications and therapeutic methods were attempted by our
patients; data in Table 2 show responses to only the most commonly tried treatments.
Many different treatments have previously been reported to alleviate symptoms in
individual patients.[43-51]
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