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Clinical Practice

 

This 

 

Journal

 

 feature begins with a case vignette highlighting
a common clinical problem. Evidence supporting various
strategies is then presented, followed by a review of formal
guidelines, when they exist. The article ends with the author’s
clinical recommendations.
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A 37-year-old woman reports that her fingers
turn blue when they are exposed to cold temper-
atures. She also has fatigue, arthralgias, and re-
current small, painful digital ulcers. How should
she be evaluated and treated?

 

THE CLINICAL PROBLEM

 

In 1862, Maurice Raynaud recognized that some
people who were exposed to cold temperatures had
transient digital ischemia that he ascribed to an exag-
gerated response of the central nervous system. The
term “Raynaud’s phenomenon” is now used to de-
scribe these episodic events, which represent vasocon-
striction of the digital arteries, precapillary arterioles,
and cutaneous arteriovenous shunts.

The ischemic phase of the attack is evidenced by
demarcated pale or cyanotic skin limited to the digits
(Fig. 1). It typically starts in one or several digits after
exposure to the cold or a stressful situation and then
spreads symmetrically to all fingers of both hands.
The attack usually ends with a rapid reflow of blood
into the digit, which is manifested by erythematous
skin (reactive hyperemia). In over 80 percent of pa-
tients with Raynaud’s phenomenon who are seen by
an internist, the condition is simply an exaggeration of
the physiologic response to cold temperatures. How-
ever, it can also represent a clinical manifestation of a
serious underlying disease or be the first sign of crit-
ical ischemia of a digit or limb. Depending on the se-
verity of the vascular insult and the size of the vessel
involved, superficial ulceration or deep-tissue necrosis
with gangrene and amputation can result.

Reports of exaggerated sensitivity to cold temper-
atures are common among the general population.
In a community-based survey of approximately 7000

people, almost 12 percent answered yes to the ques-
tion “Are either your fingertips or toes unusually sen-
sitive to cold temperatures?”

 

1

 

 Cool skin and nonde-
marcated mottling of the skin of the digits, hands, and
limbs are considered a normal response to exposure to
the cold. Raynaud’s phenomenon should be distin-
guished from acrocyanosis, a condition characterized
by continuous cyanosis of the hands or feet that is ag-
gravated by cold temperatures.

To be given a diagnosis of Raynaud’s phenomenon,
a patient must have a history of sensitivity to the cold
and have episodic pallor or cyanosis of the distal por-
tions of the digits (or both) after exposure to the cold
(Fig. 2). Photographs of the hands can be obtained
during an attack and used to confirm the history.

 

2

 

 It is
not necessary to perform a provocative test (e.g., im-
mersion of the patient’s hand in ice water) to make a
definitive diagnosis. Laboratory-based techniques to
measure digital and cutaneous blood flow after a cold
challenge can be used to distinguish patients with
Raynaud’s phenomenon from cold-sensitive persons.

 

3,4

 

These tests are complex, require a carefully controlled
ambient temperature to provide meaningful data, and
are generally not used clinically.

According to population-based surveys of various
ethnic groups, the prevalence of Raynaud’s phenom-
enon is approximately 3 to 5 percent.

 

5,6

 

 Geographic
variations in the prevalence reflect differences in cli-
mate.

 

7

 

 The frequency and severity of the attacks are
also influenced by the daily ambient temperature, with
clear exacerbations during the winter.

 

8

 

STRATEGIES AND EVIDENCE

 

Primary versus Secondary Raynaud’s Phenomenon

 

Clinical criteria are used to distinguish patients
with uncomplicated, or primary, Raynaud’s phenom-
enon from those with secondary Raynaud’s phenom-
enon (Table 1).

 

9,10

 

 The suggested criteria for primary
Raynaud’s phenomenon are symmetric attacks; the
absence of tissue necrosis, ulceration, or gangrene; the
absence of a secondary cause on the basis of a patient’s
history and general physical examination; normal nail-
fold capillaries; a negative test for antinuclear antibody;
and a normal erythrocyte sedimentation rate.

 

10

 

 Clini-
cians can examine a patient’s cutaneous capillaries by
placing a drop of grade B immersion oil on the pa-
tient’s skin at the base of the fingernail and viewing
the area with a stereoscopic microscope or a hand-held
ophthalmoscope set at 10 to 40 diopters. Normal
capillaries appear as orderly, delicate vascular loops,
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Figure 1.

 

 Active Raynaud’s Phenomenon.
Panel A shows sharply demarcated pallor resulting from the closure of digital arteries. Panel B shows digital cyanosis of the finger-
tips in a patient with primary Raynaud’s phenomenon.

A B

 

Figure 2.

 

 Nail-Fold Capillaries in a Patient with the CREST Syndrome (Calcinosis Cutis, Raynaud’s Phenomenon, Esophageal Dys-
function, Sclerodactyly, and Telangiectasia), or Limited Scleroderma.
The capillaries are dilated and enlarged, and some areas are devoid of normal capillaries, a typical characteristic of scleroderma.
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whereas the capillaries of patients with an underly-
ing rheumatic disease are frequently distorted or are
anatomically abnormal (Fig. 2).

The median age at the onset of primary Raynaud’s
phenomenon is 14 years, and only 27 percent of cases
begin at the age of 40 years or later.

 

11

 

 The symptoms
are generally mild among patients with primary dis-
ease. In one study of 313 patients with primary
Raynaud’s phenomenon, only 38 (12 percent) report-
ed having severe attacks.

 

12

 

 About a quarter of patients
with primary Raynaud’s phenomenon have a family
history of Raynaud’s phenomenon in a first-degree
relative.

 

13

 

If a patient meets the criteria for primary Raynaud’s
phenomenon and is followed for a two-year period
without the development of clinical or laboratory
signs, then secondary disease is highly unlikely. In a
meta-analysis involving 639 patients with presumed
primary Raynaud’s phenomenon, a secondary disorder
developed in 81 (12.6 percent), all but 1 of whom had
a connective-tissue disease.

 

14

 

A secondary cause of Raynaud’s phenomenon is
suggested by the following findings: an age at onset of
more than 30 years; episodes that are intense, painful,
asymmetric, or associated with ischemic skin lesions;
clinical features suggestive of a connective-tissue dis-
ease (e.g., arthritis and abnormal lung function); spe-
cific autoantibodies; and evidence of microvascular
disease on microscopy of nail-fold capillaries.

 

15,16

 

 In a
large study, a connective-tissue disease developed in
only 2 percent of patients with vasospastic disease
alone who were seronegative for antinuclear antibod-
ies and rheumatoid factor.

 

17

 

 The presence of antinu-
clear antibodies has relatively low positive predictive
value for an associated connective-tissue disease (30
percent),

 

14

 

 whereas the presence of antibodies against
a specific autoantigen is more highly suggestive of
secondary disease.

 

15,16,18

 

 For example, scleroderma is
likely to be present or to develop in patients with
anticentromere or antitopoisomerase antibodies.

 

16,19

 

Approximately  15 to 20 percent of patients with Ray-
naud’s phenomenon who have autoantibodies, abnor-
malities of nail-fold capillaries, or both and who do not
initially meet the criteria for a well-defined connective
tissue disease ultimately will do so, usually within
two years.

 

20,21

 

All patients with Raynaud’s phenomenon need to
undergo a complete evaluation to rule out an under-
lying secondary cause, with specialized tests performed
as appropriate on the basis of the clinical history (Fig.
3). The physician should determine whether the pa-
tient has symptoms of a connective-tissue disease (e.g.,
arthritis, myalgias, fever, dry membranes, rashes, and
cardiopulmonary abnormalities); a history of or cur-
rent drug use and exposure to toxic agents, especially
chemotherapeutic agents; a history of repetitive trau-
ma to the hands, such as that due to the use of vibrat-
ing tools; and a history of Raynaud’s events triggered
by positional changes consistent with the presence of
a thoracic outlet syndrome. Although nonselective
beta-blockers have been reported to cause Raynaud’s
phenomenon, this association is not supported by the
findings of well-designed studies.

 

22,23

 

Carpal tunnel syndrome and other neuropathic con-
ditions may cause sensitivity to the cold. A variety of
uncommon conditions should also be considered in
the differential diagnosis, especially cryoproteinemias,
dysproteinemias, exposure to polyvinyl chloride, can-
cer, or hypothyroidism. If the patient’s symptoms are
asymmetric, vascular studies may be useful to deter-
mine whether there is any evidence of large-vessel oc-
clusive disease. The signs of atherosclerosis are unlikely
to mimic those of typical symmetric Raynaud’s attacks
but rather to consist of claudication of a limb on ex-
ercise, asymmetric abnormalities of a leg, or isolated
and persistent digital ischemia. Vasculitis, emboli, or
other vascular occlusive events cause critical ischemia
but not typical Raynaud’s phenomenon. There is some
evidence that Raynaud’s phenomenon is the clinical
manifestation of a generalized vasospastic disorder.
This is especially true in patients who have Prinzmet-
al’s angina, migraines, or scleroderma.

 

24,25

 

Nonpharmacologic Therapy

 

The avoidance of cold temperatures is the best
method to prevent an episode of Raynaud’s phenom-
enon. Keeping the whole body warm by wearing
loose-fitting clothing, stockings, headwear, and gloves
in cold weather is a key strategy. The digital arteries
and thermoregulatory vessels of the skin are predom-
inantly under sympathetic adrenergic control. Emo-
tional stress alone can trigger digital vasospasm, and
anxiety can exacerbate cold-induced Raynaud’s at-
tacks.

 

26

 

 Therapies designed to reduce emotional stress
may be helpful. Avoiding agents that cause vasocon-
striction is also important (e.g., sympathomimetic

 

*Adapted from LeRoy and Medsger.
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Vasospastic attacks precipitated by cold or emotional stress

Symmetric attacks involving both hands

Absence of tissue necrosis or gangrene

No history or physical findings suggestive of a secondary 
cause

Normal nail-fold capillaries

Normal erythrocyte sedimentation rate

Negative serologic findings, particularly negative test for an-
tinuclear antibodies
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Figure 3.

 

 Approach to the Diagnosis of Raynaud’s Phenomenon.
POEMS denotes polyneuropathy, organomegaly, endocrinopathy, M protein, and skin changes.

Ask the following screening questions:
1. Are your fingers unusually sensitive to cold?
2. Do your fingers change color when they are         
2. exposed to cold temperatures?
3. Do they turn white, blue, or both?

The diagnosis of Raynaud’s 
phenomenon is excluded if the 
response to questions 2 and 3 is 
negative.

The diagnosis of Raynaud’s phenomenon is con- 
firmed by a positive response to all three questions.

Exclude potential causative or aggravating factors:
mDrugs and toxins

mEnvironmental agents and injury

Chemotherapeutic agents, interferon, estrogen, 
nicotine, narcotics, sympathomimetic agents, 
cyclosporine, cocaine, polyvinyl chloride, 
ergotamines, clonidine 

Frostbite, repetitive occupational stress 
(hand–arm vibration syndrome), hypothenar 
hammer syndrome 

mNeuropathy
Carpal tunnel syndrome. 

Patients who have normal 
findings on review of their 
medical history and 
physical examination, no 
digital lesions or gangrene, 
and normal nail-fold 
capillaries do not need to 
undergo specialized studies 
and can be considered  to 
have primary Raynaud’s 
phenomenon.

Patients with negative results should 
undergo the following:

Patients with negative 
results have primary 
Raynaud’s phenomenon.

Thyroid-function test
Serum protein electrophoresis
Test for cryoglobulins.

Patients with positive results 
have other systemic diseases:

Hypothyroidism
Cancer
Cold agglutinin syndrome
POEMS syndrome
Cryoglobulinemia
Cryofibrinogenemia.

Patients with positive results have 
rheumatic disease:

Scleroderma
Systemic lupus erythematosus
Mixed connective-tissue disease
Dermatomyositis
Polymyositis
Sjögren’s syndrome
Undifferentiated connective-tissue 
disease.

Patients who have symptoms or signs 
suggestive of systemic disease 
(myalgias, arthralgias, fever, weakness, 
weight loss, rash, arthritis, sicca 
syndrome, or symptoms of heart or 
lung disease) with or without abnormal 
nail-fold capillaries should undergo the 
following studies: 

Patients who have a history of single-
digit or asymmetric attacks, absent 
pulses, asymmetry of blood pressure, 
or evidence of critical ischemia should 
undergo digital plethysmography, 
arterial Doppler ultrasonography, or 
angiography. 

Abnormal findings indicate the presence 
of conditions causing large-artery disease: 

Vasculitis
Atherosclerosis
Thromboangiitis obliterans
Embolic disease
Thoracic outlet syndrome.

Complete blood count
General blood chemical analyses
Urinalysis
Test for antinuclear antibodies
Test for rheumatoid factor
Test for disease-specific 
autoantibodies
Measurement of C3 and C4 
complement levels. 
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drugs, clonidine, ergotamine, and serotonin-receptor
agonists). Smoking can reduce digital blood flow

 

27

 

and should be avoided by patients with Raynaud’s phe-
nomenon, but epidemiologic studies have not clearly
demonstrated an association between smoking and
Raynaud’s phenomenon.

 

28

 

 
Temperature-related biofeedback is used in combi-

nation with various relaxation techniques to treat pa-
tients with Raynaud’s phenomenon, but the benefit
remains unclear. In a controlled trial involving patients
with primary Raynaud’s phenomenon who were fol-
lowed for one year, the use of temperature-related bio-
feedback training did not reduce attacks significantly
as compared with a control procedure.

 

12

 

Calcium-Channel Blockers

 

Calcium-channel blockers are the most widely used
agents for the treatment of Raynaud’s phenomenon
(Table 2). Most clinical trials have evaluated nifedipine
given in multiple daily doses for a relatively short pe-
riod. The only long-term, placebo-controlled study of
a sustained-release preparation of nifedipine (30 to
60 mg once daily) showed a 66 percent reduction in
attacks in patients with primary Raynaud’s phenom-
enon.

 

12

 

 Side effects resulted in the discontinuation of
nifedipine in 15 percent of participants, and those who
continued vasodilator therapy reported sustained ben-
efit during the one-year follow-up.

Clinical trials involving other members of the dihy-

 

*Diltiazem is not as effective as the dihydropyridine class of calcium-channel blockers.

†The Food and Drug Administration has approved the use of epoprostenol for the treatment of pulmonary hypertension.

‡Iloprost is not available in the United States.
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Calcium-channel blockers

 

Nifedipine
Sustained-release nifedipine
Amlodipine
Felodipine
Isradipine
Diltiazem*
Sustained-release diltiazem*

10–30 mg 3 times daily orally
30–120 mg/day orally
5–20 mg/day orally
2.5–10 mg twice daily orally
2.5–5.0 mg twice daily orally
30–120 mg 3 times daily orally
120–300 mg/day orally

Tachycardia, edema, flushing, head-
ache, dizziness, constipation, ortho-
static hypotension

Placebo-controlled trials in-
dicate benefit

 

Sympatholytic agent

 

Prazosin 1–5 mg twice daily Syncope, postural hypotension, dizzi-
ness, and palpitations possible after 
first dose

Efficacy often transient, may 
wane after several weeks

 

Angiotensin II–receptor 
type 1 antagonist

 

Losartan 25–100 mg/day orally Dizziness, headache, fatigue, diarrhea One placebo-controlled trial 
indicated benefit

 

Selective serotonin-
reuptake inhibitor

 

Fluoxetine 20–40 mg/day orally Insomnia, nausea, diarrhea, tremors One placebo-controlled trial 
indicated benefit

 

Vasodilator

 

Nitroglycerin

 

1

 

⁄

 

4

 

–

 

1

 

⁄

 

2

 

 in. of 2% ointment applied 
topically per day

Headache, tachycardia, syncope, 
angina, rash, impotence, nausea, 
rebound hypertension

Popular therapy but little 
controlled data to sup-
port its use

 

Other vasoactive drug

 

Pentoxifylline 400 mg 3 times daily orally Dyspepsia, nausea, vomiting Popular therapy but little 
controlled data to sup-
port its use

 

Prostaglandins

 

Epoprostenol† 0.5–6 ng/kg of body weight/min 
intravenously for 6–24 hr for 
2–5 days

Flushing, diarrhea, headache, hypoten-
sion, rash

Used for critical ischemia; 
in-hospital infusion rec-
ommended

Alprostadil 0.1–0.4 µg/kg/min intravenous-
ly for 6–24 hr for 2–5 days

Iloprost‡ 0.5–2 ng/kg/min intravenously 
for 6–24 hr for 2–5 days
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dropyridine class of calcium-channel blockers (e.g., is-
radipine, amlodipine, felodipine, and nisoldipine) have
reported an approximately 50 percent reduction in
the frequency of attacks and a significant reduction
in the severity of attacks. There are no data to support
the use of another calcium-channel blocker if the ini-
tial one is ineffective. A meta-analysis of placebo-con-
trolled studies of calcium-channel blockers for the
treatment of Raynaud’s phenomenon in patients with
scleroderma found that such agents moderately re-
duced the severity and frequency of attacks (eight few-
er attacks in a two-week period) among patients with
severe attacks.

 

29

 

 Although calcium-channel blockers
appear to be the best available vasodilator for the treat-
ment of Raynaud’s phenomenon, only a few studies
have compared calcium-channel blockers with other
vasodilators.

 

30-32

 

Other Agents

 

Sympatholytic drugs are reported to be useful in
the treatment of Raynaud’s phenomenon (Table 2).
Of the currently available sympatholytic agents, only
the 

 

a

 

1

 

-adrenergic–receptor blocker prazosin has been
well studied. Two crossover trials found prazosin to
be more effective than placebo.

 

33

 

 A single study of pa-
tients with scleroderma found that the angiotensin
II–receptor type 1 antagonist losartan reduced the
severity of attacks more than did sustained-release
nifedipine.

 

31

 

 A controlled study found that fluoxetine,
a selective serotonin-reuptake inhibitor, improved the
symptoms of Raynaud’s phenomenon.

 

32

 

AREAS OF UNCERTAINTY

 

Value of Other Vasodilators

 

A variety of direct-acting vasodilators (nitroglycer-
ine, hydralazine, papaverine, minoxidil, and niacin) are
available but have not been well studied in patients
with Raynaud’s phenomenon. The use of combina-
tions of vasodilators (e.g., a calcium-channel blocker
plus a nitroglycerine patch) has not been studied. Ev-
idence that angiotensin-converting–enzyme inhibitors
are useful in patients with this disorder is controversial,
and data on the use of pentoxifylline are inconclusive.

 

Experimental Agents and Agents That Are Not Available
in the United States

 

Although intravenous prostaglandin therapy is still
not approved for use in Raynaud’s phenomenon, there
is evidence that such therapy is helpful. A placebo-
controlled trial of the prostacyclin analogue iloprost
(which is not available in the United States) in patients
with scleroderma found that intravenous therapy was
effective for the short-term palliation of Raynaud’s
phenomenon,

 

34

 

 supporting the findings of similar
studies by other investigators. A meta-analysis of the
use of iloprost for Raynaud’s phenomenon also found

that intravenous therapy appears to be effective.

 

35

 

Other prostacyclin preparations have also been re-
ported to have beneficial effects,

 

36,37

 

 but whether in-
travenous alprostadil is among these agents remains
in question.

 

38,39

 

Orally administered prostaglandins have not yet
proved useful in the treatment of Raynaud’s phenom-
enon. Short-term administration of misoprostol (an
oral preparation of prostaglandin E

 

1

 

) failed to reverse
cold-induced vasospasm in patients with primary
Raynaud’s phenomenon.

 

40

 

 A multicenter, placebo-
controlled, double-blind study of patients with scler-
oderma found that orally administered iloprost had no
benefit.

 

41

 

 Similar negative results have been reported
for two other orally administered analogues of pros-
tacyclin, cicaprost and beraprost.

 

42,43

 

Despite experimental evidence that nitric oxide and
arginine can prevent vasospasm, a study of ambulatory
patients found that orally administered arginine was
no better than placebo.

 

44

 

 Although phosphodiesterase
inhibitors (e.g., cilostazol and sildenafil) and the new
endothelin-receptor inhibitors (e.g., bosentan) make
sense as treatments for Raynaud’s phenomenon, the
results of clinical trials with these agents are not yet
available.

 

Sympathectomy

 

The role of proximal sympathectomy in the manage-
ment of Raynaud’s phenomenon has not been estab-
lished. In one study of 140 patients with Raynaud’s
phenomenon, fewer than 20 percent claimed to derive
lasting benefit from cervical sympathectomy and two
thirds reported that the benefit lasted less than one
year.

 

45

 

 Localized digital sympathectomy involving mi-
crosurgical techniques

 

46,47

 

 is considered safe and can
improve digital blood flow immediately, but its use
should be limited to patients with severe digital ische-
mia who have no response to medical treatment.

 

Acute Ischemic Crisis

 

In an acute ischemic crisis, a short-acting calcium-
channel blocker such as nifedipine (10 to 30 mg every
eight hours) should be started, as well as antiplatelet
therapy with aspirin.

 

29

 

 A digital or wrist block with
lidocaine or bupivacaine (without epinephrine) not
only relieves pain but also produces a localized chem-
ical sympathectomy that can reverse acute vasocon-
striction. Intravenous iloprost (0.5 to 2 ng per kilo-
gram of body weight per minute for up to five days)
reverses acute critical ischemia, but this agent is no
longer available in the United States (unless the pa-
tient imports it at his or her own expense). Short-term
(48 to 72 hours) anticoagulation with heparin is used
if there is persistent critical ischemia, evidence of large-
artery occlusive disease, or both. Localized digital
sympathectomy is used in refractory cases.
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GUIDELINES

 

There are no formal guidelines for the evalua-
tion and treatment of patients with Raynaud’s phe-
nomenon.

 

CONCLUSIONS AND RECOMMENDATIONS

 

Any patient who presents with Raynaud’s phenom-
enon should be assessed for signs and symptoms sug-
gestive of a secondary cause. Patients presenting before
the age of 20 years who have no symptoms or signs
(e.g., as evidenced by normal findings on nail-fold mi-
croscopy) of a secondary cause can be followed with-
out undergoing other specialized tests (Fig. 3). Initial
management should include the avoidance of cold
temperatures; drug treatment should be added only
if the attacks are poorly controlled and disabling.

The patient described in the clinical vignette has
symptoms suggestive of an underlying connective-tis-
sue disease, and testing for disease-specific autoanti-
bodies is warranted. The presence of digital ulcers
would dictate intervention with vasodilator therapy.
Calcium-channel blockers are first-line therapy, and
I would start with either 30 mg of sustained-release
nifedipine per day or 5 mg of amlodipine per day. The
dose should be increased until benefit is noted or un-
til a maximal tolerated dose is reached. If such agents
are ineffective at full doses, I would add a nonspecific
vasodilator such as 2 percent nitroglycerin ointment
starting at a daily dose of 

 

1

 

⁄

 

4

 

 to 1⁄2 in. applied topically
to the regimen, although data are lacking regarding
the efficacy of combined therapy. Treatment of any
underlying autoimmune disease may reduce the fre-
quency and severity of attacks of Raynaud’s phenom-
enon, although the pattern or pace of attacks is often
independent of overall disease activity.

Patients who have an acute ischemic crisis in a digit
should quickly be evaluated to determine the under-
lying cause and should be given vasodilator therapy
and aspirin. The success of this approach is determined
by the degree of vasospasm vis-à-vis the amount of ir-
reversible structural or occlusive disease. I now use
intravenous epoprostenol for a refractory case, par-
ticularly if the ischemic crisis has not yet led to irre-
versible tissue injury or gangrene. The key to the treat-
ment of critical ischemia is early intervention.

I am indebted to Sharon Monsky and the Scleroderma Research
Foundation, Nancy and Joachim Bechtle, Nancy and Don Powell,
Jack and Kathy Alfano, the Citibank Foundation, Nina and Albert
Brink, and Charles and Helen Schwabb for their inspiration and
support, and to Lisa Murray for assistance with the preparation of
the manuscript.

REFERENCES

1. Maricq HR, Weinrich MC, Keil JE, et al. Prevalence of scleroderma 
spectrum disorders in the general population of South Carolina. Arthritis 
Rheum 1989;32:998-1006.

2. Maricq HR, Weinrich MC. Diagnosis of Raynaud’s phenomenon assist-
ed by color charts. J Rheumatol 1988;15:454-9.
3. Maricq HR, Weinrich MC, Valter I, Palesch YY, Maricq JG. Digital vas-
cular response to cooling in subjects with cold sensitivity, primary 
Raynaud’s phenomenon, or scleroderma spectrum disorders. J Rheumatol 
1996;23:2068-78.
4. Jennings JR, Maricq HR, Canner J, et al. A thermal vascular test for 
distinguishing between patients with Raynaud’s phenomenon and healthy 
controls. Health Psychol 1999;18:421-6.
5. Silman A, Holligan S, Brennan P, Maddison P. Prevalence of symptoms 
of Raynaud’s phenomenon in general practice. BMJ 1990;301:590-2.
6. Wigley FM. Raynaud’s phenomenon. Curr Opin Rheumatol 1993;5:
773-84.
7. Maricq HR, Carpentier PH, Weinrich MC, et al. Geographic variation 
in the prevalence of Raynaud’s phenomenon: a 5 region comparison. 
J Rheumatol 1997;24:879-89.
8. Watson HR, Robb R, Belcher G, Belch JJ. Seasonal variation of 
Raynaud’s phenomenon secondary to systemic sclerosis. J Rheumatol 
1999;26:1734-7.
9. Allen EV, Brown GE. Raynaud’s disease: a critical view of minimal req-
uisites for diagnosis. Am J Med Sci 1932;183:187-200.
10. LeRoy EC, Medsger TA Jr. Raynaud’s phenomenon: a proposal for 
classification. Clin Exp Rheumatol 1992;10:485-8.
11. Planchon B, Pistorius MA, Beurrier P, De Faucal P. Primary Raynaud’s 
phenomenon: age of onset and pathogenesis in a prospective study of 424 
patients. Angiology 1994;45:677-86.
12. Comparison of sustained-release nifedipine and temperature biofeed-
back for treatment of primary Raynaud’s phenomenon: results from a ran-
domized clinical trial with 1-year follow-up. Arch Intern Med 2000;160:
1101-8.
13. Freedman RR, Mayes MD. Familial aggregation of primary Raynaud’s 
disease. Arthritis Rheum 1996;39:1189-91.
14. Spencer-Green G. Outcomes in primary Raynaud phenomenon: 
a meta-analysis of the frequency, rates, and predictors of transition to sec-
ondary disease. Arch Intern Med 1998;158:595-600.
15. Kallenberg CG. Early detection of connective tissue disease in patients 
with Raynaud’s phenomenon. Rheum Dis Clin North Am 1990;16:11-30.
16. Kallenberg CG, Wouda AA, Hoet MH, van Venrooij WJ. Develop-
ment of connective tissue disease in patients presenting with Raynaud’s 
phenomenon: a six year follow up with emphasis on the predictive value of 
antinuclear antibodies as detected by immunoblotting. Ann Rheum Dis 
1988;47:634-41.
17. Landry GJ, Edwards JM, McLafferty RB, Taylor LM Jr, Porter JM. 
Long-term outcome of Raynaud’s syndrome in a prospectively analyzed 
patient cohort. J Vasc Surg 1996;23:76-85.
18. Wollersheim H, Thien T, Hoet MH, Van Venrooy WJ. The diagnostic 
value of several immunological tests for anti-nuclear antibody in predicting 
the development of connective tissue disease in patients presenting with 
Raynaud’s phenomenon. Eur J Clin Invest 1989;19:535-41.
19. Luggen M, Belhorn L, Evans T, Fitzgerald O, Spencer-Green G. The 
evolution of Raynaud’s phenomenon: a longterm prospective study. 
J Rheumatol 1995;22:2226-32.
20. Harper FE, Maricq HR, Turner RE, Lindman RW, Leroy EC. A pro-
spective study of Raynaud phenomenon and early connective tissue disease: 
a five-year report. Am J Med 1982;72:883-8.
21. Zufferey P, Depairon M, Chamot AM, Monti M. Prognostic signifi-
cance of nailfold capillary microscopy in patients with Raynaud’s phenom-
enon and scleroderma-pattern abnormalities: a six-year follow-up study. 
Clin Rheumatol 1992;11:536-41.
22. Coffman JD. Effects of beta-adrenoreceptor-blocking drugs in patients 
with Raynaud’s phenomenon. Circulation 1985;72:466-70.
23. Franssen C, Wollersheim H, de Haan A, Thien T. The influence of 
different beta-blocking drugs on the peripheral circulation in Raynaud’s 
phenomenon and in hypertension. J Clin Pharmacol 1992;32:652-9.
24. Miller D, Waters DD, Warnica W, Szlachcic J, Kreeftj, Théroux P. Is 
variant angina the coronary manifestation of a generalized vasospastic dis-
order? N Engl J Med 1981;304:763-6.
25. O’Keefe ST, Tsapatsaris NP, Beetham WP Jr. Increased prevalence of 
migraine and chest pain in patients with primary Raynaud disease. Ann In-
tern Med 1992;116:985-9.
26. Brown KM, Middaugh SJ, Haythornthwaite JA, Bielory L. The effects 
of stress, anxiety, and outdoor temperature on the frequency and severity 
of Raynaud’s attacks: the Raynaud’s Treatment Study. J Behav Med 2001;
24:137-53.
27. Goodfield MJ, Hume A, Rowell NR. The acute effects of cigarette 
smoking on cutaneous blood flow in smoking and non-smoking subjects 
with and without Raynaud’s phenomenon. Br J Rheumatol 1990;29:89-91.

Downloaded from www.nejm.org by DAVID MCCONNELL on August 21, 2003.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



1008 · N Engl J Med, Vol. 347, No. 13 · September 26, 2002 · www.nejm.org

The New England Journal  of  Medicine

28. Palesch YY, Valter I, Carpentier PH, Maricq HR. Association between 
cigarette and alcohol consumption and Raynaud’s phenomenon. J Clin Ep-
idemiol 1999;52:321-8.
29. Thompson SE, Shea B, Welch V, Fenlon D, Pope JE. Calcium-channel 
blockers for Raynaud’s phenomenon in systemic sclerosis. Arthritis Rheum 
2001;44:1841-7.
30. Rademaker M, Cooke ED, Almond NE, et al. Comparison of intrave-
nous infusions of iloprost and oral nifedipine in treatment of Raynaud’s 
phenomenon in patients with systemic sclerosis: a double blind randomised 
study. BMJ 1989;298:561-4.
31. Dziadzio M, Denton CP, Smith R, et al. Losartan therapy for 
Raynaud’s phenomenon and scleroderma: clinical and biochemical findings 
in a fifteen-week, randomized, parallel-group, controlled trial. Arthritis 
Rheum 1999;42:2646-55.
32. Coleiro B, Marshall SE, Denton CP, et al. Treatment of Raynaud’s 
phenomenon with the selective serotonin reuptake inhibitor fluoxetine. 
Rheumatology (Oxford) 2001;40:1038-43.
33. Pope J, Fenlon D, Thompson A, et al. Prazosin for Raynaud’s phe-
nomenon in progressive systemic sclerosis. Cochrane Database Syst Rev 
2000;2:CD000956.
34. Wigley FM, Wise RA, Seibold JR, et al. Intravenous iloprost in pa-
tients with Raynaud phenomenon secondary to systemic sclerosis: a multi-
center, placebo-controlled, double-blind study. Ann Intern Med 1994;120:
199-206.
35. Pope J, Fenlon D, Thompson A, et al. Iloprost and cisaprost for 
Raynaud’s phenomenon in progressive systemic sclerosis. Cochrane Data-
base Syst Rev 2000;2:CD000953.
36. Dowd PM, Martin MF, Cooke ED, et al. Treatment of Raynaud’s phe-
nomenon by intravenous infusion of prostacyclin (PG12). Br J Dermatol 
1982;106:81-9.
37. Belch JJ, Newman P, Drury JK, et al. Intermittent epoprostenol (pros-
tacyclin) infusion in patients with Raynaud’s syndrome: a double-blind 
controlled trial. Lancet 1983;1:313-5.

38. Mohrland JS, Porter JM, Smith EA, Belch J, Simms MH. A multiclin-
ic, placebo-controlled, double-blind study of prostaglandin E1 in 
Raynaud’s syndrome. Ann Rheum Dis 1985;44:754-60.
39. Pardy BJ, Hoare MC, Eastcott HH, et al. Prostaglandin E1 in severe 
Raynaud’s phenomenon. Surgery 1982;92:953-65.
40. Wise RA, Wigley FM. Acute effects of misoprostol on digital circula-
tion in patients with Raynaud’s phenomenon. J Rheumatol 1994;21:80-3.
41. Wigley FM, Korn JH, Csuka ME, et al. Oral iloprost treatment in pa-
tients with Raynaud’s phenomenon secondary to systemic sclerosis: a mul-
ticenter, placebo-controlled, double-blind study. Arthritis Rheum 1998;41:
670-7.
42. Lau CS, Belch JJ, Madhok R, et al. A randomised, double-blind study 
of cicaprost, an oral prostacyclin analogue, in the treatment of Raynaud’s 
phenomenon secondary to systemic sclerosis. Clin Exp Rheumatol 1993;
11:35-40.
43. Vayssairat M. Controlled multicenter double blind trial of an oral an-
alog of prostacyclin in the treatment of primary Raynaud’s phenomenon: 
French Microcirculation Society Multicentre Group for the Study of Vas-
cular Acrosyndromes. J Rheumatol 1996;23:1917-20.
44. Khan F, Litchfield SJ, McLaren M, Veale DJ, Littleford RC, Belch JJ. 
Oral L-arginine supplementation and cutaneous vascular responses in pa-
tients with primary Raynaud’s phenomenon. Arthritis Rheum 1997;40:
352-7.
45. de Trafford JC, Lafferty K, Potter CE, Roberts VC, Cotton LT. An 
epidemiological survey of Raynaud’s phenomenon. Eur J Vasc Surg 1988;
2:167-70.
46. Flatt AE. Digital artery sympathectomy. J Hand Surg [Am] 1980;5:
550-6.
47. O’Brien BM, Kumar PA, Mellow CG, Oliver TV. Radical microarteri-
olysis in the treatment of vasospastic disorders of the hand, especially scler-
oderma. J Hand Surg [Br] 1992;17:447-52.

Copyright © 2002 Massachusetts Medical Society.

EARLY JOB ALERT SERVICE AVAILABLE 
AT THE NEW NEJM CAREER CENTER 

Register to receive weekly e-mail messages with the latest job openings

that match your specialty, as well as preferred geographic region, practice

setting, call schedule, and more. Visit the new NEJM Career Center at

www.nejmjobs.org for more information. 

Downloaded from www.nejm.org by DAVID MCCONNELL on August 21, 2003.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.


