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Objective.— To review the validity of the clinical assessment and diagnostic tests
in patients with suspected deep vein thrombosis (DVT).

Methods.— A comprehensive review of the literature was conducted by search-
ing MEDLINE from 1966 to April 1997.

Results.— Individual symptoms and signs alone do not reliably predict which
patients have DVT. Overall, the diagnostic properties of the clinical examination are
poor; the sensitivity of the clinical examination ranges from 60% to 96%, and the
specificity ranges from 20% to 72%. However, using specific combinations of risk
factors, symptoms, and physical signs for DVT, clinicians can reliably stratify pa-
tients with suspected DVT into low, moderate, or high pretest probability categories
of actually suffering from DVT. This stratification process in combination with non-
invasive testing, such as compression ultrasonography, simplifies the management
strategies for patients with suspected DVT.

Conclusions.— Use of a clinical prediction guide that includes specific factors
from both the history and physical examination in combination with noninvasive
tests simplifies management strategies for patients with suspected DVT.
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DEEP VEIN thrombosis (DVT) affects
approximately 2 million Americans per
year1 and is the third most common car-
diovascular disease behind acute coro-
nary syndromes and stroke.2 Venous
thromboembolism represents a single
disease entity with 2 patterns of clinical
presentation:DVTandpulmonaryembo-
lism (PE). The approach to patients who
present with suspected DVT is problem-
atic for several reasons. If left untreated,
affected patients can suffer fatal PE. The
clinical diagnosis of DVT is unreliable
when used in isolation without objective
testing.3,4 Also, about three quarters of
the patients who present with suspected
DVT have nonthrombotic causes of leg
pain.5,6 Finally, although anticoagulant
therapy is highly effective in preventing
the extension, embolization, and recur-
rence of DVT, it is associated with an in-

creased risk of major bleeding (approxi-
mately 5%) and other potentially serious
consequences such as heparin-induced
thrombocytopenia (approximately 1%).7
Therefore, when possible, anticoagula-
tion should be restricted to those with
confirmed DVT. For all of these reasons,
it is important to diagnose DVT accu-
rately. This will allow administration of
appropriate therapy for patients with
documented DVT, and for patients with-
out DVT it will avoid unnecessary expo-
sure of patients to the hazards of antico-
agulant therapy, and prevent many from
beingfalsely labeledassufferingfromve-
nous thromboembolic disease.

The low specificity of clinical symp-
toms and signs means that most symp-
tomatic patients will not have DVT. Of
those symptomatic patients with con-
firmed DVT at presentation, which rep-
resents about one quarter of patients
who are investigated,6,8 approximately
80% have proximal DVT (popliteal or
moreproximalveins)and20%haveDVT
that is limited to the calf.9 The clinical
significance of proximal DVT is differ-
ent from that of calf vein thrombosis be-
cause proximal vein thrombosis is asso-

ciatedwithahigher incidenceofPE.Pul-
monary emboli are detected in approxi-
mately50%ofpatientswithdocumented
proximal DVT.10 Therefore, proximal
DVT should be identified and anticoagu-
lant treatment should be initiated imme-
diately in affected patients. The initia-
tion of appropriate treatment reduces
the risk of developing recurrent DVT to
about 5% and reduces the incidence of
fatal PE to less than 1%.1,11 On the other
hand, calf vein thrombosis rarely causes
PE unless it first extends into the proxi-
mal veins. Proximal extension of calf
DVT occurs in approximately 30%, with
propagation occurring within 1 to 2
weeks of initial presentation.6

CLINICAL SCENARIO
A55-year-oldwomanisreferredtoyou

with suspected DVT. She complains of
pain, swelling, warmth, and redness of
herrightcalf.Shedenies injurytothe leg,
or previous DVT. She has been receiving
intravenous combination chemotherapy
forovariancarcinomathatwasdiagnosed
6 months earlier. Extensive pelvic lymph
node involvement, especially on the right
side, was present at diagnosis, and you
considerthepossibilitythatherlegsymp-
toms are due to extrinsic compression of
the right iliac vein. However, no lymph
nodes are palpable and a recent pelvic ul-
trasound examination showed a reduc-
tion in the previously demonstrated ad-
enopathy. On physical examination you
find pitting edema, erythema, increased
warmth of the right calf (diameter 3.5 cm
greater than that of the left calf), and ten-
derness with palpation of the popliteal
vein. You apply a clinical prediction rule6

andconcludethattheprobabilityofproxi-
mal DVT is very high.

From the Departments of Medicine (Drs Anand, Hunt,
Brill-Edwards, Cook, and Ginsberg) and Clinical Epi-
demiology (Dr Cook), McMaster University, Hamilton,
Ontario; and the Department of Medicine, Ottawa Civic
Hospital, Ottawa, Ontario (Dr Wells).

Reprints: Sonia S. Anand, MD, MSc, Hamilton Gen-
eral Hospital, 237 Barton St E, Hamilton, Ontario,
Canada L8L 2X2 (e-mail: anands@fhs.mcmaster.ca).

The Rational Clinical Examination section editors:
David L. Simel, MD, MHS, Durham Veterans Affairs
Medical Center and Duke University Medical Cen-
ter, Durham, NC; Drummond Rennie, MD, Deputy
Editor (West), JAMA.

1094 JAMA, April 8, 1998—Vol 279, No. 14 Does the Patient Have Deep Vein Thrombosis?—Anand et al

©1998 American Medical Association. All rights reserved.



METHODS
Search Strategy

We conducted a MEDLINE search to
retrieve all relevant articles pertaining
to the clinical assessment of patients
with suspected DVT. MEDLINE was
searched from 1966 to April 1997 using
Medical Subject Headings, EXP (ex-
plode) thrombosis (tw [textword]) and
(EXP physical examination or EXP di-
agnostic tests or EXP sensitivity and
specificity) and EXP phlebography. This
was limited to human and English-
language studies. One hundred fifteen ar-
ticles were retrieved (available on re-
quest from the senior author); 68 articles
that dealt with the diagnosis of DVT were
selected for complete review. The bibli-
ographies of the retrieved articles were
examined for additional relevant ar-
ticles. Only 5 studies provided informa-
tion on the relationship between clinical
findings and venographic confirmation of
DVT.3,4,6,12,13 These studies were graded
based on their methodologic quality us-
ing a standard scoring system.14

Principles of Diagnosis of DVT
The diagnostic assessment of patients

with suspected DVT has evolved over
the past 2 decades from reliance on clini-
cal symptoms and signs alone to heavy
reliance on objective diagnostic tests.15

RESULTS
Clinical Assessment

Over the past 30 years, the clinical as-
sessmentinpatientswithsuspectedDVT
has been refined and now includes a care-
ful review of risk factors, symptoms, and
physical signs.5,16-18 Risk factors for DVT
include immobility, paralysis, recent sur-
gery and/or trauma, malignancy, cancer
chemotherapy, advancing age (ie, .60
years), family history of venous throm-
boembolism, pregnancy, and estrogen
use.19,20 In a recent prospective cohort
study, 426 consecutive outpatients re-
ferred by general practitioners to a ter-
tiary care thrombosis unit were assessed
for DVT risk factors, and in approxi-
matelyhalfofthepatientswithconfirmed
DVT, a major risk factor (immobility,
trauma, and/or recent surgery) was pres-

ent.19 The odds ratios for other risk fac-
tors independently associated with the
presence of DVT, including male gender,
age greater than 60 years, cancer, heart
failure, systemic lupus erythematosus,
andlowerlimbarteriopathy,arepresent-
ed in Table 1. Commonly reported symp-
toms in patients with suspected DVT in-
clude leg pain, swelling, and other signs,
such as pitting edema, warmth, dilated
superficial veins, and erythema.3-5 Unfor-
tunately, these findings are neither sen-
sitive nor specific for DVT and may be
caused by other disease processes,5,16

such as leg trauma, cellulitis, obstructive
lymphadenopathy, superficial venous
thrombosis, postphlebitic syndrome, or
Baker cysts.6,21 The odds ratios for these
factors range from 1.6 to 4.3.19 Further-
more, DVT can coexist with each of these
processes. For example, the finding of a
Baker cyst on an ultrasound examination
does not rule out the presence of DVT.21

Traditionally, the routine physical ex-
amination in patients with suspected
DVT included a careful inspection of the
leg, measurement of the leg circumfer-
ence, and elicitation of Homans sign,22

which refers to the development of pain
in the calf or popliteal region on forceful
and abrupt dorsiflexion of the ankle with
the knee in a flexed position. Early stud-
iesevaluatingthepropertiesof individual
physical signs such as these to diagnose
DVT showed that they were inaccu-
rate.3,4 In a study by O’Donnell et al,3 102
patients who presented to the outpatient
departments of 2 tertiary care hospitals
withsuspectedDVTunderwentaclinical
assessment and venography. A combina-
tion of clinical signs and symptoms that
included tenderness, swelling, redness,
and the assessment of Homans sign could
not adequately differentiate patients
with or without DVT. The sensitivity of
the clinical examination in this study was
88% (95% confidence interval [CI], 77%-
97%) and the specificity was only 30%
(95% CI, 18%-40%). Haeger4 conducted a
prospective study of 72 outpatients who

presented with suspected DVT to a
thrombosis clinic, were examined by 1 or
2 experienced surgeons, and underwent
venography. No differences in the pre-
senting symptoms or physical signs were
identified between those with or without
venographically confirmed DVT. The
sensitivity of the clinical examination in
this study was 66% (95% CI, 50%-82%)
and the specificity only 53% (95% CI,
38%-69%). In a study by Molloy et al,12

100 patients with a clinical diagnosis of
DVT who were referred to the radiology
department of a general hospital were
studied; the sensitivity of the clinical ex-
amination was 60% (95% CI, 45%-75%)
andthespecificitywas72%(95%CI,60%-
83%). Overall, these symptoms and signs
occur in similar frequency in symptom-
atic patients with and without DVT
(Table 2).

The results of these studies led to a
shift away from the clinical examination
to a heavy reliance on noninvasive ob-
jective tests for patients with suspected
DVT. More recently, in a retrospective
chart review by Landefeld et al13 of 354
inpatients and outpatients with sus-
pected DVT who underwent venogra-
phy, there were 5 clinical findings inde-
pendently related to the presence of
proximal DVT: swelling below the knee,
swelling above the knee, recent immo-
bility, cancer, and fever. These factors
were determined by using multiple lin-
ear regression, were found to be signifi-
cantly associated with the presence of
proximal DVT in 236 patients, and then
were confirmed in the remaining 119 pa-
tients. Overall, the sensitivity of a posi-
tive clinical examination (associated
with the presence of 1 or more indepen-
dent predictors) was 96% (95% CI, 92%-
100%) and the specificity was 20% (95%
CI, 15%-25%). The frequency of signs
and symptoms seemed to predict the
presence of proximal DVT; where the
absence of any findings was associated
with less than a 5% chance of proximal
DVT, and the presence of 2 or more

Table 1.—Odds Ratios of Risk Factors for Deep
Vein Thrombosis*

Risk Factors
Odds Ratios

(95% CI)

Male gender 1.7 (1.4-2.0)
Age .60 y 1.6 (1.3-1.9)
Cancer 2.4 (1.9-2.8)
Heart failure 1.8 (1.3-2.3)
Systemic lupus erythematosus 4.4 (3.1-5.5)
Lower limb arteriopathy 1.9 (1.3-2.5)

*Data are from Cogo et al19; CI indicates confidence
interval.

Table 2.—Frequency of Symptoms and Signs in Patients With Suspected DVT*

Signs and
Symptoms

Source

O’Donnell et al 3

Grade A, %†
Haeger4

Grade B, %‡
Molloy et al 12

Grade A, %†

DVT1 DVT− DVT1 DVT− DVT1 DVT−

Pain 78 75 90 97 48 23

Tenderness 76 89 84 74 43 35

Edema 78 67 42 32 43 26

Homans sign 56 61 33 21 11 11

Swelling 85 56 . . . . . . 41 39

Erythema 24 38 . . . . . . . . . . . .

*DVT indicates deep vein thrombosis. The DVT diagnosis was observed by venography. DVT1 indicates those
with DVT; and DVT−, those without DVT. Ellipses indicate data not applicable.

†Grade A was an independent blind comparison of sign or symptom with a criterion standard of diagnosis among
a large number of consecutive patients suspected of having the target condition.

‡Grade B was an independent blind comparison of sign or symptom with a criterion standard of diagnosis among
a small number of consecutive patients suspected of having the target condition.
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clinical findings was associated with a
46% chance of proximal DVT. This was
the first study to demonstrate the po-
tential role of a clinical prediction guide
in patients with suspected DVT. The
likelihood ratio estimates for the clinical
assessment based on the 4 studies de-
scribed above are shown in Table 3.

Recall that a likelihood ratio ex-
presses the odds that a given finding on
the history or physical examination
would occur in a patient with the target
disorder as opposed to a patient without
it. Given a likelihood ratio above 1.0, the
probability of disease (in this case DVT)
increases when the finding is present, as
the finding is more likely among the pa-
tients with the disease than among those
without. When the likelihood ratio is be-
low 1.0, the probability of disease de-
clines as the finding is less likely to occur
among patients with the disease than
those without.23

Objective Assessment
Venography is thereferencestandard

for the diagnosis of DVT, and it is highly
accurate for both proximal and calf
DVT.24 However, venography is inva-
sive, expensive, technically inadequate
in about 10% of patients (either be-
cause of an inability to cannulate a vein
or lack of adequate visualization of the
deep veins), and may induce DVT in
approximately 3% of patients.25 This
led to the evaluation and validation of
2 noninvasive tests: impedance ple-
thysmography and compression ultra-
sonography. These tests have proven
to be sensitive to proximal, but not to
calf vein thrombosis.

Impedance plethysmography reliably
detects occlusive thrombi of the proxi-
mal veins (popliteal, femoral, or iliac
veins) but is less reliable at detecting
nonocclusive proximal DVT, and is in-
sensitivetocalfDVT.26-29 Impedanceple-
thysmography does not allow direct vi-
sualization of the veins, but suggests
that DVT is present when significant
outflow obstruction is present, particu-
larly in the absence of a comorbid condi-
tion that might cause a false-positive re-

sult (ie, extrinsic venous compression or
conditions associated with elevated cen-
tral venous pressure).15 Although stud-
ies before 1990 reported that impedance
plethysmography detected over 90% of
proximal DVT, more recent studies re-
ported sensitivities for proximal DVT
of about 70%.30-32 This apparent decrease
in sensitivity is probably caused by
changes in referring patterns to special-
ity centers with a strong interest in
DVT.33

Compression ultrasonography as-
sesses compressibility of the femoral and
popliteal veins and is highly sensitive and
specific for detecting proximal DVT (non-
compressibility is diagnostic of DVT,
whereas compressibility excludes
DVT).6,15,34-36 Neither impedance plethys-
mography nor compression ultrasonog-
raphy reliably detects isolated calf vein
thrombosis.37 It should be noted that
while the specificity of compression ul-
trasonograpy and impedance plethys-
mography for DVT remains high in both
symptomatic and asymptomatic pa-
tients, the sensitivity declines dramati-
cally when impedance plethysmogra-
phy and compression ultrasonography
are used to evaluate asymptomatic pa-
tients (ie, 22% and 58%, respectively) vs
symptomatic patients (ie, 96 % and 96%,

respectively).38 Several diagnostic algo-
rithms using serial compression ultra-
sonography or impedance plethysmog-
raphy have been evaluated and validated
in large clinical trials.26,29,34-36,39-44 Al-
though compression ultrasonography ap-
pears to be more accurate than imped-
anceplethysmography,serial testingwith
either is acceptable in patients with sus-
pected DVT.39,45 Therefore, as most cli-
nicians consider clinically important
proximal DVT excluded by normal im-
pedance plethysmography or compres-
sion ultrasonography on the day of pre-
sentation, anticoagulants can be safely
withheld in such patients, as the prob-
ability of suffering from proximal DVT
is less than 2% in the following 3 months.46

If the initial test results are normal, re-
peat testing over the next 5 to 7 days is
recommended; if they become abnormal
during this period, extending proximal
DVT is likely and an anticoagulant
therapy should be initiated. However, im-
pedance plethysmography and compres-
sionultrasonographyhave limitationstoo,
such as availability, and the inconve-
nience and expense of repeat testing.

Recently the D-dimer assays have
been demonstrated to be useful adjuncts
to noninvasive testing for suspected
DVT because they are highly sensitive

Table 3.—Likelihood Ratio for Clinical Assessment
in Patients With Suspected DVT Compared With
Venographic Result*

Source

Positive
Clinical

Assessment
for DVT
(95% CI)

Negative
Clinical

Assessment
for DVT
(95% CI)

O’Donnell et al3 1.25 (1.0-1.5) 0.40 (0.17-0.96)
Haeger4 1.40 (0.95-2.2) 0.64 (0.34-1.06)
Molloy et al12 2.10 (1.3-3.5) 0.55 (0.36-0.80)
Landefeld et al13 1.20 (1.10-1.29) 0.21 (0.08-0.54)

*DVT indicates deep vein thrombosis; CI, confidence
interval. Positive clinical assessment was defined as 1 or
more clinical factors; negative clinical assessment, ab-
sence of clinical factors.

Table 4.—Interpretation of Test Results in Patients With Suspected Initial DVT*

Tests

Results

Venography Compression Ultrasonography Impedance Plethysmography

Diagnose DVT Intraluminal filling defect
in at least 2
projections

Noncompressibility of the
femoral and/or popliteal vein

Abnormal impedance
plethysmography and a
moderate to high clinical
probability of DVT

Exclude clinically
important DVT

Normal venogram Normal compressibility of
proximal venous segments
combined with a low clinical
pretest probability, or
normal serial compression
ultrasound examination

Normal impedance
plethysmography combined
with a normal D dimer or
normal serial impedance
plethysmography

Nondiagnostic
for DVT

Technically inadequate
study in which all
deep veins are not
adequately visualized

Noncompressibility of deep veins
of the calf

Abnormal impedance
plethysmography combined
with low clinical suspicion

*DVT indicates deep vein thrombosis.

Table 5.—Estimation of Pretest Probability of DVT Using the Clinical Model*

Major Points

Active cancer (treatment ongoing or within previous 6 months or palliative)
Paralysis, bedridden .3 days and/or major surgery within 4 weeks
Localized tenderness along the distribution of the deep venous system in calf or thigh
Thigh and calf swollen (should be measured)
Calf swelling by .3 cm when compared with the asymptomatic leg (measured 10 cm below the tibial tuberosity)
Strong family history of DVT (.2 first-degree relatives with history of DVT)

Minor Points

History of recent trauma (#60 days to the symptomatic leg)
Pitting edema in symptomatic leg only
Dilated superficial veins (nonvaricose) in symptomatic leg only
Hospitalization within previous 6 months
Erythema

*DVT indicates deep vein thrombosis. Items excluded from the model are age, duration of symptoms, sex, obesity,
presence of varicose veins, a palpable cord, and Homans sign. Scoring method: high probability if $3 major points and
no alternative diagnosis, $2 major points and $2 minor points and no alternative diagnosis; low probability if 1 major
point and #2 minor points and an alternative diagnosis, 1 major point and #1 minor point and no alternative diagnosis,
0 major points and #3 minor points and an alternative diagnosis, 0 major points and #2 minor points and no alternative
diagnosis; and moderate probability if all other combinations.
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and, therefore, have high negative pre-
dictive values.47-49 D dimer is formed
when crossed-linked fibrin contained
within a thrombus is proteolyzed by
plasmin. Various D-dimer assays are
available, including enzyme-linked im-
munosorbentassays, latexagglutination
assays, and a whole blood agglutination
test.48 The whole-blood agglutination as-
say appears to be best for exclusion of
DVT, since it is suitable for individual
testing (unlike enzyme-linked immuno-
sorbent assays), and has high sensitivity
and reasonable specificity. Recent stud-
ies show that DVT can be reliably ex-
cluded in patients with suspected DVT
who have a normal impedance plethys-
mograph and a normal D dimer (using
the SimpliRed assay) and that such re-
sults occur in about two thirds of pa-
tients.47 This supports the role of the
SimpliRed assay as a simple and rapid
adjunct to noninvasive tests for the ex-
clusion of clinically important DVT.47,48

For a summary of diagnostic algorithms
for patients with suspected DVT see
Table 4.

Clinical Prediction Guide
Recently, the clinical assessment of

patients with suspected DVT was re-
evaluated. This was sparked by 2 obser-
vations that many patients with a high
pretest probability (using clinical judg-
ment) and a normal impedance plethys-
mograph had proximal DVT,30 and that
the pretest probability of patients had
an important influence on diagnosing
PE, a closely related disease. For ex-
ample, in patients with a low pretest
probability and a high probability lung
scan, the prevalence of PE was approxi-
mately 50% to 60%.50 These results gen-
erated the hypothesis that when pretest
probability and further tests are concor-
dant, DVT can be ruled in or out,
whereas when they are discordant, fur-
ther tests are necessary.

Development of a Clinical
Prediction Guide

Recently, a clinical prediction guide
that seeks to standardize the estimation
of the pretest probability among clini-
cians was developed6 and is described

below. This model enables clinicians to
reliably stratify patients with suspected
DVT into high, moderate, or low prob-
ability groups by following uniform cri-
teria. After a review of the litera-
ture3,4,8,15,19 and input from experienced
thrombosis investigators, categories
deemed to be important in the estima-
tion of a patient’s pretest probability
were considered and categorized as fol-
lows: (1) signs and symptoms of DVT, (2)
risk factors for DVT, and (3) the pres-
ence or absence of diagnoses that were
deemed at least as likely as DVT to ex-
plain the patient’s symptoms. These in-
clude musculoskeletal injuries, celluli-
tis, and prominent lymphadenopathy of
the inguinal area. The clinical prediction
guide uses a scoring system that com-
bines important symptoms and signs,
risk factors for DVT, and the presence
or absence of an alternative diagnosis.
The results stratify patients with sus-
pected DVT into low, moderate, or high
probability groups. The original clinical
prediction guide was initially developed
in a training set of 100 outpatients at a
thrombosis referral center, at McMas-
ter University, Hamilton, Ontario, who
presented with suspected DVT. All pa-
tients underwent venography, and a
simple regression model determined the
relative importance of individual and
various clusters of factors to predict the
probability that a patient suffered from
DVT.

The clinical prediction guide was then
prospectively validated in a test set of
529 patients who presented with sus-
pected DVT to 3 tertiary care referral
centers, 2 in Hamilton and 1 in Padua,
Italy.6 Clinicians recorded their assess-
ment of pretest probability of DVT, then
all patients underwent venography and
compression ultrasound examination.
This model cannot be applied to certain
subgroups of patients who were ex-
cludedfromthestudy,suchasthosewith
previous venous thromboembolism,
those with concomitantly suspected PE,
pregnant women, or patients receiving
treatment with anticoagulants. Using
the clinical model, eligible patients were

initially stratified into low, moderate, or
high pretest probability groups.

Although individual physical findings
on their own are not predictive of DVT,
when specific physical signs are incorpo-
rated into the clinical prediction guide
they contribute to the generation of the
pretest probability of DVT. In Table 5,
the physical signs and the scoring sys-
tem of the clinical prediction guide are
outlined. The physical signs classified as
major points include localized tender-
ness to palpation along the distribution
of the deep venous system; thigh and calf
swelling—indicating that the entire leg
has an increased diameter when com-
pared with the asymptomatic side; and
calf swelling in which the calf is mea-
sured approximately 10 cm below the
tibial plateau (at the tibial tuberosity)
and is considered present if the differ-
ence between calf diameters is greater
than 3 cm. Minor points include the pres-
ence of a unilateral pitting edema of the
leg using standard assessment mea-
sures; the presence of dilated superficial
veins (nonvaricose) that persist with el-
evation in the lower limb or if present in
any new pattern in the groin region on
the symptomatic leg only; and the pres-
ence of diffuse or streaking erythema.

The test-set confirmed that the clinical
model could reliably classify patients
into high, moderate, and low probability
groups.TheprevalenceofallDVT(proxi-
mal and calf ) using the venogram as the
criterion standard in patients who were
classified by the clinical model into
the high probability strata was 85%,
compared with 33% in the moderate
probability and 5% in the low probability
categories. The positive likelihood ratios
for the high-, moderate-, and low-risk
categories are 16.2 (95% CI, 9.3-28.2),
1.3 (95% CI, 1.0-1.7), and 0.2 (95% CI, 0.1-
0.3), respectively. The specificity of com-
pression ultrasonography to detect
proximal DVT in all strata was between
98% and 100%. When interpreted in con-
junction with pretest probability, the
ability of compression ultrasonography
to reliably diagnose DVT decreased as
the pretest probability declined. The

Table 6.—Likelihood Ratios for Ultrasonography
Results by Clinical Probability Strata

Pretest
Probability Ultrasonography

Positive
Likelihood

Ratio
(95% CI*)

High Abnormal Infinity (`) (3-`)
Moderate Abnormal 72 (13-412)
Low Abnormal 34 (14-76)

High Normal 0.06 (0.03-0.16)
Moderate Normal 0.17 (0.07-0.34)
Low Normal 0.20 (0.06-0.52)

*CI indicates confidence interval.

Table 7.—Simplified Clinical Model*

Clinical Parameter Score

Active cancer (treatment ongoing or within previous 6 months or palliative) 1

Paralysis, paresis, or recent plaster immobilization of the lower extremities 1

Recently bedridden for .3 days of major surgery within 4 weeks 1

Localized tenderness along the distribution of the deep venous system 1

Entire leg swelling 1

Calf swelling by .3 cm when compared with the asymptomatic leg (measured 10 cm
below the tibial tuberosity)† 1

Pitting edema (greater in the symptomatic leg) 1

Collateral superficial veins (nonvaricose) 1

Alternative diagnosis as likely or greater than that of deep vein thrombosis −2

*Scoring method: high probability if score is $3; moderate if score is 1 or 2; and low if score is #0.
†In patients with symptoms in both legs, the more symptomatic leg was used.
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sensitivities of compression ultrasonog-
raphy in the high, moderate, and low
strata were 94%, 83%, and 80%, respec-
tively. The corresponding likelihood ra-
tios for compression ultrasonography in
pretest probability strata are provided
in Table 6. By combining pretest prob-
ability and compression ultrasonogra-
phy results, the posttest probabilities of
DVT for each possible combination of re-
sults were generated. In the high pre-
testprobabilitystrata,anabnormalcom-
pression ultrasonogram resulted in a
100% posttest probability; in the moder-
ate strata, a 96% posttest probability;
and in the low strata, a 63% posttest
probability. In patients whose compres-
sion ultrasonogram was normal, the
posttestprobabilitiesofDVTinthehigh,
moderate, and low strata were 24%, 5%,
and less than 1%, respectively.

The original clinical prediction guide
was recently simplified using stepwise
logistic regression and reevaluated.51

Recent trauma, family history, ery-
thema, and recent hospitalization within
the previous 6 months did not remain in
the simplified model, which in combina-
tion with compression ultrasonography
was recently prospectively tested in 593
patients with suspected DVT who were
referredtotertiarycarethrombosisclin-
ics51 (Table 7). Similar to the original
clinical prediction guide, the simplified
guide was able to reliably stratify pa-
tients into high, moderate, or low prob-
ability groups, with corresponding
prevalences of DVT of 75% (95% CI,
63%-81%), 17% (95% CI, 12%-23%), and
3% (95% CI, 1.7%-5.9%), respectively.

These data support the use of a clinical
prediction guide to simplify the diagnos-
tic approach for patients with suspected
DVT (Figure). In patients with a high or
moderate pretest score who have an ab-

normal compression ultrasonogram,
DVT can be reliably diagnosed (positive
likelihood ratios of ` and 72, respec-
tively) and treatment should be initi-
ated. Inpatientswitha lowpretestprob-
ability of DVT who have a normal com-
pression ultrasonogram (negative like-
lihood ratio of 0.2), DVT can be reliably
excluded without further testing. For
patients with discordant results (ie, high
pretestprobabilityandnormalcompres-
sion ultrasonogram, or low pretest prob-
ability and an abnormal compression ul-
trasonorgram), further testing is recom-
mended (ie, venography or serial com-
pression ultrasonography). Patients
with a moderate pretest probability and
a normal ultrasonogram have a 5% prob-
ability of having DVT and a repeat com-
pression ultrasound examination in 7
days is recommended.

BACK TO THE PATIENT
The patient described in the “Clinical

Scenario” section is a 55-year-old wom-
an who presents with suspected DVT.
Using the clinical prediction guide
checklist found in Table 5, you deter-
mine that she has 5 clinical features pre-
dictive of DVT: a diagnosis of active can-
cer, calf swelling, erythema, localized
tenderness along the popliteal vein, and
pitting edema of the symptomatic leg.
Although the possibility of enlarging
pelvic lymph nodes in the right inguinal
area offers a potential alternative diag-
nosis, you note that a recent pelvic ul-
trasound report indicates that these
nodes have shrunk, rendering this a less
likely alternative diagnosis. Therefore,
with 5 clinical features of DVT, and no
convincingalternativediagnosis, follow-
ing the approach of the clinical predic-
tion guide you conclude that she has a
highclinicalprobabilityofsufferingfrom

acute DVT. The next step is to perform
a compression ultrasound examination,
and, if theresultsareabnormal, thepost-
test probability of DVT being present
approaches 100%. However, if the ultra-
sonogram is normal (ie, showing normal
compressibility of the proximal veins),
the posttest probability is approxi-
mately 24%, and further testing with ve-
nography would be required.

CONCLUSIONS
Although physical findings of patients

with suspected DVT are not useful on
their own, this state-of-the-art clinical
prediction guide that includes factors
from both the history and physical exami-
nation is able to assist in the diagnosis of
DVT. When used in combination with
noninvasivetests,suchascompressionul-
trasonography, it can simplify and reduce
the expense of management strategies.

THE BOTTOM LINE
Individual symptoms and signs on

their own are not useful to diagnose
DVT. However, a systematic review of
patients’ risk factors, symptoms, and
physical signs allows the clinician to re-
liably determine the pretest probability
that a patient suffers from DVT. This
strategy, incombinationwiththeresults
of noninvasive diagnostic test results,
guides further diagnostic testing and
treatment strategies.
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Award of the Heart and Stroke Foundation of On-
tario, Toronto; Dr Wells, a Research Scholarship of
the Heart and Stroke Foundation of Canada, Ot-
tawa, Ontario; and Dr Cook, the Ontario Ministry of
Health Career-Investigator Award, Toronto.

The authors would like to acknowledge the con-
tributions of Brian Gage, MD, MSc, and Gino Merli,
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zyme A (HMG-CoA) reductase inhibitor class. We are un-
aware of any published reports of TEN associated with ator-
vastatin or related compounds.5

Report of a Case.—A 73-year-old, moderately obese woman
with type 2 diabetes and hypertension had a total cholesterol
value of 6.88 mmol/L (266 mg/dL), a high-density lipoprotein
cholesterol value of 1.03 mmol/L (40 mg/dL), a low-density
lipoprotein cholesterol value of 4.58 mmol/L (177 mg/dL), and
a triglyceride value of 6.88 mmol/L (266 mg/dL). She had been
receiving the following medications without adverse effects:
enalapril and glyburide, 6 years; potassium chloride, 14 years;
hydrochlorothiazide, 15 months; and metformin and nabum-
etone, 1 year. Atorvastatin, 10 mg/d, was prescribed.

Four days later, after receiving a total dose of 40 mg of
atorvastatin, the patient noted a pruritic, erythematous rash
and discontinued atorvastatin therapy. The rash became con-
fluent over the next 2 days. Therapy with prednisone and
diphenhydramine was initiated; however, the condition pro-
gressed, with the development of severe stomatitis, diffuse
erythema, and edema of the face, trunk, and extremities, with
bulla formation and desquamation in multiple areas. Fever,
malaise, and weakness were present.

The patient required hospitalization for 2 weeks. All pre-
hospitalmedicationusewasdiscontinued.Supportivecarewas
provided with intravenous fluids, mouth care, liquid diet, cor-
ticosteroids, and intravenous morphine.

The hemoglobin level decreased from 114 g/L to 90 g/L and
the white blood cell count was 6.9 3 109/L (84% neutrophils,
10% lymphocytes, 5% monocytes, and 1% eosinophils). Elec-
trolyte levels were within the normal range. Liver function
tests had normal results and the total cholesterol value was
4.55 mmol/L (172 mg/dL). A positive Nikolsky sign was elic-
ited. Skin biopsy revealed detached epidermal tissue with ex-
tensive necrosis and mononuclear cell infiltration and was con-
sistent with the clinical diagnosis of TEN. The patient was
severely ill but eventually recovered. Complete resolution of
dermatologic manifestations (including partial alopecia and
severe dystrophic changes of the fingernails and toenails) re-
quired 4 months. Glyburide, enalapril, and hydrochlorothia-
zide were reinstituted without adverse effect.

Comment.—HMG-CoAreductase inhibitorsarewidelypre-
scribed for the management of hypercholesterolemia because
of their effectiveness and tolerability. The most serious toxic
effects associated with HMG-CoA reductase inhibitors are
liver dysfunction, myalgia, and rhabdomyolysis. Significant
dermatologic reactions are uncommon. In the case reported
herein, the patient received multiple medications for many
months without adverse effects. After 4 days of atorvastatin
therapy, the patient developed a rash that progressed to a
painful, potentially life-threatening dermatosis requiring a 2-
week hospitalization.

The temporal relationship of the reaction to the initiation of
atorvastatin therapy, as well as the long-term tolerance of the
previously prescribed medications, make atorvastatin the
most likely cause of TEN in this case. No rechallenge with
atorvastatin was attempted. Whether a similar reaction

would occur with other HMG-CoA reductase inhibitors is
uncertain. The patient’s hyperlipidemia is currently managed
by dietary measures.

This is the first reported case of TEN associated with HMG-
CoA reductase inhibitors to our knowledge. Physicians and
other health care professionals should be aware of the possi-
bility of such reactions to atorvastatin and similar drugs.

Constance M. Pfeiffer, PharmD
Rutgers University College of Pharmacy
Piscataway, NJ
The Medical Center at Princeton
Princeton, NJ
Steven Kazenoff, MD
Harvey D. Rothberg, MD
The Medical Center at Princeton
Princeton, NJ
University of Medicine and Dentistry–
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New Brunswick, NJ
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CORRECTIONS

Author Omitted.—In the reply letter for “Sertraline for Premen-
strual Dysphoric Disorder” published in the February 4, 1998, issue of
THE JOURNAL (1998;279:357-358),BarbaraL.Parry,MD,wasomitted
from the list of contributing authors.

Incorrect Wording.—In The Rational Clinical Examination entitled
“Does This Patient Have Deep Vein Thrombosis?” published in the
April 8, 1998, issue of THE JOURNAL (1998;279:1094-1099), wording in a
table was incorrect. On page 1096, in Table 5, the sentence that reads
“Scoring method: high probability if $3 major points and no alternative
diagnosis, $2 major points and $2 minor points and no alternative
diagnosis; low probability if 1 major point and $2 minor points and an
alternative diagnosis, 1 major point and $1 minor point and no alter-
native diagnosis, 0 major points and $3 minor points and an alternative
diagnois, 0 major points and $2 minor points and no alternative diag-
nosis; and moderate probability if all other combinations” should have
read as follows: “Scoring method: high probability if $3 major points
and no alternative diagnosis, $2 major points and $2 minor points and
no alternative diagnosis; low probability if 1 major point and #2 minor
points and an alternative diagnosis, 1 major point and #1 minor point
and no alternative diagnosis, 0 major points and #3 minor points and an
alternative diagnosis, 0 major points and #2 minor points and no alter-
native diagnosis; and moderate probability if all other combinations.”
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maining supernatant was analyzed directly by CE-MS and
CE-MS/MS. The composition of 4 different commercial
samples (2 lot numbers) of SKIN-CAP spray formulation was
examined. Another commercial spray product containing zinc
pyrithione was also prepared and analyzed by CE-MS using
identical conditions.

Results of preliminary CE-MS studies of SKIN-CAP using
reconstructed ion electropherograms (the sum of all detected
ions) and 2 ion channels (mass charge [m/z] 467 and m/z 469)
were consistent with the protonated molecular weight of clo-
betasol (m/z 467) and the chloride 37 isotope response of this
steroid (m/z 469) (data not shown). Detection of significant
peaks in the m/z 467 and m/z 469 channels, coincident with the
migration time of authentic clobetasol, led us to suspect that
the analyzed samples of SKIN-CAP were contaminated by
this corticosteroid. To substantiate these findings, we per-
formed CE-MS/MS analysis, in which the m/z 467 response
detected in SKIN-CAP was fingerprinted and compared with
authentic clobetasol (Sigma, St Louis, Mo). The product ion
spectrum resulting from the analysis of the SKIN-CAP con-
taminant (Figure, top) indicated significant similarity with
authentic clobetasol when analyzed under the same conditions
(Figure, bottom). Similarly, the product ion spectrum of the
m/z 469 response detected for SKIN-CAP was consistent with
the spectrum produced by CE-MS/MS analysis of m/z 469 of
clobetasol (data not shown). The presence of a contaminant
exhibiting an electrophoretic migration and mass spectromet-
ric properties consistent with those of the authentic standard
of clobetasol was detected in all 4 SKIN-CAP samples. These
results strongly suggest that the 2 lots of SKIN-CAP we ana-
lyzed contained clobetasol, which is a superpotent corticoste-
roid available only by prescription for topical use in the United
States. The other commercial brand of zinc pyrithione spray
showed no evidence of clobetasol proprionate and provided a
negative control.

We informed the FDA of these findings and, subsequently,
they confirmed the presence of clobetasol in spray, shampoo,
and cream formulations of SKIN-CAP. In August 1997, the
FDA issued an alert to halt importation of SKIN-CAP into the
United States.1 The medical community should be aware of
possible corticosteroid contamination and attendant risks of
SKIN-CAP therapy and urge patients using this product to
consult their physicians.

Mark R. Pittelkow, MD
Linda M. Benson, BS
Stephen Naylor, PhD, DSc
Andy J. Tomlinson, PhD
Mayo Clinic
Rochester, Minn

1. Kupec IF. FDA warns consumers not to use SKIN-CAP. HHS News. August 8,
1997.

In Reply.—There has been a wide polemic concerning the
ingredients contained in the SKIN-CAP product and, at this
time, Cheminova International, SA, does not want to enter
into more discussion.

The final evidence for the defense of SKIN-CAP has been
provided to the corresponding FDA inspectors, and it is now
their turn to make a decision and to inform us and the public
about their verdict.

After several analyses conducted by official institutions,
SKIN-CAP has been reintroduced in the United Kingdom,
Germany, France, and most East European countries. We
trust that the US FDA will follow the decision of their Euro-
pean colleagues and will allow a prompt return of SKIN-CAP
to the US market.

Aly F. Santa Marta
Cheminova International, SA
Madrid, Spain

CORRECTION

Calculation Error.—In the Rational Clinical Examination entitled
“Does This Patient Have Deep Vein Thrombosis?” published in the
April 8, 1998, issue of THE JOURNAL (1998;279:1094-1099), there was
a calculation error. On page 1097, in the third column, second para-
graph, the likelihood ratio for the high-risk category was stated as 3.3
(95% CI, 2.6-4.3) and should have been 16.2 (95% CI, 9.3-28.2).

jlr80107f1

Production ion spectrum resulting from capillary electrophoresis and tandem
mass spectrometry analysis of m/z (mass to charge) 467 component of a com-
mercial SKIN-CAP spray formulation (top) and from analysis of authentic clo-
betasol (bottom).
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