
The management of deep venous thrombosis (DVT) has
changed dramatically over the past several years. Advances in
both technology and pharmacology have placed the emer-
gency physician in a pivotal role for managing veno-occlusive
disease. 

DVT is a cause of signifi-
cant morbidity and mortality.1-

3 Acutely, it causes pain and
limits physical activity. A dra-
matic presentation of DVT
known as phlegmasia dolens
leads to gangrene, shock, and
death. If clots embolize, subse-
quent pulmonary embolism
(PE) can be fatal. Despite res-
olution of the acute event,
destruction of venous valves
can lead to recurrent swelling,
stasis ulcers, and persistent
edema.1

Although DVT is a significant cause of mortality in the elder-
ly, even children are not immune. Most patients with venous
thrombosis have risk factors, among them: stasis, hypercoagu-
lability, trauma, and/or endothelial injury.

Although the physical examination usually provides clues to
the diagnosis, the emergency physician must remember that the
clinical examination is neither sensitive nor specific for DVT.
Failure to detect a deep venous thrombosis can lead to cata-
strophic results. A clinical scoring system aids in the diagnosis
of patients with leg pain or swelling, and new assays for D-
dimer play a growing role. In the past decade, venography has
declined, and Duplex ultrasound has become the diagnostic
modality of choice. 

The emergency physician must aggressively recognize and

treat life threats, such as pulmonary embolism and phlegmasia
dolens. Heparin is often underdosed, and the use of a weight-
based nomogram assists the EP to rapidly achieve a targeted
PTT. Low-molecular weight heparin (LMWH) will change
practice standards by allowing home treatment of venous

thrombosis at lower total cost.
The use of thrombolytics
remains controversial. 

This article outlines an out-
come-effective clinical
approach for DVT manage-
ment. It will help emergency
departments (EDs) design
critical pathways for develop-
ing a safe and effective treat-
ment program for this com-
mon condition.

—The Editor

Epidemiology
Approximately 2 million Americans suffer from DVT each

year,4 but, because most DVT is occult, the true incidence is
unknown. Approximately 250,000 patients per year require
hospitalization for 5-10 days of intravenous heparin therapy.5

In addition to those with acute thrombosis, millions more suf-
fer from sequelae such as stasis dermatitis and venous ulcers.
While the degree of morbidity is significant, mortality rates are
equally problematic. Thromboembolic disease is annually
responsible for 200,000 deaths in the United States.6 The elder-
ly are in greatest jeopardy; DVT is associated with a 21% one-
year mortality in this age group.7 Many in this subgroup die
from associated PE, while others succumb from comorbid dis-
ease, especially cancer. Even children are at risk for venous
thrombosis. Pediatric patients at risk include those with spinal
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mechanism that propels blood into the central circulation. Stasis
plays a role in thrombosis encountered in the morbidly obese
and in individuals with cardiac disease. Limb paralysis from
stroke or spinal cord injury is associated with a difficult-to-
evaluate syndrome of painless or occult thrombosis.13

Hypercoagulability. Surgery and trauma are responsible
for up to 40% of all thromboembolic disease, which results
from both a hypercoagulable state and immobility. These
insults activate the clotting cascade, and indices of thrombosis
and fibrinolysis rise rapidly.14 

Malignancy also accelerates the coagulation cascade and is
responsible for up to 4% of all episodes of DVT.15,16 Activation
of the extrinsic pathway via tissue factor plays an important role
in clot generation;17 breast and prostate cancer are common pre-
cipitants. Up to 10% of patients with new onset DVT develop
cancer within six months after the diagnosis of DVT.18,19 Recur-
rent migratory superficial thrombophlebitis caused by malignan-
cy (usually solid tumors) is called Trousseau’s syndrome. This
condition is resistant to warfarin therapy and may require long-
term heparin prophylaxis.20

Increased estrogen predisposes to thrombosis due to a fall in
protein ‘S,’ and cigarette smoking significantly enhances this
tendency.19 Increased estrogen occurs during all stages of preg-
nancy—the first three months postpartum, after elective abor-
tion, and during treatment with oral contraceptive pills (OCPs).
Low-dose estrogen OCPs are not associated with an increased
risk of DVT. Women with congenital resistance to activated
protein C (factor V Leiden mutation) are especially susceptible
to thrombosis due to OCPs.22 Progesterone-only pills and Nor-
plant may slightly increase the risk of thrombosis.

Ten percent of thromboembolic disease is due to acquired or
inherited disorders of coagulation. Three of the most common
disorders include deficiencies of protein ‘S,’ protein ‘C,’ and
antithrombin III. While most patients inherit these conditions,
they may also be acquired. Because the nephrotic syndrome
results in urinary loss of antithrombin III, this diagnosis should
be considered in children presenting with thromboembolic dis-
ease.23 Antiphospholipid antibodies accelerate coagulation and
include the lupus anticoagulant and anticardiolipin antibodies.24

Paradoxically, nearly half of these patients have a prolonged
PTT on laboratory testing despite being hypercoaguable.25 Sus-
pect antiphospholipid antibodies when thrombosis occurs in
young patients with no other risk factors. This syndrome is
especially likely if the patient has arterial thrombosis or venous
clot in unusual locations, such as the mesentery or solid
organs.26 Inflammatory processes, such as systemic lupus ery-
thematosus (SLE), sickle cell disease, and inflammatory bowel
disease (IBD), also predispose to thrombosis, presumably due
to hypercoagulability. 

Endothelial Injury. The third aspect of Virchow’s triad is
endothelial injury. Trauma, surgery, and invasive procedure
may disrupt venous integrity.27,28 In particular, orthopedic
surgery of the hip and lower extremities can incite thrombosis.
Iatrogenic causes of venous thrombosis are increasing due to
the widespread use of central venous catheters, particularly
subclavian and internal jugular lines. These lines are an impor-
tant cause of upper extremity DVT, particularly in children.29

Femoral lines also generate thrombus in 14% of patients can-
nulated.30

cord injuries, hypercoagulable states, and those with a recent
history of central lines.8

Etiology and Risk Factors for DVT
Virchow first elucidated the causes of deep venous throm-

bosis with a description of a classical triad: stasis, hypercoagu-
lability, and endothelial injury. While at least 50% of patients
with DVT have risk factors,9 the strongest risk factor for
venous thrombosis is prior thromboembolic disease.10 (See
Table 1.) Moreover, risk factors are additive in nature.11

Stasis. Stasis may arise from prolonged bed rest (4 days or
more) or extended travel in a vehicle such as an airplane or
automobile. The principal cause of death related to transatlantic
flights is not airplane lasagna, but pulmonary embolism. This is
known, among other things, as the “economy class syndrome,”
in which venous thrombosis is induced by cramped quarters in
an airplane, usually during transoceanic flights.12 A cast on the
leg also increases venous stasis and impairs the “muscle pump”
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Clinical Pathophysiology
Anatomists describe the venous drainage of the lower

extremity in relationship to the muscle fascia. The superficial
veins include the greater and lesser saphenous veins, which
drain into the deep system via the perforating or communicat-
ing veins. A series of valves direct blood flow toward the heart.
The pump action of the thigh and calf muscles powers this
flow.31 While some view anatomists as humorless, they have
perpetuated a dangerous joke on emergency physicians. The
have named a major vessel of the lower extremity the “superfi-
cial” femoral vein. However, this structure is a deep vein!
Three quarters of primary care physicians do not realize this
fact and may neglect to anticoagulate the patient when this vein
is involved.32

The nidus for a clot is often an intimal defect. For example,
intravenous catheters, irritating medications, or illicit drugs pre-
cipitate superficial thrombophlebitis.33-35 When a clot forms on
an intimal defect, the coagulation cascade promotes clot growth
proximally. Thrombus can extend from the superficial veins into
the deep system from which it can embolize to the lungs. Nearly
25% of all patients with superficial phlebitis have involvement
of the deep system.36 Males older than age 60, patients with sys-
temic infection, and patients on prolonged bed rest are most like-
ly to develop DVT.37

While the vast majority of pulmonary emboli arise from the
iliofemoral system, patients with calf vein involvement are
also at risk. While isolated calf thrombi are unlikely to produce
significant pulmonary emboli, up to 15-20% can later propa-
gate and then embolize.38-40 Once a clot develops, whether
proximal or distal, venous hypertension frequently leads to
pain and/or swelling. Extensive deep venous thrombosis can
even result in compartment syndrome of the thigh and leg.41

However, many cases of DVT remain asymptomatic until
embolization occurs. Anticoagulation of superficial vein
thrombosis remains controversial. 

Opposing the coagulation cascade is the endogenous fibri-
nolytic system. After the clot organizes or dissolves, most veins
will recanalize in several weeks.42 Residual clots retract as
fibroblasts and capillary development lead to intimal thicken-
ing.43 Venous hypertension and residual clot may destroy
valves, leading to the postphlebitic syndrome, which develops
within 5-10 years.44 Edema, sclerosis, and ulceration character-
ize this syndrome, which develops in 40-80% of patients with
DVT.45,46 In addition to the chronic changes of the postphlebitic
syndrome, patients also can suffer exacerbations of swelling
and pain, probably as a result of venous dilatation and hyperten-
sion. These exacerbations are clinically indistinguishable from
recurrent DVT.47 Accordingly, episodes of acute swelling and
pain should be attributed to the postphlebitic syndrome only
after objective tests confirm no recurrence of DVT. 

Pulmonary embolism (PE) is a serious complication of
DVT. Many episodes of pulmonary embolism go unrecognized,
and at least 40% of patients with DVT have clinically silent PE
on VQ scanning, 48 which is not the gold standard for diagnosis
of PE. Most cases of PE arise from the iliofemoral system.
Massive occlusion of the iliofemoral system can be life- and
limb-threatening. Patients who have malignancy, congestive
heart failure, massive obesity, or prior DVT are most suscepti-
ble to this complication.

Presentation and Physical Examination 
Symptomatic patients typically complain of lower extremity

pain or swelling. They may report a sense of fullness, which
increases with standing or walking.49 Some individuals may
complain of pain in the lower extremity when coughing or
sneezing, which is different from electric type pain with cough
or sneeze that is associated with sciatica. Venous involvement
is usually unilateral unless the vena cava occludes, a rare and
catastrophic event. In one study, DVT never occurred in the
patients with bilateral symptoms.50 However, bilateral involve-

STASIS

Immobility
Four days bed rest
Long plane ride (economy class syndrome)
Long train or car ride (many hours)

Paralysis: stroke, spinal cord injury
Cast on leg

HYPERCOAGULABILITY (UNDERLYING DISEASE)

Previous thromboembolic disease
Malignancy
Inflammatory conditions (SLE, IBD, PVD)
Nephrotic syndrome (loss of antithrombin III)
Sepsis

COAGULATION DISORDERS—INHERITABLE VS. ACQUIRED

Resistance to activated Protein C
Protein S deficiency
Protein C deficiency
Antithrombin deficiency
Disorders of fibrinogen or plasminogen
Antiphospholipid antibodies (lupus anticoagulant and anti-

cardiolipin)

INCREASED ESTROGEN (CAUSES URINARY LOSS OF PROTEIN S
AND ANTITHROMBIN III)

Pregnancy
Post-partum < 3 months
Elective abortion or miscarriage
Oral contraceptive pills, other exogenous estrogens

INTIMAL DAMAGE

Intravenous drug abuse
Trauma
Recent surgery
Central lines

MULTIFACTORIAL

Trauma
Recent surgery
Age > 60
Cardiac disease
Obesity
Heart failure
Lower limb arteriopathy

Table 1. Risk Factors for Thromboembolic
Disease
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ment can occur.
It is important to determine the time course of symptoms

and to elicit a history of recent trauma. As a rule, venous
thrombosis occurs over several days, and sudden, severe pain
is more compatible with muscle rupture or injury. Associated
symptoms are also important, especially the presence of chest
pain or shortness of breath, which may suggest PE. The med-
ical history should be used to assess risk factors for throm-
boembolic disease. A history of prior DVT is important, as up
to 26% of patients with DVT have had a previous episode.10

(See Table 2.)
Physical Examination. A caveat that is nearly 20 years old

remains valid today. “A combination of clinical signs and symp-
toms that included tenderness, swelling, redness, and the assess-
ment of Homans' sign [can] not adequately differentiate patients
with or without DVT.”51

This is not to imply that physical examination is useless,
but that a number of physical findings in combination with
risk factors assist in the diagnosis of a patient with leg
complaints. 

Occasionally, a rectal temperature can help distinguish
cellulitis from DVT. While patients with DVT may have a
low grade fever due to a systemic inflammatory response,
this fever rarely exceeds 102°F. To help make this differenti-
ation, it is essential to completely undress the patient with leg
symptoms and inspect for lymphangitis, erythema, and ulcer-
ations. Clots may become infected, especially in patients with
intravenous drug abuse. Remember to examine the entire
limb for abnormalities, as lymphangitis may have large
“skip” areas. Be alert for psychiatric patients or prisoners
who may tie a tourniquet around their thigh to produce facti-
tious DVT. 

Lack of discrepancy in calf size does not rule out DVT.
Some researches have standardized calf measurements at 10
cm below the tibial tuberosity. While asymmetry of the
calves of 1 cm or more is abnormal, such asymmetry does not
definitively distinguish between patients with thromboembol-
ic disease and those without.52 However, asymmetric calf
swelling of greater than 3 cm is almost always a significant
finding.53

Examine the legs for pitting edema; extremities affected by
acute thrombosis are frequently warmer than the opposite
limb. Palpation includes a search for “cords,” which are very
specific, although insensitive for thrombosis. Cords are most
often detected in the popliteal fossa. Palpate distal pulses and
evaluate capillary refill to assess limb perfusion. Pulses may
also be diminished in long-standing arterial disease. The pres-
ence of pain with passive range of motion of the toes or ankle
is an important clue to compartment syndrome. Move and pal-
pate all joints to detect acute arthritis or other joint pathology.
Neurologic evaluation may detect nerve root irritation; senso-
ry, motor, and reflex deficits should be noted. Search for a
thrill or bruit which is associated with arteriovenous (AV) fis-
tulas. Patients with large fistulas have abnormally high car-
diac output, and manual compression of the fistula reflexively
slows the heart by reducing the shunt (Branham’s sign).54

Patients with a remote history of a gunshot wound to the
extremity are most likely to present with a fistula. Bony ten-
derness does not rule out DVT. Indeed, up to 65% of patients

with DVT will have pain with percussion of the medial tibia.49

Bancroft or Moses’ sign is pain with compression of the calf
against the tibia. Some patients with DVT will have more pain
with this maneuver than with transverse compression of the
gastrocnemius.55

A review of venous thrombosis would not be complete
without mention of Homans'’ sign: pain in the posterior calf or
knee with forced dorsiflexion of the foot. It is often present in
patients with sciatica. Despite numerous references to
Homans'’ sign in the medical literature, this finding is inaccu-
rate and unreliable.56

Examination of the patient with DVT does not end with
evaluation of the extremity. Search for stigmata of PE such as
tachycardia (common), tachypnea or chest findings (rare), and
exam for signs suggestive of underlying malignancy.18

Diffuse swelling can indicate the presence of an upper
extremity DVT. Effort-induced thrombosis occurs in young,
active males, while catheter-related thrombosis is limited to
patients with prior instrumentation or intravenous drug abuse.
Dilated collateral veins are frequent, but these are more easily
seen in Caucasians. Look for arm discoloration and palpable
axillary veins.57

Diagnostic Studies
Clinical examination alone is able to confirm only 20-30%

of cases of DVT.58 (See Figure 1.) Because of the limitations
associated with the physical examination and history, the diag-
nosis of DVT must be pursued in any patient who presents with
unexplained extremity pain or swelling. A patient who presents
with symptoms in both arms or both legs, usually will not be
suffering from bilateral thrombosis. Patients with risk factors
for bilateral thrombosis, however, who present with bilateral
findings, need careful examination. Patients with unilateral
complaints and no clear explanation, such as a direct blow to
the extremity, twisted ankle, etc., require further evaluation.
The presence of risk factors for DVT must decrease the thresh-
old for obtaining imaging studies. Accordingly, nearly all
patients with complaints compatible with venous thrombosis,
and who have no typical alternative diagnosis, require an imag-
ing study.59 Patients with suspected DVT who complain of

1. Have you or anyone in your family ever had a blood clot in
their leg or lung?

2. Have you been on a long trip (e.g., car, plane, etc.)?

3. Have you recently been bedridden for more than three 
days?

4. Have you had surgery or trauma in the last 2-3 months?

5. Have you been pregnant in the last three months (Thera-
peutic abortion, miscarriage, current pregnancy)?

6. Are you on birth control pills and do you smoke?

7. Do you have any medical problems (e.g., malignancy, SLE, 
CHF)?

8. Have you had chest pain or shortness of breath?

Table 2. Important Historical Questions



heparin for DVT, interestingly, this practice is not justified by
the literature. For patients not on warfarin, assessment of the
PTT will almost never affect management.60 Obviously, a
PTT should be obtained six hours after standard heparin in
begun. 

PT and INR. If a patient with acute DVT is currently on
warfarin, an International Normalized Ratio (INR) is essential
for management. It is now well documented that the pro-
thrombin time (PT) is both antiquated and inaccurate, primar-
ily because the sensitivity of thromboplastin reagents differs
from batch to batch. Fortunately, the INR adjusts for this lack
of standardization by comparing each batch with an Interna-
tional Sensitivity Index.61,62 Measurement of the PT could be
eliminated from clinical practice if replaced by the INR. Ade-
quate anticoagulation for DVT is reflected by an INR
between two and three.61 If a patient with a sub-therapeutic
INR develops a DVT, they will require more aggressive anti-
coagulation—first with heparin, and then an increased dose
of warfarin. However, a patient who is on warfarin, but sus-
tains an acute clot and has a therapeutic INR, requires a
Greenfield filter. 
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chest pain or shortness of breath should have a VQ CT scan to
expedite the diagnosis.

Blood Tests. Two blood tests are valuable in the manage-
ment of thromboembolic disease: the D-dimer and the INR.
Current D-dimer assays have predictive value for DVT, and
the INR is useful for guiding the management of patients with
known DVT who are on warfarin (Coumadin). While no blood
test can conclusively rule in or rule out venous thrombosis, a
normal D-dimer in a patient with no risk factors for thrombosis
makes proximal DVT extremely unlikely. Despite the fact that
it is frequently ordered, a complete blood count (CBC) rarely
provides useful information in patients with leg signs or symp-
toms. The leukocyte count cannot distinguish between DVT
and cellulitis and is neither sensitive nor specific for either
condition.

Coagulation Studies. Coagulation studies rarely are required
as part of the initial evaluation of venous thrombosis. Occa-
sionally, these studies may be valuable after Doppler demon-
strates an acute clot, and in patients who develop a clot while
on warfarin.

Although most physicians order a PTT before starting

Figure 1. Clinical Suspicion for DVT
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This Clinical Pathway is a suggested approach for suspected DVT patients, and is intended to supplement rather than substitute for professional
judgement. The physician may change this plan at any time depending upon the patient’s individual needs. Failure to comply with this pathway
does not represent a breach of the standard of care.

Sour ce: Adapted from Anand. JAMA 1998;279:1094-1099.

* Ultrasonography = Color flow Duplex study
** D-Dimer red cell agglutination study
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in ED or 
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dimer measured by the whole-blood agglutination assay almost
rules out the diagnosis (i.e., there will be less than a 1% chance
of proximal DVT).64 While some physicians may opt to forgo
imaging studies in patients with a negative D-dimer, others
may be reluctant to rely entirely upon a blood test. It seems
reasonable that a negative D-dimer may obviate the need for
off-hour Doppler studies in low-risk patients. If a patient pre-
sents at night with a swollen leg and a negative red cell agglu-
tination test, imaging usually can be safely postponed until the
morning.

Imaging Studies
Imaging studies include both invasive (venography, radiola-

beled fibrinogen) and noninvasive (ultrasound, plethysmogra-
phy, MRI) techniques. (See Table 3.) Current options are dis-
cussed in the next sections. 

Venography. While venography aspires to be the “gold
standard” modality for the diagnosis of DVT, it is a “gold-plat-
ed” standard at best.72 First, radiologists disagree on interpreta-
tion in at least 10% of cases, and 5-15% of all studies are tech-
nically inadequate.72,73 Moreover, side effects are significant
and 2-5% of patients develop phlebitis from this painful proce-
dure. The rare case of anaphylaxis remains a significant clini-
cal concern. For the most part, ultrasound has supplanted
venography for the initial evaluation of the patient with sus-
pected DVT. If the ultrasound is equivocal or unavailable,
venography may be useful. Venography is also useful if the
patient has a high clinical probability of thrombosis and a neg-
ative ultrasound, and it is also valuable in symptomatic
patients with a history of prior thrombosis in whom the ultra-
sound is non-diagnostic. In these patients, it usually can distin-
guish between acute events and chronic changes seen on ultra-
sound. A contrast study can delineate occlusion, recanaliza-
tion, and collateral channels. Since neither ultrasound nor
impedance plethysmography (IPG) is accurate for clot in

Up to 10% of patients with DVT have an underlying coagu-
lation disorder such as antiphospholipid syndrome or protein
‘S,’ protein ‘C,’ or antithrombin III deficiency.1-3 However,
measurements of these levels usually are not necessary for
emergency management. On occasion, the admitting internist
may screen young adults with unexplained thrombosis for
more common coagulation disorders.63

D-dimer. If an emergency physician wishes to use a single
blood test in order to exclude the diagnosis of DVT, the D-
dimer assay would be that test. Only 2% of patients with a neg-
ative D-dimer (measured by the whole blood agglutination
assay) will have DVT. In patients with a low pretest probabili-
ty, the negative predictive value is 99.4%.64

D-dimer is a specific degradation product of cross-linked
fibrin. Because concurrent production and breakdown of clot
characterize thrombosis, patients with thromboembolic dis-
ease have elevated levels of D-dimer. There are three major
approaches for measuring D-dimer. The two older tests
include the sensitive, but time consuming, enzyme-linked
immunoabsorbent assay (ELISA) and a rapid, but less sensi-
tive, latex agglutination.65 These tests suffered from a speci-
ficity of as low as 15-38% in DVT and PE.66-68 Currently,
the most useful assay is the whole blood agglutination test
(SimpliRED). This five minute, bedside test is both rapid
and sensitive.69 In one study, this technique had a sensitivity
of 93% for proximal DVT, 70% for calf DVT, and an overall
specificity of 77%.69 All D-dimer tests, regardless of the
process, are more sensitive for proximal than distal clot, and
may miss as many as 30% of calf DVTs.70,71 False-positive
D-dimers occur in patients with recent (within 10 days)
surgery or trauma, recent myocardial infarction or stroke,
acute infection, disseminated intravascular coagulation,
pregnancy or recent delivery, active collagen vascular dis-
ease, or metastatic cancer.69

In a patient with no risk factors for DVT, a negative D-

TEST ADVANTAGES DISADVANTAGES COMMENTS

D-dimer Rapid, inexpensive, Only 77% specific May be useful screen for DVT when 
93% sensitive other tests are unavailable

Venography Traditional gold standard Precipitates DVT and phlebitis in May be useful if doppler is equivocal
90-95% accurate 1-3% of cases especially if doppler cannot distinguish

expensive; invasive between acute and chronic changes

Radiolabeled Sensitive for distal thrombi Poor sensitivity for proximal thrombi; Not indicated as emergency department
fibrinogen many false positives; time consuming study

Impedance Noninvasive, rapid Variable sensitivity 65-85% Modern studies demonstrate low
plethysmography Many false positives and accuracy. Used more in Canada

false negatives than United States

Duplex scanning Rapid, relative inexpensive, Can miss small calf thrombi Initial procedure of choice for the
noninvasive; highly accurate diagnosis of DVT

MRI 97% sensitive; 95% specific Expensive Growing role in detecting thrombi in
Noninvasive; may be useful pelvic and renal veins.
pregnancy May play role of evaluation of 

thromboembolic disease in pregnancy

Table 3. Diagnostic Modalities
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are also hard to visualize. In addition, Duplex scans are less
likely to detect non-occluding thrombi. During the second half
of pregnancy, ultrasound becomes less specific, because the
gravid uterus compresses the inferior vena cava, thereby
changing Doppler flow in the lower extremities.90 However,
an experienced sonographer may still detect a clot in a preg-
nant patient by demonstrating a non-compressible vein.

Outcome-Effective Evaluation: A Multi-Modal
Approach

Studies suggest that a limited examination of only the
common femoral and popliteal veins may be as sensitive as
the traditional venous survey and may be performed in half
the time.91 Another approach to saving cost is to limit use of
the ultrasound to the symptomatic extremity. This also cuts
scanning time by half while maintaining acceptable
accuracy.92

When the emergency physician suspects DVT and the
ultrasound is positive, subsequent treatment is automatic.
But what about the patient with a suspected thrombosis who
has a negative Doppler? Two to three percent of such
patients later prove to have DVT, and some suffer fatal pul-
monary embolism.93,94 For this reason, many authorities rec-
ommend at least one additional ultrasound or IPG within the
first week of presentation, in all patients with a negative
study.95 In this regard, two normal ultrasounds one week
apart essentially exclude the diagnosis of DVT.96 Serial test-
ing, however, is costly; many patients are lost to follow-up,

asymptomatic postoperative patients, venography is the only
test that is reliable for the diagnosis of DVT in this
population.74 Fortunately, the emergency physician is rarely
faced with this dilemma.

Nuclear Medicine Studies. Because the radioactive isotope
incorporates into a growing thrombus, this test can distinguish
new clot from an old clot.75 Despite this fact, I-125 labeled fib-
rinogen is not a valuable ED study. It is insensitive for detec-
tion of proximal thrombi, it takes 24 hours to perform, and is
plagued by a high, false-positive rate.76 For these reasons,
nuclear medicine studies should be reserved for the admitting
physician.

Plethysmography. Plethysmography measures change in
lower extremity volume in response to certain stimuli. By using
a tourniquet and respiratory variation, the operator can detect
changes in leg volume as a function of venous outflow.77

Changes in such objective variables as calf circumference, cuta-
neous blood flow, or electrical resistance occur when there is
obstruction of venous return. IPG is based upon changes in elec-
trical resistance, and is the most widely used and accurate form
of plethysmography.

IPG is very operator dependent, and early literature dis-
played a 95% correlation with venography for proximal DVT.76

However, recent literature shows that the sensitivity of IPG is
generally around 65-70%.78-80 Because any impairment of
venous outflow affects plethysmography results, many false
positives occur. Postphlebitic syndrome, abdominal tumors,
pregnancy, and congestive heart failure (CHF) can produce
inaccurate results.78-80

Ultrasonography. From an emergency medicine perspec-
tive, in most clinical encounters, color-flow Duplex scanning
is the imaging test of choice for patients with suspected
DVT.81,82 This test is inexpensive, noninvasive, and widely
available. Its name derives from the dual use of Doppler flow
with two-dimensional scanning. The Doppler component
evaluates blood flow for proximal obstruction, and the addi-
tion of color flow technology provides the most accurate
images. Changes in flow that occur with respiration and from
calf compression (phasicity and augmentation) differentiate
obstructing from non-obstructing thrombi.83 The B-mode, or
2-D echo, provides a two-dimensional image of the vein and
surrounding structures. The sonographer detects thrombus in
the vein by directly visualizing and then compressing the vein
with a transducer. Veins filled with clot do not collapse like a
normal vein. In addition, the sonographer can distinguish
fresh clot from an old clot based upon echogenicity, homo-
geneity, and collateral flow.84 The color-flow duplex scan can
detect 95-99% of acute thrombi above the knee.85,86 Ultra-
sound can also distinguish other causes of leg swelling, such
as tumor, popliteal cyst, abscess, aneurysm, or hematoma.87

Pain, edema, dyspnea, and a history of DVT are most predic-
tive of positive scans.88

It should be stressed that ultrasound does have its clinical
limitations. High sensitivity testing requires sophisticated,
(i.e., expensive) diagnostic equipment. Moreover, scans are
very reader dependent and some institutions do not achieve
optimal accuracy because of a lack of radiographic expertise.
Duplex scanning is less sensitive for clots below the knee and
detects only 80% of distal thrombi.83,89 Supra-inguinal veins

CLINICAL FEATURE SCORE

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

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

Recently bedridden for more than 3 days or
major surgery, within 4 weeks 1

Localized tenderness along the distribution of the
deep venous system 1

Entire leg swollen 1

Calf swelling by more than 3 cm when compared
to the asymptomatic leg (measured 10 cm
below tibial tuberosity) 1

Pitting edema (greater in the asymptomatic leg) 1

Collateral superficial veins (non-varicose) 1

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

Low probability ≤ 0
Moderate probability 1 or 2
High probability ≥ 3

Source: Anand SS, et al. Does this patient have deep vein
thrombosis? JAMA 1998;279:1094-1099.

Table 4. Scoring System for Risk of DVT
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98.5% for DVT over the subsequent three months.64 There is
no reason why such results should not apply to patients
imaged with Doppler as well. Using this logic, the combina-
tion of a negative D-dimer and negative ultrasound may obvi-
ate serial studies.

Magnetic Resonance Imaging. Magnetic Resonance
Imaging (MRI) represents a significant advance in the diagno-
sis of DVT. It detects leg, pelvis, and pulmonary thrombi and
is 97% sensitive and 95% specific for DVT.98,99 It distinguish-
es a mature from an immature clot.100 Because it is expensive
and requires significant patient cooperation, it should not
replace ultrasound as the primary screening tool. It is most
useful in the second and third trimester of pregnancy when
ultrasound becomes less accurate. MRI is safe in all stages of
pregnancy.101

Differential Diagnosis
The differential diagnosis of the swollen or painful leg is

broad. (See Table 5.) Many conditions can cause bilateral leg
edema, secondary to either hypoproteinemia or an increase in
venous or lymphatic pressure. Pregnancy, CHF, nephrotic syn-
drome, liver disease, or capillary leak syndrome can all produce
bilateral leg swelling.47 If prior DVT has unilaterally damaged
venous valves, asymmetric swelling will occur with all of these
conditions. Abdominal masses such as gravid uterus, hematoma,
malignancy, or abscess, can compress a single iliac vein leading
to ipsilateral venous stasis.56

Patients with the postphlebitic syndrome develop recurrent
unilateral pain and swelling that is clinically indistinguishable
from acute DVT. Such patients require objective testing for
diagnosis. Recognize that ultrasound, IPG, and even venography
will be abnormal and difficult to interpret in the presence of
chronic changes. 

Cellulitis is an important consideration and may be clini-
cally difficult to distinguish from DVT.102 While fever, chills,
and leukocytosis are more common with cellulitis, these find-
ings can occur with DVT. Duplex scanning is the best
method to differentiate cellulitis from DVT. One study sug-
gests that a needle aspirate of the edema fluid can identify
cellulitis. A protein level greater than 10 g/L of edema fluid
denotes infection.103

Lymphedema may also produce unilateral leg swelling. In
the United States, malignancy is the most likely cause of lym-
phedema, while in third world countries filariasis is a common
cause. Unlike DVT, septic arthritis and other causes of
monoarticular arthritis are characterized by joint pain on range
of motion. A Baker’s cyst is a popliteal cyst filled with syn-
ovial fluid that may present as a mass behind the knee.104 It
usually occurs in association with chronic arthritis. Rupture of
a popliteal this cyst may produce pseudothrombophlebitis
clinically indistinguishable from acute DVT.105 A ruptured
Baker’s cyst is best diagnosed by MRI, knee arthrogram, or
duplex sonography.106-108 A tear of the Achilles tendon or a
calf muscle (usually soleus) causes acute pain and may be
associated with a hematoma or ecchymosis.109 Arterio-venous
(AV) fistula also produces unilateral pain and swelling. A
positive straight leg raise sign signals nerve root irritation,
while elevations of creatinine kinase characterize significant
myositis.

and the vast majority of patients who do undergo serial stud-
ies are disease free. As a result, if a definitive diagnosis can
be made in the ED without serial studies, it would save time,
money, and perhaps lives. One such strategy is the use of
pretest probabilities, a strategy that relies on the patient’s
risk factors

Risk Factor Analysis and Pretest Probability. Patients
with suspected DVT may be divided into those with low,
moderate, and high pretest probability. The scoring is based
on risk factors, symptoms, and physical signs. (See Table 4.)
In a prospective study, the prevalence of DVT was 85% in the
high pretest probability category, 33% in the moderate, and
5% in the low category.97 If the pretest probability was high
and the ultrasound was positive, or if the pretest probability
was low and the ultrasound was negative, the results were
deemed concordant. Patients with ultrasounds concordant
with the pretest probability were treated according to the
ultrasound results. A patient with a high pretest probability
and a positive ultrasound required anticoagulation, while a
patient with a low pretest probability and a negative ultra-
sound required no further treatment. The authors demonstrat-
ed that “only 0.6% (3) of 481 (95%; CI, 0.1-1.8) patients with
low or moderate pretest probability with a negative initial or
serial ultrasound, respectively, developed DVT or PE in the
three months of follow-up.”97

Patients with discordant results (i.e., high pretest probability
and negative Doppler, or low pretest probability and positive
Doppler) were subject to immediate venography. This strategy
resulted in the highest diagnostic accuracy rate. Since only 6%
of patients with high pretest probability and negative ultra-
sounds had DVT on venography, the authors suggested such
patients might be safely managed with a repeat ultrasound in
one week instead of immediate venography. However, they did
not test this hypothesis. This study also demonstrated that
patients with a low pretest probability and a negative ultrasound
did not require serial studies.

Combination D-dimer and Impedance Plethysmogra-
phy. While using pretest probabilities is one way to eliminate
the need for serial studies, the addition of the D-dimer test
may be another. One study examined the utility of combining
the D-dimer test with IPG. The combination of a negative D-
dimer and a negative IPG had a negative predictive value of

DVT

Post-phlebitic syndrome

Cellulitis—most important

Muscle injury/hematoma

Popliteal cyst (Baker’s cyst)

Superficial phlebitis

Capillary leak syndrome

Fracture

Compartment syndrome

Nerve root irritation

Abscess

hypoproteinemia

Congestive heart failure

Lymphedema

Malignancy

Factitious

AV fistula

Acute arthritis

Myositis

Table 5. Differential Diagnosis of a 
Swollen Leg
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13. A sonographer can distinguish a fresh clot from an old clot based
on:
A. collateral flow.
B. echogenicity.
C. homogeneity.
D. all of the above.

14. Duplex scanning:
A. is most sensitive for clots below the knee.
B. is less sensitive for clots below the knee.
C. detects 30% of distal thrombi.
D. is more likely to detect non-occluding thrombi.

15. What percent of patients with suspected thrombosis and a negative
ultrasound later prove to have DVT?

A. 10%
B. 25%
C. 2-3%
D. 40-45%

16. Bilateral leg swelling can be caused by:
A. liver disease.
B. nephrotic syndrome.
C. capillary leak syndrome.
D. pregnancy.
E. all of the above.
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Physician CME Questions

9. Surgery and trauma are responsible for what percent of all throm-
boembolic disease resulting from hypercoagulable state and
immobility?
A. 10%
B. 40%
C. 90%
D. 75%
E. 80%

10. Increased estrogen occurs in a patient:
A. during all stages of pregnancy.
B. after elective abortion.
C. during treatment with oral contraceptive pills.
D. during the first three months post-partum.
E. all of the above.

11. Clinical examination alone is able to confirm what percent of DVT
cases?
A. 20-30%
B. 50%
C. 5%
D. 60-70%

12. Radiologists disagree on the interpretation of what percent of
venography cases?
A. 50%
B. Less than 5%
C. At least 10%
D. 75%
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