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Credit for fundamental studies leading to our current understanding of deep-
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vein thrombosis should be given to Bauer, who used phlebography to
diagnose deep-vein thrombosis complicating fractures of thetibia,! and to
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Sevitt and Gallagher for their autopsy-based studies of the preval ence of
venous thromboembolism in patients with other injuries?3. The development
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of objective methodsfor the diagnosis of deep-vein thrombosis has
facilitated the investigation of its natural history and has provided arational
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basis for its prevention and treatment.
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Diagnosis

Most venous thrombi are clinically silent when they are first detectable by
objective methods,24 probably because they do not totally obstruct the
veinl:2 and because of collateral circulation®. Even among the fraction of
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patients with deep-vein thrombosiswho have symptoms in the lower
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extremities, fewer than athird present with the classic syndrome of calf
discomfort, edema, venous distension, and pain on forced dorsiflexion of the

foot (Homans's sign)/:€. When symptoms are initially attributed to deep-vein
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thrombosis, reassessment by objective methods showsthat this attribution is
correct less than half the time2.10,

The differential diagnosis of deep-vein thrombosis includes many afflictions of the knee or calf that cause a
painful, swollen leg. Among 87 consecutive patients with clinically suspected deegp-vein thrombosis but a normal
phlebogram, 37 had a musculoskeletal cause, 12 had impaired venous or lymphatic flow, and 4 had popliteal
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NEJIM -- Deep-Vein Thrombosis

inflammatory cysts (Baker's cysts)1Ll. Thus, adiagnosis suspected on clinical grounds must be confirmed by a
sensitive and specific diagnostic test (Table 1).

View thistable: Table 1. Tests Used in the Diagnosis of Deep-Vein
[in thiswindow| Thrombosis.

[in anew window]

At one time, scanning with [1251]-labeled fibrinogen was widely used for the objective confirmation of the
diagnosis of deep-vein thrombosis. However, the test has serious flaws,14 including low sensitivity for venous
thrombi above the midthigh. This point is moot, since [1251]-labeled fibrinogen has been withdrawn from the
market for fear of transmission of infectious agents by the transfusion of blood products. Recombinant fibrinogen
would be an attractive aternative, should it become available.

The standard diagnostic test for deep-vein thrombosis of thelower extremities is ascending phlebography
performed according to the method of Rabinov and Paulinl>. Phlebography can detect both distal thrombi (in the
calf veins, acommon site of inception of deep-vein thrombosis) and proximal thrombi (in the popliteal, femoral,
and iliac veins), which are the source of most large pulmonary emboli3. Regrettably, phlebography has
uncomfortable side effects, including contrast medium-induced thrombosis of peripheral veinsin 2 or 3 percent
of patients, a particularly unwelcome complication in patients who would otherwise not require treatment for
deep-vein thrombosist116,

Recent studies have not confirmed the anticipated superiority of the new iso-osmolar non-ionic contrast agents
for phlebography over ionic contrast agents with respect to thrombotic side effectst’.18, Phlebography is costly,
especially in terms of technicians and radiologists' time, and cannot be readily repeated; it isa poor choice for
monitoring patients with serial examinations. Even so, its use has been judged cost effectivel® when the
diagnosisof deep-vein thrombosis requires confirmation in symptomatic patients, when recurrent deep-vein
thrombosis is suspected, or when patients who have undergone hip operations require screening for postoperative
deep-vein thrombosis but less invasive methodslack sensitivity29. In such cases, the cost of phlebography is
substantially less than the cost of hospitalization and treatment for an incorrectly diagnosed illness.

Other objective diagnostic methods include impedance plethysmography2! and various forms of real-time B-
mode ultrasonography,22 most of which are more sensitive for the detection of proximal than distal thrombosis.
With impedance plethysmography, one measuresthe electrical impedance between two electrodes wrapped
around the calf. Venous obstruction proximal to the electrodes decreases the impedance as the leg becomes
engorged with blood, an electrical conductor, and delays the characteristic increase in calf impedance when a
thigh tourniquet is deflated21.23,

In patients with suspected deep-vein thrombosis, the combination of normal results on both impedance
plethysmography and fibrinogen scanning® or simply repeatedly normal impedance plethysmographic
examinations24:22.26 was reported to be so sensitive and specific that patients with these findings could safely be
regarded as not having deep-vein thrombosis and thus in no need of anticoagulant treatment; confirmatory
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NEJIM -- Deep-Vein Thrombosis

phlebography was not necessary. Recently, however, the sensitivity of impedance plethysmography for proximal
thrombi in symptomatic patients was found to be far less than previously reported2. When used as a screening
test in asymptomatic patients at high risk for deep-vein thrombosis, impedance plethysmography lacks
sensitivity, because sizable thrombi can be overlooked if they are not totally occlusiveZl. Then, too, the method
lacks specificity, since any process that causes venous obstruction in the pelvis (e.g., enlarged lymph nodes or
pregnancy) can be interpreted on the plethysmogram as a venous thrombus. |mpedance plethysmography seems
best suited for the identification of proximal thrombi in symptomatic patients whose condition can be monitored
by repeated examinations.

The introduction of real-time B-mode ultrasonography has provided a promising alternative to impedance
plethysmography, with asensitivity for proximal thrombi that approaches 100 percent in patients with
symptomatic deep-vein thrombosis?2.27. A helpful review of vascular ultrasonography is available2S.
Visualization of a venous thrombus is often possible but is not essential for diagnosis2®. The most sensitive
finding is failure of the vein to collapse under gentle external pressure, so-called compression
ultrasonography29:30, |n symptomatic outpatients with suspected deep-vein thrombosis, serial compression
ultrasonography had a positive predictive value of 94 percent, superior to the positive predictive value of 83
percent for serial impedance plethysmography3.

In duplex scanning, real-time B-mode ultrasonography is supplemented by Doppler flow-detection ultrasonic
imaging, which allows detection of blood flow in any vessel seen. In symptomatic patients with proximal deep-
vein thrombosis, its overall sensitivity in ameta-analysis of four well-designed studies was 93 percent, with a
specificity of 98 percent3L. The sensitivity of duplex scanning for the detection of distal thrombi is far less
satisfactory because of poor visualization of the calf veins. Greater accuracy for color Doppler ultrasonography is
claimed but may only be achievable in technically uncompromised studies32. Initial evaluation of symptomatic
patients by duplex ultrasonography alone (i.e., without supplementary phlebography) is enough to confirm or
disprove suspected cases of deep-vein thrombosis, as long as a negative examination is followed by repeated
noninvasive testing to detect proximal extension31.33,

Like impedance plethysmography, real-time B-mode ultrasonography is less satisfactory for screening
asymptomatic patients at high risk of deep-vein thrombosis. Pooled results from six such studies showed an
overall sensitivity for the detection of proximal deep-vein thrombosis of only 59 percent, athough the specificity
was 98 percent®. Likewise, in a prospective study of prophylactic antithrombotic therapy in orthopedic patients,
color Doppler ultrasonography was a poor detector (sensitivity, 38 percent) of asymptomatic deep-vein
thrombosis of the proximal leg veins34. The small size and nonocclusive nature of clotsin such patients might
account for the disappointing results. Apparently thelast word regarding the ultrasonographic diagnosis of deep-
vein thrombosis has not been said.

Computer-assi sted tomography can detect thrombosed veins in the abdomen and pelvis3® and is considered
superior to conventional phlebography=6 in visualizing the great veins, identifying intraluminal thrombi,
distinguishing new thrombi from older ones, and delineating adjacent abnormalities (e.g., extrinsic compression
of the vein),

Two recent prospective trials32:39 of magnetic resonance venography have reported 100 percent sensitivity and
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NEJIM -- Deep-Vein Thrombosis

over 96 percent specificity for the diagnosis of proximal deep-vein thrombosis. In one study=° the sensitivity for
deep-vein thrombosis of the calf was 87 percent, and the specificity was 97 percent. Because of itshigh cost and
limited availability,%0 magnetic resonance venography is not suitable for the routine diagnosis of deep-vein
thrombosisbut may be helpful in exceptional cases, such as those in which the fine anatomical detail that can be
shown with this method may provide decisive information relevant to the choice of therapy.

Other diagnostic tools are under devel opment. Radionuclide venography4L can detect a thrombus labeled with
various proteins,?2 platelets,3 or red cells*+. Monoclonal antibodies specific for cross-linked fibrin function both
as vehicles for plasminogen activators®> and, if radiolabeled, as markers that can be detected externally.
Concentrations of plasma d-dimer, a product of plasmin digestion of mature cross-linked fibrin, areincreased in
patients with venous thrombosis?® or pulmonary emboli/. The sensitivity of d-dimer measured by enzyme-
linked immunosorbent assay is 97 percent. Venous thrombosisis unlikely to be present if d-dimer concentrations
are not elevated,*8 but a positive result requires confirmation by more specific tests based on imaging?°.

In anutshell, the definitive objective diagnostic test for both symptomatic and asymptomatic deep-vein
thrombosis continuesto be phlebography. In patients with suspected deep-vein thrombosis, if the results of real-
time B-mode ultrasonography are normal on repeated examinations, anticoagulant therapy can be withheld. An
abnormal ultrasound study justifies treatment. Screening of asymptomatic patients is unsatisfactory with the
available noninvasive tests. The diagnosis of recurrent deep-vein thrombosis depends to alarge extent on the
availability of the resultsof previous noninvasive studies for comparison. Unfortunately, noninvasive methods
for the detection of pulmonary embolism are not as sensitive or specific as techniques for the diagnosis of deep-
vein thrombosis®0.5L,

Clinical Epidemiology of Venous Thromboembolism

At least 30 cases of deep-vein thrombosisidentifiable by phlebography9 can be expected among 100 patients
who have undergone general surgical operations of moderate severity if they are not given perioperative
antithrombotic prophylaxis®2. Most postoperative thrombi arise in the calves, 10 especially in soleal sinusesor
in large veins draining the gastrocnemius muscles, but in at least 20 percent of patients who have undergone
general surgical procedures!® and 40 to 50 percent of patients with skeletal trauma,323:24.55 thrombi can originate
in more proximal veins. Isolated calf thrombi are often asymptomatice. If untreated, 20 to 30 percent may extend
into the larger, more proximal veins,19:56:57 an event that accounts for most clinically important pulmonary
emboli and virtually all fatal ones3=8. Among these 100 patients, four cases of pulmonary emboli will be
recognized!Y; one or two may be fatal>°. One or two additional cases of pulmonary emboli will probably be
detected within the first month after discharge from hospital €. Many more patients will have silent, clinically
unrecognized pulmonary emboli61.62,63, The true incidence of pulmonary emboli is unknown, but the fact that
Freiman et al.%4 found evidence of subclinical pulmonary emboli in 64 percent of consecutive autopsies among
persons with various causes of death implies that thisis acommon condition®. In a more recent study using
intraoperative transesophageal echocardiography, showers of intravascular echogenic material that presumably
reflected embolization were seen in 29 consecutive high-risk patients who were undergoing total knee

arthropl asty®e.

In aretrospective review, Dalen and colleagues concluded that in 1968 pulmonary emboli caused about 200,000
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NEJIM -- Deep-Vein Thrombosis

deaths in the United States, a figure that would be compatible with an estimated total of 630,000 cases of
symptomatic pulmonary emboli6’.68, Meanwhile, in a retrospective survey of a defined community, Anderson et
al .59 found an average annual incidence of 48 initial cases and 36 recurrent cases of deep-vein thrombosis (86
percent confirmed objectively) plus 23 cases of pulmonary emboli per 100,000 population (54 percent confirmed
objectively). Extrapolation from their datayields an estimated total of 170,000 initial episodes and 90,000
recurrent episodes of venous thromboembolism in the United States each year. Because of underdiagnosis, the
true incidence is probably higher, perhaps 600,000 cases per year.

Improved diagnostic methods have also made it possible to verify the association of many proposed risk factors
with venous thromboembolism (Table 2). Their recognition should help to identify high-risk patients who would

View thistable: Table2. Risk Factorsfor Deep-Vein
[in thiswindow]| Thrombosis.
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Treatment

Thanks to modern diagnostic methods, it is now possible to reevaluate many aspects of the treatment of deep-
vein thrombosis that have become part of clinical lore, often without ever being subjected to controlled trials. In a
patient with proximal deep-vein thrombosis, the goals of therapy are the prevention of pulmonary embolism and
the restoration of venous patency and valvular functionin order to prevent the postphlebitic syndrome. In patients
with deep-vein thrombosis confined to the calf, the purpose of treatment is not different, but itisused in a
different stage of the disease. Anticoagulation should be the first-line treatment for patients with distal deep-vein
thrombosis as well as for those with proximal-vein involvement. In alandmark prospective, controlled trial of
anticoagulant therapy for clinically diagnosed pulmonary emboli, no treated patients died, as compared with 26
percent of the patients who did not receive anticoagulation!12, Despite many shortcomingsin design, this study
seems decisive and will probably never be repeated.

Therapy for deep-vein thrombosis should start with an agent that has an immediate anticoagulant effect (e.g.,
heparin),113 and it should be given at an adequate dosagel14. Failure to reach the prescribed intensity of
anticoagulation in the first 24 hours of treatment increases the risk of recurrent venous thromboembolism by 15
timest14,

Treatment can be initiated with either a continuous intravenousinfusion or subcutaneous injections of heparinll4,
The subcutaneous route is more convenient for outpatientst15116, As|ong asthe activated partial-thromboplastin
time is maintained in the prescribed therapeutic range (1.5 to 2.5 times the control value), the two routes of
administration are equally effectivell’.118 With continuous intravenous infusions or subcutaneous injections of
heparin, serious bleeding occurred in fewer than 6 percent of patients, as compared with 14 percent of patients
given intermittent intravenous injections!1/,118,
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