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Introduction

E
arly diagnosis of venous thromboembolism (VTE) is

important to prevent the morbidity and mortality asso-

ciated with it.

VTE is subdivided into pulmonary embolism and

deep venous thrombosis (DVT). DVT is most common

in lower extremities. Those involving deep veins prox-

imal to the knee are associated with an increased risk of

pulmonary embolism (PE), whereas if only the calf

veins are involved, PE is less likely but risk of develop-

ment of postthrombotic syndrome is higher. Postthrom-

botic (postphlebitic) syndrome refers to  the develop-

ment of chronic venous symptoms and/or signs

secondary to DVT and can include pain, venous dila-

tion, edema, pigmentation, skin changes, and venous

ulcers. Upper extremity DVT is uncommon and will not

be discussed in this article. 

The annual incidence of VTE in the United States is

600,000 cases and is increasing with the aging of the pop-

ulation.1 Even with prompt diagnosis and treatment,

10% of VTEs are rapidly fatal and another 5% of patients

die soon thereafter. Twenty-six percent of undiagnosed

and untreated patients with PE will have a subsequent

fatal embolic event, whereas another 26% will have a

nonfatal recurrent embolic event that can eventually be

fatal.2-4 Therefore early diagnosis to prevent mortality

and morbidity associated with VTE is paramount.

DVT is the presence of coagulated blood in one of the

deep veins that return blood to the heart. Symptoms

such as pain and swelling are often nonspecific or

absent. If left untreated, a clot may become fragmented

or dislodge and migrate to obstruct the pulmonary

artery, causing potentially life-threatening PE.

Lower-extremity DVT is the most common venous

thrombosis, with a prevalence of over 1 case per 1,000

population. In addition, proximal DVT is the underly-

ing source of 90% of acute PEs, which cause 25,000

deaths per year in the United States.3-6
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The United States-wide prevalence of venous throm-

boembolism (VTE) increased by 33.1% from 2002 to

2006. During the same period, the annual incidence

increased with age as well.7 These data confirm that VTE

remains a major healthcare burden in the United States,

particularly among the elderly, and highlight a contin-

uing increase in incidence of the disease. 

Risk Factors for Venous Thromboembolism

Risk factors for venous thromboembolic disease include

increasing age, immobilization, surgery, trauma, malignan-

cy, pregnancy, estrogenic medications (such as oral con-

traceptive pills, hormone therapy, tamoxifen), congestive

heart failure, hyperhomocystinemia, diseases that alter

blood viscosity (such as polycythemia, sickle cell disease,

and multiple myeloma), and inherited thrombophilia.

About 75% of patients with venous thromboembolic

disease have at least one established risk factor, and half

of all cases of DVT occur in hospitalized patients or nurs-

ing home residents.8 Inherited thrombophilias can be

identified in 24% to 37% of patients with DVT and in

the majority of patients with familial thrombosis. 9,10

Risk factors for VTE can be divided into two groups—

hereditary and acquired—as shown in Table 1.11,12

Approximately 20% to 25% of all new cases are asso-

ciated with the presence of an active malignancy, 20%

are associated with trauma, 20% are associated with a

concurrent or recent medical hospitalization, and 25%

are idiopathic, with no obvious provoking risk factor.6

DVT of the lower limb normally starts in the calf

veins. About 10% to 20% of thromboses extend proxi-

mally, and another 1% to 5% of patients go on to

develop fatal PE.

Pathophysiology

The formation of a pulmonary embolus from a clot

migrating from the venous circulation was first

described in 1856 by Dr. Rudolph Virchow and was later

called Virchow’s Triad.13 The triad has 3 factors:

1. Stasis

2. Vessel damage

3. Hypercoagubility14

The triad is used to determine etiology and risk of

venous thrombosis, especially DVT. At least 2 of the 3 fac-

tors have to be present to increase a patient’s risk of DVT.

Blood clots tend to form in connection with venous

valves in the veins. A clot can propagate and grow

proximally across the lumen. Most clots start in the calf

veins and propagate proximally. Blood clots associated

with pregnancy or hip arthroplasty can start in the

pelvic veins. Most blood clots that develop in the deep

venous system of the calf begin to form just above and

behind a venous valve.15,16

As soon as a clot begins to form, the fibrinolytic system

begins to dissolve fibrin blood clots. The D-dimer antigen

is a unique marker of fibrin degradation that is formed by

the sequential action of 3 enzymes: thrombin, factor

XIIIa, and plasmin. Once the plasmin degrades the

crosslinked fibrin, the D-dimer antigen is exposed and can

be measured in the laboratory.  A normal level of D-dimer

provides strong evidence against acute thrombosis. 

Table 1. Risk Factors for VTE

Modified with permission from Bauer KA, Lip GYH. Overview of the causes of venous thrombosis. In: UpToDate, Basow, DS (Ed), UpToDate, Waltham, MA 2012. Copyright ©

2012 UpToDate, Inc. For more information visit www.uptodate.com

Hereditary 

• Factor V Leiden mutation

• Prothrombin gene mutation

• Protein S deficiency

• Protein C deficiency

• Antithrombin (AT) deficiency

• Dysfibrinogenemia

Acquired

• Smoking

• Malignancy

• Presence of a central venous

catheter 

• Surgery, especially orthopedic

• Trauma

• Pregnancy

• Oral contraceptives

• Hormone replacement therapy

• Tamoxifen

• Thalidomide

• Lenalidomide

• Immobilization

• Congestive heart failure

• Antiphospholipid antibody

syndrome

• Myeloproliferative disorders

• Polycythemia vera 

• Essential thrombocythemia

• Paroxysmal nocturnal

hemoglobinuria 

• Inflammatory bowel disease

• Nephrotic syndrome
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Clinical Presentation and Diagnosis

Deep Vein Thrombosis 

Patients with DVT may present with pain, erythema,

tenderness, and edema of one limb. In lower-limb DVT,

the calf is usually swollen. Other causes of leg swelling,

erythema, and tenderness include a ruptured Baker’s

cyst and infective cellulitis. Ruptured Baker’s cysts are

commonly associated with a history of osteoarthritis

and rheumatoid arthritis. Patients who have cellulitis

usually have signs of redness, warmth and swelling of

the skin. A portal of entry may be determined.

On objective exam, any unilateral leg and thigh

swelling can be assessed by measuring the circumference

of the leg 10 cm below the tibial tuberosity and 10 cm

to 15 cm above the upper edge of the patella. There may

be pitting edema present, worse on the affected side, and

new dilated collateral superficial veins. There may be

localized tenderness along the path of the deep veins.

When massive, the swelling can obstruct not only

venous outflow but arterial inflow of the affected leg,

leading to phlegmasia cerulea dolens (literally means

swollen, blue and painful) due to ischemia. 

In many cases, the diagnosis of cellulitis or a muscu-

loskeletal injury is straightforward, but the provider

may have to rule out a DVT if the diagnosis is uncertain.

Pulmonary Embolism

The history and physical are not usually sufficient to

confirm or rule out PE. Chest pain and dyspnea are the

most common presenting complaints. Patients may

also present with cough and hemoptysis. DVT may not

be suspected clinically, but its presence, along with

thrombotic risk factors, will make the diagnosis of PE

more likely. A similar clinical probability model to that

for DVT has been developed for PE.

Physical examination is often unremarkable. The most

common signs are tachypnea, rales, and tachycardia. 

Respiratory examination is usually normal. Crackles

or decreased breath sounds may be heard. Decreased

osygen saturation may occur. The cardiac examination

Figure 1. Algorithm for Diagnosis of Pulmonary Embolism with CT Angiography

A multicenter U.S. study published a simple decision rule based on a set of predictors 

derived from an outpatient emergency department population 
1
. A slight modification of 

this rule using the four strongest predictors would be expected to increase the pretest 

probability of PE into the moderate to high range. Given that the negative likelihood ratio 

of D-dimer is 0.1, when the pretest probability is in the moderate to high range, the 

post-test probability would remain above the diagnostic threshold, thus requiring further 

testing. Therefore, D-dimer testing is not recommended if the pretest probability is 

moderate to high or if any of the following are present: unexplained hypoxia, unilateral leg 

swelling, surgery within the last 4 weeks, or hemoptysis.
2
 If any of these listed risk factors 

are present or if the D-dimer is postive, then CT angiography is the recommended 

diagnostic study. A patient may be considered for discharge if eligible for D-dimer testing 

and the result is negative or if CT angiography is negative. If the physician is concerned 

about missing a subsegmental PE, CTVPA or ultrasound of the lower extremities may be 

considered. Clinical guidelines and algorithms have the potential to improve health 

outcomes and reduce costs. However, what is the best care for the majority of patients, as 

recommended in a guideline, may be inappropriate for the individual patient.
3
 Physicians 

must continue to use good clinical judgment when deciding when to follow the algorithm. 

A similar approach using a dichotomous (PE likely, unlikely) pretest probability estimation 

has been shown to be effective and safe.
4

COPD = chronic obstructive pulmonary disease; CT = computed tomography; CTA = 

computed tomographic angiography; CTVPA = combined computed tomographic 

venography and pulmonary angiography; SaO2 = arterial oxygen saturation.
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may reveal right heart failure is present with elevated

jugular venous pressure, sternal heave, and an accentu-

ated pulmonic component to the second heart sound.

Hypotension and hypoxemia may indicate a massive

PE.Unilateral swelling of the calf or thigh may be evi-

dent if  DVT is present.17,18

Initial tests such as chest x-ray, ECG, and ABG cannot

definitively establish or eliminate PE as a diagnosis. 

ECG findings suggestive of PE include tachycardia

(37%), new right axis deviation (5%), new right bundle

branch block (11%), and S wave in lead I, Q wave with

T wave inversion in lead III (12%) (find-

ings only suggestive of PE not diagnos-

tic). Those associated with poor progno-

sis include atrial arrhythmias, right Bun-

dle Branch Block, inferior Q waves, and

precordial T wave inversion and ST seg-

ment changes.19,20

Chest x-ray abnormalities are only sug-

gestive and not diagnostic. They include

Fleischner sign: prominent central pul-

monary artery (20%); Westermark sign:

oligemia in the PE’s area of distribution

(11%); Hampton Hump: pleural-based

areas of increased opacity in the distribu-

tion of the PE (27%); and band atelecta-

sis and elevation of the hemi diaphragm.21

Clinical probability using the modified

Wells scoring system should be calculat-

ed. If the patient is at a low risk of PE, a

D-dimer should be measured by rapid

quantitative ELISA. If this test is not ele-

vated, PE is effectively ruled out without

further testing. An algorithm illustrating

use of D-dimer testing and ultrasound in

patients with suspected DVT is available

at http://www.ncbi.nlm.nih.gov/pmc/arti-

cles/PMC1609160/figure/f2-21/. Figure

1 illustrates diagnosis of PE with CT

angiography.

Prediction Score

Current evidence supports using a clin-

ical prediction rule to establish the

pretest probability of VTE. Providers

should use the Wells prediction rule to

determine the probability of DVT

(Table 2) and PE (Table 3) before per-

forming and interpreting other diagnos-

tic tests. One caveat is that the Wells

prediction rule is more accurate in younger patients

without comorbidities or a history of VTE. 22-24

Patients with a low pretest probability and a negative

D-dimer have a very low likelihood of VTE and that

reduces the need for further imaging.25

D-Dimer Testing

In patients with a low pretest probability of DVT or PE

as defined by the Wells prediction criteria, the provider

can obtain a high-sensitivity D-dimer as a reasonable

option, and if negative, this indicates a low likelihood

M A N A G E M E N T  O F  V E N O U S  T H R O M B O E M B O L I S M  I N  U R G E N T  C A R E

Table 2.Wells Prediction Rule for Diagnosing DVT

Cinical characteristic Score

Active cancer (treatment within last 6 months or palliative) 1 

Calf swelling where affected calf circumference measures >3 cm 

more than the other calf (measured 10 cm below tibial tuberosity) 1

Collateral superficial veins (nonvaricose) 1

Pitting edema (confined to symptomatic leg) 1

Swelling of entire leg: 1 point

Localized pain along distribution of deep venous system 1

Paralysis, paresis, or recent cast immobilization of lower extremities 1

Recently bedridden for >3 days or major surgery requiring regional 

or general anesthetic in past 4 weeks 1 

Previous history of DVT or PE: 1 point

Alternative diagnosis at least as probable -2 

Risk score interpretation (probability of DVT): 3 points: 

high risk (75%); 1 to 2 points: moderate risk (17%); <1 point: low risk (3%).

Reprinted with permission from The Lancet. Vol 350 No. 9094. Wells PS, Anderson DR, Bromanis J, et al.

Value of assessment of pretest probability of deep-vein thrombosis in clinical management. Pages 1795-

1798. Copyright 1997, with permission from Elsevier.

Table 3. Wells Prediction Rule for Diagnosing Pulmonary Embolism

Clinical feature Score
Clinical features of deep venous thrombosis 3

Recent prolonged immobility or surgery 1.5

Active cancer 1

History of deep vein thrombosis or pulmonary embolism 1.5

Hemoptysis 1

Resting heart rate >100 beats/min 1.5

No alternative explanation for acute breathlessness or 

pleuritic chest pain 3

>6=high probability (60%); 2-6=moderate probability (20%); 

0-1=low probability (3-4%)

Reprinted with permission from The Lancet. Vol 350 No. 9094. Wells PS, Anderson DR, Bromanis J, et al.

Value of assessment of pretest probability of deep-vein thrombosis in clinical management. Pages 1795-

1798. Copyright 1997, with permission from Elsevier.



www. jucm.com JUCM The  Journa l  o f  Urgent  Care  Medic ine  |  J anuary  2013 17

of VTE. A negative highly sensitive D-dimer test largely

excludes the diagnosis of DVT and PE in younger

patients whose symptoms are of short duration and

whose pretest probability score is low. The negative

predictive value of the D-dimer is lower in older

patients, those with recent surgery, trauma, cancer and

those who are postpartum.

It is important to note that the sensitivity of the D-

dimer is dependent on the assay method (quantitative

enzyme-linked immunoassay methods are more sensi-

tive than semiquantitative latex agglutination methods)

and the assay cutoff level. At present, ELISA and

advanced turbidimetric D-dimer tests are highly sensi-

tive assays (sensitivity 96% and 100%) that are practi-

cal to use. The sensitivity of D-dimer assays varies, so

providers need to be informed of the type of D-dimer

assay being used.26-29

The rapid D Dimer tests that are used in urgent care

are qualitative or quantitative tests and are CLIA waived.

Some studies are reporting that a qualitative D Dimer

assay at the point of care has a similar diagnostic accu-

racy to the lab based quantitative D-dimer test. 

An elderly patient receiving a positive D-dimer test result

faces stress and delays that could have been avoided if the

physician instead had ordered more definitive radiolog-

ic imaging as the frontline test. For cases in which the radi-

ologic evaluation confirms VTE, the patient faced delays

before receiving treatment for this potentially life-threat-

ening condition. In recognition of this problem, joint guide-

lines from the American Academy of Family Physicians

and American College of Physicians note that D-dimer test-

ing alone may be insufficient to rule out VTE in older

patients.26,27 In addition, the authors of several research

studies have urged clinicians to consider noninvasive radi-

ologic examinations (such as venous ultrasonography) as

a first-line test for diagnosing VTE in older patients.27-30

Ultrasonography

Compression ultrasonography is the non-invasive investi -

gation of choice for the diagnosis of clinically suspected

DVT and a moderate or high clinical pretest probability

according to the Wells criteria. It is highly sensitive and

specific in detecting proximal DVT although less accurate

for isolated calf DVT, so negative ultrasonography cannot
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rule out DVT in these

patients.31-35

In patients with suspect-

ed calf vein thrombosis and

a negative compression

ultrasound result, ultra-

sonography or venography

should be repeated, as well

as in patients with suspect-

ed proximal DVT but whose

ultrasonography results are inadequate. Contrast venog-

raphy is still considered the definitive test to rule out DVT.

Venography

Ultrasound is not as accurate at detecting clots as the diag-

nostic standard test, ascending venography, which

should be used if the probability of DVT is high and ultra-

sound is normal.

If venography cannot be performed, a repeat ultra-

sound of the proximal deep venous system is recommend-

ed 1 week after the initial ultrasound.36

Helical Computed Tomography

Recent evidence suggests that helical computed tomog-

raphy (CT) may have a higher specificity and sensitivi-

ty compared with conventional pulmonary arteriogra-

phy for the diagnosis of pulmonary embolism. Howev-

er, in patients who have a high pretest probability of PE

and a negative CT scan, further imaging studies (such

as ventilation-perfusion scan, multidetector helical

CAT) are needed. For those patients, evidence suggests

that CT alone may not be sensitive enough to exclude

PE. A single or sequential ultrasonography assessment

of the lower extremities or pulmonary angiography may

be warranted.37-40

VTE Treatment

Proximal DVT is considered to be of more importance

clinically, because it is more commonly associated with

PE. One study showed that in up to 56% of cases of

proximal DVT, silent PE has already occurred by the

time that the patient was seen.41

Distal calf vein thrombosis is felt to be of lesser clin-

ical importance than proximal vein thrombosis and its

optimal diagnosis and treatment have yet to be defined.

If anticoagulation is not administered for isolated

asymptomatic distal venous thrombosis, serial noninva-

sive studies of the lower extremity may be performed over

the next 10 to 14 days to assess for proximal extension of

the thrombus, which has a higher incidence of PE.

After having initially eval-

uated the patient, anticoag-

ulation is the mainstay of

therapy. The reasons

patients are treated with

anticoagulants are to:

" Prevent sudden death

from massive PE;

" Stop the progression/

growth of the thrombus in

the deep veins in the legs;

" Minimize the risk of acute recurrent DVT or PE; and 

" Minimize the likelihood of developing postthrom-

botic syndrome.

Criteria for referral for consideration of ED referral

include:

" Suspected PE 

" Positive ultrasound

" Pretest probability intermediate or higher

Inpatient Treatment

Low-molecular-weight heparin (LMWH) is superior to

unfractionated heparin for initial treatment of DVT

because it reduces mortality rates and the risk of major

bleeding during initial therapy.42-45 Therefore, the Amer-

ican College of Physicians (ACP) and the American

Academy of Family Physicians (AAFP) recommend that

LMWH be used for initial inpatient treatment of DVT.

Unfractionated heparin or LMWH is appropriate for

initial treatment of patients with PE.46

Outpatient Treatment

In stable patients with symptoms only of a DVT for

whom the required support services are in place, outpa-

tient treatment of VTE with LMWH is as safe as inpa-

tient treatment and is cost-effective. It is recommended

that heparin be started at the same time as warfarin. The

initial dose of warfarin should not exceed 5 mg . The

heparin should be given for a minimum of 5 days and

continued until the INR is 2.0 for two consecutive

days. The therapeutic range for INR is 2.0 to 3.0.

Anticoagulation Therapy

The ACP and AAFP recommend that anticoagulation

therapy be maintained for 3 to 6 months in patients

with VTE secondary to reversible risk factors. For

patients with recurrent VTE, anticoagulation therapy

should be continued for more than 12 months. The

exact duration of anticoagulation therapy is not fully

understood in patients with idiopathic or recurrent
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Contrast venography 

is still considered the

definitive test to 

rule out DVT.
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VTE, but extended-duration therapy can provide sub-

stantial benefit to these patients. Physicians should

weigh the harms, benefits, and patient preferences when

deciding the duration of anticoagulation therapy.

Long-Term Management of VTE

Most patients are treated with Coumadin long-term

but LMWH is comparable to oral anticoagulation ther-

apy in select patients with VTE, and it may be useful in

treating patients whose International Normalized Ratio

is difficult to control. Therefore, the ACP and the AAFP

recommend the use of LMWH as a safe and effective

therapy for the long-term treatment of VTE. In addition,

LMWH may be more effective than oral anticoagulation

therapy in patients with cancer. !
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