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iagnostic assessment of deep vein thrombosis and
ulmonary embolism

eno Merli, MD

efferson Antithrombotic Therapy Service, Division of Internal Medicine, Thomas Jefferson University Hospital, Jefferson

edical College, Philadelphia, Pennsylvania, USA.
Venous thromboembolism (VTE) is a common disorder that can lead to substantial morbidity and
mortality through the clinical manifestations of deep vein thrombosis (DVT) and pulmonary embolism
(PE). Although rapid diagnosis and treatment are critical in preventing PE, mortality and major
morbidity due to conditions such as postthrombotic syndrome may complicate the differential diagnosis
of VTE. The clinical symptoms associated with DVT are neither sensitive nor specific and can be
indicative of a wide range of diagnoses. Because imaging studies can be expensive and are sometimes
inconclusive, they should be used judiciously in patients with highly suspected VTE. This review offers
a clinical perspective on the accurate, routine diagnosis of VTE, including an overview of common
clinical signs and symptoms, as well as the advantages and drawbacks of available diagnostic strategies.
© 2005 Elsevier Inc. All rights reserved.
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Venous thromboembolism (VTE) refers to pathologic
hrombosis that occurs within the venous circulation. The
ost common form of VTE is deep venous thrombosis

DVT) of the lower extremities; however, the most life-
hreatening manifestation of VTE is embolization of venous
hrombi resulting in pulmonary embolism (PE).

VTE is often a silent disease that can lead to multiple
omplications when left undetected or inadequately treated.
otential complications of DVT include PE, death, post-

hrombotic syndrome (PTS), and pulmonary hypertension.
TS is characterized by signs and symptoms similar to those
ssociated with DVT and is common in patients with VTE
�30%).1 The long-term pain and morbidity of PTS are
etailed elsewhere in this supplement by Blum and Roche.2

Although mortality rates due to VTE have declined sub-
tantially over the last few decades as a result of advances

Requests for reprints should be addressed to Geno Merli, MD, Jeffer-
on Antithrombotic Therapy Service, Division of Internal Medicine,
homas Jefferson University Hospital, Jefferson Medical College, 833
hestnut Street, Suite 701, Philadelphia, Pennsylvania 19107.
cE-mail address: geno.merli@jefferson.edu.

002-9343/$ -see front matter © 2005 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjmed.2005.06.008
n diagnostic techniques and treatments and a better under-
tanding of the disease,3 VTE and its complications remain
common cause of death in the United States. An estimated
00,000 new cases of VTE occur in the United States every
ear, including 94,000 with PE. This translates into an
ncidence of 23 newly diagnosed cases per 100,000 patients
er year. Without treatment, PE is associated with a mor-
ality rate of approximately 30%, or nearly 50,000 deaths
er year.4

VTE is generally triggered by a combination of environ-
ental and inherited risk factors. Accurate assessment of

linical symptoms, risk factor stratification, and appropriate
se of objective diagnostic tests are pivotal in the accurate
iagnosis and treatment of VTE. The reference standard for
TE diagnosis remains clot visualization with contrast
enography or pulmonary angiography. However, the inva-
iveness and the risks of these modalities have led to a
teady increase in the use of noninvasive or minimally
nvasive VTE testing. These tests should optimally be used
fter clinical examinations and risk assessments reveal re-
ults highly suggestive of VTE. This review discusses the

linical symptoms and signs indicative of possible VTE and
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rovides an overview of the clinical models and diagnostic
trategies available to assess for thromboembolic disease.

tiology of venous thromboembolism and
elative risk

TE can occur as an idiopathic syndrome or may be caused
y an underlying condition that predisposes a patient to
hrombosis. In a retrospective study of 366 validated cases
f VTE, approximately 48% were idiopathic and 52% were
econdary to an underlying condition.5 Rudolf Ludwig Karl
irchow was the first to identify 3 primary clinical factors

ssociated with a substantial risk of thrombosis. Together,
hese factors are known as the Virchow triad and include (1)
essel wall damage due to inflammation or trauma; (2)
hanges in blood flow or volume due to immobility, isch-
mia, and other conditions; and (3) hypercoagulable factors
resent in the blood, including inherited and acquired co-
gulation disorders.6

The consideration of risk factors in the assessment and
iagnostic evaluation of patients with potential DVT is
mportant; however, it is also important to consider the
elative risk for each factor independently. Some reports
uggest that hospitalized medical patients subjected to an
xtended period of immobility may be at risk for VTE,
specially if presenting with additional risk factors, includ-
ng acute infectious disease, previous history of VTE, or
dvanced age (�75 years).7

Although immobilization is commonly cited in the liter-
ture as a predisposing risk factor for VTE, results from
ome studies suggest that the associated risk may not be as
ignificant.4,8,9 In a retrospective cohort analysis, Gatt and
olleagues evaluated 18 mobile and 8 immobile patients
ith a mean age of 85 for a duration of 10 years.8 The

mmobile patients were bedridden for a prolonged period
�3 months). No difference in baseline characteristics,
hich included the assessment of risk factors, was observed
etween the 2 groups. The incidence of VTE was similar
etween the immobile and mobile patient groups (13.9 and
5.8, respectively; P � 0.77). Although these results are not
onsistent with previous studies10,11—an inconsistency that
s due, in part, to a relatively small study population—they
o highlight the importance of considering the added threat
onferred by each risk factor both independently and in
ombination with other risk factors.

Similarly, an analysis that was conducted using data
rom the American College of Surgeons National Trauma
ata Bank evaluated the frequency of VTE following

rauma. The results demonstrated that incidence of VTE in
hese patients is also relatively low.12 Data was collected
rom 131 trauma centers. The following 6 risk factors were
ound to be associated with VTE: age �40 years, lower
xtremity fracture with Abbreviated Injury Score (AIS) �3,
ead injury with AIS �3, ventilator delays �3, venous

njury, and history of a major operative procedure. Of the m
50,375 patients who experienced trauma from 1994 to
001, a total of 1,602 experienced DVT, resulting in an
ncidence of 0.36%.12

In contrast to the lower relative risk conferred by immo-
ilization and trauma, a much stronger association exists
etween VTE and cancer. In a recent study, 26% of patients
resenting with bilateral DVT were diagnosed with cancer
fter the occurrence of DVT, and metastasis had occurred in
0% of these patients.13 Other reports cite as much as a
-fold increase in DVT risk among patients with cancer and
uggest that the risk of recurrent thromboembolism is as
uch as 3.5 times higher in patients with malignancy com-

ared with cancer-free patients.1,14,15 Therefore, patients
resenting with unprovoked VTE should be further assessed
or potential malignancy by means of physical examination,
aboratory tests, and appropriate imaging studies as indi-
ated by physical findings.

Finally, hypercoagulability—especially hypercoagula-
ility due to a genetic predisposition, acquired syndromes,
nd certain medications, such as oral contraceptives—can
ncrease the risk of thrombosis.16,17 Hereditary risk factors
nclude factor V Leiden mutation; prothrombin G20210A
ene mutation; and deficiencies of protein C, protein S, and
ntithrombin III.18 Hyperhomocysteinemia and elevated
evels of factors XIII and V, which may be hereditary and/or
cquired, are also risk factors.18 Additionally, ABO blood
ype is another VTE risk factor that was recently noted in
ancer patients and is believed to be associated with hyper-
oagulability resulting from influence on the levels of von
illebrand factor and factor VIII.19

iagnosis of venous thromboembolism

t is important to note that 50% of patients who have VTE
o not present with any symptoms.20 Classic symptoms
ssociated with DVT include leg swelling, pain upon pal-
ation in the calf or thigh, and the Homans sign (calf pain
ith dorsiflexion of the foot). However, these signs have
een proved to occur at the same frequency in those without
VT.21 The second diagnostic step in the identification of
VT is the stratification of patients through the assessment
f risk factors. Such stratification increases the accuracy of
iagnosis and reduces the unnecessary use of expensive
maging tests in patients with low risk.

Anderson and associates,22 Ruiz-Giménez and cowork-
rs,23 and Wells and colleagues24–27developed the first clin-
cal model for the diagnosis of patients presenting with
uspected DVT. This model includes a thorough clinical
xamination and identification of any risk factors that pre-
ispose patients to have increased risk of thrombosis. In
ccordance with this model, patients are first divided into 3
isk categories (low, moderate, or high) and are further
ssessed through ultrasonography (Table 1).24 Patients who
re stratified to the high-risk category, or who have abnor-

al ultrasound results, are further assessed through venog-
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5SMerli Diagnostic Assessment of Deep Vein Thrombosis and Pulmonary Embolism
aphy (Figure 1).25 Clinical practice guidelines for the di-
gnosis of DVT from the American Thoracic Society (ATS)
oncur with this strategy, recommending the use of venog-
aphy as a follow-up to inconclusive compression ultra-
ound results, and the use of serial ultrasound or impedance
lethysmography in patients with normal compression ul-
rasound results.28

For patients presenting with PE, shortness of breath, with
r without leg pain, may be the first symptom; however, a
umber of specific criteria allow for a more accurate diag-
osis. Similar to the clinical model for diagnosis of DVT,
ells and colleagues27 also defined a clinical algorithm for

he diagnosis of PE (Figure 2). When used in conjunction
ith D-dimer testing, this algorithm safely reduces the need

or expensive imaging diagnostics. It uses a point system for
alculating the low, moderate, or high pretest probability of
E. Points are assigned based on clinical symptoms of
VT, including heart rate of �100 beats per minute, im-

Table 1 Clinical model for predicting pretest probability
for deep vein thrombosis

Risk factor category
Major

● Active cancer*
● Paralysis, paresis, or recent immobilization of lower
extremities
● Bedridden �3 days and/or major surgery within
previous 4 wk
● Localized tenderness of deep venous system†

● Swelling of thigh and calf confirmed by measurement
● Calf swelling showing �3 cm difference vs.
nonsymptomatic calf‡

● Strong family history of DVT (�2 first-degree relatives
with history of DVT)

Minor
● History of trauma to affected leg (within �60 days)
● Pitting edema in symptomatic leg
● Dilated nonvaricose veins in symptomatic leg
● Hospitalization within previous 6 mo

Stratification (clinical probability)
High

● No alternative diagnosis plus
— �3 major risk factors or
— �2 major and �2 minor risk factors

Moderate
● All combinations not specifically designated high or low

Low
● No alternative diagnosis plus

— 1 major and �1 minor risk factor or
— �2 minor risk factors

● Alternative diagnosis plus
— 1 major and �2 minor risk factors or
— �3 minor risk factors

DVT � deep vein thrombosis.
Adapted with permission from Lancet.24

*Patient receiving ongoing treatment, treatment within previous 6
months, or palliative therapy.

†Elicited in the anatomic distribution of the deep venous system of
either the thigh or calf.

‡Measured 10 cm below tibial tuberosity.
obilization for �3 days or recent surgery in the past 4 h
eeks, a clinical history of VTE, hemoptysis, malignancy,
r clinician determination that PE is as likely or more likely
han another diagnosis (Table 2).27

The patient history and physical examination findings
eported in the Prospective Investigation of Pulmonary Em-
olism Diagnosis (PIOPED) trial illustrate the difficulty in
uickly identifying or ruling out a diagnosis of PE. In
IOPED, the most common past and current physical find-

ngs included dyspnea, pleuritic chest pain, cough, tachy-
ardia, and tachypnea (Table 3).29 These symptoms also
an be indicative of heart failure, interstitial lung disease, or
neumonia. For this reason it is especially important to
onduct thorough examinations and risk stratification when
xamining patients for potential VTE.

bjective testing for venous
hromboembolism

iagnostic evaluation of suspected VTE includes a clear
orrelation between clinical probability, test selection, and
est interpretation.30 However, a variety of diagnostic ap-
roaches are feasible, and availability and familiarity with
articular technology may influence the choice of approach.
dditionally, the sensitivity of certain diagnostic tests is

ffected by the location of the thrombus.28 In addition to
raditional tests, such as contrast venography for DVT and
ulmonary angiography for PE, newer modalities such as
-dimer assays and magnetic resonance direct thrombus
maging (MRDTI) offer promise for better detection with
ess invasiveness and have the potential for use in detection
f both DVT and PE.

maging modalities for deep vein thrombosis

ontrast venography imaging

ontrast venography is no longer appropriate as the initial
iagnostic test in patients exhibiting DVT symptoms, al-
hough it remains the “gold standard” for confirmatory di-
gnosis of DVT. Venography is nearly 100% specific and
ensitive, and it provides the ability to investigate the distal
nd proximal venous system for thrombosis. Its use is no
onger widespread owing to the need for administration of a
ontrast medium and the increased availability of noninvasive
iagnostic strategies. However, venography is still warranted
hen noninvasive testing is inconclusive or impossible to
erform.28 Additional drawbacks of venography include con-
raindication in patients with renal insufficiency and lack of
ccuracy in recurring cases of suspected DVT owing to the
ifficulty of visualizing an intraluminal defect in veins that

ave been thrombosed previously.28
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ompression ultrasound

oppler compression ultrasound with real-time, B-mode
maging is used at most institutions because of its safety,
vailability, reliability, and noninvasive nature. Benefits in-
lude detection of acute symptomatic proximal DVT, as
ell as DVT of the upper extremities, and it is also capable
f identifying other pathologies.24,28,30–32 Its 2-dimen-
ional, cross-sectional representation of lower extremity
eins is also useful in combination with venous flow detec-
ion (duplex ultrasonography).28 The demonstration of ve-
ous noncompressibility is the major diagnostic criterion for
enous thrombosis. However, compression ultrasound is not
pecific or sensitive for the detection of DVT in patients
ith asymptomatic proximal DVT or in patients with symp-

omatic or asymptomatic DVT of the calf, and it demon-
trates limited accuracy in cases of chronic DVT. Its use is
lso limited in patients who are obese or who have edema.28

urrently, a number of ongoing large trials are in progress for
he assessment of magnetic resonance venography and com-
uted tomographic (CT) venography in the diagnosis of DVT.

iagnostic tests for pulmonary embolism

lood gas analysis and electrocardiogram

rterial blood gas analysis and electrocardiogram (ECG)

igure 1 Clinical diagnostic model for patients presenting wit
Reprinted with permission from Ann Intern Med.25)
re routinely used to diagnose PE with varying rates of r
uccess. Hypoxemia is a common feature of acute PE but is
ot present in all cases.28 Thus, although arterial blood gas
evels reveal the blood oxygen saturation level, they are not
pecific or sensitive for the definitive diagnosis of PE. The
se of transcutaneous oximetry will provide information re-
arding hypoxemia without the need for an arterial puncture,
ut it is not sensitive or specific for the diagnosis of PE.

Hemodynamically significant PE induces transient ECG
bnormalities reflecting right ventricular overload and/or
train33; however, these abnormalities are neither sensitive nor
pecific for VTE,34 although a classic S1Q3T3 pattern (Figure
) might warrant consideration of PE in the presence of other
igns and symptoms. ECG can also be used to suggest an
lternative cardiac diagnosis. Additionally, recent investigators
ave suggested that a simple scoring system based on ECG
ight be useful in predicting individuals with the greatest

ercentage of perfusion defect.35 Because neither of these
ethods is suggested as a proven diagnostic tool for the initial

creening or exclusion of VTE, they should not be routinely
sed for definitive diagnosis. Instead, they should be used in
onjunction with clinical examinations and other diagnostic
tudies to reinforce the clinical suspicion of PE.33

maging techniques

hest X-ray

hest X-ray is often used in combination with ECG to

ected deep vein thrombosis (DVT). PTP � pretest probability.
h susp
einforce suspicion of PE.33 Although chest X-ray is com-
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igure 2 Clinical algorithm for initial evaluation of patients with suspected pulmonary embolism (PE). DVT � deep vein thrombosis;
TP � pretest probability; spiral CT � spiral computerized tomographic pulmonary arteriography; V/Q � ventilation–perfusion. (Reprinted
ith permission from Ann Intern Med.27)
Table 2 Suspected pulmonary embolism (PE): a simple
clinical model and D-dimer to assess pretest probability*

Specific factors Points

Clinical DVT (objective leg swelling,
tenderness)

3.0

Heart rate �100 beats/min 1.5
Immobilization �3 days or surgery

in previous 4 wk
1.5

Previous DVT/PE 1.5
Hemoptysis 1.0
Malignancy 1.0
PE as likely or more likely than

alternative diagnosis
3.0

DVT � deep vein thrombosis.
Adapted with permission from Ann Intern Med.27

*Interpretation of point total: �2 points � low risk (mean prob-
ability, 3.6); 2–6 points � moderate risk (mean probability, 20.5); � 6

points � high risk (mean probability, 66.7).
Table 3 Common patient symptoms with a positive
pulmonary embolism diagnosis in the Prospective
Investigation of Pulmonary Embolism Diagnosis (PIOPED)
study

Patient history
Percentage of patients
(N � 117)

Dyspnea 73%
Pleuritic chest pain 66%
Cough 37%
Leg swelling 28%
Leg pain 26%
Hemoptysis 13%

Adapted with permission from Chest.29
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only ordered during the process of differential diagnosis
f pulmonary conditions, PE patients most commonly have
ormal chest X-ray results. However, they sometimes
resent with nonspecific radiographic findings. A normal
hest X-ray in the presence of severe dyspnea or hypoxemia
ithout evidence of bronchospasm or cardiac shunt is

trongly suggestive of but not diagnostic for PE.28

Figure 3 The S1Q3T3 pattern with concomitant symptom

igure 4 The Hampton hump (arrow), which is visible in some

o pulmonary infarction. Its presence is not common and should not be
The Hampton hump, which is visible in some X-rays, is
classic finding caused by a pleural-based abnormality due

o pulmonary infarction; its presence, however, is not com-
on and cannot be used to confirm or exclude PE (Figure

). Chest X-ray is most useful to rule out other conditions
hat may mimic PE, such as pneumothorax or pneumome-
iastinum.28,36

igns of pulmonary embolism warrants further investigation.

s, is a classic finding caused by a pleural-based abnormality due
X-ray

used to confirm or exclude pulmonary embolism.



V

T
o
e
u
a
H
n
n
c
d
t
P
a
i
a
T
V
i
p
t

S

S
d
s
n
S
s
a

i
e
t
r
r
t
p
l
d
a
a
t

P

P
d
s
s
t
s
8
l
(
P
f
s
b
r
c
t

F
o right a
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entilation–perfusion scan

he ventilation–perfusion (V/Q) scan is used to detect areas
f abnormal perfusion due to PE. It has long been consid-
red a preferred diagnostic modality in suspected PE (Fig-
re 5).28,30 The ventilation component of the test excludes
diagnosis of pneumonia and other respiratory conditions.
owever, the V/Q scan is only diagnostic of PE in a mi-
ority of cases. Moreover, PE frequently occurs in combi-
ation with other lung diseases, such as pneumonia or
hronic obstructive pulmonary disease. Because most lung
iseases affect pulmonary blood flow as well as ventilation,
heir presence may decrease the scan’s specificity.28 The
IOPED study investigators at the National Heart, Lung,
nd Blood Institute (NHLBI) reported that a high-probabil-
ty V/Q scan was sensitive for the diagnosis of PE and that
low-probability scan was sensitive for the absence of PE.
he V/Q scan was not useful in patients with previous
TE.37 Indeterminate scans require further diagnostic stud-

es to assess disease accurately,38 and 33% of PIOPED
articipants with indeterminate scans were later found
hrough angiography to have thromboemboli.37

piral CT pulmonary arteriography

piral (also known as helical) CT has demonstrated a higher
egree of sensitivity and interobserver agreement than V/Q
can, making this strategy a less-invasive, alternative diag-
ostic tool in patients with suspected PE (Figure 6).39

piral CT has demonstrated a high rate of sensitivity and
pecificity in detecting PE to segmental levels, but it cannot

igure 5 99mTc macroaggregated albumin perfusion scan sho
blique; LPO � left posterior oblique; post � posterior; RAO �
ccurately detect subsegmental emboli.40 Although the clin- t
cal significance of these subsegmental emboli has not been
stablished, a negative spiral CT cannot safely rule out
hrombosis and must be confirmed with pulmonary angiog-
aphy.40 In addition, a low sensitivity rate of 70% has been
eported in a previous study, providing additional evidence
hat confirmatory pulmonary angiography is required in
atients with negative spiral CT findings.41 A 1-year fol-
ow-up study in patients with a normal spiral CT scan
emonstrated a low 2% rate of clinical PE, suggesting that
dditional data will be required to characterize the safety of
negative spiral CT without other confirmatory diagnos-

ics.42

ulmonary angiography

ulmonary angiography has been considered a gold stan-
ard test for PE.28 It is an invasive test that is used in some
ettings to detect PE in patients with indeterminate V/Q
cans. However, it is not necessary for a diagnosis of PE in
he acute setting when the perfusion scan is normal.28 One
tudy of pulmonary angiography demonstrated sensitivity of
5% for the detection of lobar and segmental emboli, with
ess reliability in detecting peripheral subsegmental emboli
1 in 5).36 These results are consistent with those of the
IOPED study, in which interobserver agreement was 98%
or lobar PE, 90% for segmental PE, and only 66% for
ubsegmental emboli.43 However, there has been some de-
ate surrounding the true clinical importance of these pe-
ipheral emboli.36 Some investigators posit that they are
aused by isolated calf vein thrombi and do not require
reatment, whereas others believe that they are a precursor

ultiple large segmental defects (arrows). LAO � left anterior
nterior oblique; RPO � right posterior oblique; RL � right lung.
wing m
o larger emboli.44,45
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ewer diagnostic techniques

ndirect CT venography

ndirect CT venography has been investigated as an adjunct
o the pulmonary angiography conducted during the differ-
ntial diagnosis of PE.46 This technique results in a high rate
f detection of DVT—the underlying cause of many sub-
equent PE events—and requires no additional contrast ma-
erial.47,48

RDTI

RDTI is a novel technique that has demonstrated accuracy
nd reproducibility for DVT diagnosis in limited studies.49

t detects the presence of methemoglobin in clots, allowing
isualization of thrombi without using IV contrast material;
he technique is thus useful for detecting subacute throm-
osis.50

MRDTI has several major advantages over conventional
odalities. Because data suggest that it is highly accurate in

etecting both DVT and PE, MRDTI provides a single
maging modality for detecting VTE.50,51 This technique
rovides direct visualization of thrombi, avoiding the pit-
alls of conventional techniques that have identified thrombi
ither as filling defects or in terms of surrogates. MRDTI
lso allows simultaneous imaging of the legs and chest,
ermitting a comprehensive assessment of thrombus load,
inimizing the importance of overlooked subsegmental PE,

igure 6 Spiral computed tomographic pulmonary arteriograph
ulmonary embolism (arrow).
nd potentially facilitating more titrated treatment. The o
afety of withholding treatment in suspected DVT and PE
n the basis of negative MRDTI alone is being evaluated in
ngoing outcome studies.51 Additionally, because it has
roved useful in identifying complicated plaque in the ca-
otid arteries in the setting of transient and permanent ce-
ebral ischemia, MRDTI offers promise as a technique that
s capable of detecting high-risk vessel wall disease before
ignificant or permanent end-organ damage.50 As costs for
his type of imaging decrease and institutions gain wider
ccess to the technology, it should offer an attractive alter-
ative to the invasive use of contrast venography with
pplication in a wide range of vascular disease settings.

edside D-dimer assays

number of D-dimer assays have been evaluated as diag-
ostic markers for VTE and are considered to be inexpen-
ive as well as timely.26 The predictive value of the assay
epends on several attributes, including the prevalence of
TE in the population being tested. Ruiz-Giménez and

olleagues23 found that the VIDAS (bioMérieux, Marcy
’Etoile, France) and enzyme-linked immunosorbent assay

ELISA) D-dimers are suitable approaches as a first diag-
ostic tool for the exclusion of DVT. However, some data
uggest that D-dimer testing offers limited specificity and
annot be solely used to exclude a diagnosis of DVT52; this
as been demonstrated in patients who are elderly, in the
mergency department, or hospitalized for �3 days.53 An-

emonstrated a high rate of sensitivity and specificity in detecting
y has d
ther important issue is that some institutions do not have
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11SMerli Diagnostic Assessment of Deep Vein Thrombosis and Pulmonary Embolism
ccess to immediate D-dimer results. Nevertheless, D-dimer
esting, especially the most-specific ELISA, offers an attrac-
ive bedside assay that is sensitive for DVT diagnosis, if not
pecific under certain circumstances. D-dimer testing will
till result in a reduction in the need for imaging diagnostics
hen DVT can be diagnosed and treated earlier.54 A posi-

ive D-dimer result is not necessarily useful for definitively
iagnosing VTE, but a negative result, when it coincides
ith ultrasound results, can rule out the diagnosis.26

Although D-dimer testing is a recent addition to the
trategy for diagnosing PE and has been shown to be a
aluable tool with excellent sensitivity, there have been rare
eports of patients with PE but negative D-dimer tests. One
nvestigation at an academic health center indicated that
-dimer measurement was of limited utility in patients with
uspected PE and nondiagnostic lung scans or negative
piral (helical) CT results.55 Another study of 150 patients
dmitted to the hospital for PE who underwent D-dimer
easurement compared results in patients with negative

-dimers versus patients with raised D-dimers. The sensitiv-
ty of raised D-dimers for PE was high (96%), but the finding
f chest pain was statistically greater in the group with
egative D-dimers (P � 0.01). In these negative D-dimer
ases, the emboli were all distal (P � 0.0003) and the
iagnostic value of ultrasound investigations (echocardiog-
aphy, ultrasonography of lower limb veins) was less than in
atients with higher D-dimers (P �0.0001). The authors
uggested that measurement of D-dimers by the ELISA
ethod may be nondiagnostic in distal PE, perhaps because

f the less-extensive thromboembolic process. They con-
luded that in cases with negative D-dimers, a strong clinical
uspicion of PE should signal a need for further investiga-
ion.56

ummary

linical evidence indicates that patients who are at moder-
te-to-high risk for developing VTE include those with a
istory of cancer, prior thrombosis, and acquired syndromes
r genetic disorders that predispose them to a hypercoagu-
ative state. Among these patients, VTE should be highly
uspected with the presentation of classic symptoms. Such
ases require rapid assessment and accurate diagnosis to
revent the progression of DVT, long-term morbidity due to
ostthrombotic syndrome, or the occurrence of potentially
atal PE.

Clinical presentation for 50% of patients with VTE is
ften nonspecific, and can be confused with a variety of
ther conditions, including heart failure, cellulitis, hema-
oma, or edema due to an unrelated condition. Although
ontrast venography remains the gold standard for diagnosis
f DVT, the availability of less-invasive diagnostic tech-
iques has limited the use of this test as a first-line diag-
ostic. Rather, it is used when the less-invasive tests, such
s duplex ultrasonography, are inconclusive or impossible

o perform.
When clinical symptoms warrant consideration of PE,
bjective testing should begin with less-invasive techniques
uch as D-dimer, V/Q scan, or spiral CT scan, followed by
old-standard pulmonary angiography when the scans are
ondiagnostic. New additions to the diagnostic battery and
ncreased awareness of risk stratification paradigms have
he potential to allow more accurate identification of VTE in
ome patients, thereby greatly reducing the incidence of
orbidity and mortality.
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