
ulmonary embolism
(PE) is recognized as the
third most common
cause of cardiovascular

disease in the United States after
ischemic heart disease and
stroke.1 Autopsy studies suggest
that more than 600,000 patients
in the United States develop PE
each year and that this entity
causes or contributes to death in
approximately 200,000 of these
patients.2 Because treatment can
reduce the mortality rate of PE
from 30% to less than 10%,
prompt and accurate diagnosis of both PE and its pre-
cursor, deep venous thrombosis (DVT), is essential.2

Unfortunately, the clinical symptoms and signs of both
of these disorders are nonspecific. The presence of
one or more risk factors for DVT, including immobility,
injury to an extremity, or hypercoagulability, is a clue to
the possibility of DVT or PE. The ventilation-perfusion
(V/Q) scan has traditionally been the pivotal diagnos-
tic test for PE, but most V/Q scans are nondiagnostic
and further testing is usually required.3 Although pul-
monary angiography is considered the gold standard
for the diagnosis of PE, angiography is invasive, expen-
sive, and not available at all hospitals.4 Therefore, inter-
est has focused on the development of new noninva-
sive approaches for the diagnosis of PE. Recently,
technologic advances have allowed the use of spiral
(helical) computed tomography (CT) and magnetic
resonance imaging (MRI) for the diagnosis of PE. In
addition, interest has been renewed in the use of
echocardiography and the D-dimer test for the diagno-
sis of PE. This review summarizes recent data on these
noninvasive techniques and describes their current
role in the evaluation of patients with suspected PE.
The key points of this article are summarized in the
Sidebar.

CLINICAL EVALUATION OF
PULMONARY EMBOLISM

Patient history, physical
examination findings, and the
results of arterial blood gas
studies, electrocardiography,
and chest radiography are
often useful for suggesting the
presence or absence of PE.
Clinical findings alone, how-
ever, are not a reliable guide
to the diagnosis of PE, as is
underscored by the high inci-
dence of unsuspected PE in
autopsy series.5 The presence

of risk factors for DVT may lower the threshold for initiat-
ing diagnostic evaluation for PE. Common risk factors
for DVT are listed in Table 1. The presence of one or
more risk factors should increase clinical suspicion of
venous thromboembolism (VTE). 

PE should be considered whenever unexplained
dyspnea occurs. Dyspnea with or without associated
anxiety, pleuritic chest pain, and hemoptysis are com-
mon but nonspecific symptoms of PE. Any of these
symptoms may also develop with several other condi-
tions such as pneumonia, exacerbated chronic obstruc-
tive lung disease, congestive heart failure, or lung can-
cer. Lightheadedness and syncope may be caused by
PE but may also result from several other entities that
cause hypoxemia or hypotension. 

Physical examination of a patient with PE may reveal
tachypnea, tachycardia, fever, and pleuritic rub, all of
which are nonspecific symptoms. Tachypnea and tachy-
cardia are extremely common findings. Findings consis-
tent with pulmonary hypertension caused by acute PE
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include an accentuated pulmonic component of the
second heart sound, right ventricular heave, and elevated
neck veins. These symptoms occur more often in massive
PE or in cases in which chronic emboli have caused
severe pulmonary hypertension. In the setting of findings
consistent with PE, clinical suspicion for PE is essential.

Hypoxemia is common in acute PE, but is not univer-
sally present. Young patients without underlying lung
disease may have a normal partial pressure of oxygen in
arterial blood (PaO2). In a retrospective analysis of hos-
pitalized patients with proven PE, PaO2 was greater than
80 mm Hg in 29% of patients younger than age 40 years
compared with 3% of patients older than age 40 years;
however, the alveolar-arterial difference was abnormal in
all patients.6 Even the alveolar-arterial difference may be
normal in rare cases of PE, particularly in younger
patients without concomitant lung disease.

Nonspecific electrocardiographic abnormalities
may develop in acute PE, including T-wave changes, ST
segment abnormalities, and left or right axis deviation.
Occasionally, electrocardiographic changes that are
more suggestive of PE occur, including the S1Q3T3 pat-
tern, right bundle branch block, P-wave pulmonale, or
right axis deviation.7

Chest radiographs of most patients with PE show non-
specific abnormalities. Common radiographic findings
include atelectasis, pleural effusion, pulmonary infil-
trates, and elevation of a hemidiaphragm.8 Classic radi-
ographic findings of pulmonary infarction, such as a
wedge-shaped pleural density (Hampton’s hump) or de-
creased vascularity (Westermark’s sign), are suggestive of
PE but are infrequent. A normal-appearing chest radio-
graph in a patient with severe dyspnea and hypoxemia
without evidence of bronchospasm or cardiac shunt
strongly suggests PE. The presence of a pleural effusion
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KEY POINTS IN THE DIAGNOSIS OF
PULMONARY EMBOLISM

• Clinical suspicion for acute pulmonary embolism
(PE) is absolutely critical.

• Currently, ventilation-perfusion (V/Q) scanning
remains the most widely available and best-studied
technique for the evaluation of patients with PE.
When technically adequate, a negative result on
lung perfusion scanning reliably excludes acute PE.
In the setting of a high clinical suspicion for PE, a
high-probability V/Q scan is considered diagnostic,
and no further testing is indicated.

• Most V/Q scans are nondiagnostic and many
patients require further testing to rule in or rule
out PE. Pulmonary angiography is invasive, expen-
sive, and carries certain small risks of morbidity
and mortality; however, this technique remains the
gold standard for diagnosing PE.

• Recent technological advances have made spiral
computed tomography (CT) and magnetic reso-
nance imaging (MRI) potentially useful diagnostic
modalities for the evaluation of patients with sus-
pected PE. Current data suggest that the sensitivity
and specificity of spiral CT is high enough that this
modality may eventually replace the V/Q scan as
the initial diagnostic test, although additional out-
come studies are needed. Currently, spiral CT is a
viable option for the evaluation of suspected PE at
certain centers that have expertise and experience
with this technique.

• As technology continues to improve, MRI, with its
potential ability to simultaneously diagnose both
deep venous thrombosis and PE, may evolve into
the procedure of choice for select patients with
suspected PE.

• Hematologic studies such as the D-dimer test,
although not currently playing a significant role in
the diagnosis and treatment of venous throm-
boembolism at most centers, may evolve into more
useful techniques, particularly as rapid assays
become more widely available and when these
studies are used together with other noninvasive
diagnostic modalities.

• Lower extremity studies are often useful when the
V/Q scan is nondiagnostic and the patient is
hemodynamically stable. The leg studies are most
useful when results are positive for deep venous
thrombosis because the treatment approach is
generally the same.

Table 1. Common Risk Factors for Deep Venous
Thrombosis

Risk Factor Hypercoagulable State

Age > 40 years Antithrombin III deficiency

Recent surgery Protein C or S deficiency

Malignancy Factor V Leiden mutation

Pregnancy or Antiphospholipid antibody syndrome
postpartum

Immobilization or Dysfibrinogenemia
paralysis 

Prior history of venous Plasminogen disorders
thromboembolism 



increases the likelihood of PE in young patients who 
present with acute pleuritic chest pain.9 Generally, chest
radiography cannot be used to conclusively prove or
exclude PE; however, this modality and electrocardiogra-
phy may be useful for determining alternative diagnoses.

VENTILATION-PERFUSION SCAN

The V/Q scan is considered the pivotal test for di-
agnosing PE. When PE is suspected, this test is com-
monly performed. The Prospective Investigation of
Pulmonary Embolism Diagnosis (PIOPED) study, a
large prospective multicenter trial, was undertaken to
assess the diagnostic use of the V/Q scan.3 Results of
scans were correlated with pulmonary angiography
results in more than 700 patients. The PIOPED study
provided important information regarding the utility
of the V/Q scan and demonstrated that the likelihood
of PE depends on the combination of clinical assess-
ment and V/Q results. The PIOPED study results are
summarized in Table 2. In the setting of low clinical
suspicion and near-normal or normal V/Q scan
results, only one of 61 patients (1.6%) had PE. In the
setting of high clinical suspicion and a high probability
scan, 28 of 29 patients (96%) had PE. Therefore, in
these settings, V/Q scans are able to determine the
likelihood of PE with sufficient certainty that no fur-
ther tests are needed. Unfortunately, the V/Q scan is
rarely diagnostic (ie, the scan is rarely interpreted as
near normal or normal or as high probability). In the
PIOPED study, only 13% of patients (124 of 931) had
high probability scans and only 14% of patients (131 of
931) had normal or near-normal scans. Therefore,
most scans in the PIOPED study were intermediate or
low probability. The PIOPED study data demonstrate
that PE is often present in patients with intermediate

or low probability lung scans when associated with a
high clinical suspicion of PE. As shown in Table 2, in the
setting of high clinical suspicion, PE was found in 66%
of patients with an intermediate-probability scan and
40% of patients with low-probability scans. Therefore,
additional diagnostic tests must be pursued when the
V/Q scan is of low or intermediate probability if the
clinical scenario suggests PE. In most patients who need
additional diagnostic testing, pulmonary angiography is
performed; however, in select stable patients with sus-
pected acute PE and nondiagnostic lung scans, serial,
noninvasive, lower extremity testing is a reasonable
alternative approach. When DVT is present, treatment
can generally be instituted without further testing.10 In
many cases, however, the results of the lower extremity
test are negative and a reassessment of clinical suspicion
should be undertaken with consideration of pulmonary
angiography to provide a definitive diagnosis.

PULMONARY ANGIOGRAPHY

Pulmonary angiography remains the gold standard
for the diagnosis of PE. This test is most commonly
employed in patients with nondiagnostic V/Q scans
and high clinical suspicion. Angiography is not without
risk, however, and serious morbidity and mortality
occur in approximately 1% and 0.5% of cases, respec-
tively. In the PIOPED study, death occurred in five of
1111 patients (0.5%) in whom pulmonary angiography
was performed.4 Other serious complications associat-
ed with pulmonary angiography included respiratory
failure (0.4%), renal failure (0.3%), and bleeding re-
quiring more than 2 units of transfused blood (0.2%).4

In addition, although pulmonary angiography is con-
sidered the gold standard for the diagnosis of PE, inter-
observer agreement on the presence of PE in the
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Table 2. Probability of Pulmonary Embolism Based on Ventilation-Perfusion Scan Results and Level of Clinical
Suspicion in the PIOPED Study

Patients with PE, %

Ventilation-Perfusion Scan Results Level of Clinical Suspicion

Highly Likely Uncertain Unlikely

High probability 96 88 56

Intermediate probability 66 28 16

Low probability 40 16 4

Near-normal or normal 0 6 2

PE = pulmonary embolism; PIOPED = Prospective Investigation of Pulmonary Embolism Diagnosis.

Data from Value of the ventilation/perfusion scan in acute pulmonary embolism: results of the Prospective Investigation of Pulmonary Embolism
Diagnosis (PIOPED).The PIOPED Investigators. JAMA 1990;263:2753–2759.



PIOPED study was 92%, which suggests that even
angiogram results can be difficult to interpret in some
cases.3 Therefore, although angiography is considered
the most accurate diagnostic modality for PE, this test
is invasive, has small but significant risks, and requires
experienced physicians to perform the test and inter-
pret the results.

SPIRAL (HELICAL) COMPUTED TOMOGRAPHY

Recent advances in CT technology have led to the
investigation of spiral CT for the diagnosis of acute PE.
Conventional CT is generally not useful in the evalua-
tion of PE because the long time required for scanning
and the interscan delay limit the ability to adequately
enhance and visualize pulmonary arteries. Spiral CT
involves continuous movement of the patient through
the CT scanner with concurrent scanning by a constant-
ly rotating gantry and detector system, which facilitates
rapid scanning times and allows volumes of data to be
obtained during a single breath hold. Continuous scan-
ning during a breath hold after contrast injection allows
excellent visualization of the pulmonary arteries and
direct visualization of pulmonary arterial clot in larger
vessels. Spiral CT is an attractive alternative approach to
evaluate suspected PE. A primary advantage of this tech-
nique is the ability to visualize mediastinal and chest wall
structures such as lymph nodes, lung parenchyma, pleu-
rae, and pericardium. Consequently, abnormalities
other than PE that are causing or contributing to a
patient’s symptoms may also be identified. Figure 1 illus-
trates the identification of a proximal pulmonary artery
clot by spiral CT in a patient with acute PE.

Comparison with Pulmonary Angiography

Several studies compared spiral CT with pulmonary
angiography for the detection of acute PE (Table 3).11–16

Based on available data, proximal pulmonary emboli
can apparently be diagnosed with a fairly high degree
of sensitivity and specificity with spiral CT; however, out-
come data based on spiral CT results are limited. One
study17 used spiral CT instead of pulmonary angiogra-
phy in patients with suspected PE only after a V/Q scan
of intermediate probability and normal results on
duplex ultrasonography. If the CT scan did not show
PE, the patient did not receive anticoagulation therapy.
At 3-month follow-up, six of 112 patients (5.4%) with
normal findings at spiral CT had PE (ie, the results of
six CT scans were apparently false-negative). The rate of
PE at follow-up in patients with negative pulmonary
angiogram results was slightly lower, ranging from 0.6 to
4.2% in several studies.17 As spiral CT and image recon-
struction technology continue to improve, the sensitivi-
ty and specificity of this technique for the diagnosis of
PE should also improve.

Limitations

Spiral CT has several limitations as a method for
diagnosing PE. First, although the initial data look
encouraging, the actual number of patients with PE in
each study is relatively small (Table 3). Because the sen-
sitivity of spiral CT appears to be lower than that of
angiography, additional larger prospective studies are
needed to determine outcomes in patients with nega-
tive results on CT scans. Second, although spiral CT is
very sensitive for detecting emboli in the main, lobar, or
segmental pulmonary arteries, visualization of subseg-
mental arteries is limited. In one study, when subseg-
mental emboli were included with the central clot, the
overall sensitivity of spiral CT was reduced from 86% to
63%;16 however, the importance of smaller, subsegmen-
tal pulmonary emboli is controversial, and isolated sub-
segmental emboli are uncommon, occurring in only
6% of patients in the PIOPED study.3 Additional studies
are needed to determine if the inability of spiral CT to
visualize subsegmental emboli is clinically important.
Third, spiral CT scan requires interpretation by an
experienced radiologist who has precise knowledge of
bronchovascular and intersegmental lymph node
anatomy. Nodal structures can obscure vessels and may
be misinterpreted as emboli by inexperienced readers.
Fourth and finally, the requirement for iodinated con-
trast may preclude the use of spiral CT in some patients
who have a severe allergy to this contrast material or
who have renal insufficiency. As has been demonstrated
with nondiagnostic V/Q scanning, the performance of
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(continued on page 29)

Figure 1. Spiral computed tomography scan of the chest
after bolus contrast injection. A large clot in the right pul-
monary artery is shown (large white arrow). A smaller clot is
also apparent in the left pulmonary artery (small white arrow).



serial lower extremity studies may prove appropriate
when a spiral CT is nondiagnostic.

MAGNETIC RESONANCE IMAGING

Recent advances in imaging technology have made
visualization of the pulmonary arteries possible with
MRI, thus creating a potential diagnostic role for MRI
in patients with clinically suspected PE.18 Like CT, MRI
demonstrates PE directly as intravascular filling defects
on cross-sectional images. Meaney et al19 recently
prospectively compared gadolinium-enhanced magnet-
ic resonance angiography with pulmonary angiography
in 30 patients with suspected PE. The patients were
enrolled consecutively, and the studies were interpreted
independently in a blinded manner by three radiolo-
gists. Criteria for the diagnosis of PE for both tests were
the presence of an intravascular filling defect or occlu-
sion of a vessel with a trailing embolus sign. The pul-
monary angiogram result was considered the definitive
diagnosis. In eight patients with emboli proven by pul-
monary angiography, all five lobar and 16 of 17 seg-
mental emboli were identified by the MRI technique.
The sensitivities for magnetic resonance angiography
for each of the readers were 100%, 87% and 75%, with
specificities of 95%, 100%, and 95%, respectively.

Advantages

Although experience with MRI in the diagnosis of
acute PE is more limited than with CT, MRI has several
theoretical advantages. First, MRI techniques can
image both the pulmonary arteries and deep venous
system and may allow the simultaneous and accurate
detection of both PE and DVT. In patients with sus-
pected PE, documentation of DVT generally provides
enough information to initiate treatment. In addition,
in patients with acute PE, the simultaneous identifica-
tion of DVT may be useful to identify patients at higher
risk of recurrent PE. Second, unlike spiral CT, MRI

does not require the use of iodinated contrast material
and can be performed safely in patients with iodinated
contrast allergy or renal insufficiency.

Limitations

Despite these potential advantages, MRI is clinically
limited by the inability to image patients who are mor-
bidly obese, claustrophobic, or have metallic implants.
In addition, data on the use of MRI for the diagnosis of
PE are still limited. The actual number of patients with
suspected PE that have been evaluated with MRI and
reported is relatively small and additional studies are
needed. Moreover, a recent study compared MRI with
spiral CT for the diagnosis of PE and determined that
although MRI and CT had comparable sensitivity and
specificity when read by experts, the sensitivity for MRI
dropped dramatically with less experienced readers.14

These findings suggest that reader expertise is essential
for the broader application of MRI techniques to PE.
Although spiral CT is being used increasingly for sus-
pected PE and MRI is being evaluated more extensive-
ly in this setting, additional, larger, prospective clinical
studies should be performed. Outcome studies appear
particularly appropriate. Certainly if any question
remains about the diagnosis of PE based on spiral CT
or MRI results, the traditional approach including
angiography should be undertaken.

ECHOCARDIOGRAPHY

Transthoracic echocardiography can be rapidly
obtained at most institutions, and thus this modality is an
attractive diagnostic test. Studies of patients with docu-
mented PE reveal that most of these patients have abnor-
malities of right ventricular size or function as noted on
surface echocardiography.20 Unfortunately, although
right ventricular dysfunction is suggestive of PE, this find-
ing is nonspecific and certain clinical conditions com-
monly found in patients with suspected PE (eg, chronic
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Table 3. Sensitivity and Specificity of Spiral Computed Tomography for Acute Pulmonary Embolism

Patients Patients Sensitivity, Specificity,
Study Evaluated, n with PE, n % %

Remy-Jardin et al, 199211 42 18 100 96

Remy-Jardin et al, 199612 72 39 91 78

van Rossum et al, 199613 77 39 95 97

Sostman et al, 199614 28 21 73 97

Goodman et al, 199515 20 11 86 92

Mayo et al, 199716 139 46 87 95

PE = pulmonary embolism.



obstructive pulmonary disease) are also associated with
abnormal right ventricular function, thus limiting the
utility of echocardiography for the diagnosis of PE. A
recent study suggests that the identification of regional
right ventricular dysfunction enhances the specificity of
surface echocardiography for acute PE;21 however, addi-
tional studies confirming this finding would be useful.
Unfortunately, poor visualization of intrathoracic struc-
tures limits the utility of echocardiography in many
patients with suspected PE, especially obese patients and
patients with severe hyperinflation caused by chronic
obstructive lung disease. Transesophageal echocardiogra-
phy also has been used for the diagnosis of PE, but poor
visualization of the peripheral pulmonary arteries limits
the utility of this method for acute PE. Therefore, echo-
cardiography does not yet have a clear role in the stan-
dard diagnostic approach to patients with suspected PE.
Echocardiography may also be useful in detecting alter-
native diagnoses such as left ventricular dysfunction, peri-
cardial effusion, or valvular heart disease.

D-DIMER ASSAY

Noninvasive blood tests have been evaluated in
hopes of identifying a specific marker for VTE. D-dimer
is a specific degradation product released into the circu-
lation when cross-linked fibrin clots undergo en-
dogenous fibrinolysis.22 Several clinical trials have been
undertaken to determine the utility of this test in the
diagnosis of VTE. Generally, either an enzyme-linked
immunosorbent assay (ELISA) or a latex agglutination
test is performed. Although an elevated D-dimer assay
alone is too nonspecific to be diagnostic of DVT or PE,
the quantitative ELISA appears to be quite sensitive. The
latex agglutination studies, however, do not share the
same sensitivity. Unfortunately, low D-dimer levels are
found in only approximately 25% of patients without
PE, a fact that limits the clinical utility of this test. Many
other causes for elevation of D-dimer levels exist, includ-
ing surgery, infection, and cancer. Furthermore, results
of studies using one manufacturer’s D-dimer assays can-
not be extrapolated to another manufacturer’s assays,
and no single test has been established as superlative.
Several very encouraging outcome studies have been
performed that emphasize the utility of a negative D-
dimer value for excluding DVT23 and PE.24,25 These stud-
ies have interpreted negative D-dimer results with the
results of other tests. Ginsberg et al23 evaluated the
results of a bedside, whole-blood agglutination D-dimer
assay with impedance plethysmography in patients with
suspected DVT. When both study results were negative,
anticoagulation therapy was withheld and the patients
were followed for 3 months. In this group of patients,

the negative predictive value was 98.5% (95% CI; range,
96.3% to 99.6%). For the D-dimer test alone, the nega-
tive predictive value was 97.2%. Currently, the authors of
this article do not rely on the ELISA D-dimer test alone
to exclude PE; however, as laboratory techniques
improve and the speed with which these tests can be
performed increases, D-dimer testing may become more
useful for excluding PE, especially when used in con-
junction with other noninvasive testing.

Both DVT and PE management studies have been
performed with therapeutic decisions based, in part, on
D-dimer results. Perrier et al24,25 conducted several man-
agement studies incorporating the ELISA D-dimer test
into the diagnostic approach to acute PE. Each patient
was managed using a diagnostic protocol, including an
assessment of clinical probability, V/Q scan, ELISA plas-
ma D-dimer, and lower extremity ultrasonography. In
their first study, PE was ruled out in 48 patients who had
a nondiagnostic lung scan together with low clinical
probability.24 In 53 cases, PE was ruled out by a quantita-
tive D-dimer test result of less than 500 µg/L. Only 77 of
202 patients with nondiagnostic V/Q scans required pul-
monary angiography. At 6-month follow-up, only two of
199 patients in whom the protocol had ruled out PE
were diagnosed with a subsequent VTE event. Using the
same cutoff value for the quantitative D-dimer test, these
investigators subsequently reported that of 198 patients
with suspected PE and a D-dimer level of less than 
500 µg/L, 196 were free of PE, one had PE, and one was
lost to follow-up. Thus, the negative predictive value of
the D-dimer test was approximately 196 of 198 patients
(99%). These data, although from one group of investi-
gators, are very encouraging. Rapid bedside assays are
becoming increasingly available and additional outcome
studies will further define their role; however, the
authors of this article do not currently recommend the
D-dimer test, particularly in the absence of other sup-
portive diagnostic studies, as a standard part of the PE or
DVT diagnostic algorithm. An algorithm for the diag-
nostic approach to suspected PE is shown in Figure 2.

CONCLUSIONS

The diagnostic approach to patients with suspected
PE is evolving. Recent data suggest that spiral CT and
MRI are becoming sensitive and specific techniques
for the detection of acute PE. These techniques may
eventually replace V/Q scanning as the initial diagnostic
test for patients with suspected PE if the sensitivity and
specificity of these tests continues to improve and even-
tually approaches that of pulmonary angiography. Spiral
CT offers the added advantage of excellent visualization
of lung parenchymal and mediastinal structures whereas
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Figure 2. Suggested diagnostic algorithm for the approach to suspected pulmonary embolism.

*The history, physical examination, ancillary testing, and recognition of risk factors leading to the suspicion of pulmonary
embolism (PE) are discussed in text.When PE is suspected and the risk of bleeding is determined to be low, it is appropriate to
begin anticoagulation while diagnostic testing is performed.

†A ventilation-perfusion (V/Q) scan alone may suffice. Diagnostic alternatives to the V/Q scan include spiral computed tomogra-
phy (CT) and magnetic resonance imaging (MRI). These modalities are increasingly used and require institutional and reader
expertise and further validation in well-designed trials.

‡Patients with low probability V/Q scans and low clinical suspicion are unlikely to have PE; other patients require further evalua-
tion. The physician has several options when V/Q scan, spiral CT, or lung MRI is nondiagnostic. Pulmonary angiography is the
appropriate approach if the patient is unstable. Otherwise, leg studies can be performed. If spiral CT or lung MRI is performed, a
negative result should be interpreted with the level of clinical suspicion. Although these techniques appear to be sensitive, addi-
tional studies (pulmonary angiography or leg studies) should be performed as appropriate.

§A positive test result on bilateral lower extremity evaluation is useful. The sensitivity for compression ultrasonography and
impedance plethysmography is low in asymptomatic patients, and negative or nondiagnostic test results require additional data.
MRI appears sensitive in this setting, but no level 1 data exist. The role of D-dimer testing in clinical algorithms is not clearly
established, but recent data from some centers suggest that the sensitivity of certain assays may help exclude a venous throm-
boembolism event when they are combined with other diagnostic test results. General recommendations cannot yet be made.

 Negative serial impedance plethysmography in this setting has been associated with excellent outcome without anticoagulation
at certain centers.
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MRI offers the potential to simultaneously diagnose PE
and DVT. Both techniques may ultimately prove more
cost-effective than current approaches by allowing a
diagnostic algorithm tailored to a patient’s specific pre-
sentation. For example, if clinical suspicion for DVT and
PE is high, MRI may become the appropriate initial test
to evaluate for both entities. Echocardiography is also
being used more frequently in suspected PE, although
this modality rarely eliminates the need for other diag-
nostic testing. Data from D-dimer management studies
are very encouraging. Rapid bedside assays will become
increasingly available and additional outcome studies
will further define their role. HP
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Test your knowledge and 
comprehension of this article with

Review Questions on page 54.
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