Imaging in thromboembolic disease

Venous thromboembolic disease is common, but is difficult to diagnose clinically. Diagnostic imaging therefore
plays a central and increasing role in its diagnosis. Many modalities are available and there are many published
guidelines on how to work-up patients suspected of venous thromboembolic disease. This article summarizes
the findings on the various diagnostic imaging techniques and the accuracies of the modalities available.
Guidelines are provided for the work-up of patients, including special patient populations, such as intensive
care patients, patients with contrast allergy or patients of childbearing age. Future perspectives on venous
thromboembolism work-up and advanced diagnostic imaging are also discussed.
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Venous thromboembolic disease (pulmonary
embolism [PE] and deep venous thrombosis
[DVT]) is a worldwide problem for people who
have known risk factors [1]. The annual incidence
for venous thromboembolic disease (VTE) in
the USA is estimated at 1 per 1000 registered
patients [2]. Up to 300,000 deaths occur due to
PE annually in the USA, and the diagnosis is
often not made until autopsy [2.3]. In Europe,
the estimated number of VTE events annually is
1 million, with up to 370,000 deaths estimated
due to VTE annually (4]. It is estimated that in
only 20% of cases, the diagnosis is confirmed
by objective testing [s]. Virchow’s classic triad of
risk includes vascular wall damage, venous stasis,
and hypercoagulability of blood [6].

Acquired risk factors for DVT, and thus PE,
include knee replacement, hip replacement and
surgery, surgery for cancer, trauma and spinal
cord injury 7). Acute medical illness is the most
common setting for VTE and advanced age is a
major risk factor (1,7]. Reduced mobility confers
an increased risk but the degree and duration
required are unclear [1]. Other acquired risk
factors include antiphospholipid antibody syn-
drome, chemotherapy, central venous catheters,
immobilization devices (such as casts), hormone
replacement therapy, obesity, oral contraceptives,
pregnancy and polycythemia vera (1.

Hereditary risk factors, more frequent in the
general population and common in patients with
VTE, include factor V Leiden thrombophilia,
increased Factor XI, increased Factor VIII and
hyperhomocystinemia [6]. Other hereditary risk
factors, which are rare in the general popula-
tion and in patients with VTE, include protein
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C deficiency, protein S deficiency and anti-
thrombin I1I deficiency [¢]. These entities should
be considered in patients with recurrent VTE,
in patients with unprovoked VTE episodes, in
young patients or in patients with VTE in an
unusual location [1].

Thrombi commonly form in the deep veins of
the calf and propagate proximally, to above the
popliteal veins, from which they are more likely
to embolize [1). Approximately 80% of patients
presenting with PE will have DVT in their leg
veins [8]. Conversely, PE is found in 50% of
patients with proximal leg DVT [1]. Owing to
the dual supply of the pulmonary circulation,
from the bronchial and pulmonary arteries,
pulmonary infarction is not usually present [1].
With a large acute PE, anatomical obstruction
may lead to increased right ventricular after-
load, right ventricular wall tension increases
leading to dilatation, dysfunction and infarc-
tion 1. Death with PE usually occurs due to
right ventricular failure.

Clinical manifestations of DVT include leg
warmth, pain and swelling and, on examination,
leg tenderness may be elicited. PE may present as
chest pain or dyspnea, and pulmonary infarction
may present as pleuritic chest pain and hemopty-
sis. On examination, tachypnea and tachycardia
(right-sided gallop) may be found, with elevated
neck veins, a loud second heart sound (pulmonic
valve) and a right ventricular heave may occur
with pulmonary hypertension. Finally, a pleural
rub may be heard in cases of pulmonary infarc-
tion. The clinical symptoms and signs of VTE
overlap with many other entities and are therefore
neither sensitive nor specific.
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Owing to the difficulties that can arise in
clinical assessment, VTE may go undiagnosed,
which is associated with significant morbidity
and mortality. Anticoagulation therapy for VTE
also carries a significant morbidity and mortal-
ity risk. Therefore, it is important to accurately
diagnose VTE, and diagnostic imaging has
emerged to play a crucial role in the work-up of
patients with suspected VTE. Many diagnostic
imaging modalities are now widely available and
in recent years, clinical and radiological soci-
eties have published useful guidelines for the
appropriate work-up of patients with suspected
VTE, which incorporate clinical prediction
rules, D-dimer testing and diagnostic imaging.
This article summarizes the roles of the various
diagnostic imaging modalities employed in the
work-up of suspected VTE.

Diagnostic imaging appearances &
diagnostic test performance

Acute PE are most often multiple as they are
thought to fragment when passing through
the right heart chambers and main pulmonary
arteries. Acute PE also occurs more commonly
in the lower lobe pulmonary arteries because
of increased perfusion here. When it comes to
documenting the sites of acute PE, the pulmo-
nary arteries are ordered by size with the main
pulmonary arteries (main, right and left) repre-
senting the first order, lobar arteries are second
order, segmental arteries are third order and the
subsegmental arteries are fourth order [9).

Figure 1. Frontal chest radiograph of a patient with an acute pulmonary
embolus in the right main pulmonary artery, enlarging the artery (black
circle). Note also an infarct in periphery of the right mid lung (black arrowhead).

Chest radiography
The chest radiographic (CXR) features of acute
PE (such as the clinical symptoms and signs) are
nonspecific and not sensitive [10]. There may be
atelectasis or elevation of the hemidiaphragm
secondary to hypoventilation, if the patient is
suffering from pleuritic chest pain. There may
be a small (hemorrhagic) pleural effusion if inf-
arction has occurred. Classic radiographic signs
include the enlarged occluded central vessel or
‘Fleischners’ sign” and the pulmonary infarct
or ‘Hamptons’ hump’ (FIGURE 1 & SUPPLEMENTARY
Ficure 1, see online www.futuremedicine.com/
doi/suppl/10.2217/iim.11.1) or the oligemic lung
peripheral to a large embolus or “Westermarks’
sign’. However, these classic chest radiographic
signs have been shown to be of no discriminatory
value in the diagnosis or exclusion of PE [10].
Since the CXR features of acute PE are non-
specific and are not sensitive, the main role of
the CXR is to exclude other entities that may
mimic PE, such as pneumothorax (pleuritic
chest pain and shortness of breath), pneumonia
(shortness of breath and pleuritic chest pain)
and aortic dissection (chest pain and possibly
hypotension) [10]. Chest radiography is a reason-
able first-line test to perform, with the purpose
excluding other disease entities.

Ventilation perfusion scintigraphy

The scintigraphic (ventilation perfusion study
or VQQ) features of acute PE rely on the anatomy
and blood supply of the bronchopulmonary seg-
ments, which are supplied by end arteries [11].
Each bronchopulmonary segment is conical in
shape with the apex towards the hilum and the
base projecting on to the pleural surface [11].
Occlusive pulmonary emboli therefore produce
characteristic lobar, segmental, or subsegmental
peripheral, wedge (triangular)-shaped defects
with their base towards the pleur A (SUPPLEMENTARY
Ficure 2) [11]. With acute PE, occlusion of arterial
branches with preserved ventilation produces
perfusion defects that are not matched by cor-
responding ventilation defects, known as ‘ven-
tilation perfusion mismatches’ (Ficure 2). The
ventilation portion of the study acts as a guide
to define the lung borders. The combination
of ventilation and perfusion studies increases
the specificity for PE diagnosis, and aids recog-
nition of alternative processes such as chronic
obstructive airways disease or pneumonia.
However, in young patients, ventilation stud-
ies are often normal, and are sometimes omitted
in females in the first trimester of pregnancy,
to decrease ionizing radiation (SurrLementary
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Figure 2. Planar image of a ventilation perfusion study demonstrating a normal ventilation
portion of the study, and an abnormal perfusion portion with multiple defects,
constituting a ventilation perfusion mismatch (black arrowheads).

ANT: Anterior; LAO: Left anterior oblique; LPO: Lateral posterior oblique; P: Perfusion;

POST: Posterior; RAO: Right anterior oblique; RPO: Right posterior oblique; V: Ventilation.

Ficurs 3) [11]. Later on, with recanalization or
resolution of embolus, the ventilation perfusion
mismatch becomes less distinct. It is generally
accepted that a normal pulmonary perfusion is
adequate to exclude PE. Ventilation perfusion
mismatches can also be caused by congenital
pulmonary vascular abnormalities, tuberculous
lymphnode enlargement, lung cancer, vasculitis
and venoocclusive disease [11].

The original Prospective Investigation Of
Pulmonary Embolism Diagnosis (PIOPED 1)
study used probabilistic interpretation based
on simplistic criteria with diagnostic categories
of high, intermediate, low or very low prob-
ability or nondiagnostic [12]. The imaging cri-
teria have been revised to incorporate clinical
information, pretest probability and the overall
opinion or ‘gestalt’. Imaging criteria have also
been revised since the technology used has
evolved [13,14]. In order to be clinically useful,
the result of the imaging test should be posi-
tive or negative with respect to PE (present or
absent) [15]. A study is positive for PE if there is
a ventilation perfusion mismatch of at least one
segment or two subsegments that conforms to
the pulmonary vascular anatomy [16]. A study
is negative for PE if there is a normal perfusion

pattern conforming to the anatomic bounda-
ries of the lungs; the mismatches are reversed;
ventilation and perfusion defects are matched,
or mismatches do not have a lobar, segmental
or subsegmental pattern [16].

Using composite reference standards (includ-
ing clinical and laboratory information, multi-
detector CT [MDCT] and scintigraphy results
and physician judgment), planar VQ demon-
strates sensitivities in the range of 76 to 98%
and specificities in the range of 85 to 93% [17-20].
Using composite reference standards (including
four multidetector row CT), the sensitivity of
single-photon emission CT VQ is 83—-97% and
the specificity is 91-98% [13,21].

Using composite reference standards, and the
PIOPED criteria, perfusion scintigraphy com-
bined with chest radiography has sensitivities
of 85-89% and specificities of 92-93% for the
detection of PE [20,22].

By both imaging and clinical outcome ref-
erence standards, negative predictive values
of a normal or very-low-probability VQ range
between 96 and 100%, while positive pre-
dictive values of high-probability VQ range
between 83 and 92% [23-29]. Therefore, a VQ
study with a normal result can be used to safely
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withhold anticoagulation in a patient with sus-
pected PE, and a high probability scan can be
used to justify treatment.

In a recent study, by Stein and colleagues,
using a negative chest radiograph as a triage, a
negative VQ study had a low false-negative rate
of 1.2%, which was comparable to CT (1.1%),
and it confers less radiation dose to the thorax
and breast tissues [30].

However, a high percentage of patients have
indeterminate probability or nondiagnos-
tic studies (43% in PIOPED I and 20.6% in
PIOPED II), which limits the usefulness of this
modality, particularly in sick patients (68% of
patients in PIOPED I and 11% of patients in
PIOPED II were inpatients) [12.22]. Using the
PIOPED criteria, interobserver agreements of
0.70 (substantial agreement) have been reported,
with a « statistic of 0.65 (substantial agreement)
for ‘gestalt’ impressions [31].

CT pulmonary angiography

The contrast-enhanced CT features of acute PE
include a central low attenuation filling defect. If
the embolus completely fills or occludes the vessel,
there will be no contrast enhancement visible at

Figure 3. Axial CT image demonstrating
acute pulmonary embolus completely
occluding the distal right lower lobe
pulmonary artery (white arrow). Note that
the embolus has a convex margin, while the
contrast in the vessel has a concave margin.
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that level (Ficure 3). At the level of the thrombus,
the vessel is usually enlarged due to impaction
of thrombus by pulsatile flow [9]. On an image
parallel to the vessel, the thrombus has a convex
margin (or the intravenous contrast cut-off has a
concave margin) (Ficure 3). Acute PE that is not
completely occluding the artery and is centrally
placed will be surrounded by contrast material
producing the ‘lifesaver sign’ or ‘polo mint sign’
on an image acquired transversely or the ‘rail-
way track sign’ on an image obtained parallel to
the artery (FIGURE 4 &SUPPLEMENTARY FIGURE 4) [9]. Acute
PE that is eccentrically located in the vessel will
demonstrate acute angles with the vessel wall and
some eccentric contrast enhancement (SUPPLEMENTARY
Ficure 5) [9]. Acute PE frequently occurs at branch
points in vessels, due to more sluggish flow here
(SuPPLEMENTARY FIGURE 6).

Ancillary findings (indirect or secondary signs)
may be seen on CT in acute PE. These include
pulmonary infarct (nonenhancing consolida-
tion), hemorrhagic pleural effusion, atelectasis,
pulmonary oligemia or hypoperfusion and het-
erogenous (mosaic) attenuation [32-3s]. Pleural
effusions and pulmonary infarcts are the most
common abnormalities found, and were seen in
a third of patients in studies [32,33]. However, in
other series, atelectasis was the most common
finding described [34,35]. Signs of right heart
overload may also be seen, with dilatation of the
right atrium and ventricle and straightening of
the interventricular septum (Ficure 5).

The CT features of chronic PE include a fill-
ing defect, which may completely occlude the
vessel. In contrast to an acute PE, the vessel
is usually smaller than adjacent arteries, and
the thrombus has a straight or concave margin
(with the intravenous contrast cut-off seen as a
convex margin or ‘pouch’ defect) [9]. A chronic
PE that is eccentrically placed within the vessel
forms a crescent shape, and makes obtuse angles
with the vessel wall (Ficure 6). Chronic PE often
becomes recanalized with contrast material vis-
ible centrally, with the thrombus seen periph-
erally (SurPLEMENTARY FIGURE 7) [9]. With further
recanalization, all that may remain of a chronic
PE may be several bands or ‘webs’ within the
contrast-enhanced vessel. The band is a ribbon-
like structure attached to the vessel wall at both
ends. Webs are complex bands with branches [9].

CT pulmonary angiography (CTPA) is
increasingly being used for the diagnosis of PE.
In studies using pulmonary angiography (PA) as
the reference standard, four-detector row CTPA
demonstrated sensitivities of 96-100% and spe-
cificities of 86—89% for detection of emboli to
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subsegmental level [19.36]. In PIOPED 11, four-
detector row CTPA had a sensitivity of 83%
and specificity of 96% compared with a com-
posite reference standard [37]. With use of thin-
ner ‘slice thickness” or collimation, visualization
of smaller subsegmental vessels was significantly
improved [38,39]. The positive predictive values for
four-detector row CTPA range from 92 to 96%,
and the negative predictive values range from
94 to 100% [37.40]. Interobserver agreement for
four-detector row CTPA (using thin collimation)
was reported to be excellent in studies with val-
ues of 0.73-0.79 reported on a per-patient basis
and values of 0.79-0.80 reported at segmental
vessel level (38,39]. In the PIOPED II study, four-
detector row CTPA was nondiagnostic in 6.1%
of cases and combined CTPA and indirect CT
venography (CTV) nondiagnostic in 10.5% [35].
Multidetector CT, with increased number of
detector rows, has higher image acquisition rates,
reduces the rate of respiratory and motion arti-
facts, particularly in sections obtained during
the end of the scan when patients may not be
able to maintain breath holding, and improves
overall spatial resolution. Visualization of
smaller segmental and subsegmental pulmonary
arteries is improved with 16 and 64 detector
rows and beyond [41,42]. Increased detector rows
allows for thinner collimation and multiplanar
reformatting with isotropic voxels [41,42].

Indirect CT venography

The CT features of acute DVT include a sharply
marginated low attenuation filling defect, which
may completely occlude the vessel, with no con-
trast enhancement visible [43]. If the thrombus
is nonocclusive, some contrast enhancement
will be visible surrounding the central throm-
bus (Ficure 7) [43]. At the level of the thrombus,
there is often venous expansion and occasionally
vein wall enhancement and perivenous edema or
stranding (SurPLEMENTARY FIGURE 8) [43]. The vein can
expand to twice the size of the adjacent artery in
some cases and wall enhancement may be equal
or greater to that of adjacent muscle [43).

The CT features of chronic DVT may
include recanalization with central contrast
due to fragmentation of the thrombus (43). In
contrast to an acute DVT, the vessel is usually
smaller than the adjacent vein, although occa-
sionally the wall can be thickened due to fibro-
elastic tissue formation (43]. Wall thickening can
also occur due to residual thrombus and the
criteria for chronic DVT on indirect CTV are
not yet fully established [43). There is frequently
extensive superficial collateral flow [43].

future science group

Imaging in thromboembolic disease

Figure 4. Axial CT image. The image
demonstrates an acute pulmonary embolus

in the right middle lobe pulmonary

artery completely occluding the vessel

(white arrow) with another pulmonary embolus
in the right lower lobe pulmonary artery with a
rim of contrast material around it, producing
the 'lifesaver sign’ or ‘polo mint sign’

(white arrowhead).

Indirect CTV can be performed at the same
time as the CT pulmonary angiogram, without
the need for additional intravenous contrast
material. Indirect CTV is useful as a ‘one stop

Figure 5. Axial CT in a patient with acute
pulmonary embolus. The image
demonstrates right heart overload with a
dilated right atrium and ventricle and
straightening of the interventricular septum
(black arrowheads).
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Figure 6. Axial CT demonstrating chronic
pulmonary emboli in the right and left
lower lobe pulmonary arteries, which are
eccentrically placed in the vessel, making
obtuse angles with the vessel wall (white
arrows). There is also enlargement of the
central pulmonary arteries consistent with
pulmonary hypertension.

shop’ in sick patients, such as intensive care unit
(ICU) patients. Indirect CTV has the same
accuracy as compression ultrasound of the lower
extremity [44-47]. With the addition of indirect
CTV to CTPA in PIOPED II, sensitivity was
increased from 83 to 90% and specificity was
decreased from 96 to 95% [37]. This translated
into additional diagnoses of VTE in only 2% of
patients, which was similar to the rates found
in other studies [3748]. In the PIOPED II study,
a structured pretest clinical assessment (Wells
score) and CT angiography were equivalent to
CT angiography and indirect CTV in predictive
value [37,49].

Current data suggest that most patients do not
benefit from the routine use of CTV after CT
angiography [50]. There is increasing justification

Figure 7. Axial CT. Bilateral acute deep vein thrombosis in the superficial femoral
veins as central filling defects with a rim of contrast peripherally, producing the
‘lifesaver sign” or ‘polo mint sign’ (white arrows).
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in the literature to eliminate CTV or to limit its
use to patients at a high risk for DVT (patients
with a past history of DV'T or who have signs and
symptoms of DVT) s0]. CT imaging of the lower
extremity adds little to the overall diagnosis of
VTE and 3-month follow-up outcome studies
showed the same low rates of recurrence with or
without lower extremity imaging (51]. High-risk
patients receive moderate but potential benefit
from lower extremity imaging [52.53).

Catheter PA

The catheter PA features of acute PE include
a filling defect or an abrupt cut-off of con-
trast material in a vessel with visible thrombus
(Ficure 8) [54]. The catheter PA features of chronic
PE include apparent stenoses in a vessel, arte-
rial bands or webs or decreased caliber or absent
vessels (SurPLEMENTARY FIGURE 9) [55].

Catheter PA has traditionally been considered
the reference or ‘gold standard’ diagnostic test
in the evaluation of PE [54:56). Consequently,
the major articles that evaluated the accu-
racy of PA have used clinical outcome as the
reference standard [54,56]. Several studies have
demonstrated deterioration in angiographic
interobserver agreement as the size of pulmo-
nary arteries being visualized decreases, with
poor interobserver agreement for subsegmental
arteries [57-59]. The risk of recurrent PE follow-
ing negative PA is low, with negative predictive
values in the range of 99 to 100% reported in
original studies and in a systematic review [60-63].

Magnetic resonance angiography
The magnetic resonance angiography (MRA)
features of acute occlusive PE include an abrupt
‘cut-off” to the contrast material, with a menis-
cus that outlines the proximal end of the embo-
lus [64]. With a partially occlusive thrombus, a
small amount of contrast may be seen between
the filling defect and the vessel wall, resulting in
the ‘lifesaver sign’ or ‘polo mint sign’ on a trans-
verse image, or the ‘railway track sign’ on a longi-
tudinal image (Ficure9) [64]. The MRA features of
chronic PE include a filling defect, which makes
obtuse angles with the vessel wall [64].
Gadolinium-enhanced MRA has undergone
evaluation for the detection of PE, and demon-
strated sensitivities in the range of 87 to 100% and
specificities in the range of 95 to 100% when com-
pared with conventional PA [65,66]. In earlier stud-
ies, interobserver agreement for MRA was good,
and in more recent studies was very good with
a K value of 0.75 [65.66]. In PIOPED III, MRA

and venous phase magnetic resonance venography
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(MRV) were compared with a composite refer-
ence standard, which included clinical assessment,
D-dimer, venous ultrasound, VQ and MDCT
(64.67). Technically adequate MRA, which repre-
sents 75% of studies averaged across all centers,
demonstrated sensitivity of 78% and specificity of
99% [67]. Technically adequate MRA and MRV
combined, representing 48% of studies, showed
sensitivity of 92% and specificity of 96% [¢7). In
PIOPED III, MRA was technically inadequate
in 25% of cases, and combined MRA and MRV
technically inadequate in 48% of cases [67].

Magnetic resonance venography
The MRV features of occlusive acute DV'T will
show a lack of contrast opacification in that
segment of deep vein (64]. If the thrombus only
partially occludes the vessel, contrast may be
visible between the filling defect and the vessel
wall (SuPPLEMENTARY FIGURE 10). The MRV features
of chronic DVT include a filling defect, which
makes obtuse angles with the vessel wall [64).
Gadolinium-enhanced MRV can be per-
formed at the same time as the pulmonary
artery MRA, without the need for a separate
injection of contrast [64]. In early studies com-
pared with contrast venography, MRV showed
sensitivity, specificity, positive and negative
predictive values of 100, 95-96, 90 and 100%,
respectively [68,69]. When compared with duplex
ultrasound, MRV had sensitivity, specificity,
positive and negative predictive values of 100,
96, 94 and 100%, respectively [68]. Time-of-
flight MRV has been compared with contrast
venography, with sensitivities and specificities
of 100% to detect DVT above the knee and
sensitivity and specificity of 95 and 99% to
detect proximal extent of DVT [70]. Contrast
venography is now almost obsolete and studies
comparing both MRV and duplex ultrasound to
venography have confirmed similar accuracies
for both modalities in the detection of proximal
DVT (7071). In PIOPED III, MRV combined
with MRA demonstrated sensitivity of 92% and
specificity of 96% (in the 48% of studies that
were technically adequate) when compared with
a composite reference standard [67].

Ultrasound of the pelvic

& lower-limb veins

The ultrasound features of acute DVT include
a deep vein (or veins) that are not completely
compressible with the probe (the vein or veins
should completely disappear) and visible
thrombus (FIGURE 10 & SurPLEMENTARY FIGURE 11) [72,73].
Doppler ultrasound will demonstrate loss of
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Figure 8. Catheter angiogram. The image
demonstrates acute pulmonary embolus in the
right main pulmonary artery, extending into the
right lower lobe pulmonary artery (black and
white arrows).

the normal phasic pattern of flow, which occurs
with respiration or with manual compression
and instead there will be continuous flow due
to venous outflow obstruction [72]. In addition,
thrombus will be seen as a filling defect on
color Doppler (duplex) ultrasound (Surrrementary
Ficures 12 & 13) [73]. Color Doppler ultrasound may
show reversal of flow in a vein to indicate venous
outflow obstruction upstream.

The ultrasound features of chronic DVT
include a filling defect, and noncompressibility
as for acute DVT. In addition, the vein walls may
be thickened due to decreased compliance [73].
Recanalization and resolution of thrombus may
occur with fibrin bands and webs visible in the
deep veins [73]. Residual DVT may be seen as
echogenic material adherent to the vessel wall,
mimicking acute thrombus [73]. Segments of

Figure 9. Coronal reformatted magnetic
resonance angiography image. The image
demonstrates acute pulmonary embolus in the
right main pulmonary artery, extending into the
right upper lobe pulmonary artery, and further
acute embolus in the right lower lobe
pulmonary artery (white arrows).
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Figure 10. Ultrasound images of the right popliteal vein demonstrating noncompressibility

on the right image.

A: Artery; NC: Noncompressibility; POP: Popliteal; RT: Right; V: Vein.

veins thatare atretic in cases of chronic DVT may
not be visible adjacent to their accompanying
artery on ultrasound imaging [73].

Ultrasound of the lower-limb veins with com-
pression sonography, duplex ultrasound and color
flow are the mainstay for evaluation for DVT in
many centers. When compared with the classic
gold standard of contrast venography, compres-
sion ultrasound compared favorably with sensi-
tivities and specificities of 91 and 99% (74]. Other
studies using combinations of direct visualization
of thrombus, compression ultrasound, Doppler
ultrasound and flow have demonstrated sensitivi-
ties in the range of 92 to 95% and specificities in
the range of 83 to 87% [75]. Contrast venography
is now almost obsolete and has been replaced by
ultrasound of the lower-limb veins as the ‘new’
gold standard. Following a negative ultrasound
lower-limb examination for the first episode of
DVT, anticoagulation can be safely withheld, as
the recurrence rate is less than 1% [76-78].

Echocardiography

(surface & transesophageal)

Surface and transesophageal echocardiography
(TEE) can be used for the evaluation of PE.
Abnormalities found on surface echocardiography
in PE patients include right ventricular dilatation
and hypokinesis, flattening and abnormal motion
of the interventricular septum, tricuspid regurgita-
tion, and lack of collapse of the inferior vena cava
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on expiration [79]. Other findings include patent
foramen ovale (when right atrial pressure exceeds
left atrial pressure), right ventricular hypertrophy
(increased trabeculations and a wall thickness of
approximately 6 mm), pulmonary arterial hyper-
tension (detected by Doppler flow velocity in the
right ventricular outflow tract), direct visualiza-
tion of pulmonary arterial embolus and diastolic
left ventricular (LV) impairment (lictle difference
between LV area during diastole and systole) [so].
TEE can diagnose PE by direct visualization of
thrombus in the pulmonary arteries [81]. The
right pulmonary artery can be followed until it
branches at the lobar level. Visualization of the
mid-left main pulmonary artery is limited by
the left main bronchus in between [82]. Embolus
is demonstrated as an echogenic (bright) focus
within the affected pulmonary artery.

Studies on the use of transthoracic echocardi-
ography (TTE) have employed various criteria
in the evaluation of known PE patients. These
abnormalities include right ventricular dilata-
tion and hypokinesis, flattening and abnormal
motion of the interventricular septum, tricuspid
regurgitation, lack of collapse of the inferior vena
cava on expiration, patent foramen ovale, right
ventricular hypertrophy, pulmonary arterial
hypertension, direct visualization of pulmonary
embolus and diastolic LV impairment [79,80].
TTE compared with CT demonstrated a
sensitivity of 56% and a specificity of 90% [s3].
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Transesophageal echocardiography has the
potential to diagnose PE by direct visualization
of embolus [81]. Compared with CT, in the detec-
tion of central PE, TEE had a sensitivity and spe-
cificity of 84% and an overall sensitivity of 58%
for PE (84]. TEE is most useful in the confirma-
tion of central PE in patients with hemodynamic
compromise [82]. When compared with helical
CT, combinations of TTE and TEE yielded sen-
sitivities and specificities of 59 and 77% for all
PE (and 82 and 92% for central PE), respectively,
when compared with CT [ss].

The various imaging modalities used in the
work-up for patients with suspected PE and
DVT and their diagnostic performances are
summarized in Tasie 1.

Maijor society guidelines &
recommendations for the diagnostic
imaging work-up of patients with
suspected acute PE

A variety of imaging tests are useful in the diag-
nosis of suspected PE in patients with intermedi-
ate and high pretest probability, as determined by
clinical prediction rules such as the Wells score
(Tante 1) [86-89]. In addition, many of the clinical

and radiological societies have recently published
excellent guidelines that propose appropriate
imaging pathways (49.90.91]. Most of these guide-
lines employ a combination of clinical evalua-
tion, serum D-dimer measurement, lower-limb
ultrasound, CTPA, VQ imaging, conventional
PA and MRI in the diagnosis of PE [49.90,91].

The first step to be taken is to determine the
pretest probability for PE using a clinical predic-
tion rule, such as the Wells Score [86-88]. The
Wells score is outlined in Tase2. The Wells score
consists of a series of questions regarding risk
factors for PE and the points total is calculated
for the various responses (Tasie 2) (88]. Criteria
include past history of VTE, recent surgery or
immobilization, history of cancer, hemoptysis,
clinical signs of DVT, heart rate greater than
100 bpm and whether an alternative diagnosis is
more likely (88]. Points scores are added up and
from these scores probabilities (unlikely/likely)
are estimated [88].

Although chest radiography does not have
a primary role in the diagnosis or follow-up
of PE, it is a reasonable first-line test to per-
form, with the purpose of quickly excluding
other disease entities, such as pneumothorax

Table 1. Summary of imaging modalities utilized in the detection of pulmonary embolism and deep

venous thrombosis.

Imaging technique

Imaging reference studies

Clinical outcome
reference studies

Sensitivity (%) Specificity (%) PPV (%) NPV (%) NPV (%)
Chest radiography 36" 92¢ 38¢ 761 -
Ventilation perfusion scintigraphy (Planar) ~ 76-98 85-93 96-100* 83-92"" 99.8
Ventilation perfusion scintigraphy (SPECT)  83-97 91-98
Perfusion imaging and normal radiograph ~ 85-89 92-93
MDCT pulmonary angiography 96-100 86-89 92-96 94-100 99
Catheter angiography - - - - 97.1%, 98.958
MR angiography 87-100 95-100 N/A N/A
MR venography 10071 95-96" 90M 10079 -

100## 96 94 ## 100#*#
MR angiography 78"t 99™t N/A N/A
MR angiography and MR venography 927t 96" N/A N/A
Lower limb venous US (compression) 91 99 N/A N/A
US (compression, duplex and color flow) 92-95 83-87 >99
Echocardiography N/A N/A N/A N/A -

"Highest sensitivity obtained was for pleural effusion.

*Highest specificity obtained for oligemia.

$Highest PPV obtained using oligemia.

THighest NPV obtained using oligemia, pleural-based areas of increased opacity, pleural effusion or elevated diaphragm.

*PPV was for a high probability study.

""NPV was for a normal or very low probability study.

NPV of studies performed prior to 1990.

SNPV of studies performed after 1990.

MCalculated using contrast venography as the reference standard.

#Calculated using ultrasonography as the reference standard.

"*Calculated using a composite reference standard, including clinical evaluation, D-dimer, venous US, ventilation-perfusion scintigraphy and MDCT.
MDCT: Multidetector CT; MR: Magnetic resonance; N/A: Not available, NPV: Negative predictive value, PPV: Positive predictive value; SPECT: Single-photon
emission CT; US: Ultrasound.
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Table 2. Clinical model for predicting the pretest probability of deep

vein thrombosis.

Clinical characteristic Score
Malignancy (treatment for cancer that is ongoing, within the past 6 months or palliative) 1
Pariesis, paralysis or recent plaster immobilization of the lower extremities 1
Recently bedridden for 3 days or more, or major surgery in the previous 12 weeks 1
requiring general or regional anesthesia

Localized tenderness along the distribution of the deep venous system 1
Entire leg swollen 1
Calf swelling at least 3 cm larger than that on the asymptomatic side (measured 10 cm 1
below tibial tuberosity)

Pitting edema confined to the symptomatic leg 1
Previous documented DVT or PE 1
Collateral superficial veins (nonvaricose) 1
Alternative diagnosis at least as likely as DVT -2
A score of two or higher indicates that DVT is likely. A score of less than two indicates that DV'T is unlikely. If symptoms are
present in both legs, the more symptomatic leg is used.

DVT: Deep vein thrombosis; PE: Pulmonary embolism.

or pneumonia, which overlap clinically with
PE, but which have very different management
approaches [10].

In hemodynamically stable patients with a
low or intermediate pretest probability for PE, as
determined by the Wells score, many authorities
recommend performing a serum D-dimer assay
as the next step (Fieure 11) [49,90]. If a high-quality
rapid ELISA D-dimer assay is of sufficiently low
value or ‘negative’, it is safe to withhold further
investigation for PE or treatment [49.92,93].

If the D-dimer assay is positive, or the pretest
probability for PE is high, further testing is rec-
ommended (Fieure 1) [5]. Most of the PIOPED II
investigators, and the European Society of
Cardiology (ESC) Taskforce recommended
MDCT PA as the first-line imaging test in
patients with a positive D-dimer or high pretest
probability patients [49.90]. The Fleischner society
recommended either MDCT or VQ scintigra-
phy in these patients [91]. The PIOPED II inves-
tigators had recommended performing indirect
CTYV at the same time as the CTPA [49]. Since
then, more papers have been published dem-
onstrating equivalent accuracies for CTV and
lower-limb venous ultrasound [46]. Therefore,
the choice of either test will depend on the
individual patient’s circumstances with CTPA
and CTV advocated as a ‘one stop shop’ in sick
and intensive care patients [91]. For patients of a
young age or where there are concerns surround-
ing ionizing radiation, lower-limb ultrasound is
a suitable alternative to CTV.

In hemodynamically unstable patients,
MDCT is recommended as the first-line test,
with echocardiography as an alternative if
MDCT is not available [90].

In low pretest probability patients following
a negative MDCT, it is safe to withhold therapy
due to the very high negative predictive value of
MDCT of over 99% (FiGURrEs 2 & 11) [94].

In low pretest probability patients with a posi-
tive MDCT, the ESC Taskforce recommended
treatment with anticoagulation (Ficure 12) [90].
The PIOPED II investigators stratified the
management based upon the size of the ves-
sels involved with emboli [49]. For emboli in the
main, right, left or lobar pulmonary arteries,
treatment was recommended due to the high
positive predictive value at 97% [49). For emboli
in the segmental or subsegmental vessels, further
(imaging) evaluation was recommended due to
the lower positive predictive value (segmental
68% and subsegmental 25%) of MDCT in these
patients (49]. These patients represent a discord-
ant group, that is, a low clinical probability
with a positive test. Further imaging could be
performed with repeat MDCT if there was a
technical issue with the initial MDCT, or alter-
natively, conventional PA or VQ scintigraphy
could be performed [49]. If the lower-limb veins
had not been assessed, this could be carried out
with ultrasound or MRV.

In moderate pretest probability patients
with a negative MDCT, it is safe to withhold
therapy due to the relatively high negative pre-
dictive value of MDCT of 89% (Ficure 13) [37].
The PIOPED investigators mentioned lower-
limb evaluation with ultrasound or MRV as
alternative options, if this had not yet been
performed [49].

In moderate pretest probability patients
with a positive MDCT, the positive predictive
value is high at 92% and both the PIOPED II
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investigators and the ESC Taskforce recom-
mended treatment (Ficure 13) [49.90]. Further
evaluation could be performed with repeat
MDCT if there was a technical issue with the
initial MDCT, or alternatively, conventional
PA or VQ scintigraphy could be performed [49].
In addition, if the lower-limb veins had not
been assessed, this could be carried out with
ultrasound or MRV.

In high pretest probability patients with a
negative MDCT, the positive predictive value is
lower at 60%, and both the PIOPED II investi-
gators and ESC taskforce recommended further
evaluation (Fieures 4 & 13) [49.90]. These patients
represent a discordant group, that is, a high
clinical probability with a negative test. Again,
arepeat MDCT was recommended if there were
technical faults with the initial study, an alterna-
tive test such as catheter PA or VQ, or evaluation
of the lower-limb veins with ultrasound or MRV
if the lower limbs were not yet evaluated.

In high pretest probability patients with a
positive MDCT, the PIOPED II investigators
and the ESC Taskforce recommended treatment
due to the very high positive predictive value of
96% (FIGURE 14) [49,90].

Special patient populations

B Intensive care patients

In the patient with suspected PE who presents
with shock or hypotension (representing a
higher risk for PE), it is recommended to pro-
ceed straight to testing with MDCT [90]. A
similar recommendation was applied to ICU
patients, who could have other causes for a
positive D-dimer, thus reducing its sensitivity.
If MDCT is not available, echocardiography is
an alternative possibility [90].

Imaging in thromboembolic disease

contraindications, such as pacemakers, cochlear
implants, and vascular clips and bands, need to

be excluded.

B Patients with renal impairment

With renal impairment and suspected PE, the
risks from undiagnosed PE must be weighed
against the risks of worsening renal failure from
iodinated contrast material. Prehydration is
recommended and is of proven benefit in the
prevention of contrast-induced nephropathy [95].
NSAIDs and metformin should be discontinued.
Lower-limb ultrasound and VQ scintigraphy can
be safely performed in the presence of renal fail-
ure. MRA and MRV may be considered, but the
risks of nephrogenic systemic fibrosis need to be
weighed against the risks of undiagnosed PE [96).
In patients with glomerular filtration rates below
30 ml/min, gadolinium-containing contrast
agents should be avoided and they should be
used with caution in patients with glomerular
filtration rates between 30 and 60 ml/min [9¢].

B Patients of childbearing age

In patients of child bearing age with suspected
PE, the risks of radiation-induced cancer must
be considered and weighed against the risks of
undiagnosed PE. MDCT delivers an absorbed
dose of 10-50 mGy to the breast, while per-
fusion scintigraphy delivers a lower absorbed dose
(0.28 mGy) to the breast [97-99]. In PIOPED 1,
VQ studies in patients with normal CXRs were
diagnostic (high probability, very low prob-
ability, normal) in 52% of patients, and more
recently VQ studies were shown to be diagnostic
in 91% of patients with normal CXRs [12,100,101].

Hemodynamically stable
patient with suspected

B Contraindication to .
pulmonary embolism

iodinated contrast

In patients with iodinated contrast allergy and
suspected PE, the risks from undiagnosed PE
must be weighed against the risks of contrast

Low or moderate
clinical probability
(Wells score)

Low or moderate
clinical probability
(Wells score)

High clinical
probability

allergy. In patients who have a history of mild (Wells score)

allergy to contrast, such as a few hives, but
no respiratory symptoms, it is thought to be
safe to proceed with a steroid preparation, but

Diagnostic imaging‘

D-dimer negative ‘ D-dimer positive

this could delay the imaging work-up of the
patient [49]. With moderate or severe contrast

allergy, an alternative test not utilizing iodinated

No testing Diagnostic imaging

contrast material is recommended [49]. Lower-
limb ultrasound and VQ scintigraphy can be
performed, provided that the CXR is normal, as
otherwise VQ accuracy will be decreased. MRA
and MRV can be performed as alternatives, but

Figure 11. Algorithm for investigation of patients with suspected
pulmonary embolism.
Adapted from [49].
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Low probability
clinical assessment,
positive D-dimer

CT angiography or
CT angiography and
CT venography

CT angiography
negative

CT angiography
positive

Main or lobar| §  Segmental or
positive, subsegmental

treat positive,
further testing’

Ventilation perfusion,
scintigraphy or VQ,
scintigraphy and
lower-limb ultrasound

Ventilation, Ventilation, Ventilation,
perfusion, perfusion, perfusion,
scintigraphy, scintigraphy, scintigraphy,
negative indeterminate positive

No further Further
testing testing"

Figure 12. Work-up of patients with a low probability of pulmonary embolism on

clinical assessment.

*Further testing includes a repeat study if the initial study was of poor quality, VQ or CT (if not initially
performed), an ultrasound venogram or magnetic resonance venogram if CT venography was not

performed, or digital subtraction angiography.
VQ: Ventilation-perfusion scintigraphy.
Adapted from [49].

In patients of childbearing years, ultrasound is
recommended as a first-line test, following a posi-
tive D-dimer [49]. Most PIOPED investigators
(69%) recommended MDCT as the next test,
and the remainder recommended VQ scintig-
raphy (31%) 49]. A CTPA could be combined
with a lower-limb ultrasound as an alternative
to CTV [49].

There are measures that can be taken to reduce
radiation from CTV. In a study using discontin-
uous images of the pelvis and thighs (two thirds
of images omitted) there was good sensitivity
(89%) and substantial agreement (continuous
vs discontinuous images) with an estimated dose
reduction of 75% [102]. Alternatively, by omitting
imaging of the pelvis, detection of VTE was not
altered and dose was significantly reduced by an
estimated 90% [103].

B Pregnant patients

In pregnant patients with suspected PE, D-dimer
testing is still indicated, although it is often posi-
tive during pregnancy. The reason to test is that
a negative D-dimer has the same high negative
predictive value as in the nonpregnant popula-
tion [90]. Lower-limb ultrasound is recommended
as the first-line imaging test [49.90]. Venous

Imaging Med. (2011) 3(1)

ultrasound demonstrated DVT in 13-15%
of patients with suspected PE, and in 29% of
patients with proven PE in one study, and could
thus eliminate the need for further imaging in
some cases [104]. The risks to the mother and
fetus from radiation exposure should be consid-
ered and weighed against the risk of undiagnosed
PE to the mother. Some sources estimate greater
absorbed radiation doses to the fetus with VQ
imaging compared with MDCT (0.12 mGy VQ
versus 0.01 mGy for MDCT and 100-370 pGy
VQ versus 3.3-20.2 pGy for 4 MDCT) [98,105].
Other studies suggest equivalent absorbed fetal
doses from both modalities in all three trimesters
(0.24-0.66 mGy) [106,107]. In pregnant patients
with normal chest radiographs, a perfusion study
can be performed initially and if this is negative,
no further testing is needed [16]. Another step
that can be taken to further decrease radiation is
to reduce the dose of the perfusion study [98,107].
For the proliferating breast tissue in the pregnant
female, MDCT is estimated to impart a much
greater absorbed dose compared with a perfusion
scan, that is 10 versus 0.28 mGy [98]. The role of
MRA is not established since the safety of gado-
linium during pregnancy, and especially the first
trimester, have not been established [108].
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Future perspective

B Screening for hereditary or acquired
thrombophilias to reduce the need

for imaging?

Hereditary or acquired causes (or usually a
combination of the two) are identified in over
80% of cases of thromboembolism, according to
recent reports [109]. Investigators are now look-
ing at identifying underlying hereditary and
acquired risk factors in patients who present
with a thrombotic episode and using this infor-
mation to help decide the duration of therapy
and the need for prophylactic anticoagulation
in the future [109].

At present, there is limited consensus as to who
should be tested for inherited thrombophilia, but
some authorities agree that this should include
patients aged 50 years and under presenting with
an episode of thromboembolism, or thromboem-
bolism in an unusual location (e.g., mesenteric,
splenic, portal, hepatic or cerebral), or who have
a first-degree relative (particularly <50 years)
with an episode of thrombosis, or who have a
thrombotic episode during pregnancy or while
taking the oral contraceptive pill [109]. The inher-
ited thrombophilias include factor V Leiden,
elevated Factor VI1II, Factor IX, Factor X, lipo-
protein (a), or thrombin-activatable fibrinolysis

Moderate

Imaging in thromboembolic disease

inhibitor and hyperhomocystinemia [109]. It
should be noted, however, that the finding of a
thrombophilic disorder does not alter the clini-
cal management, and so many have questioned
the usefulness of this approach [110]. However,
it may be helpful to identify possible asympto-
matic family members. In addition, identifying
a thrombophilic defect does not exclude other
risk factors, given the multifactorial etiology of
venous thrombosis [110].

Screening for acquired thrombophilias is
recommended by some for patients presenting
with their first episode of thromboembolism,
who do not fulfill the criteria mentioned. The
acquired thrombophilias include antiphos-
pholipid antibody syndrome, myeloprolifera-
tive disorders, malignancy, heparin-induced
thrombocytopenia and paroxysmal nocturnal
hemoglobinuria [109].

Many of the inherited thrombophilias are
transmitted in an autosomal dominant fashion,
with variable expression so it is unclear who
would need treatment. In up to 50% of first-
degree relatives who inherited thrombophilia,
a predisposing acquired risk factor was also
present and the mean age for thrombosis was
lower than the general population. By identi-
fying people with inherited thrombophilias, it

clinical assessment,
positive D-dimer

probability

CT angiography or

CT angiography and
CT venography

CT angiography

CT angiography
positive

negative

testing

Ventilation perfusion,
scintigraphy or VQ,
scintigraphy and
lower-limb ultrasound

Ventilation,
perfusion,
scintigraphy,
positive

Ventilation,
perfusion,
scintigraphy,
intermediate

Further
testing’

Ventilation,
perfusion,
scintigraphy,
negative

No further
testing

Figure 13. Work-up of patients with an intermediate probability of pulmonary embolism

on clinical assessment.

fFurther testing includes a repeat study if the initial study was of poor quality, VQ or CT (if not initially
performed), an ultrasound venogram or magnetic resonance venogram if CT venography was not

performed, or digital subtraction angiography.
VQ: Ventilation-perfusion scintigraphy.
Adapted from [49].
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High probability
clinical assessment

CT angiography or
CT angiography and
CT venography

CT angiography CT angiography
negative positive

No further
testing

Ventilation perfusion,
scintigraphy or VQ,

scintigraphy and
lower-limb ultrasound

Ventilation, Ventilation, Ventilation,
perfusion, perfusion, perfusion,
scintigraphy, scintigraphy, scintigraphy,
negative positive positive

Further Further
testing" testing"

Figure 14. Work-up of patients with a high probability of pulmonary embolism on

clinical assessment.

Further testing includes a repeat study if the initial study was of poor quality, VQ or CT (if not initially
performed), an ultrasound venogram or magnetic resonance venogram if CT venography was not

performed, or digital subtraction angiography.
VQ: Ventilation-perfusion scintigraphy.
Adapted from [49].

may be appropriate to recommend prophylaxis
in certain situations that increase their risk.
By identifying and treating patients who have
inherited or acquired risk factors after their first
episode of VTE, this may decrease the numbers
of patients who are referred for imaging. In the
long term, this might reduce the numbers of
inappropriately performed CTs for PE.

m Using D-dimer testing appropriately

D-dimer is a fibrin degradation product that
is generated in the final step of thrombus for-
mation and is typically elevated in acute VTE.
D-dimer is elevated in many clinical settings
where thrombosis and fibrinolysis are increased,
including malignancy, trauma, surgery, stroke,
acute coronary syndrome, infection, pregnancy
and advancing age [111]. D-dimer is a sensitive but
nonspecific test, so if it is negative, it can be used
to ‘rule out’ the diagnosis of VTE. D-dimer tests
rely on the binding of monoclonal antibodies to
the specific byproduct of circulating cross-linked
fibrin, and to be useful in clinical practice they
need to be rapid, convenient, inexpensive, accu-
rate and reliable. Many D-dimer tests are avail-
able and it is important for users to be aware of
the assay characteristics (sensitivity, specificity,
positive and negative predictive values) as they
relate to the local patient population (disease
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prevalence). D-dimers may be quantitative or
qualitative, with the latter having a lower sensi-
tivity and higher specificity compared with the
former [111]. D-dimer levels are reduced in the
setting of anticoagulation therapy and decrease
with longer standing thrombus. D-dimer sensi-
tivity is also affected by size and location of the
thrombus. In pregnant patients with suspected
PE, D-dimer testing is still indicated, although
it is often positive during pregnancy. The reason
to test is that a negative good-quality D-dimer
has the same high negative predictive value as in
the nonpregnant population [90].

Many authorities recommend D-dimer test-
ing to be performed in hemodynamically stable
patients with a low and intermediate pretest
probability (as determined by a clinical predic-
tion rule such as the Wells score) for PE prior
to diagnostic imaging [86-88] (Ficure 11) [49,90].
For hemodynamically unstable (shocked or
hypotensive) patients (with a higher probabil-
ity to have PE), sick patients, such as those in
an ICU, or for other patients with a high pre-
test probability, it is recommended to proceed
immediately to further testing without testing
the D-dimer [90].

If a high-quality rapid ELISA D-dimer
assay is of sufficiently low value or ‘negative’,
it is safe to withhold further investigation for
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PE or treatment [49.92,93]. In a recent study of
2003 patients, for those who had a low (negative)
D-dimer result, the negative predictive value to
have a negative CTPA was 100% [112].

If the D-dimer assay is positive, or the pretest
probability for PE is high, then further testing is
recommended as the next step (Fieure 1) [3].

B Prognostic value of CTPA

Risk stratification is important since work-up,
treatment and monitoring of PE will depend on
the overall prognosis. With fatal PE, patients
usually die as a consequence of right ventricu-
lar (RV) failure and circulatory collapse, which
frequently occur within a few hours of admis-
sion [113]. Therefore, RV dysfunction should be
diagnosed rapidly to identify patients who may
benefit from thrombolytic therapy. Acute right-
sided heart failure can be diagnosed on CTPA
by assessing the dimensions of the right-sided
heart chambers, superior vena cava or azygos
vein. Measurements include RV to left ven-
tricular short axis ratios and main pulmonary
artery diameter to aorta diameter ratios, which
are usually not greater than 1. Other features
of RV dysfunction include a dilated inferior
vena cava, reflux of contrast medium into the
inferior vena cava, and leftward bowing or a
sigmoid shape of the interventricular septum.
With the use of electrocardiographic gating,
it is possible to measure LV and RV ejection
fractions [113].

Clot load scores can also be used to assess the
magnitude or severity of PE, such as the Miller
and Walsh scores [114,115]. The Miller Index for
pulmonary angiograms used an objective score
for the vessel level of arterial obstruction (with
1 for segmental vessels and larger arteries scored
on all the segments that arise distally, with a
possible maximum score of 16) and a subjec-
tive score for peripheral perfusion in the lungs
(three zones each side, each scored 0 for normal
perfusion, 1 if moderately reduced, 2 if severely
reduced, and 3 if absent, with a possible maxi-
mum score of 18) [114]. With the advent of CT
and MDCT, the Miller and Walsh scores have
been adapted to CT [116]. In addition, newer
scoring systems have been developed that
include qualitative assessments of the degree of
vascular obstruction (0 for no occlusion, 1 for
partial occlusion and 2 completely occlusive)
and correlated well with the Miller index and
echographic assessment of right heart overload
and dilatation [117]. Newer scoring systems that
use quantitative assessments of the percentage
of obstruction in vessels (with 1 for <25%; 2 for
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25-49%; 3 for 50-74%; 4 for 75-99%; and 5
for 100%) also correlated well with echographic
assessment of cor pulmonale and pulmonary
hypertension [118].

B Dual-energy CT

Dual-source (or energy) CT is a form of MDCT
and was introduced in 2006. Dual-energy CT
employs two tubes and two detectors, which
are mounted orthogonally to each other [119,120].
Tube voltages of the same energy (dual-source
scanning) or x-ray spectra with two different
energies (dual-energy scanning) can be emitted
at the same phase of contrast enhancement. The
application of dual-energy CT in the diagnosis
of PE relies mainly on its ability to separately
identify iodinated contrast medium or tissue
infiltration, which cannot be precisely detected
with single-energy CT [121]. Todine and tissues
containing iodine, such as pulmonary arteries,
produce higher attenuation at lower tube volt-
ages and the spectral information obtained can
be used to differentiate iodine-containing tissues
from other tissues [120]. Selective visualization of
tissues containing iodine, such as the pulmo-
nary parenchyma, can be used to detect defects,
indicating areas of pulmonary infarction [120].
Another advantage of dual-energy CT compared
with other diagnostic modalities is that blood
volume compared with blood flow can be visu-
alized [121). Dual-energy CT can provide high-
quality morphologic analysis and functional
information on the pulmonary circulation from
a single dataset, comparable to MRA or scinti-
graphy [121]. In cases where there is suboptimal
pulmonary arterial concentration of contrast
medium, the low-energy acquisition enables
one to generate an image set with increased vas-
cular enhancement [121]. Dual-source CT can
also be used in combination with xenon CT to
generate ventilation perfusion maps and detect
ventilation perfusion mismatches [122]. A dis-
advantage of dual-energy CTPA is the higher
radiation exposure compared with single source
CT [121). In a study of 13 patients, the sensitiv-
ity, specificity and negative predictive value of
dual-energy CTPA compared with pulmonary
perfusion scintigraphy were estimated as 75, 80
and 66%, respectively [113]. Dual-energy CT as
an imaging method for PE is not widely used at
present, but shows great promise.

Conclusion

Venous thromboembolic disease is a common
and serious problem, the causes of which are not
fully understood. In addition, the symptoms

www.futuremedicine.com

45



Kelly

and signs of PE on clinical examination overlap
those of other entities, which require different
management. Diagnostic imaging therefore
plays a central role in the work-up of the patient
suspected of having PE or DVT. Chest radiog-
raphy is not sensitive or specific but can identify
the other entities that can overlap with PE clini-
cally. There are many other imaging options
available and many of the medical societies have
published excellent guidelines to help practi-
tioners choose the optimal imaging strategy
for a particular patient. An understanding of
the options available for special patient popula-
tions is also necessary in order to increase the

speed and accuracy of diagnosis, reduce the side
effects from imaging and minimize exposure to
ionizing radiation.
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Thromboembolic disease
Venous thromboembolic disease (VTE) is common, but is difficult to diagnose clinically. Anticoagulation therapy carries a significant risk
of bleeding and death.
Diagnostic imaging plays an increasing and central role. Imaging modalities available include chest radiography, ventilation perfusion
scintigraphy, multidetector CT pulmonary angiography, catheter pulmonary angiography, MRI, echocardiography and ultrasonography.
Chest radiography is a useful first-line test
There is limited evidence on the use of chest radiography in the evaluation of pulmonary embolism (PE). The chest radiographic features
of acute PE are nonspecific and are not sensitive. The classic chest radiographic signs of PE have been shown to be of no discriminatory
value in the diagnosis or exclusion of PE (moderate evidence).
Ventilation perfusion scintigraphy is a useful test to perform after radiography for suspected PE
Ventilation perfusion scintigraphy is a good first-line test to perform in patients with suspected PE who have a normal chest radiograph,
but have contrast allergy or renal impairment (moderate evidence). A ventilation perfusion scintigraphy study with a normal result can
be used to safely withhold anticoagulation in a patient suspected of PE, and a high-probability study can be used to justify treatment.
A high percentage of patients have indeterminate-probability studies, which limits the usefulness of this modality (moderate evidence).
CT pulmonary angiography is a useful test to perform after radiography for suspected PE
Multidetector CT pulmonary angiography (CTPA) is indicated as one of the first-line diagnostic tests in patients with suspected PE.
A positive multidetector CT in a patient with a high pretest probability can be used to justify treatment (moderate evidence).
CT venography (CTV) is useful as a ‘one stop shop’ in sick patients, such as intensive care unit patients. Current data indicate that most
patients do not benefit from the routine use of CTV after CT angiography (moderate evidence). There is justification in the literature for
eliminating CTV completely or for limiting it in patients with a high risk for DVT (moderate evidence).
Catheter pulmonary angiography still has a role to play
The risk of recurrent PE following a negative CT pulmonary angiography study is low and justifies withholding therapy
(strong evidence).
Dual energy CT can evaluate perfusion abnormalities
Dual-energy CT has not yet been sufficiently evaluated, although it shows promise in the evaluation of lung perfusion (limited evidence).
MRI is a useful test in centers with experience
There is incomplete evidence to suggest that magnetic resonance angiography can be used as the primary imaging modality in the
evaluation of PE (limited evidence). The safety of gadolinium-based contrast agents in pregnancy is not established.
There is incomplete evidence to suggest that magnetic resonance venography can be used as the primary imaging modality in the
evaluation of PE (limited evidence).
Lower-limb ultrasound is a useful first-line test for suspected deep venous thrombosis
Lower-limb ultrasound is indicated as a first-line test in the patient with suspected PE where there is a contraindication to iodinated
contrast, renal impairment, in pregnant patients or where there are concerns about radiation exposure, such as in young patients.
A negative lower-limb ultrasound has a high negative predictive value, which justifies withholding anticoagulation therapy
(moderate evidence).
Lower-limb ultrasound and indirect CT venography have equal accuracy in the assessment of lower-limb deep venous thrombosis.
Echocardiography has a role in evaluation for suspected PE in some patients
Transthoracic echocardiography (TTE) is not indicated as a first-line modality in the evaluation for suspected PE. TTE may, however, be
used in unstable patients, where multidetector CT is not available. In the evaluation of PE patients, TTE can identify patients at higher
risk, with a poorer prognosis (limited evidence).
Transesophageal echocardiography is inadequate as a first-line modality in the evaluation for suspected PE. TTE can identify large
thrombus or embolus in the central pulmonary arteries (limited evidence).
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