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Movie clips to Computed tomographic (CT) pulmonary angiography has been estab-
supplement this lished as a first-line diagnostic technique in patients suspected of hav-
o ag:glcelxz—en ., ingpulmonary embolism. Risk stratification is important in patients
radiographics with pulmonary embolism because optimal management, monitoring,
.rsnajnls.orglegi and therapeutic strategies depend on the prognosis. Acute right-sided
eontenclfull heart failure is known to be responsible for circulatory collapse and
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26/1123/DC death in patients with severe pulmonary embolism. Acute right-sided

heart failure can be assessed at CT pulmonary angiography by measur-
TEACHING ing the dimensions of right-sided heart cavities or upstream venous
POINTS structures, such as the superior vena cava or azygos vein. The magni-
See last page tude of pulmonary embolism can be calculated at CT pulmonary an-
giography by applying angiographic scores adapted for CT (Miller and
Walsh scores) or dedicated CT scores (Qanadli and Mastora scores).
The advent of CT pulmonary angiography performed with electrocar-
diographic gating permits new advances in assessment of acute right-
sided heart failure, such as measurement of the ventricular ejection
fraction. Although such findings may be useful for assessment of treat-
ment effectiveness, their effect on prognosis in patients with severe pul-
monary embolism is debated in the literature.
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Abbreviations: DVT = deep venous thrombosis, ECG = electrocardiography, IVC = inferior vena cava, LV = left ventricle, PA = pulmonary ar-
tery, PE = pulmonary embolism, RV = right ventricle
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Introduction
Despite advances in prophylaxis, diagnostic mo-
dalities, and therapeutic options, venous throm-
boembolism remains a major health problem,
with an incidence of around 1.5 per 1,000 per-
son-years (1). In two recent large multicentric
studies, although a high mortality rate of 50%—
58% was found in patients presenting with hemo-
dynamic instability, a 8%—15% mortality rate was
still reported in hemodynamically stable patients
(2,3). As death frequently occurs within the first
hours after admission, a rapid and specific diag-
nosis is required (4). When severe, pulmonary
embolism (PE) can induce acute right heart fail-
ure, eventually resulting in circulatory collapse
and death. As a correlation between right ventric-
ular (RV) dysfunction detected at echocardiogra-
phy and clinical outcome has been shown (2,5—
10), echocardiography has been advocated as a
first-line test in hemodynamically unstable pa-
tients in order to promptly start a fibrinolytic
therapy (3,5,11).

Computed tomographic (CT) pulmonary an-
giography has progressively been established as
the frontline imaging modality for the diagnosis of
PE, replacing ventilation-perfusion lung scintigra-
phy and pulmonary angiography (12-14). CT
pulmonary angiography has also become more
frequently included in recommended diagnostic
algorithms (15,16). Compared to echocardiogra-
phy, CT pulmonary angiography has the advan-
tage of allowing a more comprehensive assess-
ment of the clot burden in the pulmonary arteries
(PAs), associated underlying lung disease, and
other causes of acute chest pain (12,17,18).
Therefore, it is essential that radiologists know
how to evaluate the severity of the current episode
of PE at CT pulmonary angiography.

The purpose of this article is to review use of
CT findings for predicting the severity of PE. The
findings are divided into those that are not con-
troversial, those that are controversial, and finally
findings that are still experimental or under evalu-
ation.

Pathophysiology of
Fatal Outcome in Severe PE
Under physiologic conditions, the interaction be-
tween the RV and the relatively low pulmonary
vascular impedance results in a pressure less than
one quarter that of the left ventricle (V). The
RV operates at rest at a maximum efficiency level,
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and stroke work is achieved with the minimum
oxygen consumption. Acute embolic obstruction
of a significant amount of the pulmonary circula-
tion (usually estimated as more than 30%) in-
creases pulmonary vascular resistances, leading to
acute PA hypertension (Fig 1). Abrupt pulmo-
nary vascular obstruction occurring during PE is
further worsened by the release of vasoactive
agents from plasma, platelets, or tissue and reflex
PA vasoconstriction, leading to systemic arterial
hypoxemia (4,19,20).

The clinical impact of the embolic event de-
pends not only on the embolus size but also on
the underlying cardiopulmonary status. Indeed,
the RV may compensate for RV outflow obstruc-
tion by using the Frank-Starling mechanism and,
eventually, increased contractile performance.
However, this compensation requires an increase
in work transmission from the RV to its vascular
bed, leading to a greater myocardial oxygen de-
mand and a reduction in RV mechanical effi-
ciency. Besides, pericardial constraint and RV
dilatation cause bowing of the interventricular
septum toward the LV, resulting in a decreased
LV preload (21,22). Subsequently, decreased LV
output and decreased systemic arterial pressure
may result in a downward vicious circle of com-
promised coronary perfusion, increasing ventricu-
lar hypoxemia and RV dysfunction, and eventu-
ally cardiogenic shock, RV infarction, and finally
circulatory collapse (4,5,23).

Assessment of the Severity of PE

Clinical Identifica-

tion of High-Risk Patients

Estimation of acute PE clinical outcome in the
International Cooperative Pulmonary Embolism
Registry JCOPER) and Management Strategy
and Prognosis of Pulmonary Embolism Registry
(MAPPET) studies underlined the importance of
circulatory failure and systemic hypotension as
predictors of poor prognosis (2,3). Nevertheless,
hemodynamically unstable PE constitutes only a
minority of all PE presentations (4). Therefore,
other clinical predictors of poor outcome are re-
quired. Age over 70 years, coexisting congestive
heart failure, or chronic obstructive pulmonary
disease have also been identified as significant
prognosis factors (2), mainly because preexisting
cardiopulmonary dysfunction impairs RV adapt-
ability to abrupt afterload increase. In patients
with normal systolic arterial pressure, mortality
increases with worsening of RV dysfunction
(3,8-10).
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The clinical impact of the embolic event depends not only on the embolus size but also on the underlying cardiopulmonary status.
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Therefore, clinical examination should aim at
the identification of signs of acute RV dysfunc-
tion, including tachycardia, low arterial blood
pressure, distended neck veins, accentuated pul-
monic second heart sound (P,), or tricuspid re-
gurgitation murmur. RV strain at electrocardiog-
raphy (ECG) (T-wave inversion or pseudoinfarc-
tion pattern in anterior leads) is closely related to
RV dysfunction and is an independent predictor
of adverse clinical outcome (24). Moreover, car-
diac biomarkers, including troponins and natri-
uretic peptides, have emerged as useful tools for
risk assessment and optimizing management
strategy in patients with acute PE (25).

Imaging Assess-
ment of the Severity of PE

Echocardiography.—Echocardiography can be
used as the first-line method in unstable patients
as it allows the diagnosis of acute right heart fail-
ure, permits visualization of clots in the right
heart cavities or in some locations of the central
PA, and may provide alternative diagnoses, such
as aortic dissection, pericardial disease, myocar-
dial infarction, and valvular insufficiency (3,4).
Echocardiography can be helpful in assessing
patients with PE by demonstrating RV dilatation
and hypokinesis; straightening, leftward bowing,

Figure 1. Pathophysiologic cycle of ma-
jor PE (4,5).

or paradoxical motion of the interventricular sep-
tum; decreased LV volume (“empty LV” appear-
ance); loss of inspiratory collapse of the inferior
vena cava (IVC); tricuspid regurgitation; and di-
latation of the PA (21,26-28). The McConnell
sign, a distinct echocardiographic pattern of
regional RV dysfunction in which the apex is
spared, appears to be specific for acute PE (29).
The presence of RV hypertrophy (wall thick-
ness > 5—-6 mm) helps differentiate between
acute and subacute or chronic massive PE (30).
In addition to demonstrating the hemodynamic
effect of PE, echocardiography allows assessment
of the prognosis of acute PE. The presence of an
acute RV afterload dysfunction is associated with
high in-hospital mortality and a high rate of com-
plications, whereas its absence can be considered
a sign of a good prognosis (3,7).
Transesophageal echocardiography performs
better than transthoracic echocardiography in the
diagnosis of PE (31). Transesophageal echocardi-
ography is limited by operator dependence, topo-
graphic limitations due to air contained in the
lung and central airways, and patient-related fac-
tors, which may limit the technical quality of
echocardiography in up to 40% of cases (31).
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Measurement of the short axes of the RV and LV on axial CT pulmonary angio-

grams. (a) The short axis of the RV is measured at the level of the tricuspid valve from inner
wall to inner wall at the widest point, which is typically in the basal third of the ventricle.

(b) The short axis of the LV is measured at the level of the mitral valve from inner wall to
inner wall at the widest point, which also is typically in the basal third of the ventricle. Note
that the short axes of the RV and LV may be located at different axial CT levels.

Echocardiography also has limitations in demon-
strating PE as the cause of RV pressure overload.
When no endoluminal clots are evident, other
confirmatory studies for PE are therefore required
in stable patients (4,6,7,11).

Computed Tomography.—Owing to limita-
tions of echocardiography in demonstrating PE as
the cause of RV pressure overload, it is desirable
that a single test, namely CT pulmonary angiog-
raphy, allow accurate diagnosis of venous throm-
boembolic disease, assessment of the severity of
PE, and prediction of the patient’s outcome. The
severity of PE can be evaluated at CT by using
different aspects, from the PE itself to upstream
consequences and ultimately the origin of PE,
namely venous thrombosis: (@) the obstruction
of the pulmonary vascular bed; (b) the conse-
quences of pulmonary vascular bed obstruction at
the level of the heart; (¢) upstream consequences
at the level of abdominal and thoracic venous
structures; and (d) the clot burden in lower limb
and abdominal veins, which represents the risk
for recurrent episodes of PE.

For practical purposes, we will present the
2005 state of the art by discussing separately find-
ings that are not controversial, findings that are
controversial, and finally findings that are still
experimental or under evaluation.

Noncontroversial Findings
Previous studies have reported that RV failure,
resulting from both the volume of embolus and
underlying cardiopulmonary function, is a more
accurate indicator of the severity of PE than the
degree of obstruction at angiography or scintigra-
phy (32-35). Obstruction of more than 30% of
the pulmonary circulation causes sufficient eleva-
tion of the pulmonary vascular resistance to pro-
duce significant pulmonary hypertension, result-
ing in RV afterload increase and dilatation (4,36).
The cardiovascular effects of any acute PE must
be regarded not only as the result of the degree of
pulmonary vascular bed obstruction but also as
the potential for the RV to turn into a high-pres-
sure pump. In other words, failure occurs if thin
RV walls do not succeed in compensating for the
sudden elevation in parietal tension. It is the un-
coupling of RV resources to the pulmonary vascu-
lar load rather than the obstruction index per se
that leads to RV dilatation and dysfunction, in-
cluding successively decreased stroke volume,
tricuspid regurgitation, reduced venous return,
and finally circulatory collapse (4).

Cardiac CT Measurements

Quantitative cardiac CT measurements obtained
on axial CT images, namely the RV short axis,
the LV short axis, and particularly the RV/LLV
short axes ratio, have shown a significant positive
(RV short axis, RV/LV diameter ratio) or negative
(LV short axis) correlation with the severity of PE
(37) or with fatal outcome (38,39) (Fig 2). In two
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Measurement of the short axes of the RV and LV on a reformatted four-chamber CT image obtained in a

54-year-old patient with nonsevere PE. Dashed lines on sagittal (a) and coronal (b) CT images of the heart are ro-
tated to obtain the four-chamber image (c). The short axes of the RV and LV are 44.7 mm and 45.6 mm, respec-
tively, resulting in a normal RV/LV diameter ratio of less than 1.
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Figure 4. Moderate acute dilatation of the RV in a
55-year-old man with massive PE. Four-chamber CT
image shows measurements for the short axes of the RV
and LV, resulting in an RV/LV diameter ratio of 1.7.
Note the PE in the right lower lobe PA (arrow).

studies of 25 patients with PE and 14 patients
with massive PE, Contractor et al (23) and Lim et
al (40) found that signs of RV strain at CT pul-
monary angiography (RV/LV diameter ratio > 1,
leftward septal bowing) had a sensitivity of 78%—
92%, specificity of 100%, and positive predictive
value of 100% when compared to echocardio-
graphic findings for the detection of RV dysfunc-
tion. Additional studies have estimated that an
RV/LV diameter ratio superior to 1.5 indicates a
severe episode of PE (36-39,41). In the study by
Araoz et al (42), an RV/LV diameter ratio greater
than 1 was associated with a 3.6-fold increased
risk of admission to the intensive care unit. More-
over, Ghaye et al (39) recently demonstrated a

significant relation between the RV/LV diameter
ratio and the risk of death in 82 patients who pre-
sented with a severe PE-related clinical condition
that required admission to the intensive care unit.

As CT images obtained in the axial plane are
not a four-chamber view, relative measurements
may be different from those of echocardiography
(18,23,37). Quiroz et al (18) reported that ven-
tricular CT measurements obtained from a four-
chamber view were different from those obtained
on axial views and closer to echocardiographic
values (Figs 3, 4). An RV/LV diameter ratio
greater than 0.9 calculated on a four-chamber
view was associated with a sensitivity of 83% and
specificity of 49% for predicting the occurrence of
adverse clinical events (defined as 30-day mortal-
ity or the need for cardiopulmonary resuscitation,
mechanical ventilation, vasopressors, thromboly-
sis, or embolectomy) (18). More recently, the
same group of investigators reported a higher
mortality rate in patients with an RV/LV diameter
ratio greater than 0.9 compared to an RV/LV di-
ameter ratio less than or equal to 0.9 calculated
on a four-chamber view in 431 patients with PE.
RV enlargement had a sensitivity, specificity,
positive predictive value, and negative predictive
value of 78.2%, 38%, 15.6%, and 92.3%, respec-
tively, for prediction of 30-day mortality (43).

Even more precise estimation of the heart di-
mensions could be achieved by measuring the
ratio of ventricular areas instead of the ratio of
short axes (28,41).
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Additional studies have estimated that an RV/LV diameter ratio superior to 1.5 indicates a severe episode of PE (36-39, 41). 
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Diameters of the Superior

Vena Cava and Azygos Vein

An acute increase in volume and pressure in the
right heart may be associated with upstream
manifestations at the level of systemic venous
structures. Collomb et al (37) found significantly
different diameters of the superior vena cava in
patients with severe PE and patients with nonse-
vere PE. Furthermore, in patients with severe PE,
another study reported statistically different CT
diameters of the superior vena cava and azygos
vein in survivors and nonsurvivors (39). Previous
work based on chest radiographs by Milne and
Pistolesi (44) evaluated the relationship between
the mean right atrial pressure and the diameter of
the azygos vein and the width of the vascular
pedicle, which is mainly affected by the dimen-
sion of the superior vena cava. Both measure-
ments were significantly correlated with mean
right atrial pressure and the circulating blood vol-
ume. These authors observed an abrupt increase
in size of the azygos vein and widening of the vas-
cular pedicle in patients presenting with acute
right heart failure. In support of this finding, the
size of the IVC as measured at ultrasonography
(US) has been shown to reflect right heart hemo-
dynamics (26,27).

Of these cardiac and venous measurements,
the RV/LV diameter ratio is the easiest to calcu-
late and should be included in every report of a
CT pulmonary angiography examination. An in-
creased RV/LV diameter ratio may be an impor-
tant finding for the clinician. Nevertheless, pro-
spective studies are needed to determine how
such a finding could affect patient care and treat-
ment.

Controversial Findings

PPA Clot Load Scores

The presence, location, and degree of obstruction
of arterial clots can be scored according to four
different scoring systems as proposed by Miller et
al (45), Walsh et al (46), Qanadli et al (47), and
Mastora et al (48). Introduced in the 1970s, the
scores proposed by Miller et al (45) and Walsh et
al (46) are angiographic severity indices designed
to compare the rate of resolution of PE when hep-
arin or fibrinolytics are used. Modified Miller and
Walsh scores have been adapted for CT pulmo-
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nary angiography, and there was an excellent cor-
relation between both scores and a good interob-
server agreement in one study (49). The main
limitation was absence of residual PA flow assess-
ment, as these adapted scores do not allow differ-
entiation between partial and complete obstruc-
tion of the PAs. The more recent scores proposed
by Qanadli et al (47) and Mastora et al (48) were
designed to quantitatively assess the severity of
acute PE at CT pulmonary angiography. Details
on calculation of the scores are presented in Ap-
pendix 1. Despite their methodologic differences,
all scores showed an excellent correlation with
each other in different studies (Fig 5) (39,47,49).
The current literature shows some discrepan-
cies regarding the potential for association be-
tween the severity of PA clot load scores and im-
mediate outcome, probably due to differences in
the populations studied in terms of severity of PE.
Whu et al (50) recently reported that patients with
a PA clot load score of more than 60% tended to
succumb. These authors (50) and van der Meer
et al (38) found the score proposed by Qanadli et
al (47) to be a significant predictor of death in 59
and 120 patients, respectively, with positive re-
sults at CT pulmonary angiography (P = .002).
On the other hand, Collomb et al (37) found
that the severity of PA obstruction determined
with the score proposed by Qanadli et al (47) can
be used as an indicator of the hemodynamic se-
verity of PE, reflected by a mean Qanadli score of
54% = 11 in patients with severe PE (ie, requir-
ing thrombolytic or surgical treatment) and 24%
=+ 18 in patients with nonsevere PE. Similarly,
Ghaye et al (39) and Araoz et al (42) reported PA
clot load scores to be a poor predictor of mortality
in patients with acute PE. While PA clot load
scores can be an indicator of the severity of the
current episode of PE or treatment effectiveness,
it seems that they cannot be used as a predictor of
RV failure and death of the patient (37,39,42).
Araoz et al (42) found that the clot burden at CT
was associated with the subsequent use of vaso-
pressors in 173 patients with PE (P = .05).
Pulmonary vascular resistance is not only re-
lated to mechanical obstruction by the intravascu-
lar clot load but can be further increased by the
release of vasoactive agents from plasma, plate-
lets, or tissue; reflex PA vasoconstriction; and sys-
temic arterial hypoxemia occurring during PE
(4,5,19). Furthermore, PA clot load scores do not
take into account clots located in small peripheral
PAs; the Miller, Walsh, and Mastora scores con-
sider segmental PAs and the Qanadli score con-
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Pulmonary vascular resistance is not only related to mechanical obstruction by the intravascular clot load but can be further increased by the release of vasoactive agents from plasma, platelets, or tissue; reflex PA vasoconstriction; and systemic arterial hypoxemia occurring during PE (4,5,19).
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Figure 6. Acute dilatation of the RV with left-
ward septal bowing in a 68-year-old woman who
presented with severe dyspnea and severe hypo-
tension. CT pulmonary angiography showed
massive PE, and the PA clot load score calcu-
lated according to Qanadli et al (47) was 57%.
She underwent a Trendelenburg intervention but
died during the first 24 hours after admission.
Axial CT pulmonary angiogram obtained at the
level of the heart shows signs of cor pulmonale.
Note the severe dilatation of the RV and the
compression of the LV: The short-axis diameters
of the RV and LV were 59.4 mm and 24 mm,
respectively, and the RV/LV diameter ratio was
2.5. Also note the leftward bowing of the inter-
ventricular septum (arrowhead).

Ghaye etal 29

Figure 5. Calculation of PA clot load
scores at CT pulmonary angiography in a
70-year-old woman who presented with
cardiovascular shock. She underwent fi-
brinolytic therapy but died of PE 24 hours
after admission. Axial CT pulmonary an-
giograms (displayed from inferior [a] to
superior [e]) show multiple clots in the
PAs. The PA clot load scores calculated
according to Miller et al (45), Walsh et al
(46), Qanadli et al (47), and Mastora et al
(48) were 94%, 61%, 57%, and 57%, re-
spectively.

siders subsegmental PAs the most distal arteries
(45—49). Finally, PA clot load scores do not take
into account possible unresolved previous epi-
sodes of PE, emphysema, or other restrictive
pleuroparenchymal disease that may contribute to
an increase in PA pressure (37).

PA Diameter Measurement

A PA diameter greater than 30 mm indicates a PA
pressure greater than 20 mm Hg (51). Collomb et
al (37) showed that the diameter of the main PA
was significantly different between patients with
severe PE and patients with nonsevere PE. The
diameter of the main PA or the ratio of the diam-
eters of the main PA and the aorta was not an in-
dicator of mortality or severity of acute PE in
three other studies (38,39,42). Qanadli et al (47)
reported a poor correlation between the PA clot
load scores and the mean PA pressure.

Leftward Bowing of

the Interventricular Septum

Leftward bowing of the interventricular septum at
CT has been related to severe PA obstruction
(52) (Fig 6). Collomb et al (37) and Araoz et al
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Figure 7. Severe dilatation of the RV with septal flattening in diastole in a 67-year-old woman with massive PE.
The patient underwent fibrinolytic therapy immediately after diagnosis. (a, b) CT images of the short axes of the
ventricles show that the RV is severely dilated relative to the LV. Unlike the LV, the RV demonstrates little variation
in volume between systole (a) and diastole (b). Note the flattening of the interventricular septum in diastole. (¢) CT
image shows quantification of the septal flattening. The thin black lines delineate the endocardial borders of the inter-
ventricular septum. The white lines are drawn perpendicular to the thin black lines at the mid distances of the endo-
cardial borders. The radius of the interventricular septum (R;ys) is measured from the intersection of the white lines

to the endocardial border (53).

(42) found this sign to be an indicator of the se-
verity of PE or of subsequent admission to the
intensive care unit. However, this sign does not
seem to be an indicator of outcome (38,39,42)
and is not specific for PE, as it can be found in
numerous causes of chronic PA hypertension
(37). In chronic PA hypertension, the RV wall is
usually thickened (>6 mm [normal value, ap-
proximately 4 mm]), a finding that is not seen in
acute PE (21,30). Quantification of septal bowing
by means of echocardiography can be applied to
CT (Fig 7) (53).

Reflux of Contrast Medium into the IVC
Another upstream manifestation of acute right
heart failure is the reflux of contrast medium into
the IVC, which has recently been described as a
predictor of mortality in patients with severe PE
(39). Reflux of contrast medium into the IVC is
an indirect sign of tricuspid valve insufficiency,
frequently observed in right heart failure (35,54).
During severe acute PE, tricuspid regurgitation
may develop as a result of RV dilatation, further
reducing RV output (35). Nevertheless, Collomb
et al (37) did not find a significant difference be-
tween patients with severe PE and patients with
nonsevere PE in regard to this sign.

Experimental
Findings and Future Issues

Assessment of Pulmonary Perfusion

The limitation of the PA clot load score of being
restricted to segmental or subsegmental PAs
could be overcome by assessment of pulmonary
perfusion at the level of the microcirculation. The
extent of PE has previously been assessed by
quantification of perfusion defects at ventilation-
perfusion lung scanning, pulmonary angiography,
and magnetic resonance (MR) imaging. Three- to
5-mm subsegmental emboli have been reported
to create 3—5-cm perfusion defects in the periph-
eral parenchyma (55).

Oligemia, defined as a geographic area of de-
creased parenchymal CT attenuation associated
with abnormally small pulmonary blood vessels,
was found to be associated with a higher risk of
subsequent intubation or subsequent use of vaso-
pressors in the study by Araoz et al (42). How-
ever, this sign is not specific for PE and may be
found in patients with airway disease (42).

New areas of research are dedicated to provid-
ing morphologic and functional information
about the effect of PE on lung perfusion by using
a single modality, similar to MR imaging. The
pulmonary blood flow can thus be assessed non-
invasively at a microvascular level, providing
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Figure 8.

quantification of the percentage of lung paren-
chyma with impaired microcirculation. Dynamic
pulmonary angiography acquisition with electron-
beam CT, performed by using high-flow (10 mL/
sec) contrast medium injection, allowed visualiza-
tion of perfusion defects and generation of color-
coded maps of peak attenuation change, time to
peak enhancement, and mean transit time of con-
trast medium over a limited lung volume in pa-
tients with proved PE at a previous CT pulmo-
nary angiography examination (56). Drawbacks
were partially occluded vessels, a limited length of
acquisition, and the need for repeat scanning and
injection of contrast medium after diagnostic CT
pulmonary angiography (55).

Wildberger et al (57) reported preliminary re-
sults of perfusion-weighted color maps directly
obtained from CT pulmonary angiography acqui-
sition after automated three-dimensional segmen-
tation of the lungs, including suppression of ves-
sels and major airways. Inhomogeneities due to
underlying lung disease, such as emphysema or
condensation, remain a drawback of this tech-
nique. Using 16-detector-row helical CT, Wild-
berger et al (55,58) applied a dual-phase subtrac-
tion technique, before and after injection of 80
mL of contrast medium at a flow rate of 4 mL/

Ghaye etal 31

Perfusion of the lung parenchyma assessed with subtraction color-coded CT after experimental clot em-
bolization in the PAs of a pig. Axial (a), coronal (b), and sagittal (¢) CT images show multiple subsegmental perfu-
sion defects, which are displayed in blue (arrow). The triangular perfusion defects are suggestive of emboli in small
peripheral PAs. On the coronal and sagittal images, note the additional occluding subsegmental emboli (arrowhead
in b and c¢) with resulting small peripheral perfusion defects (arrow). (Courtesy of Joachim Wildberger, MD, Univer-
sity Hospital of Aachen, Germany.)

sec, to an animal model of PE (Fig 8). Drawbacks
remain double radiation and the breath-hold time
(around 30 seconds), as both nonenhanced and
contrast-enhanced acquisitions have to be per-
formed during a single apnea. The advent of
faster CT scanning with an increased number of
detector rows or x-ray tubes should result in the
emergence of research on this topic.

Dynamic and Func-

tional Cardiac Assessment

The advent of multidetector CT and data acquisi-
tion coupled with ECG-gated recording is leading
to the ability to perform dynamic and functional
assessment of the RV.

Ejection Fraction.—A recent study by Coche et
al (59) assessed the feasibility of performing car-
diac function measurement with retrospective
ECG-gated multidetector CT pulmonary angiog-
raphy in patients suspected of having PE. Con-
tiguous thin sections can be reconstructed every
5%-10% of the R-R interval, and the RV and LV
ejection fraction can be calculated by using
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The advent of multidetector CT and data acquisition coupled with ECG-gated recording is leading to the ability to perform dynamic and functional assessment of the RV.
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Figure 9. Calculation of the RV ejection fraction
with CT in a 67-year-old woman with massive PE
(same patient as in Fig 7). (a) After ECG-gated CT
pulmonary angiography, the box for short-axis refor-
mation is applied inside the CT raw data volume (im-
ages at top of computer screen). Reformatted short-axis
CT sections are usually 5-8 mm thick. Multiple series
of reformatted images are obtained every 5%—-10% of
the R-R cycle. (b) Computer screen shows series of
short-axis images of the heart, which were generated
every 10% of the R-R cycle. Manual contouring was
then performed along the inner wall of the RV for each
series by using dedicated software (Argus; Siemens
Medical Solutions, Erlangen, Germany). (c) List of the
results provided by the software shows that the end-
systolic and end-diastolic volumes are dramatically en-
larged, whereas the ejection fraction is reduced to 17%.

dedicated three-dimensional software (Fig 9).
Two recent studies have demonstrated that the
results of such measurement of the RV ejection
fraction are comparable with those of the scinti-
graphic technique and are reproducible (59,60).
Work in progress is currently assessing if mea-
surement of the RV ejection fraction with CT
pulmonary angiography can provide further re-
finements in prediction of the outcome in patients
with PE.

RV Wall Motion Abnormality.—It has been
demonstrated at echocardiography that a regional
RV wall motion abnormality in which the apex is
spared (McConnell sign) is a PE-specific pattern
of RV dysfunction (29). No study has currently
assessed if RV wall motion abnormalities could be
identified at CT pulmonary angiography per-
formed with ECG-gated acquisition and if this
finding could be used as a more powerful predic-
tor of outcome related to acute PE than is the
RV/LV diameter ratio.
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Patency of the Foramen Ovale

A relationship between the frequency of foramen
ovale patency, responsible for right-to-left shunt-
ing, and the severity of PE vascular obstruction at
scintigraphy has been demonstrated (61). The
echocardiographic detection of a patent foramen
ovale has also been shown to be associated with a
significantly increased complicated clinical course
(including paradoxical embolism). An overall
mortality of 33% was reported in patients with
major PE and a patent foramen ovale versus an
overall mortality of 14% in those without a patent
foramen ovale (62). Unlike the detection of large
atrial septal defects, the detection of foramen
ovale patency with ECG-gated multidetector CT
currently remains difficult (63,64). Nevertheless,
it remains to be demonstrated whether the in-
creased temporal and spatial resolution of a new
generation of multidetector CT scanners will al-
low recognition of foramen ovale patency. The
presence of a saddle clot within the foramen ovale
should facilitate the diagnosis (Fig 10; see also
Movie 1 at radiographics.rsnajnls. org/cgi/content
[full/26/1/23/DC1).
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Figure 10. Saddle clot passing through a patent foramen ovale in a 70-year-old woman
who presented with PA hypertension secondary to massive acute PE. Axial CT pulmonary
angiograms show a saddle clot (arrow) passing from the right atrium (a) through a patent
foramen ovale (b) into the left atrium (c, d).

Clot Burden at the Level of
Lower Limb and Abdominal Veins
Although clots in the PAs influence the cardiopul-
monary status of the patients, the major risk of
death is from recurrent PE, which in more than
90% of the patients originates from lower limb
veins (2,7,8,65). Therefore, investigation of lower
limb veins has been part of diagnostic algorithms
in patients suspected of having PE. Imaging and
estimation of the volume of the clot burden in
lower limb veins may therefore be another impor-
tant CT finding to consider for management,
treatment, and prognosis in patients with PE.
Various scoring systems for venous thrombosis
are reported in the literature (66-72). In 1977,
Marder et al (66) developed a venographic score
to evaluate streptokinase and heparin therapy.
The Marder score is still the most commonly
used in anticoagulant drug trials, although its va-
lidity has never been proved. The Arnesen score
and the Mewissen score (or American Venous
Registry index) were designed to assess the re-
sponse of venous thrombosis to anticoagulant or
fibrinolytic therapy (67,68). The Porter score
or SVS/ISCVS (Society for Vascular Surgery/

International Society for Cardiovascular Surgery)
index, originally described in 1988 and refined in
1995, was developed in an attempt to standardize
the reporting criteria for venous thromboembolic
disease and was designed to be applicable for
both venography and US (69,70).

The previous scores were not validated and,
because they do not consider all the different
lower limb veins, underestimate the thrombotic
burden of deep venous thrombosis (DVT). The
Ouriel score, reported in 1999, was designed to
provide a more accurate quantitative estimate of
the thrombus mass by calculating a volumetric
index for all the venous segments (71). The
Bjorgell score, described in 1999, was designed to
be applicable to venography, US, CT, and MR
imaging (72). Details on calculation of venous
clot load scores are presented in Appendix 2.

Speculative interpretations such as “smaller
venous clots produce less severe PE” or “the
probability of finding residual DVT is higher in
patients with more severe PE” have been reported
(73). To our knowledge, only two studies have
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Figure 11. Massive PE, dilatation of the right side of the heart with septal flattening, incidentally discovered lung
cancer, and multiple paraneoplastic venous thromboses in a 61-year-old woman who presented with increasing dys-
pnea and alteration of her general condition. The pathologic conditions were diagnosed with combined CT pulmo-
nary angiography—CT venography. (a—d) Axial CT pulmonary angiograms obtained with a 16-detector-row scanner
show the following findings: multiple PEs in the segmental PAs of both lower lobes and the middle lobe (arrows in a);
a lung carcinoma in the left upper lobe (arrowhead in b); thrombi in the left innominate and left subclavian veins (ar-
row in b, arrows in ¢); and an RV that is dilated relative to the LV with associated flattening of the interventricular
septum (arrowhead in d). (e-g) Axial CT venograms show multiple venous clots in the right great saphenous vein
(arrow in e), left popliteal vein (arrow in f), and bilateral tibioperoneal trunks (arrows in g).

assessed the different DVT severity scores in pa- analysis, Ouriel et al (71) reported a higher mean
tients with PE. Although their methodology and DVT severity score in patients with proved PE
the small numbers of patients precluded statistical than in patients with DVT but without clinically

significant PE. They also reported that PE can be
observed in patients with a low DVT severity
score.
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Another study by Ghaye et al (74) showed a
good correlation of all the previously described
DVT severity scoring systems with each other.
On the other hand, PE and DVT severity scores
correlated only poorly to moderately, particularly
in patients without symptoms of DVT, indicating
that the severity of both aspects of venous throm-
boembolism cannot be predicted from the assess-
ment of one aspect only. In a large percentage of
patients, a low PE score is associated with a low
DVT score. In some patients, DVT limited to the
calf (low score) can be associated with massive
PE (high score). Conversely, patients with pe-
ripheral PE (low score) may have clots located in
the iliofemoral veins (high score) (74).

In the PIOPED (Prospective Investigation of
Pulmonary Embolism Diagnosis) study, 90% of
the patients who died of PE actually died of re-
current PE (75). It would therefore be useful to
investigate if the rate of recurrent PE is higher in
patients with a high DV'T score. Such findings
may have implications for patient care (strict bed
rest, elastic stockings, IVC filter, etc) and empha-
size the importance of a global work-up of the
venous thromboembolic disease. Therefore, com-
bined CT pulmonary angiography—CT venogra-
phy is particularly well-suited for calculation of
DVT and PE severity scores and cardiovascular
CT findings in a single examination (Fig 11; see
also Movie 2 at radiographics.rsnajnls.orglcgi
[content/full/26/1/23/DC1).

Conclusions
PE associated with RV failure is frequently lethal.
Risk stratification of patients with PE is important
because optimal management, monitoring, and
therapeutic strategies depend on the prognosis.
Recent studies have demonstrated that CT pul-
monary angiography not only allows diagnosis of
PE but also enables accurate assessment of PE
severity in a single examination. Cardiovascular
CT findings, such as the RV/LV diameter ratio,
have shown a significant correlation with fatal
outcome, whereas quantification of PA clot load
remains controversial. Many CT findings that
may allow refinement of the risk stratification are
still under evaluation.

Appendix 1:
PA Clot Load Scores

Miller Score

The right PA has nine major segmental branches
(three to the upper lobe, two to the middle lobe,
and four to the lower lobe). The left PA has seven
major branches (two to the upper lobe, two to the
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lingula, and three to the lower lobe). The pres-
ence of a filling defect or obstruction in any one of
these branches scores 1 point. A filling defect
proximal to segmental branches scores a value
equal to the number of segmental branches aris-
ing distally. The maximum score is 9 for the right
lung and 7 for the left lung. The maximum pos-
sible CT obstruction score is 16 for both lungs. In
addition, the score originally evaluated the effect
of embolism on PA flow, which currently cannot
be assessed with CT pulmonary angiography
(45).

Walsh Score

The maximum score is 18 for both lungs. Differ-
ent scores are given for filling defects and obstruc-
tions and for anatomic locations. The following
guidelines govern quantification of embolic ab-
normalities: (a) Abnormalities in a single segmen-
tal PA receive a total score that does not exceed 1,
regardless of the type or number of abnormalities.
(b) The total maximum score is 3 for abnormali-
ties in a single upper lobar region, 2 for abnor-
malities in the middle lobe or lingula, and 4 for
abnormalities in the lower lobes. (¢) Obstructions
in central anatomic regions receive scores accord-
ing to the vessel involved. (d) If the total score for
one lung is greater than 4 without considering
filling defects in central regions, the central filling
defects are ignored. All filling defects in a single
central region, whether single or multiple, receive
a score of 3. (¢) If a single vessel contains both a
filling defect and an obstruction, only the ob-
struction is scored. () The sum of scores for all
abnormalities in one lung may not exceed a value
of 9. The maximum CT obstruction score is 18
(46).

Qanadli Score

The arterial tree of each lung is regarded as hav-
ing 10 segmental PAs (three to the upper lobes,
two to the middle lobe or lingula, and five to the
lower lobes). The presence of an embolus in a
segmental PA is scored as 1 point, and emboli at
the most proximal arterial level are scored a value
equal to the number of segmental PAs arising dis-
tally. To provide additional information on the
residual perfusion distal to the embolus, a weight-
ing factor is used for each value (0 = no defect,

1 = partial occlusion, and 2 = complete occlu-
sion). An isolated subsegmental embolus is con-
sidered a partially occluded segmental PA and is
assigned a value of 1. The maximum CT obstruc-
tion index is 40 (47).


Teaching Point
Teaching Point
Risk stratification of patients with PE is important because optimal management, monitoring, and therapeutic strategies depend on the prognosis.



RadieGraphics

36 January-February 2006

Mastora Score

The scoring is applied to five mediastinal PAs
(PA trunk, right and left PAs, and right and left
interlobar PAs); six lobar PAs; and 20 segmental
PAs (three in the upper lobes, two in the middle
lobe or lingula, and five in the lower lobes). The
CT severity score is based on the percentage of
obstructed surface of each central and peripheral
PA section and uses a 5-point scale (1 = <25%,
2 =25%-49%, 3 = 50%—-74%, 4 = 75%-99%,
5 =100%). A central score (mediastinal and lo-
bar PAs), a peripheral score (segmental PAs), and
a global score (central and peripheral PAs) can be
calculated. The maximum CT obstruction score
is 155 (48).

For comparison between each other, all scores
can be expressed as a percentage of vascular ob-
struction and calculated by dividing the patient’s
score by the maximum total score and multiply-
ing the results by 100 (range, 0%—-100%).

Appendix 2: Clot Load
Scores from Lower Limb Veins

Marder Score

Eight venous segments are concerned. The maxi-
mum score allowed each segment varies from 2 to
10 points, reflecting the calculated volume of
each segment. Included segments are the com-
mon iliac veins, external iliac veins, common
femoral veins, superficial femoral veins, popliteal
veins, anterior tibial veins, posterior tibial veins,
and peroneal veins. A maximum score of 40
points per limb can be obtained. Total exclusion
or nonfilling of a vein is assigned the maximum
score per segment, whereas partial exclusion or
filling defects are assigned a lower score in pro-
portion to the degree of involvement (66).

American Venous

Registry or Mewissen Score

Seven venous segments are included: the IVC,
common iliac veins, external iliac veins, common
femoral veins, proximal superficial femoral veins,
distal superficial femoral veins, and popliteal
veins. The score is based on partial or complete
occlusion of each segment (0—2). The maximum
score is 14 per limb (67).

Arnesen Score

Six deep vein segments are included: the iliac
veins, femoral veins, popliteal veins, anterior

tibial veins, posterior tibial veins, and peroneal
veins. The score is based on the relative volume of
partial occlusion or the nonvisualization, due to
complete occlusion, of each segment (0—5). The
maximum score is 30 per limb (68).
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Porter Score

Six deep veins and two superficial vein segments
are included. Included segments are the IVC,
iliac veins, common or superficial femoral veins,
deep femoral veins, popliteal veins, tibial or soleal
veins, and greater and lesser saphenous veins.
The score is based on the subsegmental or seg-
mental and nonocclusive or occlusive aspect of
each segment (0—3). The maximum score is 24
per limb (69,70).

Ouriel Score

Fourteen venous segments are considered. In-
cluded segments are the IVC, common iliac
veins, external iliac veins, internal iliac veins,
common femoral veins, superficial femoral veins,
deep femoral veins, and popliteal veins and seg-
ments of the anterior tibial veins, posterior tibial
veins, and peroneal veins. A normalized volumet-
ric score is calculated for each segment by com-
bining measurements from CT, US, and venogra-
phy. Partially occluded veins are assigned a score
of one-half the score value for the segment. The
score varies from 1 for a single calf vein to 26 for
the IVC. The maximum score is 63 per limb (71).

Bjorgell Score

This score was described in 1999 and was de-
signed to be applicable to venography, US, CT,
and MR imaging. Twelve different vein segments
are considered: the IVC, common iliac veins, ex-
ternal iliac veins, common femoral veins, superfi-
cial femoral veins, deep femoral veins, popliteal
veins, gastrocnemius veins, anterior tibial veins,
posterior tibial veins, peroneal veins, and sural
veins. The score is based on the relative length of
the thrombus in each segment (0—3). The maxi-
mum score is 36 per limb (72).
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Page 24
The clinical impact of the embolic event depends not only on the embolus sizxe but also on the
underlying cardiopulmonary status

Page 27
Additional studies have estimated that an RV/LV diameter ratio superior to 1.5 indicates a severe
episode of PE (36-39, 41).

Page 28

Pulmonary vascular resistance is not only related to mechanical obstruction by the intravascular clot
load but can be further increased by the release of vasoactive agents from plasma, platelets, or tissue;
reflex PA vasoconstriction; and systemic arterial hypoxemia occurring during PE (4,5,19).

Page 31
The advent of multidetector CT and data acquisition coupled with ECG-gated recording is leading to
the ability to perform dynamic and functional assessment of the RV.

Page 35
Risk stratification of patients with PE is important because optimal management, monitoring, and
therapeutic strategies depend on the prognosis.



	tp template.pdf
	Hollins P. Clark, MD, et al 

	tp last page template Ghaye23.pdf
	Benóit Ghaye, MD, et al 




