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Purpose: To assess the potential of a single-session multidetector
computed tomography (CT) protocol, as compared with
established methods, for the etiologic work-up of acute
ischemic stroke.

Philippe Coulon, PhD Materials and Patients found to have recently experienced an ischemic
Laurent Derex, MD, PhD Methods: stroke were recruited for this prospective study after in-
Tae Hee Cho, MD stitutional review board approval was obtained. Each pa-
Philippe C. Douek, MD, PhD tient was scheduled for two evaluation strategies: (a) a

standard approach involving transthoracic echocardiogra-
phy (TTE) and transesophageal echocardiography (TEE),
duplex ultrasonography (US) of the neck vessels, and
magnetic resonance (MR) angiography of the neck and
brain vessels; and (b) a protocol involving single-session
multidetector CT of the heart, neck, and brain vessels.
The authors sought to determine the major etiologic fac-
tors of stroke, including cardiac sources of embolism and
atheroma of the aortic arch and the extra- and intracra-
nial vessels, by using both strategies.

Results: Multidetector CT, MR imaging, and duplex US were per-
formed in 46 patients, 39 of whom also underwent TEE.
The sensitivity and specificity of multidetector CT were
72% (18 of 25 cases) and 95% (20 of 21 cases), respec-
tively, for detection of cardiac sources and 100% (24 of
24 cases) and 91% (20 of 22 cases), respectively, for detec-
tion of major arterial atheroma. For the 46 cases of stroke,
the final etiologic classifications determined by using the
standard combination approach were cardiac sources in
20 (44%) cases, major arterial atheroma in nine (20%),
multiple sources in four (9%), and cryptogenic sources
in 13 (28%). Multidetector CT facilitated correct etiologic
classification for 38 (83%) of the 46 patients.

Conclusion: Multidetector CT is a promising tool for etiologic assess-
ment of ischemic stroke, although the identification of
minor cardiac sources with this examination requires the

establishment of robust criteria.
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arly determination of the etiologic

factors of ischemic stroke is es-

sential for secondary prevention
because the risk of recurrence is highly
dependent on the underlying cause (1).
Major identified causes of ischemic stroke
are extra- or intracranial atheroma, car-
dioembolic sources, microvascular dis-
ease, and aortic arch atheroma (2,3).
This etiologic work-up is usually based
on the findings of a combined imaging
protocol that includes duplex ultrasonog-
raphy (US), magnetic resonance (MR)
angiography or computed tomographic
(CT) angiography of the neck and brain
vessels, transthoracic echocardiography
(TTE), and transesophageal echocar-
diography (TEE). This approach is time-
consuming and expensive. In addition,
secondary stroke prevention strategies
may be delayed.

Multidetector CT has been demon-
strated to be an accurate and powerful
tool for detecting atheroma in extra- and
intracranial vessels (4,5). More recently,
electrocardiographically (ECG) gated
contrast material-enhanced multidetec-
tor CT has been proposed for studying
left ventricular wall motion, ejection
fraction (6,7), intracardiac thrombus (8),
and patent foramen ovale (9,10). A single-
session multidetector CT study involv-
ing combined examination of the heart,
aortic arch, and extra- and intracranial
arteries may enable detection of the
main sources of ischemic stroke. In this
study, we assessed the potential of a
single-session multidetector CT protocol,
as compared with established imaging
methods, for the etiologic work-up of
acute ischemic stroke.

Advances in Knowledge

B One-time multidetector CT is fea-
sible as a first-line examination in
the etiologic work-up of acute
ischemic stroke.

B Multidetector CT enabled correct
classification of the etiologic fac-
tors of stroke in more than
80% of patients.

Materials and Methods

Study Design

We performed a single-center, prospec-
tive open pilot study. A time period of
9 months for evaluation of the multidetec-
tor CT protocol was prospectively cho-
sen. The study started August 1, 2007,
and ended April 30, 2008. Patients were
recruited from the Lyon Stroke Unit,
Lyon, France. Inclusion criteria were
age between 18 and 90 years and acute
ischemic stroke having occurred within
less than 1 week of study entry and di-
agnosed by a stroke neurologist. Exclu-
sion criteria were any contraindications
to MR imaging, TEE, or iodine-based
contrast material injection and/or the
inability to provide informed consent.
The National Institutes of Health Stroke
Scale score (11) of each patient at ad-
mittance was recorded. Local ethics
committee and institutional review board
approval and informed consent from
each patient were obtained. The etiologic
work-up of each acute ischemic stroke
included a one-time multidetector CT
examination of the heart, aorta, and extra-
and intracranial vessels and a standard
protocol involving combined MR an-
giography of the extra- and intracranial
vessels, duplex US of the extracranial
vessels, and TTE and/or TEE of the heart
and aorta in all patients.

Imaging Protocols

Contrast-enhanced multidetector CT was
performed by using a Brilliance 40 scan-
ner (Philips Healthcare, Best, the Neth-
erlands), with iomeprol (Iomeron 400;
Bracco Diagnostics, Milan, Italy) injected
into the right cubital vein with an 18-gauge
catheter. The patient was placed in the
supine, head-first position. A two-step
protocol was performed: First, ECG-
gated aortic and heart acquisitions were
performed in the head-to-feet direction,
encompassing the aortic and heart area
from the top of the aortic arch to the
diaphragm. The following parameters

Implication for Patient Care

B Multidetector CT enables rapid
work-up of ischemic stroke.

were used: 40 detectors, individual de-
tector width of 0.625 mm, retrospective
ECG gating, tube voltage of 120 kV, tube
current of 300 mAs, pitch of 0.2, and
half-rotation reconstruction. Seventy
milliliters of iomeprol and then 60 mL of
saline solution were injected at 4 ml./sec.
A bolus-tracking method was used with
an attenuation threshold of 200 HU
in the ascending aorta. Reconstruction
parameters for the axial sections were
a 1.5-mm effective section thickness,
1-mm increments, a reconstruction filter
CB, and an adapted field of view. Retro-
spective ECG-gated reconstruction was
performed at 40% and 75% of the R-R
interval.

Then, 2 minutes later, a non-ECG-
gated acquisition from the aortic arch to
the intracranial arteries (approximately
50 cm) was performed with the follow-
ing parameters: feet-to-head direction,
section thickness of 1.2 mm, pitch of
1.2, tube voltage of 120 kV, amperage
of 300 mAs per section, reconstruc-
tion filter B, and the bolus tracker set
on the aortic arch with an attenuation
threshold at 200 HU. Fifty milliliters of
iomeprol and then 60 mL of saline solu-
tion were injected at 4 mL/sec, for a
total injected contrast material volume
of 120 mL. The patient was imaged
with the arms over the head during the
aortic and heart acquisitions and with
the arms at the sides during the sec-
ond acquisition. General guidelines for
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ECG-gated cardiac multidetector CT
were followed in terms of the qualifi-
cations of the personnel, the radiation
dose monitoring, and the safety rules
for contrast agent and B-blocker admin-
istration (12-14). B-Blockers (esmolol
hydrochloride; Brevibloc, Baxter, Deer-
field, 1lI) (0.5-1.0 mg per kilogram of
body weight) were administered intra-
venously, if necessary, when the heart
rate was higher than 80 beats per min-
ute. CT was performed even in cases
of atrial fibrillation. The total radiation
dose and the heart rate of each patient
during the examination were recorded.

Duplex US examinations, including
gray-scale, color Doppler, and spectral
duplex US at a scanning angle of 60°,
were performed by using an Acuson
Antares machine (Siemens Healthcare,
Erlangen, Germany) according to Soci-
ety of Radiologists in Ultrasound quality
criteria (15). All examinations included
peak systolic velocity, end-diastolic ve-
locity, and internal carotid artery veloc-
ity-to-common carotid artery velocity
ratio measurements and planimetric
estimation of the stenosis according to
North American Symptomatic Carotid
Endarterectomy Trial criteria (16).

MR imaging and contrast-enhanced
MR angiography were performed at
1.5 T by using a Philips Intera (Philips
Healthcare) or Siemens Avanto (Siemens
Healthcare) MR unit. Head MR examina-
tions performed with fast low-angle shot
inversion-recovery, diffusion-weighted,
and T2*-weighted sequences included
brain imaging to confirm and localize
the stroke and intracranial vessel an-
giography performed with a time-of-
flight sequence. MR angiography of the
extracranial vessels was performed by
using a standard, previously described
(4) gadolinium-enhanced method based
on a three-dimensional gradient-echo
acquisition with the following param-
eters: 3.7/1.3 (repetition time msec/
echo time msec), an acquisition time of
56 seconds, a voxel size of 0.5 X 0.5 X
0.6 mm, and intravenous administra-
tion of 0.2 mL/kg gadoterate meglumine
(Dotarem; Guerbet, Aulnay-sous-Bois,
France) with a nonmagnetic power in-
jector and an automatic bolus-detection
method.

Echocardiography was performed
by using a Hewlett-Packard/Philips So-
nos 5500 (Philips Healthcare) or Acuson
C512 (Siemens Healthcare) scanner,
which included 2.5- and 3.5-MHz trans-
thoracic probes and a 5-MHz transesoph-
ageal probe. For TTE, four-, two-, and
three-chamber views and short-axis bas-
al, median, and apical views were ob-
tained. For TEE, first cardiac structures
were examined at, at least, 0°, 45°, and
120° at the midesophageal and trans-
gastric levels. Then, the transducer was
gradually withdrawn so that serial short-
axis views of the descending aorta and
aortic arch could be obtained. Aortic
arch atheroma was evaluated according
to previously published criteria (17,18).

Image Evaluation

Results of duplex US, TEE, TTE, and
MR imaging were considered the stan-
dards of reference. These images were
consensually reviewed independently ac-
cording to the earlier described criteria
by two trained senior radiologists (R.L.,
P.C.D.). The results of all multidetector
CT examinations were consensually ana-
lyzed by three independent senior car-
diovascular radiologists (L.B., P.C.D.,
R.L.) who had at least 5 years experi-
ence. All reviewers were blinded to the
stroke location, clinical findings, and re-
sults of the other studies.

For vascular imaging, the diagnostic
work-up was focused on the following
abnormalities: (a) atherosclerotic le-
sions of the carotid arteries leading to
greater than 50% stenosis according to
North American Symptomatic Carotid
Endarterectomy Trial criteria (16), (b)
atherosclerotic lesions of the vertebral
arteries leading to greater than 70%
stenosis (19), (¢) aortic atheromas
larger than 4 mm (18), and (d) greater
than 50% intracranial arterial stenoses.
For cardiac imaging, findings at the 40%
and 75% cardiac phases were analyzed.
Major sources of cardioembolic stroke—
specifically, intracardiac thrombus and
akinetic or hypokinetic segmental myo-
cardial wall—were reported. Regarding
minor cardiac sources, interatrial septal
aneurysm and patent foramen ovale were
analyzed by using the following criteria:
for patent foramen ovale detection, a

distinct flap in the left atrium at the ex-
pected location of the septum primum,
a continuous column of contrast mate-
rial between the septum primum and
the septum secundum, connecting the
left and right atria, or a jet of contrast
material from the column into an atrium
(9); and for interatrial septal aneurysm,
a bulge of the septum secundum that
was larger than 10 mm in one of the two
atria (10). An additional risk factor for a
cardioembolic source, spontaneous echo
contrast, which is defined as a pattern of
slowly swirling intraatrial echo densities
(20,21), was reported when present at
TEE or TTE.

Finally, to perform TOAST (Trial of
Org 10172 in Acute Stroke Treatment)
classification (2), all patients were as-
signed a classification according to the
results of the individual examinations
(termed final classification) as follows:
A classification of cardiac sources or ma-
jor arterial atheroma was assigned when
a unique cardioembolic cause or cause
related to atheroma of the major ar-
teries was identified. A classification of
multiple sources was assigned when sev-
eral potential causes were identified in
the same patient, and a classification of
cryptogenic was assigned when no cause
was found. The major arterial atheroma
classification was used only for those
patients found at presentation to have
significant atheroma of the aortic arch or
an extra- or intracranial vascular lesion
corresponding to the stroke territory.

Statistical Analysis

The sensitivity and specificity of multi-
detector CT, with corresponding 95%
confidence intervals, were calculated for
the major arterial atheroma and cardiac
sources groups. Concordance between
the two methods (multidetector CT and
standard approach involving TTE and
TEE, duplex US, and MR angiography)
was assessed by assigning a k statis-
tic for cardiac sources, major arterial
atheroma, and the final classification.
Agreement between the two techniques
was rated as good when the k value was
between 0.61 and 0.80 and very good
when it was between 0.81 and 1.00. The
Mann-Whitney U test was used to com-
pare age between the male and female
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patients. P = .05 was considered to indi-
cate a statistically significant difference.
All statistical analyses were performed
by using Intercooled Stata 10.0 software
(StataCorp, College Station, Tex).

Between August 2007 and April 2008,
187 patients admitted to our stroke unit
were eligible for the study. Forty-seven
of them provided informed consent. One
patient was excluded from the study be-
cause of very poor multidetector CT im-
age quality: This patient, agitated and
unable to collaborate, could not achieve
apnea for the multidetector CT examina-
tion. Thus, the data of 46 patients were
interpreted. The demographic data and
risk factors for these patients are sum-
marized in Table 1. The mean patient
age was 63 years * 11.4 (standard de-
viation) (range, 36-84 years). There
was no significant difference (P = .5)
in age between the male (63.6 years *
11.1; range, 38-84 years) and female
(60 years = 13.1; range, 36-76 years)
patients. The mean National Institutes
of Health stroke score at admission was
8.4 = 3.8 (range, 3-17). All patients
had a sufficient level of consciousness
and understanding to provide informed
consent and to follow the apnea com-
mands during the CT examination.
Ischemic infarcts were detected at brain
MR imaging in the internal carotid ter-
ritory in 40 (87%) patients and in the
vertebrobasilar territory in six (13%).
One patient was found at presentation
to have had a pure lacunar stroke of
the basis pontis, which was proved with
MR imaging. The mean radiation dose

to the patients was 20.8 mSv = 3.2
(range, 15.6-33.1 mSv). During the
multidetector CT examination, the mean
heart rate was 67 beats per minute *
15 (range, 57-95 beats per minute).
B-Blockers were administered in 17 pa-
tients. Three patients had atrial fibrilla-
tion at presentation.

All patients underwent MR imag-
ing, duplex US, and TTE. Thirty-nine
patients underwent TEE, which was not
possible in seven patients because of
swallowing abnormalities. MR imaging
was performed a mean of 2.8 days =
3.1 before multidetector CT (range,
7 days before to 6 days after CT). Du-
plex US and TTE were performed on
the same day a mean of 0.8 day = 2.4
before multidetector CT (range, 6 days
before to 4 days after CT), and TEE was
performed a mean of 2.5 days = 2.8
after multidetector CT (range, 5 days
before to 10 days after CT).

The results of the cardiac explora-
tions are provided in Table 2. Regarding

Demographic Data and Vascular Risk
Factors for 46 Patients

Demographic or Risk Factor Value
Mean age (y)* 63 +11.4
Male patients 38 (83)
Hypertension 22 (48)
Diabetes 7(15)
Hyperlipemia 12 (26)
Active or previous smoker 15(33)

Note.—Unless otherwise noted, data are numbers of
patients (n = 46), with percentages in parentheses.

* Mean patient age = standard deviation.

the major sources of cardioembolic
stroke, one case of intracardiac throm-
bus, which was localized at the apex
of the left ventricle, was observed with
multidetector CT but missed with TEE
performed on the same day (Fig 1). Mul-
tidetector CT failed to depict one left
ventricular wall hypokinesia out of nine
that were diagnosed with TEE. Regard-
ing minor sources, 10 of the 13 cases of
septal abnormalities (patent foramen
ovale and/or interatrial septal aneurysm)
were diagnosed with multidetector CT
(Figs 2, 3). Finally, spontaneous echo
contrast was detected with TEE in three
cases. These results led to multidetector
CT having sensitivity and specificity for
the detection of cardiac sources of 72%
(18 of 23 cases; 95% CI: 50.6%, 87.9%)
and 95% (20 of 21 cases; 95% Cl: 76.1%,
99.8%), respectively, and a k value of
0.79, corresponding to good agreement

Figure 1

Figure 1:  On multidetector CT image (two-chamber
long-axis reconstruction) in 77-year-old man,
thrombus (arrow) of left ventricular apex appears as
nonenhanced lesion in left ventricular cavity.

Table 2

Cardiac Sources of Emboli Detected with Multidetector CT and Either TTE or TEE

Multidetector CT
Left Ventricular Patent Foramen Spontaneous
Intracardiac Thrombus Hypokinetic Wall Ovale and/or IASA* Echo Contrast
TTE or TEE Detected Not Detected Detected Not Detected Detected Not Detected Detected Not Detected
Detected 0 0 8 1 10 3 0 3
Not detected 1 45 0 37 0 33 0 43

* |ASA = interatrial septal aneurysm.
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between the two techniques. Regarding
examination of the aortic arch, four pa-
tients with an atheroma greater than
4 mm in thickness were identified by
using TEE. Multidetector CT confirmed
these four cases and depicted two addi-
tional atheromas that were missed with
TEE (Fig 4).

At analysis of the extra- and in-
tracranial arteries, 14 carotid arterial
stenoses of greater than 50%, including
10 cases of complete obstruction, and
four extracranial vertebral artery lesions
were detected with multidetector CT.
These lesions were confirmed at duplex
US and/or MR angiography in all cases.
Regarding stroke of the internal carotid
territory, a homolateral carotid arterial
stenosis of greater than 50% was the
only detected source in six patients. One
case of stroke of the vertebrobasilar ter-
ritory was related to atheroma. Finally,
MR angiography facilitated the detection
of two cases of asymptomatic (ie, con-
tralateral to the actual stroke) intracra-
nial arterial stenosis (middle cerebral
artery), which was confirmed with mul-
tidetector CT. These results led to multi-
detector CT having sensitivity and speci-
ficity for the detection of major arterial
atheroma of 100% (all 24 cases; 95% CI:
85.7%, 100%) and 91% (20 of 22 cases;
95% CI: 70.8%, 98.9%), respectively,
and a k value of 0.92, corresponding to
very good agreement between the two
techniques.

Figure 2

e

Figure 2:  Multidetector CT image (four-chamber
long-axis reconstruction) in 63-year-old man shows
bulging (arrow) of septum secundum in right atrium.
The bulging is considered an interatrial septal
aneurysm.

The final classification of stroke
cause assigned by using the combined
strategy was cardiac sources in 20 (44%)
of the 46 cases, major arterial atheroma
in nine (20%), multiple sources in four
(9%), and cryptogenic in 13 (28%).
With use of multidetector CT, the final
classification of stroke cause was cardiac
sources in 15 (33%) of the 46 cases,
major arterial atheroma in 12 (26%),
multiple sources in three (6%), and
cryptogenic in 16 (35%). These results
led to a correct multidetector CT-based
classification for 38 (83%) of the
46 patients and a k value of 0.78, cor-
responding to good agreement between
the two techniques.

The results of this study demonstrate
the feasibility and potential of single-
session multidetector CT in the etio-
logic work-up of acute ischemic stroke.
Compared with reference-standard meth-
ods such as TEE, multidetector CT ap-
pears to be feasible and well tolerated.
Patient tolerance of multidetector CT
is due mainly to the short duration of
the examination, which is critical in
patients with acute stroke, who may be
unstable and agitated.

Figure 3

Figure 3: Multidetector CT image (four-chamber
long-axis reconstruction) in 59-year-old woman
shows patent foramen ovale with distinct flap
(arrow) in left atrium at expected location of septum
primum and jet of contrast material (arrowhead)
from left atrium into right atrium.

Multidetector CT has been reported
to have good accuracy for the identifi-
cation of extra- and intracranial ather-
omatous disease (4,22). Multidetector
CT may also yield information regarding
plaque composition, including calcifi-
cation and plaque attenuation charac-
teristics, both which may be of interest
in the assessment of vulnerable plaques
(23). Furthermore, multidetector CT
has been demonstrated to be effective
and reproducible in the detection and
quantification of aortic arch atheroma
(24,25). In the identification of cardio-
embolic etiologies, Hur et al (10) achieved
a sensitivity of 89% and a specificity
of 100%. We achieved lower sensitivity
in the current study, which might have
been related to differences in the mul-
tidetector CT protocols: Hur et al (10)
used a prospective ECG-triggered ac-
quisition, the use of which strongly de-
creases the radiation dose and thus en-
ables one to perform a second delayed
acquisition. This acquisition protocol
enabled the detection of circulatory sta-
sis (corresponding to spontaneous echo
contrast with US), which was system-
atically missed with our CT protocol.

Regarding the detection of patent
foramen ovale and interatrial septal an-
eurysm, our study results were similar
to those of Hur et al (10) but included
sensitivity lower than that achieved by
Williamson et al (9). This lack of sen-
sitivity of multidetector CT for patent

Figure 4

a [

Figure 4: Multidetector CT image (sagittal
reconstruction) of aortic arch in 84-year-old man
shows 5-mm-thick atheroma (arrows) of aortic
arch with mixed calcified and hypoattenuating
components.
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foramen ovale and interatrial septal
aneurysm detection will be difficult to
overcome because the dynamic pro-
vocative maneuver performed in TEE
to demonstrate the right-to-left shunt
would require high temporal resolution
and multiple dynamic scanning exami-
nations at the same spatial resolution
to be reproduced with multidetector
CT and thus lead to an increase in the
radiation dose. Finally, the accuracy of
CT in the detection of left ventricular
aneurysms, kinetic abnormalities, and
intracardiac thrombus has been estab-
lished in several studies (8,10,26-29).

In our study, the minor sources of
cardioembolic stroke had the greatest
effect on the multidetector CT-based
final misclassifications, and lacunar
strokes were not considered. Thus, in
cases of negative multidetector CT find-
ings, it may be necessary to perform
complementary cardiac and brain ex-
aminations, ideally with TEE and MR
imaging, because these techniques have
the highest sensitivity (30,31).

The CT protocol we propose has
two main limitations: First, two intra-
venous contrast material injections are
required to study the chest and neck
areas. Changing to a single-injection
protocol would be more preferable to
decrease the total amount of iodine
administered. This would necessitate a
change in the acquisition mode during
scanning because ECG gating is required
for the chest examination, but this mode
would have to be switched off for the
neck examination to decrease the radia-
tion dose. This feature is not available
on current clinical CT scanners, and its
implementation represents an important
challenge for future CT developments.

The second main limitation of our
CT protocol is the required radiation
dose. Despite an attempt to lower the
dose by decreasing the milliampere-
second setting (from 300 mAs per sec-
tion), the retrospective helical mode we
used for cardiac examination led to high
radiation exposure. The optimal CT pro-
tocol for diagnosis and etiologic work-up
might include a CT brain perfusion study
followed by a single-shot acquisition in
the ECG-gated prospective mode in the
chest (in the feet-to-head direction) and

then a non-ECG-gated acquisition in the
neck vessels. Furtado et al (32) recently
proposed the use of such a combination
with a 64-detector row scanner and a
protocol that enables evaluation of the
coronary arteries. They reported good
overall image quality but a high rate of
failed examinations. The use of recently
available large-detector CT scanners may
address these shortcomings. Neverthe-
less, this strategy would need further
validation—mainly of the accuracy of CT
brain perfusion imaging, as compared
with brain MR imaging, in identifying
lacunar stroke.

Another limitation in our study was
related to difficulties in establishing a
standard of reference. The equivalence
in diagnostic accuracy between multi-
detector CT and MR imaging for study
of the carotid arteries may be well es-
tablished (4,22), but the capability of
multidetector CT for aorta and cardiac
analysis is still being debated. In our
study, we considered any multidetector
CT finding that was not confirmed with
TTE or TEE to be false positive. This
led us to misclassify two large aortic
plaques and one thrombus of the left
ventricle that were obvious with mul-
tidetector CT, decreasing the overall
specificity of the technique. Comparison
with another method such as cardiac
MR imaging for investigation of cardiac
sources or assessment of the combina-
tion of multidetector CT and either TEE
or TTE would be of interest.

The fact that intra- and interob-
server reproducibility was not calculated
represents an additional limitation of
our study. The design of this open pilot
study included a consensual analysis of
all images by experienced observers. As
such, the accuracy values are probably
overestimated. Finally, the delay between
CT and the other examinations was vari-
able, and this might have hampered the
comparison between CT and the other
techniques. However, performing all ex-
aminations within 1 day generally is not
possible owing to the poor clinical condi-
tion of these patients.

In conclusion, multidetector CT is a
promising tool in the etiologic screening
of ischemic stroke. Multidetector CT
may be the first-line imaging modality

for identifying acute ischemic stroke
causes: It facilitated a correct etiologic
classification in up to 83% of the pa-
tients in the current study. Negative
multidetector CT results should be con-
firmed with TEE and MR imaging. This
imaging strategy should be validated in
a larger randomized study involving
medical-economic analysis to prove its
cost effectiveness in the etiologic work-up
of ischemic stroke.

Acknowledgments: We acknowledge Mohamed
Aissat, Maxime Tardieu, Delphine Gamondes, MD,
and Ingrid Sanchez, MD, from the Department
of Radiology, Louis Pradel Hospital, Bron, France;
Mark Inglin for help in manuscript editing; and
Murielle Rabilloud, MD, PhD, from the Depart-
ment of Biostatistics, Hospices Civils de Lyon,
Lyon, France, for help in statistical analysis.

References

1. Lovett JK, Coull AJ, Rothwell PM. Early risk
of recurrence by subtype of ischemic stroke
in population-based incidence studies. Neu-
rology 2004;62(4):569-573.

2. Adams HP Jr, Bendixen BH, Kappelle LJ, et al.
Classification of subtype of acute ischemic
stroke: definitions for use in a multicenter
clinical trial =TOAST (Trial of Org 10172
in Acute Stroke Treatment). Stroke 1993;
24(1):35-41.

3. AyH, FurieKL, Singhal A, Smith WS, Sorensen
AG, Koroshetz WJ. An evidence-based caus-
ative classification system for acute ischemic

stroke. Ann Neurol 2005;58(5):688-697.

4. Nonent M, Serfaty JM, Nighoghossian N,
et al. Concordance rate differences of 3
noninvasive imaging technicques to measure
carotid stenosis in clinical routine practice:
results of the CARMEDAS multicenter study.
Stroke 2004;35(3):682-686.

5. Nguyen-Huynh MN, Wintermark M, English
J, et al. How accurate is CT angiography in
evaluating intracranial atherosclerotic dis-
ease? Stroke 2008;39(4):1184-1188.

6. van der Vleuten PA, Willems TP, Gotte MJ,
et al. Quantification of global left ventricu-
lar function: comparison of multidetector
computed tomography and magnetic reso-
nance imaging—a meta-analysis and review
of the current literature. Acta Radiol 2006;
47(10):1049-1057.

7. Woodard PK, Bhalla S, Javidan-Nejad C,
Gutierrez FR. Non-coronary cardiac CT im-
aging. Semin Ultrasound CT MR 2006;27(1):
56-75.

8. Hur J, Kim YJ, Nam JE, et al. Thrombus in
the left atrial appendage in stroke patients:

Radiology: \olume 258: Number 1—dJanuary 2011 = radiology.rsna.org

21



>
i

S
=

S
s

NEURORADIOLOGY: Etiologic Work-up of Ischemic Stroke with Multidetector CT

Boussel et al

10.

11.

13.

16.

detection with cardiac CT angiography—a
preliminary report. Radiology 2008;249(1):
81-87.

. Williamson EE, Kirsch J, Araoz PA, et al.

ECG-gated cardiac CT angiography using
64-MDCT for detection of patent foramen
ovale. AJR Am J Roentgenol 2008;190(4):
929-933.

Hur J, Kim YJ, Lee HJ, et al. Cardiac com-
puted tomographic angiography for detec-
tion of cardiac sources of embolism in stroke

patients. Stroke 2009;40(6):2073-2078.

Brott T, Adams HP Jr, Olinger CP, et al.
Measurements of acute cerebral infarction:
a clinical examination scale. Stroke 1989;
20(7):864-870.

. Budoff MJ, Cohen MC, Garcia MJ, et al.

ACCF/AHA clinical competence statement on
cardiac imaging with computed tomography
and magnetic resonance. Circulation 2005;
112(4):598-617.

Schroeder S, Achenbach S, Bengel F, et al.
Cardiac computed tomography: indications,
applications, limitations, and training require-
ments—report of a writing group deployed
by the Working Group Nuclear Cardiology
and Cardiac CT of the European Society of
Cardiology and the European Council of
Nuclear Cardiology. Eur Heart J 2008;29(4):
531-556.

. Weinreb JC, Larson PA, Woodard PK, et al.

American College of Radiology clinical state-
ment on noninvasive cardiac imaging. Radi-

ology 2005;235(3):723-727.

. Grant EG, Benson CB, Moneta GL, et al.

Carotid artery stenosis: gray-scale and Dop-
pler US diagnosis—Society of Radiologists in
Ultrasound Consensus Conference. Radiol-
ogy 2003;229(2):340-346.

North American Symptomatic Carotid En-
darterectomy Trial (NASCET) Investigators.
Clinical alert: benefit of carotid endarterec-
tomy for patients with high-grade stenosis of
the internal carotid artery—National Institute
of Neurological Disorders and Stroke and
Trauma Division. Stroke 1991;22(6):816-817.

17.

18.

19.

20.

21.

22.

23.

24.

Weber A, Jones EF, Zavala JA, Ponnuthurai
FA, Donnan GA. Intraobserver and interob-
server variability of transesophageal echocar-
diography in aortic arch atheroma measure-
ment. J Am Soc Echocardiogr 2008;21(2):
129-133.

Cohen A, Tzourio C, Bertrand B, Chauvel
C, Bousser MG, Amarenco P; FAPS Inves-
tigators. Aortic plaque morphology and vas-
cular events: a follow-up study in patients
with ischemic stroke—French Study of
Aortic Plaques in Stroke. Circulation 1997;
96(11):3838-3841.

Chimowitz MI, Lynn MJ, Howlett-Smith H,
et al. Comparison of warfarin and aspirin for
symptomatic intracranial arterial stenosis.

N Engl J Med 2005;352(13):1305-1316.

Harloff A, Handke M, Reinhard M, Geibel
A, Hetzel A. Therapeutic strategies after ex-
amination by transesophageal echocardiog-
raphy in 503 patients with ischemic stroke.
Stroke 2006;37(3):859-864.

Zabalgoitia M, Halperin JL, Pearce LA,
Blackshear JL, Asinger RW, Hart RG;
Stroke Prevention in Atrial Fibrillation III In-
vestigators. Transesophageal echocardio-
graphic correlates of clinical risk of throm-
boembolism in nonvalvular atrial fibrillation.

J Am Coll Cardiol 1998;31(7):1622-1626.

Bash S, Villablanca JP, Jahan R, et al. Intra-
cranial vascular stenosis and occlusive dis-
ease: evaluation with CT angiography, MR
angiography, and digital subtraction angiog-
raphy. AJNR Am J Neuroradiol 2005;26(5):
1012-1021.

Serfaty JM, Nonent M, Nighoghossian N,
et al; CARMEDAS Study Group. Plaque den-
sity on CT, a potential marker of ischemic
stroke. [Published correction appears in Neu-
rology 2006;66(8):1288.] Neurology 2006;
66(1):118-120.

Hussain SI, Gilkeson RC, Suarez JI, et al.
Comparing electrocardiogram-
gated spiral computerized tomography and
transesophageal echocardiography in evalu-

multislice

ating aortic atheroma in patients with acute

25.

26.

27.

28.

29.

30.

31.

32.

ischemic stroke. J Stroke Cerebrovasc Dis
2008;17(3):134-140.

Pandya DJ, Gilkeson RC, Suarez JI, et al.
Interobserver and intraobserver reliabilities
of multislice electrocardiogram-gated spiral
computerized tomography in evaluating aor-
tic atheroma in patients with acute ischemic
stroke. Clin Imaging 2008;32(2):109-113.

Brodoefel H, Reimann A, Klumpp B, et al.
Sixty-four-slice CT in the assessment of global
and regional left ventricular function: com-
parison with MRI in a porcine model of acute
and subacute myocardial infarction. Eur

Radiol 2007;17(11):2948-2956.

Cury RC, Nieman K, Shapiro MD, et al.
Comprehensive assessment of myocardial
perfusion defects, regional wall motion, and
left ventricular function by using 64-section
multidetector CT. Radiology 2008;248(2):
466-475.

Foster CJ, Sekiya T, Love HG, Brownlee WC,
Griffin JF, Isherwood I. Identification of intra-
cardiac thrombus: comparison of computed
tomography and cross-sectional echocardiog-
raphy. Br J Radiol 1987;60(712):327-331.

Mochizuki T, Koyama Y, Tanaka H, Ikezoe J,
Shen Y, Azemoto S. Images in cardiovascular
medicine: left ventricular thrombus detected
by two- and three-dimensional computed
tomographic ventriculography—a new appli-
cation of helical CT. Circulation 1998;98(9):
933-934.

Galougahi KK, Stewart T, Choong CY, Yates
M, Tofler GH. The utility of transoesopha-
geal echocardiography to determine man-
agement in suspected embolic stroke. Intern
Med J 2009 Oct 22. [Epub ahead of print].

Singer MB, Chong J, Lu D, Schonewille W/,
Tuhrim S, Atlas SW. Diffusion-weighted
MRI in acute subcortical infarction. Stroke
1998;29(1):133-136.

Furtado AD, Adraktas DD, Brasic N, et al.
The triple rule-out for acute ischemic stroke:
imaging the brain, carotid arteries, aorta, and
heart. AJNR Am J Neuroradiol 2010;31(7):
1290-1296.

212

radiology.rsna.org = Radiology: \olume 258: Number 1—January 2011



