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Abstract

Aortic mural thrombus (AMT) in the ascending aorta is a rare source of embolism. Recently, the
usefulness of contrast computed tomography (CT) has been reported, and we sought to examine
the differences between cardiac CT and CT angiography (CTA). A 58-year-old patient of acute
embolic infarction was treated by endovascular thrombectomy. Postoperative cardiac CT revealed
the AMT as an embolic source. The lesion was not detected by the CTA performed 2 days before.
This is the first case report of AMT to highlight the apparent utility of cardiac CT. Although
trans-esophageal echocardiogram (TEE) is still the first choice for routine embolic exploration,
cardiac CT may play a role as an alternative tool aimed to detect small size AMT.
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Introduction

Since primary thrombosis of the aorta was first
described in the late 1940s," it has always been a
differential diagnosis for embolic stroke. Neverthe-
less, the possibility of missing a cryptogenic cardiac
embolism has persisted because of the insufficient
imaging techniques. Aortic mural thrombus (AMT)
of a non-aneurysmatic and non-atherosclerotic aorta
is an unusual but possible cause of embolism.?¥
Owing to the widespread use of trans-esophageal
echocardiogram (TEE), routine exploration after
embolic events has revealed the source of embolism.
TEE is also effective for the detection of arterial
septal defect (ASD), patent foramen ovale (PFO),
and left atrial (LA) thrombus. Therefore, in current
clinical practice, TEE is regarded as the first choice
examination for patients with acute stroke of
suspected aortic etiology. On the other hand, given
the drawbacks that discourage the use of this
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examination, an ancillary, or even alternative, exam-
ination has been sought by several clinicians, and
both computed tomography angiography (CTA) and
ECG-gated contrast computed tomography (cardiac
CT) have been considered to play an auxiliary role
in ischemic stroke management.

Therefore, we successfully detected a rare embolic
source by TEE and compared the radiological features
between CTA and cardiac CT. This is the first report
to compare the radiological features between CTA
and cardiac CT in AMT of the ascending aorta. Our
report implies the possibility of an alternative
modality of embolic source exploration.

Case Report

A 58-year-old patient with no medical history was
brought to our emergency department with sudden
onset of deterioration of consciousness. Physical
examination revealed right paresis and global aphasia.
The National Institutes of Health Stroke Scale
(NIHSS) score was 13 out of 42. CTA and magnetic
resonance imaging (MRI) images showed acute
cerebral infarction due to left middle cerebral artery
(MCA) occlusion. Endovascular thrombectomy was
performed and subsequent imaging showed successful
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Fig. 1 Angiographic findings of the left internal cerebral artery. MCA occlusion was shown (A, arrow). Image
after thrombectomy showed revascularization of the occluded artery (B). MCA: middle cerebral artery.

Fig. 2 TEE revealed a pedunculate tumor-like lesion approximately 7 mm in size (A, short axis view, arrow),
the thrombus was highly mobile and located on the proximal ascending aorta (B, long axis view, arrow). TEE:

trans-esophageal echocardiogram.

revascularization (Fig. 1). Postoperative MRI showed
diffuse infarction of the left hemisphere. Since the
embolic source was unknown, the patient was kept
under 24-hour monitor surveillance, had a Holter
electrocardiogram (ECG), and underwent transtho-
racic echocardiogram, but no cardiogenic embolic
source was revealed. The entire aorta was normal
and showed no atherosclerotic change on CTA
imaging. TEE revealed a pedunculate tumor-like
lesion on the proximal ascending aorta (Fig. 2). The
lesion was highly mobile and approximately 7 mm
in size. Cardiac CT showed a corresponding contrast

medium filling defect (Fig. 3). This finding was
not detected on the CTA taken 2 days before. AMT
was suspected, and surgical removal was planned
1 month after hospitalization. We started anti-
coagulant therapy with heparin followed by bridging
therapy with warfarin (controlled within 2.0-3.0
international normalized ratio). Follow-up TEE was
performed 3 weeks after admission, and showed
complete resolution of the thrombus (Fig. 4). During
this period, there was no sign of symptomatic
embolism. Cardiac CT was also performed and
revealed the same result. An additional CTA was
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Fig. 3 Cardiac CT images showed a corresponding contrast medium filling defect on the ascending aorta. The
aorta itself did not show atherosclerotic changes (A, short axis view, arrow; B long axis view, arrow). CTA images
taken 2 days before cardiac CT were not able to detect the lesion (C, short axis view; D, long axis view). CT:

computed tomography, CTA: CT angiography.

performed to rule out peripheral embolism, but
there were no signs of occluded arteries. Based on
the radiological and histological results and the
clinical course, the final diagnosis was AMT. The
operation was suspended and the patient was kept
on anticoagulants. He had no recurrent lesion on
TEE or cardiac CT at the 6-week follow-up (Fig. 4)
and was transferred to a rehabilitation hospital.

Discussion

Primary thrombosis of the aorta has always been a
differential diagnosis of embolic stroke, but the
possibility of missing a cryptogenic cardiac embo-
lism due to insufficient imaging techniques has
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been a continual problem. In 2014, Hart et al.
proposed the definition of an embolic stroke of
undetermined source (ESUS). In ESUS management,
the search for an aortogenic source by TEE, CTA,
or cardiac CT is not required.” However, our case
suggests that cardiac CT should be incorporated
into the routine embolic evaluation after stroke.
The currently widespread use of TEE and the
technical improvement in CT have enabled more
detailed evaluation of the aorta. It is now known
that there are two types of embolic sources in the
aorta. The type seen in the elderly is severe complex
aortic atheroma (CAA), which is defined by plaques
with a thickness of greater than 4 mm or that contain
mobile components or ulceration. The other type is
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3 Weeks

6 Weeks

Fig. 4 Follow-up cardiac CT images and TEE at 3 weeks post-stroke showed complete resolution of the aortic
thrombus (A, cardiac CT; C, TEE). There was no recurrent thrombus in the follow-up images at 6 weeks post-
stroke (B, cardiac CT; D, TEE). CT: computed tomography, TEE: trans-esophageal echocardiogram.

AMT of a non-aneurysmatic and non-atherosclerotic
aorta, which is an unusual but possible cause of
embolism. In a report of 10671 consecutive autopsy
studies, 48 cases (0.45%) had thrombi with a normal
aorta. Thoracic AMT was found in only 10 cases
(0.09%).% In a report of TEE performed in 27, 855
cases of recent arterial embolism, 23 cases (0.08%)
had mobile aortic thrombi of the arch without athero-
sclerotic change.” The latter can be easily overlooked
since the aorta seems to be normal on CTA images.

In the early 2000s, the technological advancement
of diagnostic images increased the detection of aortic
lesions.”® CT has a strong advantage in evaluating
extracardiac anatomy, and determining the extent
of lesion. It is also valuable for patients who cannot
tolerate TEE and is useful for follow-up examination.

The strongest advantage of CTA is that the aortic
image can be obtained at stroke onset by extending
the scan range of the cerebral CTA to include the
heart, without a significant increase in the contrast
medium or radiation exposure. Since CTA of the
cervical and intracranial arteries has become one
of the routine examinations for decision-making in
acute ischemic stroke, it is feasible to make a slight
change to the imaging protocol. This may resolve
the potential problem of remnant clots dissolving
or being flushed into the blood circulation shortly
after stroke onset, before further examination can
be performed.” Yagyu et al.'” reported two cases of
ascending aortic thrombus detected by CTA. However,
a previous report on 250 patients showed that the
sensitivity of CTA in detecting aortic arch atheroma
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was 53% and the specificity was 89%, indicating
that CTA may not be sensitive enough.?

Currently, in light of advances in multi-detector
CT with ECG synchronization techniques, cardiac
CT enables a quick evaluation of the cardiac struc-
ture and abnormalities such as cardiogenic embolism,
and complex plaques of the thoracic aorta. After
detection of ECG, the scan covers the whole heart
during multiple cardiac cycles. Therefore, informa-
tion from different phases of the cardiac cycle is
gained and can be used to construct a detailed
cardiac image. Since the movement artifacts are
reduced, the image quality is higher than that of
CTA. Cardiac CT is already known to be a useful
examination for LA thrombus detection. In a
meta-analysis of 19 studies with 2955 patients with
cardiogenic ischemic stroke, the efficacy of cardiac
CT was confirmed with a sensitivity and specificity
of 96% and 92%, respectively, for LA thrombus
detection.'® Furthermore, an investigation of 46
cryptogenic stroke patients found that all 9 cases
of aortic lesions detected with TEE were properly
identified with cardiac CT. Indeed, Pandya et al.'®
reported that cardiac CT could be used to detect
CAAs with good reliability. The greatest advantage
cardiac CT is that, unlike TEE, the examination is
non-dependent to the examiner. In our case, cardiac
CT was superior to CTA in detecting a pedunculate
thrombus. With the application of the ECG synchro-
nization technique, cardiac CT successfully acquired
accurate images of the highly mobile lesion, by
reducing movement artifacts.

Cardiac CT has certain technical limitations.
Thrombi smaller than 4 mm are very difficult to
detect.'¥ Since it involves static imaging, thrombus
mobility, which is an important risk factor for
peripheral recurrent embolism,'” cannot be evalu-
ated. Moreover, in clinical practice, patient coop-
eration with immobilization and a short breath hold
is required. The most significant drawback is that
it cannot evaluate ASD and PFO.

In conclusion, while cardiac CT is already a
well-established and widely used examination in
the field of cardiology, it is not yet accepted as a
customary tool to detect the embolic source of
stroke. Although there are some disadvantages, its
less invasiveness may contribute to our clinical
practice. To the best of our knowledge, this is the
first case report of AMT of the ascending aorta to
highlight the apparent difference between CTA and
cardiac CT imaging. Although TEE, which is capable
of detecting etiologies such as aortic disease and
cardiac shunt disease, is still the standard exam-
ination for routine embolic exploration, cardiac CT
may play a role as an alternative tool aimed to
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detect small size AMT especially in patients who
cannot bare the physical stress of TEE.
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