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CT Angiography of the Heart and Aorta in TIA and Ischaemic
Stroke: Cardioembolic Risk Sources and Clinical Implications

Ghislaine Holswilder, msc,* Marieke JH Wermer, MD, PhD, T
Eduard R Holman, MD, PhD,§ Nyika D Kruyt, MD, PhD,§
Lucia JM Kroft, MD, PhD,* and Marianne AA van Walderveen, MD, PhD*

Background: Cardiac emboli are important causes of (recurrent) ischaemic stroke.
Aorta atherosclerosis might also be associated with an increased risk of stroke
recurrence. This study aimed to evaluate the yield and clinical implications of CT-
angiography (CTA) of the heart and aorta in the diagnostic workup of transient
ischaemic attack (TIA) or ischaemic stroke. Methods: CTA of the heart and aortic
arch was performed in TIA/ischaemic stroke patients, in addition to routine diag-
nostic workup. Occurrence of cardioembolic (CE) risk sources and complex aortic
plaques were assessed. Implications of cardiac CTA for therapeutic management
were evaluated Results: Sixty-seven patients were included (TIA n =33, ischaemic
stroke n =34) with a mean age of 68 years (range 51—89) and median NIHSS of 0
(interquartile range 0—2). CE risk sources were detected in 29 (43%) patients. An
intracardiac thrombus was present in 2 patients (3%; TIA 0%; ischaemic stroke 6%).
Medium/low-risk CE sources included mitral annular calcification (9%), aortic valve
calcification (18%) and patent foramen ovale (18%). Complex aortic plaque was iden-
tified in 16 patients (24%). In two patients with an intracardiac thrombus, therapeutic
management changed from antiplatelet to oral anticoagulation. Conclusions: CTA of
the heart and aorta has a high yield for detection of embolic risk sources in TIA/
ischaemic stroke, with clinical consequences for 6% of ischaemic stroke patients.
Implementation of CTA of the heart and aorta in the acute stroke setting seems valu-

able, but cost-effectiveness of this approach remains to be determined.
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Introduction

Transient ischaemic attack (TIA) and ischaemic stroke
(IS) patients are at high risk of recurrent stroke, in particu-
lar in the first week after the initial event. Cardio-
embolic (CE) stroke accounts for 22% of all strokes” and is
a severe stroke subtype with a high risk of recurrence and

mortali’fy.3 In addition, presence of severe aorta athero-
sclerosis might be associated with an increased risk of
recurrent stroke.” Especially thick (=4 mm) or ulcerated
atherosclerotic plaques in the thoracic aorta has been sug-
gested to be a possible cause of TIA and IS.” For some CE
sources and for aorta atherosclerosis, the optimal choice
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of therapy is unclear. However, identification of an intra-
cardiac thrombus changes secondary prophylaxis from
antiplatelets to anticoagulants which reduces stroke recur-
rence rate substantially.” Diagnostic evaluation in the
acute to subacute phase of stroke is therefore important to
initiate secondary prophylaxis to prevent recurrences.”

Current diagnostic workup for the identification of CE
stroke includes electrocardiogram (ECG) recording, trans-
thoracic echocardiography (TTE), and only when TTE
shows no abnormalities in patients with a high suspicion
of a CE source, transoesophageal echocardiography
(TEE). There is no true gold standard for the identification
of CE sources. Until now, TEE is often considered the best
method for detection of left atrium (LA) and left atrial
appendage (LAA) thrombi. However, TEE is relatively
uncomfortable and carries a small risk of injury.® More-
over, guidelines recommend TTE because of its non-inva-
sive nature and low costs.” Cardiac CTA has high
sensitivity and specificity for identification of potential
cardiac sources compared with TEE.'° * However, car-
diac CTA is currently not recommended in guidelines for
the identification of possible CE sources” and assessment
of aorta atherosclerosis is generally not performed on a
routine basis in clinical practice.

Early CTA screening could carry therapeutic implica-
tions by identifying a possible embolic source. Previous
studies showed that implementation of CTA of the heart
and aorta is a feasible alternative to TEE for identification
of CE sources,'”> however, these studies either included
patients with a high probability for having CE sources (e.
g. suspected embolic stroke or AF),*'*"*"'7 or did not
include patients with suspected TIA.'® *’ The objective of
this study was therefore to investigate the yield and the
therapeutic implications of CTA of the heart and aorta in
patients presenting with TIA or IS without a specific high
probability for CE sources.

Methods

This study was approved by the medical ethical com-
mittee of the Leiden University Medical Center and proce-
dures were followed in accordance to institutional
guidelines. All study procedures were performed after
patients provided written informed consent.

Patients

Consecutive patients presenting for TIA evaluation
were screened for inclusion at the Neurology Department
of the Leiden University Medical Center (the Netherlands)
from December 2011 until November 2014. After a pause
(November 2014 until January 2017, because of lack of
funding), consecutive TIA and IS patients were addition-
ally screened for inclusion from January 2017 until Febru-
ary 2018. Hospital procedures for TIA patient evaluation
were the same for both inclusion periods. TIA was
defined as a temporary episode of focal neurological
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dysfunction (resolving within 24 h) resulting from brain
or retinal ischaemia and without abnormalities on brain
imaging, and IS as lasting focal neurological dysfunction
(lasting more than 24 h, or resolving within 24 h but with
ischaemic lesions on brain imaging).”" Exclusion criteria
were age below 50 years (because more stringent criteria
with regard to radiation exposure are applicable to this
age category),”” known allergy to iodinated contrast
agent, renal insufficiency indicated by Glomerular Filtra-
tion Rate (GFR) less than 50 mL/min, use of oral anticoa-
gulants at the time of admission, and the inability to
perform cardiac CTA within 1 week after symptom onset.

Standard diagnostic workup and study procedures

Standard diagnostic workup included single ECG record-
ings, unenhanced brain CT, and imaging of the carotid arter-
ies (either CTA of the aortic arch to the vertex or cervical
duplex ultrasound). Echocardiography (TTE and/or TEE)
and prolonged ECG monitoring were performed when
atrial fibrillation (AF) or another CE source was suspected
on clinical grounds (i.e. no other cause identified, cortical
symptoms or ischaemic events in different vascular territo-
ries). Specific study procedures included cardiac CTA in all
patients and CTA of the aortic arch to the vertex when this
was not performed according to standard workup. In more
detail, for patients with suspected TIA standard diagnostic
workup at our TIA clinic included duplex ultrasound, and
CTA of the aortic arch until the vertex was performed as
part of the research procedures. Since all diagnostic proce-
dures were performed on the day of admission, CTA of the
aortic arch to the vertex and cardiac CTA were performed
immediately following standard diagnostic cervical duplex
ultrasound and unenhanced brain CT examinations. For IS
patients, the carotid arteries were generally assessed with
CTA as part of standard diagnostic workup at the emer-
gency room, so research procedures included only the addi-
tional cardiac CTA. Furthermore, in acute IS patients, rapid
diagnostic workup is important because any delay in intra-
venous or intra-arterial recanalizing treatment will nega-
tively influence patients” outcome. Informed consent was
therefore not obtained in the acute phase, but postponed to
the subacute phase, and cardiac CTA was performed within
2 days after standard diagnostic workup. When cardiac
CTA indicated an intracardiac thrombus, TTE and/or TEE
was performed to confirm this finding.

CT Image Acquisition

CT studies were obtained with a volumetric 320-detec-
tor row CT scanner (Aquilion-One from 2011-2018 or
Aquilion-One Genesis from 2017—-2018, Toshiba Medical
Systems, Otawara, Japan). Patients received an unen-
hanced brain CT scan, followed by CTA of the aortic arch
to the vertex. CTA was performed with injection of 50 mL
of contrast agent (Ultravist 370 mg/mL, Bayer, Leverku-
sen, Germany) followed by a bolus of 35 mL saline, both
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with a flow rate of 3.5 mL/s. Cardiac CTA was performed
with a prospectively ECG-gated volumetric acquisition,
after an additional bolus injection of 50 mL of contrast
agent followed by 5 mL saline flush with a flow rate of
5.0 mL/s. Images were acquired during an inspiratory
breath hold, without the use of beta-blockers.

Image Analysis

Unenhanced brain CT and CTA of the aortic arch to the
vertex or cervical duplex ultrasound were evaluated
according to standard clinical practice. Significant internal
carotid artery stenosis was defined as symptomatic (ipsi-
lateral) carotid stenosis of 50—99% observed on CTA
according to the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) method.”** On CTA,
the thoracic aorta was assessed from the ascending aorta
until 2 cm after the left subclavian artery of the proximal
descending aorta.””” We analysed the aorta for the pres-
ence of a complex aortic plaque, which was defined as
>4 mm in thickness or presence of ulceration® (GH, 5 years
of experience in CTA analysis, blinded to clinical aetiol-
ogy). Evaluation of cardiac CTA was performed by a radi-
ologist (LK, >20 years of experience, blinded to clinical
aetiology) for occurrence of CE risk sources and catego-
rized as high-risk versus medium/low-risk sources.
High-risk CE sources included intracardiac thrombus in
either LA, LAA or left ventricle (LV). These were defined
as a filling defect with an oval or round shape in the
LAA,*® or with a lower attenuation than the papillary
muscle in the LA or LV.” Medium/low-risk sources
included mitral annular calcification, aortic valve calcifi-
cation, patent foramen ovale,'! atrial septal aneurysm,
and presence of LV aneurysm without thrombus.”® In
addition, filling defects suspected to be an intracardiac
thrombus, but lacking an oval shape or lower attenuation,
were noted as a medium/low-risk source.”**’

Outcome assessments

Yield of CTA of the heart and aorta was assessed by
descriptive statistics, reporting the proportion of high-
risk, medium/low-risk CE findings and aortic plaques for
all patients and for TIA or IS patients separately. Implica-
tions of cardiac CTA for therapeutic management were
assessed by reporting the proportion of patients with a
high-risk CE source resulting in a change in secondary
preventive treatment from antiplatelet to oral anticoagu-
lant therapy.

Results

In the periods December 2011— November 2014 and
January 2017—February 2018, out of 802 screened
patients, 163 patients (20%) were eligible for this study.
(Fig. 1). Main reason for exclusion was an uncertain

clinical diagnosis based on first assessment (symptoms
likely not belonging to TIA or IS but indicating a possible
other diagnosis) prior to standard diagnostic workup
(n = 261). Other reasons for exclusion are shown in Fig. 1.
Of the remaining 163 patients, cardiac CTA was not possi-
ble in 42 (26%) patients, due to logistics or technical prob-
lems (n = 9), early discharge (n = 7), not possible < 2 days
after standard workup (n = 4), judged as too burdensome
(mainly because of recent endovascular stroke treatment,
n = 19), or other reasons (n = 3). A further 49 (30%)
patients refused participation, resulting in the inclusion of
72 patients. Final diagnosis of a stroke mimic became evi-
dent after cardiac CTA in 5 patients with suspected TIA.
In the final analysis, 67 patients were included. Although
47 patients presented with a suspicion of TIA, 14 of these
47 patients showed signs of recent ischaemia on diagnos-
tic brain CT and diagnosis was therefore changed from
TIA to IS. This resulted in the inclusion of 33 patients with
TIA and 34 with IS. (Fig. 1). Baseline characteristics are
shown in Table 1. Mean age of the patients was 68 years
(range 51 to 89 years) and 69% were men. Median
National Institutes of Health Stroke Scale (NIHSS) of all
patients was 0 (interquartile range (IQR), 0—2); median
NIHSS of the IS patients was 2 (IQR, 1-3.25). Two
patients (3%) had a history of AF without being treated
with oral anticoagulants.

Standard diagnostic evaluation

Results of standard diagnostic workup are shown in
Table 2. ECG recordings of 9 patients were indicative of
cardiac disease (e.g., arrhythmia, left ventricular hypertro-
phy or atrioventricular block). CTA identified 8 patients
(12%; TIA 18%, IS 6%) with significant carotid artery ste-
nosis and 3 patients (4%; TIA 0%, IS 9%) with an intracra-
nial large vessel occlusion.

CTA of heart and aorta

Cardiac CTA was performed with a median of 2 days
after symptom onset (IQR 1-2). On cardiac CTA, an intra-
cardiac thrombus was present in 2 patients (3%; TIA 0%, IS
6%). Thirty-seven medium /low-risk CE sources were identi-
fied in 28 patients (42%) and included patent foramen ovale
(n = 12, 18%), mitral annular calcification (n = 6, 9%) and
aortic valve calcification (n = 12, 18%). Complex aortic
plaques were identified in 16 patients (24%; TIA 30%,
IS 19%); in 7 patients (10%) plaques were located prox-
imal to the supra-aortic artery ipsilateral to the affected
territory. Of these 7 patients, 3 patients also showed
significant carotid artery stenosis. (Table 3).

TTE, TEE, Holter ECG

Both patients with an intracardiac thrombus were
referred for further cardiology assessment 2 and 4 days
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Fig. 1. Flowchart of study procedures. CTA — Computed Tomography Angiography; IC — Informed Consent. * Standard workup: unenhanced brain CT, cervi-
cal duplex ultrasound and/or CTA of the aortic arch to the vertex, and single ECG recording. After cardiac CTA, echocardiography was performed in selected
patients. T Patients were not eligible because of uncertain clinical diagnosis based on first assessment (n = 261), renal insufficiency (n = 120), allergy to iodinated
contrast material (n = 10), symptom onset more than 7 days prior to admission (n = 94), age below 50 years (n = 92), unable to provide informed consent
(n = 55), previous use of oral anticoagulants (n = 2), other known cause (n = 5). * Cardiac CTA was not possible due to logistics or technical problems (n = 9),
early discharge (n = 7), not possible < 2 days after standard workup (n = 4), judged as too burdensome (mainly because of recent endovascular stroke treatment,
1 = 19), or other reasons (n = 3). ¥ Five patients were excluded after cardiac CTA due to diagnosis of stroke mimic (sporadic amyloid angiopathy, n = 1; subdural
haemorrhage, n = 1; epilepsy, n = 1; orthostatic hypotension, n =1 ; transient tumour attack, n = 1).

after cardiac CTA, respectively; both intracardiac thrombi
were confirmed by TTE/TEE. Nineteen additional
patients underwent routine cardiology assessment for
clinical reasons (e.g. ECG findings, suspected CE aetiol-
ogy). All patients received TTE, and 9/19 patients
received TEE, after a median of 13.5 days (IQR
4.75-28.5). Holter ECG was performed in 19 patients (24-
hour monitoring n = 11; 48 h n = 7; 1-week n = 1) but did
not identify any AF.

Therapeutic implications

Cardiac CTA resulted in a change from antiplatelets to
oral anticoagulants in the two patients who had an intra-
cardiac thrombus. In these patients, there was no history
of AF, nor was AF detected during cardiological assess-
ment. The number needed to scan to change therapeutic
management was 34.

Discussion

This study showed that prevalence of CE risk sources is
substantial in patients with TIA and IS; a cardiac throm-
bus was identified in 3%, a medium/low-risk CE source
in 42%. Also, a complex plaque in the aorta occurred
often, i.e. in 24% of patients. Identification of an intracar-
diac thrombus on cardiac CTA changed therapeutic man-
agement from antiplatelet to oral anticoagulation
treatment in two IS patients (6%).

The majority of CE risk sources identified were of
medium/low risk that carry no direct therapeutic implica-
tions. A large number of patients had atherosclerotic pla-
que in the aorta (48/67, 72%) of whom 16 (24%) had a
complex plaque. These numbers are similar to previous
studies reporting aorta atherosclerosis with CTA.*'®"
Although a newly diagnosed complex aortic plaque after
TIA or IS can be suggestive of an atherosclerotic aetiology,
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Table 1. Baseline characteristics

Clinical characteristics Total N = 67 TIAN =33 Ischaemic stroke N = 34
Age (Mean, range) 68 (51-89) 68 (51-89) 68 (52—83)
Men (n, %) 46 (69%) 23 (70%) 23 (68%)
Previous TIA/IS (n, %) 17 (25%) 6 (18%) 11 (32%)
Hypertension (n, %) 38 (57%) 12 (36%) 26 (76%)
Hyperlipidaemia (n, %) 22 (33%) 7 21%) 15 (44%)
Diabetes mellitus (n, %) 12 (18%) 4 (12%) 8 (24%)
Myocardial infarction (n, %) 5 (T%) 2 (6%) 3(9%)
Angina Pectoris (n, %) 7 (10%) 3 (9%) 4 (12%)
Atrial Fibrillation (n, %) 2 (3%) 0 (0%) 2 (6%)
Current smoking (n, %) 22 (33%) 9 (27%) 13 (38%)
Use of antiplatelets (n, %) 25 (37%) 11 (33%) 14 (41%)
Stroke characteristics
Cortical symptoms™ 19 (28%) 7 (21%) 12 (35%)
Retina involvement 12 (18%) 6 (18%) 6 (18%)
Lacunar syndrome 9 (13%) 4 (12%) 5 (15%)
Vertebrobasilar symptoms 10 (15%) 5 (15%) 5 (15%)
Other' 17 (25%) 11 (33%) 6 (18%)
Affected territory:
Anterior circulation 53 (79%) 25 (76%) 28 (82%)
Posterior circulation 12 (18%) 6 (18%) 6 (18%)
Uncertain’ 2 (3%) 2 (6%) 0 (0%)
NIHSS (Median, IQR) 0(0-2) 0(0-0) 2 (1-3.25)

NIHSS — National Institutes of Health Stroke Scale; TIA — Transient Ischaemic Attack.
*Cortical symptoms included aphasia, higher mental function deficits and homonymous hemianopia.*’

TOther symptoms included weakness or numbness.

*Affected territory was uncertain when symptoms or imaging findings did not indicate either anterior or posterior circulation.

our population only had a limited number of complex pla-
ques proximal to the supra-aortic arteries. Retrograde
flow in the descending aorta could in theory allow emboli
from plaques distal to the supra-aortic arteries to travel to

the cranial circulation.”””*’ However, causality has yet to
be proven and the most appropriate management in this
setting remains undetermined. Previous studies on
patients with aortic plaque indicated no added benefit in

Table 2. Results of standard diagnostic workup

Total N = 67 TIAN =33 Ischaemic stroke N = 34

ECG recordings

Findings requiring cardiac investigation* 9 (14%) 4 (12%) 5 (15%)

Cardiac problems known from historyT 6 (9%) 3 (9%) 3 (9%)
Unenhanced CT

Early ischaemic changes 7 (10%) 0 (0%) 7 (21%)

Leukoaraiosis 24 (36%) 11 (33%) 13 (38%)

lacunar infarction 19 (28%) 10 (30%) 9 (27%)
Cervical CTA

Significant carotid artery stenosis’ 6 (9%) 5 (15%) 1 (3%)

Carotid artery occlusion 1 (1%) 1 (3%) 0(0%)

Carotid artery near occlusion”’ 1 (1%) 0 (0%) 1 (3%)
Cranial CTA

Intracranial large vessel occlusion 3 (4%) 0 (0%) 3 (9%)

ECG — Electrocardiogram; CT — Computed Tomography; CTA — CT Angiography; TIA — Transient ischaemic attack.

Missing ECG recording in ischaemic stroke patient, n = 1.

*Findings on ECG requiring subsequent cardiac investigation include signs of arrhythmia, left ventricular hypertrophy, possible

myocardial infarction, or atrioventricular block.

*Findings on ECG related to a known cardiac problem from patient history, including myocardial infarction, hypertrophic car-

diomyopathy or left ventricular hypertrophy.

ISignificant carotid artery stenosis is defined according to the North American Symptomatic Carotid Endarterectomy Trial

(NASCET) criteria®” as more than 50%.**

SNear total occlusion of the internal carotid artery is defined as NASCET grade of 99%.
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Table 3. Prevalence of CE risk sources and aorta atherosclerosis
Cardiac CTA Total N = 67 TIAN=33 Ischaemic stroke N = 34
High-risk CE source (n, %)
Intracardiac thrombus (LV/LA/LAA) 2 (3%) 0 (0%) 2 (6%)
Medium/low-risk CE source (n, %)
Filling defects LA/LAA/LV* 2 (3%) 0 (0%) 2 (6%)
PFO 12 (18%) 4 (12%) 8 (24%)
Atrial septal aneurysm 2 (3%) 0 (0%) 2 (6%)
Mitral annular calcification 6 (9%) 2 (6%) 4 (12%)
Aortic valve calcification 12 (18%) 6 (18%) 6 (18%)
LV aneurysm without thrombus 3 (4%) 2 (6%) 1 (3%)
Total 28 (42%) 11 (33%) 17 (50%)
CTA of the aorta’
Aortic plaque < 4 mm 32 (48%) 12 (36%) 20 (63%)
Complex aortic plaque 16 (24%) 10 (30%) 6 (19%)
Plaque > 4 mm 12 (18%) 7 (21%) 5(16%)
Plaque with ulcer 4 (6%) 3 (9%) 1 (3%)

CE — Cardioembolic; CTA — CT Angiography; LV — Left ventricle; LA — Left atrium; LAA — Left atrial appendage; PFO — Patent

foramen ovale; TIA — Transient ischaemic attack.

*Defined as a filling defect with an oval or round shape in the LAA™ or a filling defect with a lower attenuation than the papil-

lary muscle in the LA or LV.”

*Missing n = 2; in two ischaemic stroke patients the aorta was not included in the field of view of the CTA.

secondary prevention for warfarin compared with aspirin
and clopidogrel.30 However, effectiveness of oral anticoa-
gulation versus the current reference standard of clopi-
dogrel monotherapy® for treatment of complex aortic
plaques, has not yet been investigated. The optimal treat-
ment strategy for complex aortic plaques after TIA/IS
could, therefore, still differ from current practice, espe-
cially with the novel anticoagulants with better safety pro-
files than warfarin.”!

Two previous studies describing the use of CTA of the
heart and aorta in patients with acute ischaemic stroke,
reported an intracardiac thrombus prevalence of 10% (2/
20 patients) and 5% (3/65 patients). 1920 These proportions
are somewhat higher than indicated by our study. All stud-
ies were small and therefore the differences in proportions
might not be statistically significant. These studies included
more severe stroke patients or had a higher proportion of
patients with AF. Another study on patients with acute
ischaemic stroke and TIA, reported a thrombus prevalence
of 14% (3/21 patients), however, this study included
patients with either AF or embolic stroke of undetermined
source.”” In our study, we excluded patients who were
already treated with oral anticoagulants and our IS patients
had relatively mild neurological deficits. Prevalence of
high-risk CE sources might be higher in patients with
severe stroke, since patients with CE related strokes have
relatively more severe neurological deficits.”

Alternative strategies, compared with cardiac CTA, to
increase the diagnostic yield for a CE risk source are either
echocardiography or extended cardiac monitoring. A
major limitation of TEE is patient discomfort; further-
more, TEE carries a small risk (<1%) of serious complica-
tions.® On the other hand, cardiac CTA also carries

a small risk of kidney failure due to an increased
contrast load (approximately 50 mL)** and a very small
risk of cancer induction, especially in young patients,
due to increased radiation exposure (approximately
1.5—2.5 mSv).”> Whether the added benefit of identifying
a CE risk source at an early stage with cardiac CTA out-
weighs the risk, especially for younger patients, remains
to be determined.””* The largest problem in clinical prac-
tice is the diagnostic delay that echocardiography may
entail. Echocardiography is not always performed in the
acute stage or in the first days after onset of symptoms.”’
Moreover, even when echocardiography is performed
within a few days, this still gives a substantial delay com-
pared with cardiac CTA that can be performed immedi-
ately on admission. Any delay inevitably increases the
risk of recurrent events in patients with a cardioembolic
stroke. Extended cardiac monitoring increases the rate of
AF detection with resultant increased initiation of anticoa-
gulants and a reduced risk of recurrent IS.”” In addition,
extended cardiac monitoring also enables identification of
paroxysmal AF (PAF), which can be present in 24% of
cryptogenic stroke patients” and has similar indication as
persistent AF for anticoagulation treatment.””” The yield
of extended cardiac monitoring in detection of CE risk
sources as compared to cardiac CTA is unknown at the
moment and needs further evaluation, including cost
effectiveness of each diagnostic strategy.

Our study has several limitations. First, this study
included only patients above 50 years of age. However,
for patients under the age of 50, yield of cardiac CTA
might be substantially higher since cardioembolism is an
important aetiology of stroke in younger people.” Sec-
ond, CTA findings of medium/low-risk CE sources were
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not confirmed by TTE or TEE. However, this study did
not aim to compare TTE/TEE with cardiac CTA and pre-
vious studies already showed good test characteristics of
cardiac CTA for CE risk sources.'! Third, since we
included patients with only mild deficits, we cannot
extrapolate our results to patients with more severe
strokes. Furthermore, the proposed cardiac CTA protocol
requires an inspiratory breath hold that could be challeng-
ing for patients with more severe stroke and may affect
image quality. However, the LA, LAA and LV have a rela-
tively large size (in contrast to the coronary arteries, for
example), and will therefore suffer little from respiratory
artefacts. Even if no breath hold is possible, images will
generally remain useful for detecting or excluding a high-
risk CE source. Finally, cardiac CTA was performed with
a median delay of 2 days after symptom onset, which
might have negatively affected the yield since so-called
‘wash-out’ of thrombi may have occurred in this period.”
In conclusion, CTA of the heart and aorta has a high
yield for detection of embolic risk sources in TIA /IS, with
clinical consequences for 6% of IS patients. Cost-effective-
ness of this approach, especially in comparison with long
term cardiac monitoring, remains to be determined. How-
ever, from a patients” perspective, full diagnostic workup
within one day might be the much-preferred option.

Declaration of Competing Interest

None.

Grant support

MW is supported by a personal grant from the Netherlands
Organization for Scientific Research (NWO/ZonMw VIDI
grant 91717337) and the Dutch Heart Foundation (2016T086).

Acknowledgements

None.

References

1. Coull AJ, Lovett JK, Rothwell PM, et al. Population based
study of early risk of stroke after transient ischaemic
attack or minor stroke: implications for public education
and organisation of services. BMJ 2004;328:326.

2. Ornello R, Degan D, Tiseo C, et al. Distribution and tem-
poral trends from 1993 to 2015 of Ischemic stroke sub-
types: a systematic review and meta-analysis. Stroke; |
Cereb Circ 2018;49:814-819.

3. Arboix A, Alio J. Cardioembolic stroke: clinical features,
specific cardiac disorders and prognosis. Curr Cardiol
Rev 2010;6:150-161.

4. Lee K, Hur ], Hong SR, et al. Predictors of recurrent
stroke in patients with ischemic stroke: comparison study
between transesophageal echocardiography and cardiac
CT. Radiology 2015;276:381-389.

5. Wehrum T, Dragonu I, Strecker C, et al. Aortic atheroma
as a source of stroke - assessment of embolization risk

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

7

using 3D CMR in stroke patients and controls. ] Cardio-
vasc Magn Reson 2017;19:67.

. Kernan WN, Ovbiagele B, Black HR, et al. Guidelines for

the prevention of stroke in patients with stroke and tran-
sient ischemic attack: a guideline for healthcare professio-
nals from the American Heart Association/American
Stroke Association. Stroke; ] Cereb Circ 2014;45:2160-2236.

. Rothwell PM, Giles MF, Chandratheva A, et al. Effect of

urgent treatment of transient ischaemic attack and minor
stroke on early recurrent stroke (EXPRESS study): a pro-
spective population-based sequential comparison. Lancet
(London, England) 2007;370:1432-1442.

. Hilberath JN, Oakes DA, Shernan SK, et al. Safety of

transesophageal echocardiography. ] Am Soc Echocar-
diogr: Off Publ Am Soc Echocardiogr 2010;23:1115-1127.
quiz 1220-1111.

. Saric M, Armour AC, Arnaout MS, et al. Guidelines for

the use of echocardiography in the evaluation of a cardiac
source of embolism. ] Am Soc Echocardiogr: Off Publ Am
Soc Echocardiogr 2016;29:1-42.

Hur ], Kim Y], Lee HJ, et al. Cardiac computed tomo-
graphic angiography for detection of cardiac sources of
embolism in stroke patients. Stroke; ] Cereb Circ
2009;40:2073-2078.

Romero J, Husain SA, Kelesidis I, et al. Detection of left
atrial appendage thrombus by cardiac computed tomog-
raphy in patients with atrial fibrillation: a meta-analysis.
Circ Cardiovasc Imaging 2013;6:185-194.

Groeneveld NS, Guglielmi V, Leeflang MMG, et al. CT
angiography vs echocardiography for detection of car-
diac thrombi in ischemic stroke: a systematic review and
meta-analysis. ] Neurol 2020.

Hur J, Kim Y], Lee HJ, et al. Left atrial appendage
thrombi in stroke patients: detection with two-phase car-
diac CT angiography versus transesophageal echocardi-
ography. Radiology 2009;251:683-690.

Kim SC, Chun EJ, Choi SI, et al. Differentiation between
spontaneous echocardiographic contrast and left atrial
appendage thrombus in patients with suspected embolic
stroke using two-phase multidetector computed tomog-
raphy. Am ] Cardiol 2010;106:1174-1181.

Hur J, Kim Y], Lee HJ, et al. Dual-enhanced cardiac CT
for detection of left atrial appendage thrombus in patients
with stroke: a prospective comparison study with transe-
sophageal echocardiography. Stroke; ] Cereb Circul
2011;42:2471-2477.

Hur J, Kim Y], Lee HJ, et al. Cardioembolic stroke: dual-
energy cardiac CT for differentiation of left atrial append-
age thrombus and circulatory stasis. Radiology 2012;263:
688-695.

Popkirov S, Schlegel U, Weber W, et al. Cardiac imaging
within emergency CT angiography for acute stroke can
detect atrial clots. Front Neurol 2019;10:349.
Chatzikonstantinou A, Krissak R, Fluchter S, et al. CT
angiography of the aorta is superior to transesophageal
echocardiography for determining stroke subtypes in
patients with cryptogenic ischemic stroke. Cerebrovasc
Dis (Basel, Switzerland) 2012;33:322-328.

Guglielmi V, Planken RN, Mihl C, et al. Non-gated car-
diac CT angiography for detection of cardio-aortic sour-
ces of embolism in the acute phase of ischaemic stroke. J
Neurol, Neurosurg, Psychiatry 2020;91:442-443.

Yeo LLL, Holmin S, Andersson T, et al. Nongated cardiac
computed tomographic angiograms for detection of
embolic sources in acute ischemic stroke. Stroke; ] Cereb
Circ 2017;48:1256-1261.


http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0001
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0001
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0001
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0001
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0002
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0002
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0002
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0002
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0003
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0003
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0003
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0004
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0004
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0004
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0004
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0005
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0005
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0005
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0005
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0006
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0006
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0006
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0006
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0006
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0007
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0007
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0007
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0007
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0007
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0008
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0008
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0008
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0008
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0009
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0009
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0009
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0009
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0010
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0010
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0010
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0010
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0011
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0011
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0011
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0011
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0012
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0012
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0012
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0012
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0013
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0013
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0013
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0013
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0014
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0014
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0014
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0014
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0014
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0015
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0015
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0015
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0015
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0015
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0016
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0016
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0016
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0016
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0017
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0017
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0017
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0018
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0018
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0018
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0018
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0018
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0019
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0019
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0019
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0019
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0020
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0020
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0020
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0020

8

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Easton JD, Saver JL, Albers GW, et al. Definition and
evaluation of transient ischemic attack: a scientific state-
ment for healthcare professionals from the American
Heart Association/American Stroke Association stroke
council; council on cardiovascular surgery and anesthe-
sia; council on cardiovascular radiology and intervention;
council on cardiovascular nursing; and the interdisciplin-
ary council on peripheral vascular disease. American
Academy of Neurology affirms the value of this state-
ment as an educational tool for neurologists. Stroke; J
Cereb Circ 2009;40:2276-2293.

Commission European. Guidance on medical exposures
in medical and biomedical research. Radiat Prot 1998;99.
Collaborators North American Symptomatic Carotid
Endarterectomy Trial, HIM Barnett, Taylor DW, et al.
Beneficial effect of carotid endarterectomy in symptom-
atic patients with high-grade carotid stenosis. New Engl J
Med 1991;325:445-453.

Rothwell PM, Eliasziw M, Gutnikov SA, et al. Analysis of
pooled data from the randomised controlled trials of end-
arterectomy for symptomatic carotid stenosis. Lancet
(London, England) 2003;361:107-116.

Markl M, Semaan E, Stromberg L, et al. Importance of
variants in cerebrovascular anatomy for potential retro-
grade embolization in cryptogenic stroke. Eur Radiol
2017;27:4145-4152.

Hur J, Kim YJ, Nam JE, et al. Thrombus in the left atrial
appendage in stroke patients: detection with cardiac CT
angiography-a preliminary report. Radiology 2008;249:
81-87.

Lee SH, Seo JB, Kang JW, et al. Incidental cardiac and
pericardial abnormalities on chest CT. ] Thorac Imaging
2008;23:216-226.

Yang H, Nassif M, Khairy P, et al. Cardiac diagnostic
work-up of ischaemic stroke. Eur Heart J 2016.

Harloff A, Hagenlocher P, Lodemann T, et al. Retrograde
aortic blood flow as a mechanism of stroke: MR evalua-
tion of the prevalence in a population-based study. Eur
Radiol 2019;29:5172-5179.

Amarenco P, Davis S, Jones EF, et al. Clopidogrel plus
aspirin versus warfarin in patients with stroke and

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

G. HOLSWILDER ET AL.

aortic arch plaques. Stroke; ] Cereb Circ 2014;45:1248-
1257.

Dentali F, Riva N, Crowther M, et al. Efficacy and safety
of the novel oral anticoagulants in atrial fibrillation: a sys-
tematic review and meta-analysis of the literature. Circu-
lation 2012;126:2381-2391.

McDonald ]S, McDonald R], Carter RE, et al. Risk of
intravenous contrast material-mediated acute kidney
injury: a propensity score-matched study stratified by
baseline-estimated glomerular filtration rate. Radiology
2014;271:65-73.

Smith-Bindman R, Lipson J, Marcus R, et al. Radiation
dose associated with common computed tomography
examinations and the associated lifetime attributable risk
of cancer. Arch Intern Med 2009;169:2078-2086.

McGrath ER, Paikin JS, Motlagh B, et al. Transesopha-
geal echocardiography in patients with cryptogenic
ischemic stroke: a systematic review. Am Heart ]
2014;168:706-712.

Tsivgoulis G, Katsanos AH, Grory BM, et al. Prolonged
cardiac rhythm monitoring and secondary stroke preven-
tion in patients with cryptogenic cerebral ischemia.
Stroke; ] Cereb Circ 2019;50:2175-2180.

Dalen JE, Alpert JS. Silent atrial fibrillation and crypto-
genic strokes. Am ] Med 2017;130:264-267.

Hohnloser SH, Pajitnev D, Pogue ], et al. Incidence of
stroke in paroxysmal versus sustained atrial fibrillation
in patients taking oral anticoagulation or combined anti-
platelet therapy: an ACTIVE W Substudy. ] Am Coll Car-
diol 2007;50:2156-2161.

Putaala J, Metso AJ, Metso TM, et al. Analysis of 1008
consecutive patients aged 15 to 49 with first-ever ische-
mic stroke: the Helsinki young stroke registry. Stroke; |
Cereb Circ 2009;40:1195-1203.

Ferrari E, Benhamou M, Berthier F, et al. Mobile thrombi
of the right heart in pulmonary embolism: delayed disap-
pearance after thrombolytic treatment. Chest 2005;127:
1051-1053.

Boiten ], Lodder ]. Lacunar infarcts. Pathogenesis and
validity of the clinical syndromes. Stroke; ] Cereb Circ
1991;22:1374-1378.


http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0021
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0022
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0022
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0023
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0023
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0023
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0023
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0023
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0024
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0024
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0024
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0024
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0025
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0025
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0025
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0025
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0026
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0026
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0026
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0026
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0027
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0027
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0027
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0028
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0028
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0029
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0029
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0029
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0029
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0030
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0030
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0030
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0030
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0031
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0031
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0031
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0031
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0032
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0032
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0032
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0032
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0032
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0033
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0033
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0033
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0033
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0034
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0034
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0034
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0034
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0035
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0035
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0035
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0035
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0036
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0036
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0037
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0037
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0037
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0037
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0037
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0038
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0038
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0038
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0038
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0039
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0039
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0039
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0039
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0040
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0040
http://refhub.elsevier.com/S1052-3057(20)30744-8/sbref0040

	CT Angiography of the Heart and Aorta in TIA and Ischaemic Stroke: Cardioembolic Risk Sources and Clinical Implications
	Introduction
	Methods
	Patients
	Standard diagnostic workup and study procedures
	CT Image Acquisition
	Image Analysis
	Outcome assessments

	Results
	Standard diagnostic evaluation
	CTA of heart and aorta
	TTE, TEE, Holter ECG
	Therapeutic implications

	Discussion
	Declaration of Competing Interest
	Grant support
	Acknowledgements

	References


