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Abstract

Objectives: Despite a thorough work-up including transesophageal echocardiogra-
phy, 20%-30% of stroke etiology remains cryptogenic. Transesophageal echocardio-
gram is considered the gold standard procedure to detect cardiac or aortic sources of
emboli. In the recent years, cardiovascular MRI has emerged as a noninvasive, sound,
and reliable modality to image morphological and functional abnormalities. In this
study, we compared none contrast cardiovascular MRI to transesophageal echocar-
diogram, in the ability to detect cardiovascular source of embolus in cryptogenic is-
chemic strokes.

Methods: A series of 24 patients who were labeled, after a thorough stroke work-up, as
having cryptogenic stroke, were examined with both transesophageal echocardiogram
and noncontrast cardiovascular MRI to assess for cardiac or aortic source of emboli.
The cardiologist who interpreted the transesophageal echocardiograms was blinded
to the results of cardiovascular MRI. At the same time, the radiologist who interpreted
the cardiovascular MRI was also blinded to the results of transesophageal echocar-
diogram. The cardiac lesions, with potential source of emboli that were assessed in
our study included left ventricular thrombus, atrial septal aneurysm, and aortic ath-
erosclerotic disease. The ability of cardiovascular MRI to identify potential source of
cardiac embolus was then compared to that of transesophageal echocardiogram.
Results: Transesophageal echocardiogram detected ascending or arch aortic athero-
sclerotic plague in 14 of the 24 patients. Other abnormalities detected include two
atrial septal aneurysms and two left ventricular thrombus. Cardiovascular MRI was
able to identify aortic atheroma in 13 patients; as well as three atrial septal aneu-
rysms and two left ventricular thrombus. The accuracy of cardiovascular MRI to de-
tect aortic atheroma, atrial septal aneurysm or left ventricular thrombus was great;
96%, 95.83%, and 100%, respectively.

Conclusion: This small study suggests that, in patients with cryptogenic stroke, cardi-
ovascular MRl is comparable to transesophageal echocardiogram in detecting cardiac

and aortic source of emboli.
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1 | INTRODUCTION

Stroke is a leading global health concern. It remains the leading cause
of long-term disability in adults and drags behind only cardiovascular
diseases in causing death worldwide; accounting for 5% of all dis-
ability (GBD 2016 DALYs and HALE Collaborators, 2017) and 10%
of all deaths (GBD 2016 Causes of Death Collaborators, 2017). In
fact, 25% of people over the age of 25 years will develop stroke in
their life time (The GBD 2016 Lifetime Risk of Stroke Collaborators,
2018). Moreover, the global burden of stroke is expected to increase
(GBD 2013 Writing Group and GBD 2013 Stroke Panel Experts
Group, 2015).

Hence stroke prevention, both primary and secondary, remains
of utmost importance; but effective secondary stroke prevention
depends on the stroke mechanism. Systematic approach to identify
etiology of stroke has been proposed, and many procedures are
considered standard of care. For instance, thrombophilia screen
will assess for thrombogenic condition; carotid Doppler and CT/
MR angiogram of neck will check for extracranial vessel disease;
CT/MR angiogram of brain will screen for intracranial large vessel
disease; and 24-hr holter monitor and transthoracic echocardio-
gram (TTE) will uncover potential cardiac source of stroke. It has
been ascertained that 20%-25% of ischemic strokes are caused
by cardiac emboli (Kelley and Minagar, 2003; Diaz, 2012). Cardio-
embolic strokes have been also associated with worse outcome
(Marini et al., 2005). Moreover, ascending and aortic arch plaques
have been established as an important cause of embolic ischemic
strokes. It has also been verified that transesophageal echocardio-
gram (TEE), instead of TTE, is the gold standard and the most sen-
sitive tool to identify cardiac and aortic source of emboli (Pearson,
Labovitz, Tatineni, & Gomez, 1991). Nevertheless, despite a thor-
ough work-up, including TEE, 30% of stroke etiology remains cryp-
togenic (Yaghi, Kamel, & Elkind, 2017). Cardiovascular MRI (CMRI)
has emerged as a highly accurate modality to image morphological
and functional abnormalities. However, data on the merit of CMRI
to detect cardiac or aortic source of emboli remain limited. In this
study, we sought to compare noncontrast CMRI with TEE, in the
capability of detecting cardiovascular source of embolism in cryp-
togenic ischemic strokes.

2 | MATERIAL AND METHODS
2.1 | Subjects

The study was conducted at King Khalid university hospital in
Riyadh, Saudi Arabia. All patients, who were consecutively admit-
ted with acute ischemic stroke, were evaluated by a neurologist

with a formal training in cerebrovascular diseases. A thorough

stroke work-up was performed in all patients admitted to the hos-
pital with acute ischemic stroke. The work-up included thrombo-
phelia panel (if patient is young), TTE, 24-hr holter monitor, CT
or MR angiogram of neck, and CT or MR angiogram of brain. The
TOAST criteria were used for the classification of stroke mecha-
nism (Adams et al., 1993); and cryptogenic stroke was defined as
an ischemic stroke for which the routine work-up could not de-
termine the stroke mechanism. TEE was reserved to the patients
whose stroke remains cryptogenic despite the above stroke work-
up and cardiac embolic source was highly suspected. All patients
who were scheduled for TEE were also arranged to have a noncon-
trast CMRI. Both the TEE and CMRI were arranged and performed
within 1 week from the stroke onset. The yield of uncovering po-
tential cardiac source of emboli was then compared between the
two modalities. The study protocol was approved by the institu-
tional review board of the King Khalid University Hospital, and the
patient's consent for CMRI was obtained before proceeding with

the procedure.

2.2 | CMRI protocol

CMRI of 1.5 Tesla units was utilized in our study (GE Signa Discovery
450 HD; GE Healthcare). The device was furnished with complete
cardiac hardware and software with ECG cardiac gating utilizing
multi-channel cardiac phased-array coils. The procedure included
cine sequences (GE, FIESTA) for cardiac chambers and valvular as-
sessment; as well as dark blood images for aortic wall examination.
In this study, only the following potential cardiac source of emboli
was assessed by the CMRI modality: the presence of left ventricu-
lar thrombus (LVT), the presence of atrial septal aneurysm (ASA),
and the presence and degree of aortic atherosclerotic disease. The
average duration of the procedure was 45 min; and tolerance was
not assessed in this study since it was already verified in previous
published reports. No fee for the CMRI was incurred by the patient

because health care is for free in the Kingdom of Saudi Arabia.

2.3 | TEE protocol

The equipment utilized to do the TEE was EPIQ (Philips healthcare).
The imaging procedure included multiplane examination of numer-
ous cardiac structures and pathology. Features of the TEE probe
include: 2 to 7 MHz operating range, 2D matrix array with 2,500
elements, 2D live xPlane, 3D live color Doppler, and 3D xPlane.
Images were obtained digitally during the test and filed for later re-
view utilizing Xcelera digital workstation (Philips, BG). For the sake
of our study, we only collected data on the presence of LVT, ASA,
and aortic disease.
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2.4 | Data collection and analysis

The CMRI was interpreted by a cardiologist with formal fellowship
training in the interpretation of CMRI. The cardiologist was blinded
to the findings of the corresponding TEE. The TEE was assessed by
a cardiologist with fellowship training in echocardiography; who was
also blinded to the results of the corresponding CMRI. The presence
of ascending or aortic arch atherosclerotic plaques was classified
as mild, if the thickness of the plaque was <2 mm; moderate, if the

thickness was 2-4 mm; or severe, if the thickness was >4 mm.

3 | RESULTS

Between March 2018 and June 2019, a series of 24 patients, with
cryptogenic stroke, were examined with both TEE and noncontrast
CMRI to assess for cardiac or aortic source of embolic stroke. The
mean age was 62 years; and 54.1% were males (Table 1). As antici-
pated, half of the study population were hypertensive or diabetic;
50% and 45.8%, respectively. Interestingly, the study population
was in general heavy with a mean BMI of 26.7. Only two patients
refused to undergo CMRI. Also, CMRI was contraindicated in one

patient because of an implanted pacemaker.

TABLE 1 Demographics and clinical characteristics

Total population

(n=24)

Characteristics N (%)
Age (years)

Mean + SD 62+11.1
Gender

Male 13(54.1)

Females 11 (45.9)
Hypertension

Yes 12 (50)

No 12(50)
Diabetes mellitus

Yes 11 (45.8)

No 13 (54.2)
Coronary artery disease

Yes 4(16.6)

No 20 (83.4)
Smoking

Yes 5(20.8)

No 19 (79.2)
Dyslipidemia

Yes 9 (37.5)

No 15(62.5)
Body mass index

Mean + SD 26.7+72
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TEE detected ascending or arch aortic atheroma in 14 of the 24
patients. Other abnormalities detected included 2 ASA and 2 LVT.
CMRI was comparable to TEE in identifying aortic atheroma and
LVT; 13 and 2, respectively (Table 2). However, it was superior to
TEE in revealing ASA; 3 compared to 2. CMRI could not detect one
aortic atheroma which was actually graded as only minimal by the
TEE. However, there is a significant discrepancy between the two
modalities in the estimation of the degree of aortic atheroma; four
of the aortic atheroma that were graded as mild by TEE, were rated
as moderate or severe by the CMRI (Figures 1 and 2).

As illustrated by the sensitivity and specificity values, our re-
sults showed a high degree of correlation of the CMRI, when com-
pared to TEE, for the detection of potential cardio-embolic sources
in cryptogenic ischemic strokes. The sensitivity of CMRI in the di-
agnosis of Aortic atheroma, Atrial Septal Aneurysm, and Left ven-
tricular thrombus was 92.86%, 100%, and 100%, respectively; and
the specificity was 100%, 95.45%, and 100%, respectively (Tables
3 and 4). Moreover, the ROC curve showed a high predictive ac-
curacy of the CMRI; with an AUC of 0.773, 95% CIl = 51.6-76.8
(Figure 3).

4 | DISCUSSION

Both ASA and LVT are major cardiac source of ischemic stroke (Celaj
& Prabhakaran, 2019); and our study showed that CMRI was equiva-
lent to TEE in the ability to identify these two cardiac lesions. This
is in agreement with the published report by Liberman et al. who
showed the sensitivity of CMRI is equivalent to TEE in the ability
to detect ASA and intracardiac thrombus (Liberman et al., 2017). In
fact, in the study published by Scrichai et al. CMRI was found su-
perior to both TTE and TEE in revealing LVT (Srichai et al., 2006).
Atherosclerotic plaque in the ascending aorta and aortic arch is
another cardiovascular source of ischemic stroke (French Study of
Aortic Plaques in Stroke Group et al., 1996). CMRI was able to iden-
tify four moderate to severe aortic diseases that were estimated as
only mild by TEE. Hence, our study indicates that CMRI might be
more sensitive to TEE in assessing for atherosclerotic plaque in the
aorta. Our results are consistent with earlier reports that examined
the value of CMRI in detecting aortic source of emboli. For example,
both Zahuranec et al. and Fayad et al. showed that CMRI compares
well with TEE in examining for aortic athrosclerosis (Fayad, Nahar,
Fallon, Goldman, & Aguinaldo, 2000; Zahuranec et al., 2012). The
value and superiority of CMRI over that of TTE, in cryptogenic is-
chemic strokes, has already been established by Baher et al. (2014).
In his study, which included 106 patients, the rate of cryptogenic
stroke was reduced by 39% when CMRI was added to the TTE. In
our study, however, we compared the yield of CMRI, in cryptogenic
ischemic strokes, to that of TEE; and our results, which were in ac-
cord with the report by Liberman et al., supported the CMRI merit in
this stroke subtype.

PFO, LV ejection fraction, and other cardiac lesions with poten-

tials for cardio-embolic stroke were not assessed in our research;
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TABLE 2 Frequency of aortic

CMRI TEE atheroma, LVT, and ASA in the CMRI and
Aortic TEE
Patient Aortic atheroma ASA LvT Atheroma ASA LVT
1 + - - + - -
2 +++ - - + - -
3 +++ - - + - -
4 - - - - - -
5 ++ - + + - +
6 + + - + + -
7 - - - - - -
8 _ - - - - -
9 + - - + - -
10 = = = = = =
11 - - - - - -
12 = = = = = =
13 ++ - - ++ - -
14 = = = = = =
15 ++ - - + - -
16 +++ - - +++ - -
17 + + - + + -
18 + = = + = =
19 - - + - - +
20 + = = + = =
21 - - - ++ - -
22 = = = = = =
23 - - - - - -
24 + + - ++ - -

Note: Mild aortic atheroma = +; moderate aortic atheroma = ++; severe aortic atheroma = +++.
Abbreviations: -, Absent; +, Present; ASA, atrial septal aneurysm; CMRI, cardiovascular MRI; LVT,
left ventricular thrombus; TEE, transesophageal echocardiogram.

FIGURE 1 Cardiovascular MRl demonstrates significant FIGURE 2 Transesophageal echocardiogram showed only
atherosclerosis in ascending aorta (Patient # 2) minimal aortic arch atherosclerosis (Patient # 2)
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TABLE 3 Summary of the correlations between CMRI and TEE

findings
TEE
Does not
Diagnosis CMRI Correlates correlate p value
Presence of AA 13 13 0 <.0001
Absence of AA 11 10 1 .0069
Total 24 23 1 <.0001
Presence of ASA 3 2 1 <.0001
Absence of ASA 21 21 0 .0074
Total 24 23 1 .0286
Presence of LVT 2 2 0 .0074
Absence of LVT 24 22 0 .0209
Total 24 24 0 .0013

Note: p < .05 is statistically significant.

Abbreviations: AA, aortic atheroma; ASA, atrial septal aneurysm;
CMRI, cardiovascular MRI; LVT, left ventricular thrombus; TEE,
transesophageal echocardiogram.

which is a major limitation of our study. The sample size was small
(only 24 subjects); which is another limitation of the study.

TEE has been considered the gold standard technique to evalu-
ate for cardiac source of emboli. The proximity of the TEE probe to
the aorta and left atrium makes it highly accurate in assessing for
PFO, ASA, aortic atherosclerosis, and left atrial appendage (Isbell &
Dent, 2004; Silverman & Manning, 1998). When compared to TTE,
TEE has been shown, by multiple prior studies, to be much more
superior in detecting all potential cardiac source of stroke (Cujec,
Polasek, Voll, & Shuaib, 1991; Pop et al., 1990; Zenker et al., 1988).
However, it is an unpleasant procedure that is associated with throat
pain and annoying taste from the topical oropharyngeal anesthetic.
It is also relatively more invasive procedure that requires conscious
sedation and is associated with multiple complications such as ar-
rhythmias, mucosal injury, and esophageal perforation (Min et al.,
2005). Additionally, it is contraindicated in medically unstable pa-
tients and in patients with esophageal stricture or severe cervical
degenerative joint disease. Thus, there has been serious interest for
another device that would provide similar valuable information as

does the TEE, but is less invasive.
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FIGURE 3 ROC curve as examined by the cardiovascular MRI

In recent years, CMRI has emerged as a promising tool in this
field. In 1982, the first three-dimensional MR image of the heart was
introduced; and since its introduction, the technique has advanced
extensively. CMRI has been illustrated to not only be a noninva-
sive procedure but also be excellent device to evaluate the cardiac
morphology, ventricular function, myocardial perfusion, valvular
pathology, and coronary artery disease (Bruder et al., 2009, 2013;
Karamitsos, Francis, Myerson, Selvanayagam, & Neubauer, 2009).
Its use, however, is contraindicated in patients with non-MRI com-
patible implanted devices, pacemakers, defibrillators, metallic de-
vices (Hsu, Parker, & Puranik, 2012), patients who are too heavy
or large to fit in the machine and those with severe claustrophobia.
Other limiting elements include physical discomfort from lengthy
procedure, annoying noise, and cost. At any rate, CMRI has emerged
as a potential alternative to TEE in patients who could not tolerate
TEE or in patients whom their TEE could not uncover cardiovascular
source of emboli.

Since its introduction to the medical field, the handful of
studies that compared its value to TEE in evaluating for cardiac
source of ischemic stroke, has been encouraging. In turn, the re-
sults of our small pilot study are consistent with the results of the

reported studies and ascertain the merit of CMRI in cryptogenic

TABLE 4 Accuracy of the CMRI for the detection of AA, ASA, and LVT, with TEE as reference

AA ASA LVT
Diagnostic test evaluation Value 95% Cl Value 95% Cl Value 95% Cl
Sensitivity 92.86% 66.13% to 99.82% 100.00% 15.81% to 100.00% 100.00% 15.81% to 100.00%
Specificity 100.00% 71.51% t0100.00% 95.45% 77.16% to 99.88% 100.00% 84.56% to 100.00%
Positive predictive value 100.00% 0.00 66.67% 22.76% to 93.14% 100.00% 0.00
Negative predictive value 91.67% 62.46% to 98.64% 100.00% 0.00 100.00% 0.00
Accuracy 96.00% 79.65% to 99.90% 95.83% 78.88% to 99.89% 100.00% 85.75% to 100.00%

Abbreviations: 95% Cl = 95% confidence interval; AA, aortic atheroma; ASA, atrial septal aneurysm; CMRI, Cardiovascular MRI; LVT, left ventricular
thrombus; TEE, transesophageal echocardiogram.
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strokes. This is especially true when examining for aortic athero-
sclerosis or intracardiac mass, such as LVT. The utilization of CMRI
in ischemic stroke will result in further reduction in cryptogenic
stroke proportion; consequently, this will greatly optimize stroke
prevention measures.

In conclusion, CMRI is a promising vital tool in exposing cardiac
source of emboli in cryptogenic strokes. Hence, we believe that a
larger study to intensively examine the potential clinical application
of CMRI in cryptogenic stroke is strongly compelling.

ACKNOWLEDGMENT
The authors extend their appreciation to the Deanship of Scientific
Research at King Saud University for funding this research work.

CONFLICT OF INTEREST

The authors declare they have no conflict of interest.

AUTHOR'S CONTRIBUTIONS

Yousef Mohammad contributed to the study design and concept,
analysis of the data, and drafting/revising the manuscript. Tarig
Alhogbani contributed to the analysis of the results, interpreta-
tion of the data, and drafting/revising the manuscript. Rashed
Alfagih contributed to the analysis of the results, interpretation of
the data, and drafting/revising the manuscript. Abdullah Alotaibi
contributed to the data collection, study concept, and drafting/re-
vising the manuscript. Abdulelah AIMousa contributed to the data
collection, study design, and drafting/revising the manuscript.
Lamees Altamimi contributed to the data collection, study con-
cept, results analysis and drafting/revising the manuscript. Fayez
El Shaer contributed to the analysis of the results, interpretation of
the data, and drafting/revising the manuscript. Fawaz Al-Hussain
contributed to the study design, analysis of the data, and drafting/

revising the manuscript.

DATA AVAILABILITY STATEMENT
The data used to support the findings of this study is available from
the corresponding author upon request.

ORCID

Yousef Mohammad https://orcid.org/0000-0003-1275-9391

REFERENCES

Adams, Jr., H. P.,, Bendixen, B. H., Kappelle, L. J., Biller, J., Love, B. B., ...
Marsh, 3rd, E. E. (1993). 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, 24(1), 35-41.

Baher, A., Mowla, A., Kodali, S., Polsani, V. R., Nabi, F., Nagueh, S. F,, ...
Shah, D. J. (2014). Cardiac MRI improves identification of etiology
of acute ischemic stroke. Cerebrovascular Disease, 37(4), 277-284.
https://doi.org/10.1159/000360073

Bruder, O., Schneider, S., Nothnagel, D., Dill, T., Hombach, V., Schulz-
Menger, J., .. Mahrholdt, H. (2009). European Cardiovascular
Magnetic Resonance) registry: Results of the German pilot phase.
Journal of the American College of Cardiology, 54(15), 1457-1466.
https://doi.org/10.1016/j.jacc.2009.07.003

Bruder, O., Wagner, A., Lombardi, M., Schwitter, J., van Rossum, A,
Pilz, G., ... Mahrholdt, H. (2013). European Cardiovascular Magnetic
Resonance (EuroCMR) registry-multi national results from 57 cen-
ters in 15 countries. Journal of Cardiovascular Magnetic Resonance,
18(15), 9. https://doi.org/10.1186/1532-429X-15-9

Celaj, S., & Prabhakaran, S. (2019). Cardioembolic sources in patients
with small single subcortical infarct. Neurologist, 24, 56-58.

Cujec, B., Polasek, P., Voll, C., & Shuaib, A. (1991). Transesophageal echo-
cardiography in the detection of potential cardiac source of embo-
lism in stroke patients. Stroke, 22(6), 727-733.

Diaz, G. J. (2012). Cardioembolic stroke: Epidemiology. Neurologia,
27(Suppl. 1), 4-9.

Fayad, Z. A., Nahar, T., Fallon, J. T., Goldman, M., & Aguinaldo, J. G.
(2000). In vivo magnetic resonance evaluation of atherosclerotic
plaques in the human thoracic aorta: A comparison with transesoph-
ageal echocardiography. Circulation, 101(21), 2503-25009.

French Study of Aortic Plaques in Stroke Group, Amarenco, P., Cohen,
A., Hommel, M., Moulin, T., Leys, D., & Bousser, M.-G. (1996).
Atherosclerotic disease of the aortic arch as a risk factor for re-
current ischemic stroke. The New England Journal of Medicine, 334,
1216-1221.

GBD 2013 Writing Group and GBD 2013 Stroke Panel Experts Group.
(2015). Update on the global burden of ischemic and hemorrhagic
stroke in 1990-2013: The GBD 2013 study. Neuroepidemiology, 45(3),
161-176. https://doi.org/10.1159/000441085

GBD 2016 Causes of Death Collaborators. (2017). Global, regional, and
national age-sex specific mortality for 264 causes of death, 1980-
2016: A systematic analysis for the Global Burden of Disease Study
2016. Lancet, 390, 1151-1210.

GBD 2016 DALYs and HALE Collaborators. (2017). Global, regional, and
national disability-adjusted life-years (DALYs) for 333 diseases and
injuries and healthy life expectancy (HALE) for 195 countries and ter-
ritories, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet, 390, 1260-1344.

Hsu, C., Parker, G., & Puranik, R. (2012). Implantable devices and mag-
netic resonance imaging. Heart, Lung and Circulation, 21(6-7), 358-
363. https://doi.org/10.1016/j.hlc.2012.04.004

Isbell, D. C., & Dent, J. M. (2004). The role of transesophageal echo-
cardiography in atrial fibrillation. Cardiology Clinics, 22(1), 113-126.
https://doi.org/10.1016/50733-8651(03)00120-6

Karamitsos, T. D., Francis, J. M., Myerson, S., Selvanayagam, J. B., &
Neubauer, S. (2009). The role of cardiovascular magnetic resonance
imaging in heart failure. Journal of the American College of Cardiology,
54(15), 1407-1424.

Kelley, R. E., & Minagar, A. (2003). Cardioembolic stroke: An update.
Southern Medical Journal, 96, 343-349. https://doi.org/10.1097/01.
SMJ.0000063471.13035.85

Liberman, A. L., Kalani, R. E., Aw-Zoretic, J., Sondag, M., Daruwalla, V. J.,
Mitter, S. S., ... Prabhakaran, S. (2017). Cardiac magnetic resonance
imaging has limited additional yield in cryptogenic stroke evalua-
tion after transesophageal echocardiogram. International Journal of
Stroke, 12(9), 946-952.

Marini, C., De Santis, F., Sacco, S., Russo, T., Olivieri, L., Totaro, R., &
Carolei, A. (2005). Contribution of atrial fibrillation to incidence and
outcome of ischemic stroke: Results from a population-based study.
Stroke, 36, 1115-1119. https://doi.org/10.1161/01.STR.00001
66053.83476.4a

Min, J. K., Spencer, K. T., Furlong, K. T., DeCara, J. M., Sugeng, L., Ward,
R. P, & Lang, R. M. (2005). Clinical features of complications from
transesophageal echocardiography: A single-center case series of
10,000 consecutive examinations. Journal of the American Society
of Echocardiography, 18(9), 925-929. https://doi.org/10.1016/j.
echo.2005.01.034

Pearson, A. C., Labovitz, A. J.,, Tatineni, S., & Gomez, C. R. (1991).
Superiority of transesophageal echocardiography in detecting


https://orcid.org/0000-0003-1275-9391
https://orcid.org/0000-0003-1275-9391
https://doi.org/10.1159/000360073
https://doi.org/10.1016/j.jacc.2009.07.003
https://doi.org/10.1186/1532-429X-15-9
https://doi.org/10.1159/000441085
https://doi.org/10.1016/j.hlc.2012.04.004
https://doi.org/10.1016/S0733-8651(03)00120-6
https://doi.org/10.1097/01.SMJ.0000063471.13035.85
https://doi.org/10.1097/01.SMJ.0000063471.13035.85
https://doi.org/10.1161/01.STR.0000166053.83476.4a
https://doi.org/10.1161/01.STR.0000166053.83476.4a
https://doi.org/10.1016/j.echo.2005.01.034
https://doi.org/10.1016/j.echo.2005.01.034

MOHAMMAD ET AL.

cardiac source of embolism in patients with cerebral ischemia of
uncertain etiology. Journal of the American College of Cardiology, 17,
66-72. https://doi.org/10.1016/0735-1097(91)90705-E

Pop, G., Sutherland, G. R., Koudstaal, P. J., Sit, T. W., de Jong, G., &
Roelandt, J. R. (1990). Transesophageal echocardiography in the
detection of intracardiac embolic sources in patients with transient
ischemic attacks. Stroke, 21(4), 560-565. https://doi.org/10.1161/01.
STR.21.4.560

Silverman, D. I., & Manning, W. J. (1998). Role of echocardiography in
patients undergoing elective cardioversion of atrial fibrillation.
Circulation, 98(5),479-486. https://doi.org/10.1161/01.CIR.98.5.479

Srichai, M. B., Junor, C., Rodriguez, L. L., Stillman, A. E., Grimm, R. A.,
Lieber, M. L., ... White, R. D. (2006). Clinical, imaging, and patholog-
ical characteristics of left ventricular thrombus: A comparison of
contrast-enhanced magnetic resonance imaging, transthoracic echo-
cardiography, and transesophageal echocardiography with surgical
or pathological validation. American Heart Journal, 152(1), 75-78.
https://doi.org/10.1016/j.ahj.2005.08.021

The GBD 2016 Lifetime Risk of Stroke Collaborators. (2018). Global, re-
gional, and country-specific lifetime risks of stroke, 1990 and 2016.
The New England Journal of Medicine, 379, 2429-2437.

Brai . 7of 7
rain and Behavior —WI LEYJ—

Open Access,

Yaghi, S., Kamel, H., & Elkind, M. S. V. (2017). Atrial cardiopathy: A mech-
anism of cryptogenic stroke. Expert Review of Cardiovascular Therapy,
15, 591-599. https://doi.org/10.1080/14779072.2017.1355238

Zahuranec, D. B., Mueller, G. C., Bach, D. S., Stojanovska, J., Brown, D.
L., & Lisabeth, L. D. (2012). Pilot study of cardiac magnetic resonance
imaging for detection of embolic source after ischemic stroke. Journal
of Stroke and Cerebrovascular Diseases, 21(8), 794-800. https://doi.
org/10.1016/j.jstrokecerebrovasdis.2011.04.010

Zenker, G., Erbel, R., Kriamer, G., Mohr-Kahaly, S., Drexler, M.,
Harnoncourt, K., & Meyer, J. (1988). Transesophageal two-dimen-
sional echocardiography in young patients with cerebral ischemic
events. Stroke, 19(3), 345-348.

How to cite this article: Mohammad Y, Alhogbani T, Alfagih
R, et al. Cardiovascular MRI: A valuable tool to detect cardiac
source of emboli in cryptogenic ischemic strokes. Brain
Behav. 2020;10:e01620. https://doi.org/10.1002/brb3.1620



https://doi.org/10.1016/0735-1097(91)90705-E
https://doi.org/10.1161/01.STR.21.4.560
https://doi.org/10.1161/01.STR.21.4.560
https://doi.org/10.1161/01.CIR.98.5.479
https://doi.org/10.1016/j.ahj.2005.08.021
https://doi.org/10.1080/14779072.2017.1355238
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.04.010
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.04.010
https://doi.org/10.1002/brb3.1620

