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Background: Echocardiography is often performed to identify a cardiac source of
embolism (CSE) causing transient ischemic attack (TIA). However, the diagnostic
yield of echocardiography in TIA remains uncertain, and its role in routine eval-
uation of TIA is controversial. Methods: Patients with acute TIA were prospectively
enrolled at 4 stroke centers. A CSE was defined using the Causative Classifica-
tion of Stroke system; patent foramen ovale was considered a relevant CSE only
if the patient underwent closure or was placed on anticoagulation. Patients with
a known CSE at time of admission were excluded from analysis of the yield of
echocardiography. Results: A total of 869 patients were enrolled at stroke centers,
and 129 had a known CSE at presentation. Of the 740 remaining patients, 603
(81%) underwent echocardiography. A potential CSE was identified in 60 (10%)
of these patients. The most common CSEs noted on echocardiography were complex
aortic arch atherosclerosis and patent foramen ovale. History of coronary artery
disease (P <.001), lack of prior stroke or TIA (P =.007), and presence of acute in-
farction on magnetic resonance imaging (MRI) (P <.001) were predictors of CSE
on echocardiography. The yield of echocardiography was 29% in patients with
both history of coronary artery disease and acute infarction on MRI, 14% with
one of these features, and 5% with neither of these features (P <.0001). A CSE
identified by echocardiography prompted initiation of anticoagulation in 15 of the
603 (2.5%) subjects. Conclusions: Echocardiography demonstrates a relevant CSE
in a significant portion of patients with TIA. However, changes in antithrombotic
therapy resulting from echocardiography are infrequent. Key Words:
Echocardiography—cardioembolism—transient ischemic attack (TIA)—
cardiomyopathy—aortic atheroma—patent foramen ovale (PFO).

© 2016 National Stroke Association. Published by Elsevier Inc. All rights reserved.

From the *Department of Neurology, University of Florida, Gainesville, Florida; tDepartment of Neurology, Stanford University, Stanford,
California; Calgary Stroke Program, Department of Clinical Neurosciences, University of Calgary, Calgary, Alberta, Canada; §Mater Misericordiae
Hospital, Dublin, Ireland; |Department of Radiology, Hotchkiss Brain Institute, University of Calgary, Calgary, Alberta, Canada; and {De-
partment of Neurology, University of Pennsylvania, Philadelphia, Pennsylvania.

Received November 8, 2015; accepted January 2, 2016.

Sources of Funding: Irish Heart Foundation, Irish National Lottery, Irish Health Research Board Clinician Scientist Award (PK.); AHA Fellow-
to-Faculty Award (0275007N) (B.C.); Canadian Institutes of Health Research, Pfizer Cardiovascular Research Award (S.B.C.)

Address correspondence to Christina A. Wilson, MD, PhD, Department of Neurology, University of Florida, PO Box 10049, Gainesville, FL
32610. E-mail: Christina.Wilson@neurology.ufl.edu

1052-3057/$ - see front matter

© 2016 National Stroke Association. Published by Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/j jstrokecerebrovasdis.2016.01.011

Journal of Stroke and Cerebrovascular Diseases, Vol. 25, No. 5 (May), 2016: pp 1135-1140 1135


mailto:Christina.Wilson@neurology.ufl.edu
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.011

1136
Introduction

Patients with transient ischemic attack (TIA) face a high
short-term risk of stroke. In most population-based studies,
this risk exceeds 10% within the first 3 months." Preven-
tion of stroke in these patients requires identification of
the underlying TIA mechanism, as optimal prevention
strategies vary based on the cause of TIA. Although
echocardiography is considered a standard part of the
evaluation of patients with stroke to identify high-risk
cardioembolic sources, its use in TIA patients is more vari-
able. This likely reflects both uncertainty about the yield
of echocardiography in TIA and also challenges in ex-
peditiously and efficiently obtaining echocardiography.

Compared to stroke, diagnostic certainty is often much
lower with TIA, exemplified by the poor inter-rater agree-
ment for TIA diagnosis even among vascular neurologists.”
This raises important concerns about whether patients un-
dergoing evaluation for suspected TIA are likely to have
abnormalities on echocardiography with sufficient fre-
quency to justify routine testing. Additionally, patients
with TIA are increasingly likely to be evaluated using a
rapid Emergency Department (ED) or observation unit
triage protocol, in which urgent brain and vascular imaging
is obtained, and those felt to be low risk are dis-
charged. Inclusion of echocardiography in such protocols
is often limited by its lack of availability in these set-
tings, particularly outside of routine business hours.

The aims of the present study were to evaluate the yield
of echocardiography for identifying a relevant cardiac
source of embolism (CSE) in patients with suspected TIA,
to determine how often changes in management oc-
curred based on echocardiogram findings, and to identify
predictive factors for the subset of TIA patients most likely
to benefit from this testing.

Methods

Prospectively collected observational cohort data from
4 centers were pooled for this study (Table 1). These centers
all enrolled patients with acute TIA at presentation. TIA
was defined by the neurologist evaluating the patient using
the traditional “time-based” definition (acute focal symp-
toms lasting <24 hours presumed due to a cerebrovascular
cause). Patients underwent evaluation and treatment con-

Table 1. Cohort characteristics

Center location Number of patients Dates enrolled

US—PA 167 2002-2007
US—CA 234 2010-2013
Canada 232 2008-2010
Ireland 236 2005-2006

Abbreviations: CA, California; PA, Pennsylvania; US, United
States.
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sistent with routine local clinical practice. A standardized
case report form was completed collecting data on the
clinical features of TIA, medical history, examination find-
ings, results of diagnostic testing, and treatment at baseline
and hospital discharge. Echocardiography was per-
formed by experienced operators and interpreted by a
local cardiologist at each institution according to stan-
dard clinical protocols. Evidence of acute infarction on
MRI (magnetic resonance imaging) diffusion-weighted
imaging, when performed, was determined by the radi-
ologist and/or vascular neurologist at each site. ABCD?
score was dichotomized into low (0-3) or moderate-to-
high (4-7) risk categories. Interval clinical events and
therapeutic interventions were determined at hospital dis-
charge and 90-day follow-up. The 90-day follow-up visit
was performed by a vascular neurologist in a clinic or,
if the patient was unable to attend, by telephone inter-
view. Informed consent was obtained from patients
and each institutional protocol was approved by the local
institutional review board at each site. A subset of pa-
tients included in this study has been described
previously.*®

Echocardiography reports were reviewed by the en-
rolling investigator at each site and scored for predefined
potential CSE based on the Causative Classification of
Stroke system.” Patients were specifically scored for pres-
ence of left atrial or ventricular thrombus, ejection fraction
less than 35%, global hypokinesis, apical akinesis, infec-
tive or nonbacterial thrombotic endocarditis, papillary
fibroelastoma, left atrial myxoma, isolated left atrial spon-
taneous echo contrast, complex aortic arch atheroma
(defined as plaque with >4 mm protrusion, or involving
a mobile or ulcerated component),’’ or any other
cardioembolic source noted on echocardiography and
deemed clinically significant by the reviewing investiga-
tor. Given uncertainty about the significance of patent
foramen ovale (PFO) in unselected patients with TIA, PFO
(with or without atrial septal aneurysm) was only
scored as a potential CSE if its identification resulted in
the initiation of anticoagulation or PFO closure. Trans-
thoracic echocardiography (TTE) and transesophageal
echocardiography (TEE) results were scored separately.

Groups of patients were compared with t-test, chi-
square test, or Fisher’s exact test as appropriate. Factors
associated with CSE were examined using multivari-
able logistic regression including variables significant at
P <.10 in univariate analysis. All tests were two sided.
An association was considered significant at P <.05. Pa-
tients with known CSE at time of admission or CSE
identified by other methodology (e.g., telemetry demon-
strating atrial fibrillation) were excluded from analysis
of yield of echocardiography, but patients with multiple
identified stroke mechanisms of which one was a po-
tential CSE were included. Statistical analyses were
performed using JMP (Version 9, SAS Institute Inc, Cary,
NC).
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