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ASE GUIDELINES RELATED TO STROKE

There are several recent ASE guidelines related to echocardiography 
in patents with stroke and systemic embolism:

Multimodality Imaging of Diseases 
of the Thoracic Aorta in Adults

2015

Guidelines for the Echocardiographic 
Assessment of Atrial Septal Defect & 
Patent Foramen Ovale

2015

Guidelines for the Use of 
Echocardiography in the Evaluation 
of a Cardiac Source of Embolism

2016
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ASE GUIDELINES | MULTIMODALITY IMAGING OF AORTA
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J Am Soc Echocardiogr. 2016 Jan;29(1):1-42.
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2016 ASE EMBOLISM GUIDELINES | OVERALL DESIGN

• 2016 ASE guidelines on cardiac source of embolism are the 
first set of guidelines from the American Society of 
Echocardiography specific to this topic.

• Clinical utility of the 2016 guidelines is illustrated through 
figures, tables, and videos, which include imaging 
techniques, strategies for overall evaluation, reporting 
recommendations, and comparisons of echo modalities.

• 2016 ASE embolism guidelines are harmonized with the 
2011 Appropriate Use Criteria for Echocardiography
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2016 ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

Guidelines 
Rationale

• Cardiac embolism accounts for a large number 
of ischemic strokes and systemic emboli.

• Paradoxical embolism and embolism from 
the thoracic aorta, especially of its atheroma 
contents, is responsible for additional cases of 
stroke and systemic embolism. 

• There were no prior guidelines from the 
American Society of Echocardiography specific to 
this topic.
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2016 ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

Guidelines 
Clinical Utility

• DIAGNOSIS

Transthoracic and transesophageal 
echocardiography serve as a cornerstone in 
the evaluation, diagnosis, and management of 
these patients. 

• MANAGEMENT

A clear understanding of the various types of 
cardiovascular conditions associated with 
cardioembolic stroke and their intrinsic risk 
is needed to manage and diagnose cardiac 
sources of embolism. 
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2016 ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

Guidelines 
Overview

• Review potential cardiac sources of embolism

• Discuss the role of echocardiography in clinical 
management of cardioembolic stroke and 
systemic embolism

• Compare echocardiography to other imaging 
modalities used for diagnosis of cardiac sources 
of emboli

• Provide levels of recommendation:
• ECHOCARDIOGRAPHY RECOMMENDED

• ECHOCARDIOGRAPHY POTENTIALLY USEFUL

• ECHOCARDIOGRAPHY NOT RECOMMENDED
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM
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STROKE: BASIC STATISTICS

• However, the absolute number of strokes 
will continue to rise because of the aging 
population

• Stroke is a leading cause of death 
and disability worldwide

• In 2005, it was estimated that stroke 
accounts for 10% of all deaths 
worldwide

• More than 2,000 new strokes occur 
every day in the United States

• Stroke incidence is declining in 
developed countries, largely due to 
better hypertension control and less 
tobacco use
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STROKE TYPES

ISCHEMIC STROKES

~90%

HEMORRHAGIC STROKES

~10%

Ischemic ‘mini-strokes’ that 
resolve spontaneously within 

24-48 hours are called 
transient ischemic 

attacks (TIAs).

Some hemorrhagic strokes start 
as ischemic strokes but later 

undergo hemorrhagic conversion.

Based on data from a large 
Danish study of ~40,000 

stroke patients. 
Stroke 2009;40:2068-2072
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ISCHEMIC STROKE SUBTYPES

TOAST CRITERIA

Trial of Org 10172 in Acute Stroke Treatment

Stroke 1993;24:35-41

TOAST Subtype Description

1. LARGE VESSEL STROKE Significant stenosis or occlusion of a
large cervical or cerebral artery 
presumably due to atherosclerosis

2. CARDIOEMBOLIC STROKE Cerebral vessel occlusion due to 
embolus arising in the heart (and 
thoracic aorta)

3. SMALL-VESSEL STROKE Lacunar brain infarcts

4. CRYPTOGENIC STROKE Stroke of unknown cause

5. STROKE DUE TO OTHER KNOWN CAUSES Vasculopathies, hypercoagulable states 
etc.

Org 10172 was a code name for 
danaparoid, a heparin-like drug used 
in the trial. 
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ISCHEMIC STROKE SUBTYPES

16%

29%

16%

36%

3%

1. Large Vessel Stroke

2. Cardioembolism

3. Small Vessel Stroke

4. Cryptogenic

5. Other known causes

Stroke 1999;30:2513-2516

Relative Prevalence of Ischemic Strokes in Rochester, Minnesota
(N = 454; 1985-1989)

100%TOTAL

Approximately 1/3 of 
ischemic strokes are 
likely cardioembolic.

Some cryptogenic 
strokes may be 
cardioembolic.
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CARDIAC SOURCE AND RISK OF EMBOLISM

Cardiac sources differ in their embolic potential

HIGH-RISK
POTENTIAL

MODERATE-RISK 
POTENTIAL

• THROMBI
• Atrial fibrillation
• Myocardial infarction
• Cardiomyopathies
• Mechanical prosthetic valves

• VEGETATIONS
• Valvular and nonvalvular infective 

endocarditis

• TUMORS
• Myxoma
• Papillary fibroelastoma

• AORTIC ATHEROMA

• THROMBI & SIMILAR PATHOLOGIES
• ‘Smoke’ and ‘Sludge’
• Mitral stenosis with sinus rhythm
• Atrial flutter

• VALVULAR DISEASE
• Bioprosthetic valves
• Giant Lambl’s excrescence
• Calcific aortic stenosis
• Mitral annular calcifications
• Mitral valve prolapse
• Nonbacterial thrombotic endocarditis

• ATRIAL SEPTUM
• Atrial septal aneurysm
• Patent foramen ovale

Stroke 1993;24:35-41
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HOW DO CLINICIANS SUSPECT A CARDIOEMBOLIC STROKE?

BRAIN
• Sudden onset of often severe 

neurologic deficit without prodromes
• Multiple brain lesion in multiple 

vascular territories
• Recurrent strokes (waves of emboli) 

over a short period of time

OTHER ARTERIAL TERRITORIES
• Spleen, kidney or other organ infarcts 

occurring at time of strokes support 
cardioembolic mechanism 

PRESUMED 
CARDIAC SOURCE OF EMBOLI
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BRAIN MRI: EVOLUTION OF AF-RELATED EMBOLIC STROKES

The patient first had 
an embolic stroke to 
the right middle 
cerebral artery 
territory
(thick arrows). 

Three weeks later, 
the patient had a 
new stroke in the 
territory of the 
left middle 
cerebral artery
(thin arrow). 

DWI: DIFFUSION-WEIGHTED IMAGING ADC: APPARENT DIFFUSION COEFFICIENT
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BRAIN MRI: NONEMBOLIC STROKES

Thick arrow points to a watershed infarct 
at the boundary of right anterior and right 
middle cerebral artery territories in a
middle-aged woman with headache.

Thin arrow points to a lacunar infarct in the left 
frontal paraventricular region of a patient with
systemic hypertension.
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ECHO IN CARDIAC SOURCE OF EMBOLISM | APPROPRIATE USE
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ECHO IN CARDIAC SOURCE OF EMBOLISM | INAPPROPRIATE USE
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L E F T  V E N T R I C U L A R  T H R O M B U S
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LEFT VENTRICULAR THROMBUS

Basic 
Characteristics

• Typically, LV thrombus is associated with a 
hypokinetic, akinetic or aneurysmal LV segment. 

• LV thrombi can be seen in both ischemic and 
nonischemic cardiomyopathy. 

• Ischemic LV thrombi can occur with either acute 
myocardial infarction of after chronic remodeling of LV 
(such as LV aneurysm)

Imaging 
Recommendations

• Because LV is in anterior chest, LV thrombi are 
typically well seen on transthoracic 
echocardiography (TTE)

• Use of microbubble (transpulmonary) contrast 
agents enhances the diagnosis of LV thrombi
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LEFT VENTRICULAR THROMBUS

Highlights • ISCHEMIC CARDIOMYOPATHY
Prior to modern therapy:
• 35% of patients with recent anterior wall MI 

would developed mural thrombi if not 
anticoagulated

• 40% of them would embolize systemically 
within 4 months after the MI in the absence of 
anticoagulation

• NONISCHEMIC CARDIOMYOPATHY
• 3.5% annual embolic risk
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LEFT VENTRICULAR THROMBUS

Clinical History

• 24-year-old man with acute anterior wall MI 3 weeks earlier

• Now presents with stoke AND bilateral lower extremity thromboemboli

EKG consistent with completed anteroseptal wall MI
(Q waves in V1-V3)
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LEFT VENTRICULAR THROMBUS

APICAL 4-CHAMBER VIEW

Arrow points to a large (3.1 x 2.2 cm) LV apical thrombus 
in this patient with recent LAD infarct
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LEFT VENTRICULAR THROMBUS

Clinical History

• 52-year-old woman with nonischemic cardiomyopathy

• Now presents with recent sudden onset of left sided weakness

LV
RV

APICAL 4-CHAMBER VIEW ZOOMED TO LV APEX

BEFORE microbubble injection AFTER microbubble injection

LV

RV
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LEFT VENTRICULAR THROMBUS

APICAL 4-CHAMBER VIEW ZOOMED TO LV APEX

BEFORE microbubble injection AFTER microbubble injection
(Note the absence of contrast uptake by the thrombus)
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

[A] Apical four-chamber view of a 
noncontrast transthoracic 
echocardiographic study
demonstrates a large LV apical 
thrombus (arrow). 

[B] The same patient as in (A) was 
then imaged using transpulmonary 
microbubble echocardiographic 
contrast. The LV apical thrombus, 
lacking vascular supply, appears black 
(arrow) on contrast imaging. 

[C] Apical three-chamber view 
demonstrates a mobile LV
thrombus (arrow) attached to the 
apical portion of the anterior 
interventricular septum.
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM



Cardiac Source of Embolism

NYU Leon H. Charney Division of Cardiology 10/6/2017

35
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LEFT VENTRICULAR LYMPHOMA

Clinical History

• 41-year-old woman HIV-associated Burkitt’s lymphoma

APICAL 4-CHAMBER VIEW POST MICROBUBBLE INJECTION

Arrow points to a large (2.7 x 1.5 cm) LV lymphoma
Note the contrast uptake by the tumor; thrombi typically do NOT opacify with microbubble contrast

LV
RV



10/6/2017NYU Leon H. Charney Division of Cardiology 37

LEFT VENTRICULAR LYMPHOMA

APICAL 4-CHAMBER VIEW POST MICROBUBBLE INJECTION

Note the preserved LV contractility; 
a mass in a normally contracting LV is more likely to be a tumor than a thrombus



2 Patients with LV Mass | Microbubble Injection
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Patient #2
LV lymphoma in an AIDS patient

Patient #1
LV thrombus post LAD infarct
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TEACHING POINTS

Differential diagnosis of an LV mass:

LV THROMUS
----------------------------------
1. Adjacent to 

akinetic/hypokinetic 
LV segment

2. Does NOT take up 
microbubble contrast 

LV TUMOR
----------------------------------
1. Typically no primary LV 

wall motion 
abnormalities

2. Typically DOES take up 
microbubble contrast 



Cardiac Source of Embolism

NYU Leon H. Charney Division of Cardiology 10/6/2017

40

A O R T I C  A T H E R O M A
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CARDIAC SOURCE OF EMBOLISM: AORTIC ATHEROMA

Basic Features
• Atheromatous plaque in ascending aorta and aortic 

arch is a well established source of  systemic embolism

• The risk of embolism is related to plaque thickness and 
plaque complexity. High risk features include:
• Plaque thickness > 4 mm
• Plaque ulcerations
• Mobile components  which represent 

superimposed thrombi

• Plaque from descending aorta can also embolize 
retrogradely into the neck vessels during diastolic flow 
reversal in the aorta

Imaging 
Recommendations

• Plaque in the ascending aorta and arch typically cannot 
be fully evaluated by transthoracic echocardiography

• Transesophageal echocardiography is the 
primary echocardiographic means of diagnosing and 
characterizing aortic plaques
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AORTIC ARCH: NORMAL VS. SEVERE PLAQUE

Normal Arch

Severe Calcified Plaque
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AORTIC ARCH: NORMAL VS. SEVERE PLAQUE

<<< Normal Arch

Severe 
Plaque >>>
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AORTIC ARCH: COMPLEX PLAQUE

Ulcerated Plaque Mobile Plaque
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AORTIC ARCH: ULCERATED VS. MOBILE PLAQUE

Ulcerated Plaque Mobile Plaque
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AORTIC ARCH ON 3D TEE: NORMAL VS. ULCERATE PLAQUE

Ulcerated PlaqueNormal Arch
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

AORTIC ATHEROMA

2D & 3D TEE
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM
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P E D I A T R I C  P O P U L A T I O N
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

PATENT FORAMEN OVALE

PEDIATRIC 2D TEE | AGITATED SALINE INJECTION
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

PATENT FORAMEN OVALE

PEDIATRIC 2D TEE | AGITATED SALINE INJECTION
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM

PARADOXICAL EMBOLUS ACROSS INTERATRIAL SEPTUM

PEDIATRIC 2D TEE
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ASE GUIDELINES | CARDIAC SOURCE OF EMBOLISM
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Thank you
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