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The Evolving Role and Use of Echocardiography in the
Evaluation of Cardiac Source of Embolism
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This report will review the role of echocardiography in the diagnosis of cardiac sources of embolism. Embolism of cardiac origin accounts for
around 15%-30% of ischemic strokes. The diagnosis of a cardioembolic source of stroke is frequently uncertain and relies on the identification
of a potential cardiac source of embolism in the absence of significant autochthonous cerebrovascular occlusive disease. Transthoracic
and/or transesophageal echocardiography serves as a cornerstone in the evaluation, diagnosis, and management of these patients. This article
reviews potential cardiac sources of embolism and discusses the role of echocardiography in clinical practice. Recommendations for the use
of echocardiography in the diagnosis of cardiac sources of embolism are given including major and minor conditions associated with the risk

of embolism.
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INTRODUCTION

Echocardiography provides images of cardiac and great
vessels anatomy and blood flow and is commonly used for
the investigation of patients with acute stroke, transient
ischemic attack (TIA), or peripheral embolism. Stroke is the
third leading cause of death in several industrial countries.
It is estimated that 87% of all strokes are ischemic, and the
remaining 13% are hemorrhagic. Ischemic strokes may be
further subdivided into following types:

1. Thrombosis or embolism associated with large vessel
atherosclerosis

Embolism of cardiac origin (cardioembolic stroke)
Small blood vessel occlusion (lacunar stroke)

Other determined cause

Undetermined (cryptogenic) cause (no cause identified,
more than one cause, or incomplete investigation).

DI REEN

Embolism of cardiac origin accounts for 15%-40% of all
ischemic strokes while undetermined (cryptogenic) causes are
responsible for 30%—40% of such strokes.

The diagnosis of a cardioembolic source of stroke is frequently
uncertain and relies on the identification of a potential cardiac
source of embolism in the absence of significant autochthonous
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cerebrovascular occlusive disease. Echocardiography (both
transthoracic echocardiography [TTE] and/or transesophageal
echocardiography [TEE]) serves as a cornerstone in the
evaluation and diagnosis of these patients.l'2) However,
cardioembolic stroke is a heterogeneous entity since a variety
of cardiac conditions can predispose to cerebral embolism.
These cardiac conditions may be classified as major, minor,
or uncertain risk [Table 1].5-7

From a pathological point of view, cardioembolic sources
of embolism may be classified into three distinct categories:
(a) cardiac lesions that have a propensity for thrombus
formation (i.e., thrombus formation in the left atrial
appendage (LAA) in patients with atrial fibrillation (AF);
(b) cardiac masses (i.e., cardiac tumors, vegetations, thrombi,
aortic atherosclerotic plaques); and (c) passageways within
the heart serving as conduits for paradoxical embolization
(i.e., patent foramen ovale [PFO]).
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Table 1: Potential cardioembolic sources

Minor or unclear risk
sources

AF Mitral valve prolapse

Major risk sources

Recent myocardial infarction Mitral annulus calcification
Previous myocardial
infarction (LV aneurysm)
Cardiomyopathies Calcified aortic stenosis
Cardiac masses
Intracardiac thrombus Atrial septal aneurysm
Intracardiac tumors PFO
Fibroelastoma
Marantic vegetations
Rheumatic valve disease Giant Lambl’s excrescences
(mitral stenosis)
Aortic arch atheromatous
plaques
Endocarditis
Mechanical valve prosthesis

PFO=Patent foramen ovale, LV=Left ventricular, AF=Atrial fibrillation

CuinicaL AND NEuroLoGICAL EVALUATION

Since embolism from a cardiac source accounts for 15%-30%
approximately of these cerebral events, a very detailed
neurologic and cardiac evaluation should first include
the patient’s clinical presentation even though there are
several limitations in making this clinical diagnosis. Several
neurologic and cardiac features (detailed informations on the
characteristics of the clinical event, history of the patients,
clinical evaluation) may suggest a cardioembolic origin.
Moreover, evidence of embolism to other organs suggests that
a cardioembolic source is likely.

As concerning the neurological evaluation, clinical and imaging

findings may suggest a cardioembolic stroke mechanism:

1. Abrupt onset of stroke symptoms, particularly in AF, with
lack of preceding TIA and severe first-ever stroke

2. Striking stroke severity in the elderly (NIH-stroke scale
>10; age >70 years)

3. Previous infarctions in various arterial distributions.

a. Multiplicity in space (infarct in both the anterior and
posterior circulation or bilateral)
b. Multiplicity in time (infarct of different age)

4. Other signs of systemic thromboembolism
(e.g., edge-shaped infarctions of kidney or spleen; Osler
splits; Blue toe-syndrome)

5. Territorial distribution of the infarcts involving cortex or
subcortical “large lenticulostriate infarct”

6. Hyperdense midcerebral artery (MCA) sign (as long as
without severe ipsilateral internal carotide stenosis)

7. Rapid recanalization of occluded major brain artery
(to be evaluated by repetitive neurovascular ultrasound).

An accurate clinical evaluation may easily raise the
suspicion of a cardioembolic even in the presence of known
structural heart disease or of clinical signs of cardiac diseases
(i.e., arrthythmias, heart murmurs). However, the presence of

a potential cardioembolic source of embolism does not itself
justify the diagnosis of cardioembolic stroke or TIA since
atherosclerotic cerebrovascular disease and cardiac disease
often coexist.

The most frequent causes of cardiogenic stroke are AF, left
ventricular (LV) dysfunction (congestive heart failure),
valve disease and prosthetic valves, intracardiac right-to-left
shunts (PFO, particularly in conjunction with atrial septum
aneurysm), and atheromatous thrombosis of the ascending
aortic arch. From an epidemiological point of view,!” there is
a history of AF in around one-half of cases, of valvular heart
disease in one-fourth, and of LV mural thrombus in almost
one-third.

TEE has revolutionized the search for cardiac sources of
embolism because of its (near) noninvasive nature and its
relatively good sensitivity and high specificity. As opposed
to lacunar or atherothrombotic stroke, the outcome after
cardiogenic stroke is particularly poor with 50% mortality after
3 years and this is an another important reason why cardiogenic
sources of emboli must be identified whenever possible.

Clinically, the most important cause of cardiogenic brain
embolism is AF both paroxysmal and chronic. Any history of
bouts of tachycardia or of periods of arrhythmia may suggest
intermittent AF. The TOAST criteria are the most frequently
used classification of stroke in epidemiological or genetic studies
and refer to (1) large artery atherosclerosis (artery-to-artery
embolus, large artery atherothrombosis), (2) cardiac embolism,
(3) cerebral small artery occlusion (lacunar stroke), (4) stroke
of another determined etiology (rare etiologies), and (5) stroke
of undetermined etiology. Categories 2 and 5 are of particular
interest for echocardiography. Echocardiography in patients
with AF enables risk stratification with respect to recurrent
stroke by measuring the size of the atrium. The annual risk of
stroke is 1.5% in cases with a normal left atrial diameter but
raises significantly in patients with an enlarged atrium.

The extension and site of the infarct on computed tomography
(CT) or magnetic resonance imaging (MRI) can deliver
important clues toward a cardiogenic embolic stroke
mechanism. This is the case if the infarct shows a cortical
extension, multiplicity, or bilaterality. However, there is also
a specific type of subcortical infarct, the “large lenticulostriate
infarct” which typically indicates an embolic stroke
mechanism. Multiplicity of lesions involving both the anterior
and posterior circulation and/or both hemispheres is highly
suggestive of cardiogenic embolism.

SpeciFic RecommenDATIONS IN DISEASES RELATED T0
CarpioemBoLIic EVENTS

Myocardial infarction and heart failure

Thromboembolism is a severe complication in patients
with heart failure.®”! While the detection of an intracardiac
thrombus may be the primary culprit for a thromboembolic
event, a variety of factors are also associated with heart
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failure and predispose to thrombosis. These include vascular
disease, procoagulative status, and impaired flow. The role
of TTE is to assess the size and function of the LV (global
and regional), estimate the LV ejection fraction (LVEF)
quantitatively, and assess other structural abnormalities such
as valvular, pericardial, or right ventricular abnormalities
and intracardiac masses that may be related with systemic
embolization risk. Etiologies of LV dysfunction leading to
heart failure may be ischemic or nonischemic. Both lead to
heart failure and can provide the anatomical substrate for
LV thrombus formation. Intracardiac thrombus is a common
finding in patients with ischemic stroke and may represent an
indication for long-term anticoagulation to reduce the threat
of further stroke and possibly to dissolve the thrombus. As
concerning heart failure and cardiomyopathies, there are a
number of factors that may predispose to thromboembolic
events including low cardiac output, very dilated ventricles,
extensive wall motion abnormalities and also AF, particularly
for atrial thrombus formation.

Thrombus formation following myocardial infarction
is now rare since the majority of patients with acute
myocardial infarction undergo prompt thrombolysis and
revascularization.'¥! The exact incidence of LV thrombus
following acute myocardial infarction is not known as studies
have been performed over several chronological periods while
the treatment of acute myocardial infarction was changing.
Early data suggest that in the setting of acute myocardial
infarction, LV thrombus may be present in 7%—-20% of
patients, most frequently in acute anterior or apical myocardial
infarction. With chronic ventricular aneurysm, the prevalence
of LV thrombus may increase up to 50%. Despite this,
rather high incidence of postmyocardial infarction thrombus
formation, the prevalence of thromboembolic events is low.
Weinsaft et al.""'used cardiac MR1 in a large cohort of patients
with LV systolic dysfunction (LVEF <50%) predominantly of
ischemic etiology and found the prevalence of thrombus to
be 7% in this population. Patients with thrombus were more
likely to have previous myocardial infarction, more advanced
systolic dysfunction, and more extensive myocardial scarring
by delayed enhanced MRI.

LV thrombus is defined as a discrete echo dense mass in the LV
with defined margins that are distinct from the endocardium
and seen throughout systole and diastole. It should be located
adjacent to an area of the LV wall which is hypokinetic or
akinetic and seen from at least two views (usually apical and
short axis). Care must be taken to exclude false tendons and
trabeculae and of course rule-out artifacts, which constitute
the most common false diagnosis of a thrombus. Sensitivity
and specificity of the echocardiographic diagnosis of LV
thrombus are in the range of 95% and 86%, respectively, in
an experienced echocardiography laboratory. However, very
often, the LV apex cannot be clearly defined and the presence
or absence of a thrombus may be very difficult to establish. It
is, therefore, useful to use a contrast ultrasound agent injected
intravenously, which will then clearly identify the presence

or absence of a thrombus.!'>"3] The use of contrast improves
image quality and allows for a more accurate assessment of
LV volumes and LVEF and thrombus detection. TEE has little
to offer in the detection of LV apical thrombus.

Several thrombus characteristics should be annotated:

*  Shape: LV thrombus may be flat (mural), lying along
the LV wall or protruding within the cavity. It may be
homogeneously echogenic or present a heterogeneous
texture often with central lucency

* Dimensions: Linear dimensions in at least 2 planes and
area may be easily annotated

*  Motion: Thrombi may be fixed along LV wall or present
an independent motion to a variable extent. Motion may
involve the entire thrombus or more commonly a portion
of the thrombus. Motion is independent of the underlying
myocardium and that characteristic clearly distinguishes
a true thrombus from an artifact. Color Doppler tissue
imaging may further facilitate this differential diagnosis.

The risk of peripheral emboli is higher in patients with larger
thrombus size, those with protruding and mobile LV thrombi,
and in the older patients.

Figures 1 and 2 show examples of LV thrombi and usefulness
of echocontrast agents in suboptimal TTE.

ATRIAL FIBRILLATION

A thrombus located in the left atrium or, more precisely, in
the LAA is the most prevalent source of cardioembolic events
and is typically associated with atrial arrhythmias such as
AF and atrial flutter.'*2*! TEE is the imaging modality of
choice for the evaluation of LAA anatomy and function.
The LAA may be unilobular or multilobular. Four different
morphologies have been used to categorize the LAA: cactus,

Figure 1: Apical transthoracic views showing (arrows) four different
cases: (a) apical protruding left ventricle thrombus; (b) multiple left
ventricle thrombi in a idiopathic cardiomyopathy; (c) apical mural
stratified thrombus; (d) uncommon mobile left ventricle thrombus in the
mid anterolateral wall. LV: left ventricle.
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chicken wing, windsock, and caulifiower. Patients with
chicken-wing LAA morphology may be less likely to have
thromboembolic events compared with those with other
LAA morphologies.

The link between AF and cerebral or systemic embolism
is important and complex. Its importance derives from the
high prevalence of AF (0.4%—1% in the general population,
increasing to 9% in persons aged 80 years or older) and from
the frequent occurrence of stroke and embolism, ranging from
1% (low-risk patients) to up to 15% event/year (high-risk
patients).

Echocardiography has routinely become established in
guidelines!'! for the management of AF. TTE has great
importance in identifying etiological causes underlying AF
such as valvular heart disease; left and right atrial dimensions;
LV dimensions and thickness; LV systolic and diastolic
function; right ventricular dimensions and function; tricuspid
regurgitation with right ventricular systolic pressure estimate;
pericardial disease.

Moreover, with the increasing use of procedures of
radiofrequency ablation and of LAA closure, echocardiography
has gained an important role in the selection, guidance, and
follow-up of percutaneous and surgical interventions.

Thrombi formation in the cardiac cavities is mainly due to
blood stasis. During sinus rhythm, the contractile activity of
LAA with its vigorous emptying of blood flow usually prevents
the formation of thrombi in the LAA despite its cul-de-sac
shape and its plurilobate anatomical structure. The onset of
atrial dysfunction renders the LA prone to the formation of
thrombi within its cavity.

TEE is the gold-standard technique to detect LAA thrombi.
Thrombi are seen as echo reflecting masses in the atrial body
or in the LAA (often in its apex), distinct from the underlying
endocardium, observed in more than one imaging plane, and
not related to pectinate muscles [Figure 3]. TEE is also able
to detect signs of LAA dysfunction, often associated with or
preceding the thrombus formation, such as low LAA emptying
velocities and spontaneous echo contrast (SEC).?24 Low LAA
emptying velocities are well depicted with pulsed Doppler

Figure 2: Transthoracic apical four chamber view: Left panel: Suboptimal
visualization of left ventricle wall and apex: Right panel: contrast
echocardiography shows normal opacification of the left ventricle cavity.
LV: left ventricle.

TEE, when the maximum peak of emptying velocity is lower
than 30—40 cm/s.

The assessment of embolic risk in AF is crucial to indicate
anticoagulant therapy in each patient, counterbalancing the
hemorrhagic risk. The risk stratification of patients with AF
is based on clinical predictive factors according to a validated
scheme named CHADS?2. In the difficult decision to indicate
lifelong anticoagulation, several echocardiographic factors can
help in predicting the thromboembolic risk [Table 2]. Factors
independently associated with increased thromboembolic
risk are LAA thrombi, dense SEC, LAA peak flow
velocities <20 cm/s, and complex aortic plaques.

Therefore, echocardiographic data are independent predictors
of thromboembolism and can offer additional information,
mostly in the subgroup of patients at intermediate risk and in
all cases with doubts on the risk/benefit ratio for the therapeutic
choice.

Transesophageal echocardiography to guide cardioversion
The most important role of TEE in AF is to guide short-term
anticoagulation for cardioversion. In patients with AF lasting
more than 48 h, besides the “conventional approach” with
oral anticoagulation for at least 3 weeks precardioversion,
a “short-term TEE-guided approach” can be used. This

Table 2: Echocardiographic predictors of embolic risk in
patients with atrial fibrillation

Echocardiographic risk factors
LV systolic dysfunction (EF <35%)
Complex aortic plaques*

LAA thrombi or spontaneous echo contrast™®

LAA dysfunction (emptying blood flow velocities <20 cm/s and/or
reduced contraction at M-mode)

*Identified only at TOE. LAA=Left atrial appendage,
TOE=Transesophageal echocardiography, LV=Left ventricular

Figure 3: Transesophageal echocardiography imaging of the left
atrium and left atrium appendage in four different cases with left atrium
appendage thrombi (arrows). Each case is characterized by different
dimension, shape, and echogenicity of thrombus.
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“TEE-guided approach,” based mainly on the results of the
ACUTE study,* avoids the 3 weeks of precardioversion
anticoagulation in patients with no evidence of thrombi
in the LA/LAA at TEE. In patients with thrombus, oral
anticoagulation is usually performed lifelong (or a second
TEE after anticoagulants should be performed), abolishing
the cardioversion because of the high thromboembolic risk.
There is a consensus on 4 weeks of oral anticoagulation
after cardioversion with ecither strategy because of the
possible occurrence of thromboembolism in the early
postcardioversion period even in the absence of thrombi in the
precardioversion TEE. These rare embolic events are due to
the postcardioversion LAA dysfunction (the so-called “atrial
stunning”), which causes atrial stasis and provides a milieu
for the formation of new thrombi.[?>2¢!

Table 3 shows in summary the role of TTE and TEE with AF.

Patent Foramen QVALE

PFO, the remnant of an embryologic circulatory bypass of the
lungs, is present in approximately one-fourth to one-third of
all adults. The prevalence of PFO decreased with age, from
34% in the group aged 0-30 years to 20% in the group aged
80-99 years. Thus, the finding of a PFO should be considered
a normal variant rather than a pathologic finding.

The foramen ovale is a slit-like communication between the
left and right atrium bounded by two thin septal membranes
representing the septum secundum (on the right atrial side)
and the septum primum (on the left atrial side), in the cranial
portion of the fossa ovalis, the thin part of the atrial septum.
Most of the time, the PFO is kept closed by a positive
left-to-right atrial pressure gradient which holds the two septal
membranes together. If the right atrial pressure exceeds the left
atrial pressure, however, as in the Valsalva maneuver or due
to the right atrial pressure increase, a right-to-left shunt flow
through the PFO ensues.

There is a wide anatomic range in size and functional
significance of PFO, from the described frequent minimal
variant to rarer forms, where there is a permanent open
communication between the atria, leading to a predominant
left-to-right shunt with occasional shunt reversal. An atrial
septal aneurysm is diagnosed if there is a fixed displacement
or a mobile excursion of the fossa ovalis region of the atrial
septum toward the right or left atrium, or both, exceeding
10 mm from the midline (a line from the basal part of the
interventricular septum to the insertion of the septum secundum
in the atrial wall). The potential mechanism may be that
the aneurysm may act as like a net capturing thrombi and
conveying them to the PFO.

The association of PFO and otherwise unexplained neurological
ischemic insults has been intensively studied.?”* The
underlying concept of paradoxical embolism of venous
thrombi through the PFO has been well documented in the
context of acute pulmonary embolism. However, while many

authors have confirmed the statistical association between
PFO and unexplained neurological events in young patients,
the causality has not been conclusively established. This is
an area of clinical uncertainty and ongoing debate, rendering
it difficult to give firm recommendations.[!#32343944] The
following statements are fair in view of the available evidence
and are reported in Table 4. These points should be integrated
into the decisions on patient management.

Technical points of patent foramen ovale detection

Transcranial Doppler often provides the first clue to the
existence of a right to left shunt by detecting microbubbles in
the MCA after intravenous fluid injection. However, TEE is

Table 3: Transthoracic echocardiography and
transesophageal echocardiography role in atrial
fibrillation

TTE

To detect an underlying pathology affecting management or therapeutic
decisions (ischemic heart disease, valvulopathy, cardiomyopathy, or
reduced ventricular function)

Before cardioversion of atrial flutter (since this arrhythmia is often a
marker of severe heart disease)

To indicate, guide and follow-up invasive surgical procedures, such as
substrate AF ablation (RF or surgical) or LAA closure

The addition of TEE in patients with AF is indicated
In guiding short-term anticoagulated cardioversion

In clinically selected cases (preablation of AF and preclosure LAA,
suspected aortic arch atherosclerosis, recurrence of embolism during
correct anticoagulation)

In determining the risk for future embolism (study of LAA function)

TEE=Transesophageal echocardiography, TTE=Transthoracic
echocardiography, AF=Atrial fibrillation, LAA=Left atrial appendage,
RF=Radiofrequency

Table 4: Summary of available statements concerning
patent foramen ovale and neurological events
Paradoxical embolism through a PFO is a rare cause of neurological

ischemic events, except in the context of acute pulmonary embolism with
arise in right atrial pressure

In the absence of a demonstrable elevation of right atrial pressure, caution
should be exercised to incriminate PFO in unexplained neurologic events.
However, in the absence of more likely causes, paradoxical embolism
through a PFO may be assumed in the following circumstances

Young age. Over the age of 55 years, the likelihood of atherosclerotic
disease or occult paroxysmal AF as a source of embolism is far

higher than that of paradoxical embolism through a PFO. Two
population-based study of subjects over 39 years of age found no excess
ischemic neurological events in subjects with versus subjects without
PFO although some controversy over this issue continues

The presence of an atrial septal aneurysm additional to a PFO is
associated with a marked increase in recurrent unexplained neurologic
events

Large provokable right-to-left shunts have shown a stronger
association with unexplained neurologic events than small shunts.
Shunt quantification is difficult, but the number of bubbles crossing the
septum either spontaneously or after a Valsalva maneuver gives a rough
idea of shunt size. More than 20 bubbles have been cited to indicate a
“large PFO”

PFO=Patent foramen ovale
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traditionally the gold standard for the detection of PFO even
though in the presence of good image quality, transthoracic
echo is sufficient to detect the presence of a PFO.[5:4¢]
Performance of a valid Valsalve maneuver must be ensured
with both methods. Figure 4 demonstrates the usefulness of
TTE with contrast agents in imaging right-to-left shunt in cases
with different degrees of shunt.

A PFO is diagnosed if intravenous microbubbles (agitated
infusion solutions, right heart contrast agents, or saline-blood
mixtures) passing from the right atrium into the left atrium,
either spontaneously or after a Valsalva maneuver is directly
observed. A right-to-left or left-to-right shunt on color Doppler
clearly originating from a passage between the two septa
in the fossa ovalis is also diagnostic. Although TEE is still
regarded as the gold standard for PFO detection, current echo
machines equipped with harmonic imaging have an equivalent
sensitivity to visualize right-to-left shunt through a PFO.
Table 5 summarizes recommendations regarding technical and
clinical considerations on PFO diagnosis and therapy.

AoRTIC ATHEROSCLEROSIS

Imaging of the aorta is an essential part of the evaluation of
embolic stroke and peripheral embolization.[*57 Atherosclerotic
plaque is the most common source of embolism originating
from the aorta. In rare instances, embolism can arise from aortic
tumors. Atherosclerotic plaques in the aorta may give rise to
two different types of emboli (thromboemboli and cholesterol
crystal emboli) and two different syndromes of arterioarterial
embolism (aortic thromboembolism syndrome and cholesterol
emboli syndrome).

Figure 4: Apical four chamber view of two cases of patent foramen ovale
before (a and c) and after Valsalva maneuver (b and d). (a) Baseline
contrast without right-to-left shunt; (b) same case after Valsalva
maneuver: microbubbles in the left ventricle cavity indicating moderate
shunt; (c) baseline contrast without right-to-left shunt; (b) same case
after Valsalva maneuver: microbubbles in the left ventricle cavity indicating
severe shunt.

Aortic atherosclerosis is well known to increase with advancing
age and is related to traditional cardiovascular risk factors such
as hypertension, hypercholesterolemia, diabetes mellitus, and
smoking. The prevalence of aortic atheromas on TEE varies
depending on the population studied. In a community study,
aortic atheromas were present in 51% of randomly selected
residents aged 45 years or older, with a greater prevalence in
descending aorta. Complex atheromas were present in 7.6%.
Aortic arch atherosclerosis is found in 60% of patients 60 years
or older who had cerebral infarction. In the stroke prevention in
AF (SPAF), investigators reported that 35% of patients with
“high risk” nonvalvular AF had complex aortic plaque (mobile,
ulcerated size >4 mm). During 13 months of follow-up, patients
with complex aortic atheromatous plaque had a fourfold
increased rate of stroke, compared to plaque-free patients. Clots
floating in the aorta frequently become inserted to atherosclerotic
plaque and have a high embolic risk. Another complication of
aortic atherosclerosis is cholesterol embolization syndrome,
spontaneous, or secondary to an invasive vascular procedure.
Similarly, ascending aorta and arch atheromas proved to be a
highly significant risk factor for intraoperative stroke.

Aortic atherosclerosis diagnosis

The detection, characterization, and quantification of aortic
plaques can be accomplished by TEE, CT, or MRI. Aortic
atheromas are characterized by irregular intimal thickening of
at least 2 mm. The following grading system is used to classify
aortic atherosclerosis: Grade I: intimal thickening <4 mm;
Grade II: diffuse intimal thickening >4 mm; Grade III:
atheroma <5 mm; Grade IV: atheroma >5 mm; and Grade V:
any mobile atheroma (modified from Montgomery et al.)*®
[Figure 5].

Based on their morphology, aortic atheromas are classified as
either simple or complex plaques. Figure 6 shows examples of
complex and mobile aortic plaques. Although the usefulness of
TTE is limited for assessing aortic atherosclerosis, it has been
shown to play a role in the diagnosis of aortic arch atheromas
using suprasternal harmonic imaging.

The advantages of TEE over other noninvasive modalities
(CT and MRI) include its ability to assess the mobility of

Table 5: Summary of technical and clinical statements
concerning patent foramen ovale

TEE is traditionally the gold standard for the detection of PFO; however,
in the presence of good image quality, transthoracic echo is sufficient to
detect the presence of a PFO. Performance of a valid Valsalve maneuver
or strong cough must be ensured with both methods
The etiologic role of paradoxical embolism through a PFO in unexplained
stroke should be assumed with great caution and discussed with the neurologist.
Factors that argue in favor of this mechanism and that would suggest an
indication for either anticoagulation or PFO closure are:
Temporal relationship of the neurological event with venous thrombosis
Young age (typically <55 years) and absence of other potential causes
Presence of an atrial septal aneurysm

Presence of a large spontaneous or provokable right-to-left shunt

PFO=Patent foramen ovale, TEE=Transesophageal echocardiography

38 Journal of Cardiovascular Echography | Volume 27 | Issue 2 | April-June 2017 -




[Downloaded free from http://www.jcecho.org on Tuesday, December 11, 2018, IP: 159.149.192.67]

Celeste, et al.: Echocardiography and sources if embolism

Grad | : normal or minimal
intimal thickening

Grad IV : atheroma>5 mm Grade V = mobile lesion

Figure 5: Grading (Montgomery classification) of severity of aortic
atherosclerosis.

plaque in real time. Increasing plaque thickness >4 mm
imparted a greater embolic risk and mobile lesions (thrombi)
superimposed on aortic atheromas are also known to increase
the risk of embolism.

CarpiAc MAsSES

Primary cardiac tumors are very rare (autoptic prevalence
of 0.05%). Most primary cardiac tumors are histologically
benign but may have malignant clinical course due to
their often high embolic potential. The two most common
primary cardiac tumors in adults are myxoma and papillary
fibroelastoma both of which often present with stroke or other
embolism.®-%! The strokes may occur because of embolism of
the tumor itself or because of dislodgement of an associated
thrombus. Primary malignant tumors of the heart are rare and
are mostly sarcomas. Because they are located predominantly
in the right heart, they may lead to pulmonary rather than
systemic embolism. Secondary tumors due to metastatic
disease are 20 times more common (1% in autopsy series)
than benign cardiac tumors but are infrequently implicated as
a cardiac source of embolism. The most common malignant
tumors of the heart include melanomas as well as metastases
from lung, breast, colon, and stomach cancers.

Two-dimensional and three-dimensional (3D)
echocardiographic imaging can establish the location,
appearance, size, and mobility of cardiac tumors. Color and
spectral Doppler is useful in determining the hemodynamic
consequences of the tumors, mainly obstruction and valve
stenosis. It is generally the only imaging modality required
preoperatively although MRI or CT may also be indicated in
selected cases.

Cardiac myxoma is the most common benign primary tumor
of the heart, accounting for approximately 30%—-50% of all
primary cardiac tumors. It is an endocardial-based neoplasm
of uncertain histogenesis that, morphologically, is unique and
not seen in extracardiac locations. Mean age at presentation is
50 years and approximately two-thirds of patients are women.
Almost 90% of myxomas occur in the LA as polypoid lesions

Figure 6: Transesophageal echocardiography of the ascending aorta (left
upper panel) and the descending thoracic aorta (other three panels) in
four cases with mobile and complex plaques.

attached to the oval fossa; sometimes, they involve the right
atrium (15%) or the left or right ventricle (5% each); in 5% of
case, they show multiple locations. In over 50% of patients,
LA myxomas cause symptoms of mitral valve stenosis
(dyspnea and orthopnea from pulmonary edema or heart
failure). Embolic phenomena occur in 30%—40% of patients.
Smooth surfaced tumors are more likely to produce valvular
obstruction while polypoid and myxoid ones are more likely
to embolize [Figures 7 and 8].

Cardiac myxomas typically appear as a mobile mass attached
to the endocardial surface by a stalk, usually arising from
the fossa ovalis. Myxomas with this appearance can be
confidently diagnosed by TTE although small tumors or those
that involve the right heart may require TEE for diagnosis. 3D
echocardiography has also been used to more fully characterize
atrial myxomas. Since myxomas are usually small and mobile,
they are typically better defined by echocardiography than
by either MRI or CT. If the narrow stalk is not visible, the
diagnosis cannot be made by echocardiography and further
imaging, MRI or CT, is necessary to show the tumor’s margins
and to exclude tumor infiltration. The major complication
of myxoma is embolization, especially of myxoid, friable,
familial ones.

Papillary fibroelastoma

Fibroelastomas are by far the most common valve-associated
tumors, accounting for more than 85%—-90% of them. Myxomas
and fibromas account for the remainder, whereas malignant
tumors involving the valves are very rare. Histologically,
fibroelastomas are avascular papillary structures lined by
endothelial cells and are often mistaken for cardiac myxoma.
Papillary fibroelastomas are small, generally 0.5-2.0 cm in
diameter, and are often confused with vegetations [Figure 9].
Making this distinction is difficult because of the similarity
in the echocardiographic appearance. A correct diagnosis
therefore depends on the clinical setting and the presence or
absence of signs of infection. These tumors are usually attached
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Figure 7: Left atrial myxomas. (a) Parasternal long-axis view
showing wedging of the myxoma into the mitral valve; (b) same
case (four chamber view); (c) three-dimensional transesophageal
echocardiography visualization of a left atrium myxoma attached to
the posterior wall of the left atrium proximal to the pulmonary vein;
(d) transesophageal echocardiography four chamber view of a large left
atrium myxoma obstructing the mitral valve.

Figure 8: Adapted transthoracic four chamber views of a huge right atrial
myxoma (left panel) and small one (arrow, right panel).

Figure 9: Small aortic fibroelastoma of the aortic valve (short axis
transesophageal echocardiography view-arrow) and of a small Mitral
valve fibroelastoma (transesophageal echocardiography three chamber
view-arrow).

to the downstream side of the valve by a small pedicle and
are irregularly shaped with delicate frond-like surfaces; tumor
mobility is the independent predictor of death or nonfatal
embolization and significant valvular regurgitation is rare.
Differential diagnosis with Lambl’s excrescences is difficult

and controversial; generally Lambl’s excrescences are smaller
and frequently seen on an otherwise normal valve in elderly
patients. Whether the two pathologies represent different
entities remains controversial.

EnpocARDITIS

Embolic events represent one of the most severe complications
of infective endocarditis (IE), particularly in case of cerebral
embolism, which is associated with an increased morbidity
and mortality.l%>73 The rate of systemic embolism in IE is very
high. It has been estimated to be 10%—50% of IE. However, its
exact incidence is unknown, with a large number of embolic
events being clinically silent. In the majority of cases, IE is
clinically suspected because of fever and/or other clinical
findings suggestive of IE. However, in some situations, these
features are absent and IE is diagnosed on a systematic TEE
performed because of unexplained embolic event.

Three echocardiographic findings are considered as major
criteria for endocarditis, including vegetation, abscess, and new
dehiscence of a prosthetic valve. Among them, the presence
of vegetation is a hallmark of IE. Vegetation typically appears
as a chaotic mass with acoustic properties different from that
of the underlying cardiac structure, adherent to a valve leaflet
and with mobility independent to the associated valve. Less
frequently, vegetations are localized on mural endocardium
or papillary muscles. Echocardiography must be performed
in all cases of suspected IE. It combines the advantages of
diagnosing IE and assessing the severity of valve damage,
detecting cardiac complications, and predicting prognosis and
embolic risk. TTE must be performed first and has sensitivity of
about 60% for the diagnosis of vegetation. TEE is mandatory
in cases of doubtful TTE, in prosthetic and pacemaker IE, and
when an abscess is suspected. TEE enhances the sensitivity
of TTE to about 85%-90% for the diagnosis of vegetation
and the additive value of TEE is even more important for the
diagnosis of abscess and other forms of perivalvular extension.

The sensitivity of echocardiography (both TTE and TEE) is
lower in patients with a prosthetic valve or an intracardiac
device. Similarly, identification of vegetations may be difficult
in the presence of mitral valve prolapse (MVP) with valve
thickening if vegetations are very small (<2 mm) or already
embolized. For these reasons, TTE/TEE must be repeated after
a few days delay after an initially negative echocardiographic
examination if the clinical suspicion remains high.

Echocardiography plays a major role in predicting embolic
events!®>7! although this prediction remains difficult in the
individual patient. Location of the vegetation on the mitral
valve and the increasing or decreasing size of the vegetation
under antibiotic therapy have also been associated with an
increased embolic risk. The risk of new embolism increases
with the increasing size of the vegetation, with patients with
very large (>15 mm) and mobile vegetations having the highest
risk, especially in staphylococcal mitral valve endocarditis.
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The risk of a new embolism is highest during the 1% day
following the initiation of antibiotic therapy and decreases
after 2 weeks although some degree of risk persists indefinitely
in the presence of vegetation. For this reason, the benefit of
surgery to prevent embolization would be greatest during the
I**week of antibiotic therapy, when the embolic rate is highest.
Figure 10 shows four different cases of endocarditis.

ProsTHEeTIC VALVES/INTRACARDIAC DEVICES

Intracardiac devices and prosthetic valves represent a major
source of embolism. The presence of an intracardiac material in
the setting of an embolic event raises a high level of suspicion
of a cardioembolic source.

Prosthetic valves

Two complications of prosthetic valve replacement must be
suspected when an embolic event occurs in a patient with
a prosthetic valve: prosthetic valve IE (see endocarditis)
and prosthetic thrombosis. Prosthetic thrombosis is one of
the most severe complications of mechanical heart valve
replacement!®#1! although it may be observed less frequently
in other types of valve substitutes. Both TTE and TEE must
be performed in suspected prosthetic valve thrombosis. Two
different clinical and echocardiographic presentations may
occur.

In severely obstructive thrombosis, TTE is the first-line
examination and may evidence an abnormal transprosthetic
color flow jet, an elevated Doppler transprosthetic gradient,
and a reduced effective orifice area. A high transvalvular
gradient is of great value for the diagnosis of prosthetic
thrombosis, especially when comparison with a reference
value is available. Although direct evidence of valve

Figure 10: Vegetations in infective endocarditis (arrows). (a) Transthoracic
echocardiogram parasternal long-axis view showing vegetation on
native aortic valve; (b) transesophageal echocardiography long axis of
endocarditis of native aortic valve; (c) transesophageal echocardiography
visualization of vegetation on the atrial side of mechanical mitral
valve; (d) transesophageal echocardiography showing endocarditis of
bioprosthetic mitral valve. LA: Left atrium; LV: Left ventricle.

thrombus may be obtained by TTE, TEE is the method of
choice to diagnose the main signs of prosthetic thrombosis
including restricted leaflet or disc motion, abnormal central
regurgitation, loss of physiological regurgitant jets in
mechanical valves, and direct visualization of thrombus or
pannus formation. Cinefluoroscopy may also be useful in this
setting ¥ TEE is also very helpful for the assessment of
the extent of thrombus formation. The risk of embolism and
complications in prosthetic thrombosis have been related to
the size of the thrombus, with a large thrombus (>0.8 cm?)
being a major risk factor for complications of thrombolytic
treatment and TEE may help in the choice between surgery
and anticoagulant or thrombolytic therapy.[*”

Diagnosis of partial prosthetic thrombosis is more difficult,
especially when obstruction is mild or absent. TTE is of limited
value in this setting and TEE is the method of choice for the
diagnosis of small prosthetic thrombosis.

Intracardiac devices
Both TTE and TEE are useful for the diagnosis of device
thrombosis and/or IE.

A right-sided cardiac source of embolism must be suspected
when an embolic event, particularly a pulmonary embolism
occurs in a patient with an intracardiac device, including
permanent pacemaker, implantable cardioverter defibrillators,
or other intracardiac device, or when a paradoxical embolism
is suspected.

Minor ConbiTions

Mitral valve prolapse

MVP is a very common cardiac condition estimated to occur
(mainly in young women) in 2% of the general population.
While in the past (also due to overestimation of the disease
for echocardiographic technical reasons), several studies
identified MVP in approximately one-third of patients under
45 years with cerebral ischemia, the most recent cohort
and case—control studies have cast doubt on the role of
uncomplicated MVP in stroke. Other studies identified the
presence of mixomatous degeneration (with thickened or
redundant leaflets) and supraventricular arrhythmias as risk
factors for stroke. At present, the risk of thromboembolic
complications in MVP is in general felt to be quite
low (estimated at 1/6000 patient-years).

The mechanism of stroke in MVP is not clearly understood;
one of the postulated etiological causes is that platelet-fibrin
thrombi may form on the surface of the redundant leaflet tissue
and embolize. More recently, an association between MVP and
interatrial septal aneurysms has been clearly demonstrated and
consequently, the potential of paradoxical emboli is present.

Mitral annulus calcification

Mitral annulus calcification (MAC) is a very common
degenerative process. It refers to a chronic noninflammatory
fibrous-calcification degeneration of the mitral annulus.
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Even though the Framingham heart study demonstrated
a two-fold increase in the risk of stroke in these patients,
no causal relationship between stroke and MAC has
been established since MAC is a marker for generalized
atherosclerosis. However, occasionally, mobile plaques may
be clearly identified at the level of the calcified annulus by
echocardiography (both TTE or TEE) and in those cases, the
probability of an embolic source is much higher.

Calcific aortic stenosis

Calcific aortic stenosis is a very common disease including
degenerative calcification, rheumatic, or congenital pathology.
Embolic complications are very uncommon in these patients
and the majority of cases of neurological events are occult or
minor. Rarely, larger emboli have been associated with calcific
aortic stenosis, mainly in procedural setting such as cardiac
catheterization and percutaneous valvuloplasty or percutaneous
valve implantation. TTE or TEE may rarely visualize small
debris or mobile plaques at the level of the valve leaflets or
annulus, further reinforcing the potential for an embolic event.

CoNCLUSIONS

During the past two decades, enormous progress has been
made in the noninvasive diagnosis of cardioembolic events.
Transthoracic and TEE are the key diagnostic modalities for
evaluation, diagnosis, and management of stroke, systemic
and pulmonary embolism. In this regard, echocardiography is
not only a powerful tool for the evaluation of cardioembolic
sources of stroke but also to establish recommendations for
the primary and secondary prevention of cardioembolic stroke.
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