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introduction
Cardiogenic embolism is recognized increasingly as an important 
cause of stroke. Approximately 20% of ischemic strokes 
originate from (or through) the heart.1 Cardioembolic stroke is 
defined as a nonlacunar stroke with the presence of a potential 
cardiac source in the absence of cerebrovascular disease. It is a 
heterogeneous entity, since a variety of cardiac conditions can 
predispose to cerebral embolism. It has an unfavorable outcome 
since it produces larger and more disabling strokes than other 
ischemic stroke subtypes. The availability of new diagnostic 
techniques, especially trasnsesophageal echocardiography 
(TEE) has allowed clinicians to identify cardiac sources 
of embolism with a very high sensitivity and specificity. 
Cardioembolic stroke is largely preventable, rendering measures 
of primary prevention valuable. Once the stroke has occurred, 
the likelihood of recurrence is high; thus secondary prevention 
is equally important.

etioloGic conSiderAtion
Cardiac conditions that are considered as potentially embolic 
sources may be classified as being a major, minor or uncertain 
risk (Table 1).

Mode of ecHocArdioGrAPHy
Transthoracic echocardiography (TTE) is a noninvasive 
procedure that carries little or no risk to the patient. 
Trasnsesophageal echocardiography (TEE) involves the 
introduction of an ultrasound transducer into the esophagus 
under conscious sedation. Although TTE remains the 
cornerstone of noninvasive cardiac imaging, TEE has become 
well accepted as a superior method for the identification of 
potential cardiac sources of emboli3 including left atrial thrombi, 
valvular vegetations, thoracic aortic plaque, patent foramen 
ovale, and spontaneous left atrial echocardiographic contrast. 
The superiority of TEE for the diagnosis of these “causes” is 
likely related to the use of higher-frequency imaging transducers 
with enhanced spatial resolution, close proximity of the heart 
and esophagus and lack of intervening air or bone.

cArdiAc MASSeS

left Ventricular Thrombi
Cerebral embolism has been reported in 10% of patients with 
echocardiographic evidence of left ventricular thrombi. The 
use of TTE with higher frequency transducers (e.g., 5.0 MHz) 
readily identifies or excludes left ventricular thrombi in most 
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table 1 : Potential cardioembolic sources.2

Major risk sources embolic event rate, % per year Minor or uncertain risk sources embolic event rate, % per year

Atrial fibrillation 1-12 Mitral valve prolapse <0.02

Intracardiac thrombus 0-35 Mitral annular calcification ?

Atrial myxoma Sinus rhythm : 8-14
Atrial fibrillation : 31
Prior embolism : 31 -65

Spontaneous echo contrast ?

Mechanical valve (anticoagulated) Aortic : 1.5 Mitral : 3 Left ventricular aneurysm <1

Recent myocardial infarction 1-2 Atrial septal aneurysm ?

Infective endocarditis 12-40 Calcific aortic stenosis ?

Marantic endocarditis 14-90 Patent foramen ovale ?2

Dilated cardiomyopathy 4

Aortic arch atheromatous plaques 4-16   
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patients. Among patients with poor apical windows, or those 
in whom TTE data are equivocal, TEE is certainly a reasonable 
alternative for identifying these thrombi.4

left Atrial Thrombi
Embolisation of left atrial thrombi account for >45% of 
cardiogenic thromboemboli. Left atrial thrombi are most 
often associated with atrial fibrillation or
rheumatic mitral stenosis. The sensitivity of TTE for the detection 
of left atrial thrombi is only 39-63%.5 In contrast, TEE offers 
detailed visualization of both the body of the left atrium and 
the left atrial appendage. Careful discrimination of thrombi 
from left atrial pectinate muscles, as well as familiarity with the 
multilobed appearance of the normal left atrial appendage, can 
be better appreciated with a multiplane TEE. Among patients 
presenting with new-onset (>2 days) atrial fibrillation, TEE 
studies demonstrate left atrial thrombi in 12-15% of patients. 
The incidence approaches 50% in the setting of acute clinical 
thromboembolism.6 It is seen in 27% of patients with chronic 
atrial fibrillation.
Systemic emboli are also commonly reported among patients 
with a dilated cardiomyopathy. Though historically, left 
ventricular thrombi had been presumed to be the source of 
emboli in these patients, left atrial thrombi are 4 times as 
frequent as left ventricular thrombi.7

intracardiac tumors
Myxomas constitute >50% of these lesions and the common 
clinical presentation of a myxoma is thromboembolism, either 
due to embolization of the tumor or overlying thrombus. 
Myxomas are typically found within the left atrium, classically 
attached to the interatrial septum in the area of the foramen 
ovale. Both TTE and TEE are highly sensitive in detecting 
myxomas. Although TEE is likely to be superior for detecting 
very small myxoma especially among patients with multiple 
myxomas, as in familial myxoma syndrome, TTE is generally 
adequate.
Pooled data from more than 30-cross sectional studies 
showed that the yield of echocardiography for the detection 
of intracardiac masses ranges from 0-21% with an
overall yield of 4 % for TTE and 11% for TEE.2 Similar analysis 
also revealed that TTE can detect intracardiac masses in 
13% and 0.7 % of patients with and without cardiac disease 
respectively. The corresponding values for TEE are 19% and 
1.6%. The incremental yield of TEE in patients with negative 
results of TTE for the detection of intra cardiac masses 
(predominantly LA thrombi) approaches nearly 20% among 
patients with cardiac disease.9

tHorAcic Aortic AtHeroScleroSiS
Atherosclerotic plaques in the ascending aorta and aortic arch, 
have been reported in >60% of patients without any identifiable 
“other” cause of cerebral infarction. TEE is a very sensitive 
method for visualization of the aortic intima and has provided 
insights into the importance of aortic atherosclerotic material as 
source of systemic emboli.10 Complex plaque (4 mm protrusion 
into the aortic lumen;) has been found in 28% of those without 

other known causes of thromboembolism, as compared with 
only 8% of patients with other known causes. The incidence 
of embolism is also higher when the plaque is mobile.11

ProStHetic VAlVe tHroMBi
Evaluation of mechanical and bioprosthetic valves for valvular 
function and exclusion of thrombi or vegetations is best 
performed by TEE. In this group, thrombus formation and 
subsequent embolisation may occur, especially in the setting 
of suboptimal anticoagulation. Patients with mechanical 
prostheses who present with evidence of systemic embolisation 
are generally assumed to have prosthetic valve thrombi (or 
vegetations), especially when the international normalized ratio 
(INR) is low.

infectiVe endocArditiS
The enhanced spatial resolution of TEE allows superior 
assessment of both native and prosthetic valves for vegetations. 
A prospective study of 96 patients with suspected endocarditis 
demonstrated a TEE sensitivity of 100% for vegetations 
compared with 63% by TTE. In a comparative study, analysis 
of 66 cases of suspected endocarditis, TEE had a sensitivity of 
94% compared with 44% for TTE. Both had high specificity 
approaching 100%.12

Although the sensitivity of TEE for vegetations is quite 
high, data on the specificity of TEE for vegetations among 
patients with suspected cardiac source of emboli are 
unknown. Valvular “strands” i.e., mobile, filamentous echo 
densities have been frequently described on both aortic and 
mitral leaflets among elderly people and in patients following 
mitral valve replacement They probably represent benign 
fibrin strands. Their clinical relevance13 and the impact 
of their identification on patient management are currently 
controversial.

AtriAl SePtAl defectS
An ostium secundum atrial septal defect is the most common, 
accounting for approximately 70% of all atrial septal defects. 
TTE with good acoustic window is usually adequate for 
identification of ostium primum and most secundum type 
atrial septal defects. TEE has been shown to be superior 
for identification of smaller secundum-type defects and for 
visualizing the much less common sinus venous defects. TEE 
with color Doppler examination is usually sufficient, and saline 
contrast is generally not needed for atrial septal defects. The 
impact of anatomic size and location on the thromboembolic 
risk is not well defined.

Patent foramen ovale
Although the predominant flow of blood across an atrial septal 
communication is from the left to the right atrium. There is a 
transient reversal of flow when the right atrial pressure exceeds 
left atrial pressure. Such a situation may occur on a daily basis 
related to coughing or with Valsalva’s maneuver. A thrombus in 
the venous system may thus cross to the left side of the heart, 
resulting in a systemic thromboembolism.
Diagnosis of a patent foramen ovale is typically made during 
antecubital vein infusion of agitated saline contrast injection 
following Valsalva release or with cough. Using TEE as the 
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“gold standard,” several prospective studies have demonstrated 
that TEE with saline contrast is superior to TTE with contrast 
for the diagnosis of patent foramen ovale.14 A landmark study 
by Lechat and coworkers15 emphasized the common finding of 
transthoracic evidence of patent foramen ovale in younger adult 
patients with stroke. Among patients with ischemic arterial 
events considered to be due to paradoxical thromboembolism 
through a patent foramen ovale, right-to-left contrast shunting 
has been reported to be more severe, and the opening of the 
patent foramen ovale to be large.16

Atrial Septal Aneurysms
It is found in up to 8% of patients referred for TEE for various 
indications. Aneurysms of the interatrial septum involve the 
region of the fossa ovalis and are frequently associated with 
atrial septal defects or a patent foramen ovale.17 Commonly, 
the aneurysm will protrude into the left atrium during early 
ventricular systole and rapidly swing into the right atrium or 
mid-position in late ventricular systole and diastole. TEE has 
been shown to be superior to TTE for the identification of these 
aneurysms. An atrial septal aneurysm in isolation does not 
predispose to TLA or a stroke but in the presence of a PFO, it 
potentiates the occurrence of a cerebrovascular event.18

SuMMAry
There is a fair evidence to recommend echocardiography in all 
patients with stroke and clinical evidence of cardiac disease or 
who are less than 45 years of age. TEE is the preferable modality 
found to be more cost effective and results in improved patient 
outcomes than TTE in a decision analysis of cardiac imaging 
studies after stroke. Newer risk factors, especially in young 
stroke like PFO, septal aneurysm detection helps in further 
definitive management, such as transcatheter closure.

referenceS
1. Cerebral embolism task force. Cardiogenic brain embolism. The 

second report of the cerebral embolism task Force. Arch. Neurol 
1989;46:727 -743

2. M Kapral, F Silver; Preventive Health care 1999 Update: 2. 
Echocardiography for the detection of a cardiac source of embolus 
in patients with stroke. Canadian Medical Association Journal 
1999;161:989-995.

3. Daniel WG and Mügge A, Trasnsesophageal echocardiography. N Engl 
J Med 1995;332:l268-1279.

4. Lapeyre AC III, Steele PM, Kazimier FJ, Chesebro JH, Vlietstra 
RE and Fuster V. Systemic embolism in chronic left ventricular 

aneurysm: incidence and the role of anticoagulation. J Am Coll Cardiol 
1985;6:534-538.

5. Schweizer P, Bardos P, Erbel R, Meyer J, Merx W, Messmer BJ and 
Effert S. Detection of left atrial thrombi by echocardiography. Br 
Heart J 1981;45:148-156.

6. Klein AL, Grimm R A, Black IW, Leung DY, Chung MK, 
Vaughn SE, Murray RD, Miller DP and Arheart KI. for the 
ACUTE Investigators. Cardioversion guided by transesophageal 
echocardiography: the ACUTE pilot study. A randomized, controlled 
trial. Ann Intern Med 1997;26:200-209.

7. Vigna C, Russo A, De Rito V, Perna G, Villella A, Testa M, Sollazzo 
V, Fanelli  R and Loperfido  F. Frequency of left atrial thrombi  by 
transesophageal  echocardiography  in  idiopathic  and  in  ischemic  
dilated cardiomyopathy. Am J CardiolJ 1500-1501.

8. Wold LE and Lie JT. Cardiac myxomas: a clinicopathologic profile. Am J 
Pathol 1980;101:219-240.

9. Lee RJ, Bartzokis T, Yeoh TK, et al. Enhanced detection of intracardiac 
sources of cerebral emboli by TEE. Stroke 1991;22:734-9.

10. Tunick PA, Perez JL and Kronzon I. Protruding atheromas in the thoracic 
aorta and systemic embolization. Ann Intern Med 1991;115:423-427.

11. Karalis DG, Chandrasekaran K, Victor MF, Ross JJ Jr and Mintz GS. 
Recognition and embolic potential of intraaortic atherosclerotic debris. J 
Am Coll Cardiol 1991;17:73-78.

12. Shively BK, Gurule FT, Roldan CA, Leggett JH and Schiller 
NB. Diagnostic     value     of    transesophageal     compared wih 
transthoracic echocardiography in infective endocarditis. J Am Coll 
Cardiol 1991;391-397.

13. Cohen AA, Tzourio C, Chauvel C, Bertrand B, Crassard I, Bousser 
MG and Amarenco P. Strands on native mitral valves do not increase 
the risk of recurrent brain infarction: follow-up study of a cohort. 
(Abstr.). Circulation 1996;94: I-217.

14. Schneider B, Zienkiewicz T, Jansen V, Hofmann T, Noltenius H 
and Meinertz T. Diagnosis of patent foramen ovale by transesophageal 
echocardiography and correlation with autopsy findings. Am J Cardiol 
1996;77:1202-1209.

15. Lechat PH, Mas JL, Lascault G, Loron P, Theard M, Klimczac M, 
Drobinski G, Thomas D and Grosgogeat Y. Prevalence of patent foramen 
ovale in patients with stroke. N Engl J Med 1988; 1148-1152.

16. Stone DA, Godard J, Corretti MC, Kittner SJ, Sample C, Price 
TR and Plotnick GD. Patent foramen ovale: association between 
the degree of shunt by contrast transesophageal echocardiography 
and the risk of future ischemic neurologic events. Am Heart J 
1996;7131:158-161.

17. Belkin RN, Hurwitz BJ and Kisslo J. Atrial septal aneurysm: 
association with cerebrovascular and peripheral embolic events. Stroke 
1987;18:856-862.

18. Schneider B , Hanrath PI, Vogel P and Meinertz T. Improved morphologic 
characterization of atrial septal aneurysm by transesophageal 
echocardiography: relation to cerebrovascular events. J Am Coll Cardiol 
1990;16:1000-1009.


	Cardiology_Section
	Hypertension_Section
	Diabetes_Section
	Endocrinology_Section
	Metabolism_Section
	Lipids_Section
	Gastroenterology_Section
	Hepatology_Section
	Respiratory Diseases_Section
	Neurology_Section
	Nephrology_Section
	Infection_Section
	HIV_Section
	Rheumatology_Section
	Haematology_Section
	Medical Oncology_Section
	Pregnancy Medicine_Section
	Geriatrics_Section
	Psychiatry_Section
	Radiology_Section
	Miscellaneous_Section
	MCQs



