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Abstract

Objective: To develop guidelines for the use of echocardiography in the investiga-
tion of patients with stroke.

Options: (1) Routine transthoracic echocardiography (TTE); (2) routine trans-
esophageal echocardiography (TEE); (3) routine TTE followed by TEE if the TTE
findings are noncontributory; (4) selective TTE or TEE in patients with cardiac
disease who would not otherwise receive anticoagulant therapy.

Outcomes: This article reviews the available evidence on the yield of TTE and TEE
in detecting cardiac sources of cerebral emboli in patients with stroke, the effec-
tiveness of treatment for cardiac sources of emboli and the effectiveness of
screening echocardiography for secondary stroke prevention.

Evidence: MEDLINE was searched for relevant articles published from January
1966 to April 1998; also reviewed were additional articles identified from the
bibliographies and citations obtained from experts.

Benefits, harms and costs: Echocardiography can detect intracardiac masses
(thrombus, vegetation or tumour) in about 4% (with TTE) to 11% (with TEE) of
stroke patients. The yield is lower among patients without clinical evidence of
cardiac disease by history, physical examination, electrocardiography or chest
radiography (less than 2%) than among patients with clinical evidence of car-
diac disease (less than 19%). The risks of echocardiography to patients are
small. TTE has virtually no risks, and TEE is associated with cardiac, pulmonary
and bleeding complications in 0.18%. Patients with an identified intracardiac
thrombus are at increased risk for embolic events (absolute risk uncertain,
range 0%–38%), and this appears to be reduced with anticoagulant therapy
(absolute risk reduction uncertain). Anticoagulant therapy carries a risk of ma-
jor hemorrhage of 1% to 3% per year. The overall effectiveness of echocardiog-
raphy in the prevention of recurrent stroke is unknown.

Values: The strength of evidence was evaluated using the methods of the Canadian
Task Force on Preventive Health Care.

Recommendations: There is fair evidence to recommend echocardiography in
patients with stroke and clinical evidence of cardiac disease by history, phys-
ical examination, electrocardiography or chest radiography (grade B recom-
mendation). There is insufficient evidence to recommend for or against TEE
in patients with normal results of TTE (grade C recommendation). There is in-
sufficient evidence to recommend for or against routine echocardiography in
patients (including young patients) without clinical cardiac disease (grade C
recommendation). Routine echocardiography is not recommended for pa-
tients with clinical cardiac disease who have independent indications for or
contraindications to anticoagulant therapy (grade D recommendation). There
is fair evidence to recommend anticoagulant therapy in patients with stroke
and intracardiac thrombus (grade B recommendation). There is insufficient
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(no) evidence to recommend for or against any specific therapy for patent
foramen ovale (grade C recommendation).

Validation: The findings of this analysis were reviewed through an iterative process
by the members of the Canadian Task Force on Preventive Health Care.

Sponsors: The Canadian Task Force on Preventive Health Care is funded through
a partnership between the Provincial and Territorial Ministries of Health and
Health Canada.
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Echocardiography uses ultrasonography to provide
images of cardiac and great vessel anatomy and
blood flow and is commonly used in the investiga-

tion of patients with stroke. The purpose of performing
echocardiography is to detect cardiac sources of cerebral
emboli, thereby allowing the provision of appropriate ther-
apy and preventing recurrent stroke. In this paper we review
the available evidence on the yield of echocardiography in
patients with stroke, the effectiveness of treatment for car-
diac sources of emboli and the effectiveness of screening
echocardiography for secondary stroke prevention.

Stroke is the third leading cause of death in Canada.
About 200 000 Canadians have experienced stroke, and
each year an estimated 50 000 new cases occur in Canadi-
ans over 65 years of age.1 At least 20% of stroke survivors
require institutional care, and another 15% require assis-
tance with activities of daily living.2

Cardiogenic embolism accounts for 15% to 30% of is-
chemic strokes.2,3 Cardioembolic stroke, defined as “the
presence of a potential cardioembolic source in the absence
of cerebrovascular disease in a patient with nonlacunar
stroke,”3 is a heterogeneous entity, since a variety of cardiac
conditions can predispose to cerebral embolism. No “gold
standard” exists for the diagnosis, which leads to limitations
in accurately determining the frequency and causes of car-
dioembolic stroke.

Cardiac conditions that are considered potential car-
dioembolic sources may be classified as major risk, minor
risk or uncertain risk (Table 1). Echocardiography is not
required for the diagnosis of many of these conditions. For

example, atrial fibrillation, recent myocardial infarction and
valvular heart disease are often established diagnoses before
the cardioembolic event or may be diagnosed by means of
other investigative techniques. For other conditions, the 
results of echocardiography do not lead to a change in
management. For example, patients with stroke and atrial
fibrillation or mechanical cardiac valves will usually receive
anticoagulant therapy regardless of the findings on
echocardiography, whereas those with conditions for which
there is no proven effective therapy (e.g., atrial septal
aneurysm and aortic arch atheromata) will usually be
treated with standard antiplatelet therapy.7

In contrast, the detection of a previously undiagnosed
intracardiac thrombus, vegetation or tumour will often lead
to a change in management. Therefore, this guideline arti-
cle focuses on the use of screening echocardiography for
the detection of intracardiac masses. Although the evidence
for the risk of recurrent stroke is less definitive, the detec-
tion of patent foramen ovale may also result in a change in
therapy, and the role of echocardiography in the manage-
ment of this condition is also reviewed.

Methods

We identified relevant articles by a computerized search of
MEDLINE (January 1966 to April 1998) using the MeSH terms
“cerebrovascular disorders,” “heart diseases,” “echocardiography,”
“thromboembolic disorders,” “intracardiac thrombus,” “diagno-
sis,” “prevention” and “therapy.” A professional librarian assisted
with the search. We also performed a manual review of references

Mitral stenosis Normal sinus rhythm: 8–1412,13

Atrial fibrillation: 31
Prior embolism: 31–65

Mechanical valves (anticoagulated) Aortic: 1.5/yr3

Mitral: 3/yr 
Recent myocardial infarction 1–2/yr15–17

Infective endocarditis 12–4018

Marantic endocarditis

Major risk sources
Embolic 
rate, %

14–9020

Patent foramen ovale

Atrial fibrillation 1–12/yr4–6

Calcific aortic stenosis

Atrial septal aneurysm

Left ventricular aneurysm

Intracardiac thrombus 0–353,8–10

Spontaneous echo contrast
Mitral annular calcification

Atrial myxoma 30–4011

Mitral valve prolapse

Minor or uncertain risk
sources

Dilated cardiomyopathy 4/yr3

?2/yr7,19

?

?

< 13,14

?
?
< 0.02/yr3,7

Embolic
rate, %

Table 1: Potentional cardioembolic sources

Aortic arch atheromatous plaques 4–16/yr7,21–23



and obtained citations from experts. Studies were included if they
were published in manuscript form in peer-reviewed journals. For
the evaluation of the yield of echocardiography, studies involving
patients referred for echocardiography (rather than consecutive
patients with stroke) were excluded from this review because of
the potential for selection bias, as were studies that included pa-
tients with systemic (peripheral) emboli (references available from
the authors on request).

We systematically reviewed the evidence using the method of
the Canadian Task Force on Preventive Health Care (formerly
the Canadian Task Force on the Periodic Health Examination).24

The task force, comprising expert clinician/methodologists from a
variety of medical specialties, used a standardized evidence-based
method for evaluating the effectiveness of this intervention. A
manuscript providing critical appraisal of the evidence was pre-
pared by the lead authors. This included identification and critical
appraisal of key studies, and ratings of the quality of this evidence
using the task force’s established methodologic hierarchy (Appen-
dix 1), resulting in a summary of proposed conclusions and rec-
ommendations for consideration by the task force. This manu-
script was circulated to the task force members in December
1997, and evidence for this topic was presented by the lead au-
thor(s) and deliberated on at a meeting in January 1998.

At the meeting the expert panellists addressed critical issues,
clarified ambiguous concepts and analysed the synthesis of the
evidence. At the end of this process, the specific clinical recom-
mendations proposed by the lead authors were discussed, as were
issues related to clarification of the recommendations for clinical
application and any gaps in evidence. The results of this process
are reflected in the description of the decision criteria presented
with the specific recommendations. The final decisions on rec-
ommendations were arrived at unanimously by the group and
lead authors.

After the meeting, the lead authors revised the manuscript ac-
cordingly. After final revision, the manuscript was sent by the task
force to 2 experts in the field (identified by task force members at
the meeting). Feedback from these experts was incorporated into
a subsequent draft of the manuscript, which was then submitted to
the Canadian Medical Association Journal.

Manoeuvres

Transthoracic echocardiography (TTE) is a noninva-
sive procedure that poses little or no risk to the patient.
The diagnostic accuracy of TTE has been evaluated in
patients undergoing cardiac surgery or autopsy (level II
evidence). For the detection of left ventricular thrombi,
TTE has a sensitivity of 86% to 95% and a specificity of

86% to 95%.25–27 TTE does not reliably visualize the left
atrium or left atrial appendage, and it has a sensitivity of
only 39% to 63% for the detection of left atrial thrombi
and a sensitivity of less than 50% for the diagnosis of
patent foramen ovale.28–32

Transesophageal echocardiography (TEE) involves the
insertion of an ultrasound transducer into the esophagus.
The patient is required to fast for at least 4 hours before
the procedure. Sedation may be used. The safety of TEE
has been evaluated in a multicentre study of 10 419 at-
tempted examinations.33 Studies were interrupted in 0.6%
of cases because of patient intolerance of the TEE probe
and in 0.18% of cases because of reversible pulmonary, car-
diac or bleeding complications. One death (0.0098%) oc-
curred, in a patient with malignant esophageal infiltration.
The diagnostic accuracy of TEE has been evaluated in pa-
tients undergoing surgery or autopsy. For the diagnosis of
left ventricular thrombus, TEE has a sensitivity and speci-
ficity similar to those of TTE.34 For the diagnosis of left
atrial thrombi, TEE has a sensitivity of 100% and a speci-
ficity of 99%.35 For the diagnosis of patent foramen ovale,
contrast TEE (involving intravenous administration of agi-
tated saline or other solutions) has a sensitivity of at least
89% and a specificity of 100%.32,36

More than 30 cross-sectional studies (level III evidence)
have evaluated the yield of TTE or TEE, or both, in de-
tecting intracardiac masses in patients with stroke. In con-
secutive patients, the yield of echocardiography for the de-
tection of intracardiac masses ranged from 0% to 21%.37–55

Pooled data from these studies suggest an overall yield of
4% for TTE and 11% for TEE (Table 2). Patent foramen
ovale may be detected by contrast TEE in up to 55% of pa-
tients with stroke.56–58

In some studies the patients were stratified by the pres-
ence or absence of clinically apparent cardiac disease, which
is typically defined as the presence of myocardial infarction,
angina, arrhythmia, valvular heart disease, congestive heart
failure or hypertension by history, physical examination,
electrocardiography or chest radiography.37,40–48,51,52,54 Pooled
data from these studies suggest that TTE can detect intra-
cardiac masses in 13% and 0.7% of patients with and with-
out clinical cardiac disease respectively; the corresponding
values for TEE are 19% and 1.6% (Table 2). Although the
prevalence of intracardiac masses in patients without clini-
cal cardiac disease appears to be very low, it should be

Echocardiography in stroke

CMAJ • OCT. 19, 1999; 161 (8) 991

*Defined as myocardial infarction, angina, arrhythmia, valvular disease, congestive heart failure or hypertension by history, physical
examination, electrocardiography or chest radiography.

(10–34)

(0–40)

Yield (and range), %

1.6

0.7

Patients without
cardiac diseaseManoeuvre Overall

Transthoracic echocardiography (TTE) 4

(0–21)

(0–16)

Transesophageal echocardiography (TEE) 11 (0–4)

(0–6)

19

13

Patients with
cardiac disease*

Table 2: Yield of echocardiography in the detection of intracardiac masses in patients with stroke
(pooled data)



noted that these estimates are based on a secondary analysis
of cross-sectional and case–control studies and may be in-
accurate.

Three studies, involving a total of 350 patients, addressed
the yield of TEE in detecting intracardiac masses in patients
with a negative result of TTE.45,53,54 Inclusion in these studies
was also limited to patients without significant carotid steno-
sis. The pooled data suggest an incremental yield of 17%,
predominantly left atrial thrombi. Of note, in the 2 studies
that provided data on the presence or absence of known car-
diac disease, the yield of TEE in patients with a negative re-
sult of TTE and no clinical cardiac disease was 0%, as com-
pared with 18% among patients with cardiac disease.45,53

Some authorities suggest that echocardiography is of
greater utility in the investigation of younger patients.59,60

Several investigators have evaluated the yield of echocar-
diography in patients under the age of 60 years.41,42,55,61 Po-
tential cardioembolic sources, particularly patent foramen
ovale and mitral valve prolapse, were common in this pop-
ulation (prevalence up to 50%), but intracardiac masses
were detected less frequently (0%–11%).

Effectiveness of early detection

Several investigators have assessed the effect of echocar-
diography on patient management, with inconsistent find-
ings. Two studies (one of TTE only) showed that the re-
sults of echocardiography did not alter patient management
significantly.51,62 In one study the authors reported a change
in management in 4 (10%) of 39 patients;63 however, 3 of
the 4 had atrial fibrillation and would therefore receive an-
ticoagulant therapy under current standards of care. Two
further studies documented a change in management in
5%–10% of patients.53,64

A decision analysis of cardiac imaging strategies after
stroke showed that echocardiography resulted in improved
patient outcomes and that TEE was more cost-effective
than TTE.65 The analysis showed that TEE performed in
all patients with stroke cost US$13 000 per quality-adjusted
life-year, whereas TEE performed only in patients with
cardiac disease cost US$9000 per quality-adjusted life-year.

Effectiveness of treatment

The effectiveness of anticoagulant therapy for intracar-
diac thrombus has not been properly studied. Observational
studies of left ventricular thrombus suggest that the risk of
embolization without therapy ranges from 0% to 38%
(overall risk 14%).8,9,66–87 Two small nonblinded randomized
trials of warfarin for left ventricular thrombus yielded in-
consistent results in the reduction of systemic emboli with
anticoagulant therapy, although both documented increased
resolution of thrombi.88,89 Although not specifically designed
to address the effectiveness of therapy for intracardiac
thrombus, one well-designed randomized trial (level I evi-
dence) of low-dose versus high-dose heparin in patients

with myocardial infarction demonstrated a reduction in
thrombus formation of 21% and a subsequent absolute re-
duction in the risk of systemic emboli of 2.8% with high-
dose warfarin.90 Three well-designed randomized trials
(level I evidence) of anticoagulant therapy after myocardial
infarction did not evaluate thrombus formation but did doc-
ument an absolute reduction in the risk of stroke of 1.5% to
3.7% with systemic anticoagulant therapy.15–17

Many nonrandomized observational studies (level II/III
evidence) have suggested a reduction in the risk of systemic
emboli with anticoagulant therapy for left ventricular throm-
bus.8,9,66–87 A meta-analysis of 7 studies showed the odds of
embolization with anticoagulant therapy to be 0.14 (95%
confidence interval 0.04–0.52) compared with no anticoagu-
lant therapy.10 Of note, most of these studies included pa-
tients with recent myocardial infarction, and the results may
not be generalizable to all patients with intracardiac thrombi.
In addition, therapy for left atrial thrombi has not been stud-
ied systematically. Anticoagulant therapy carries a risk of ma-
jor bleeding of about 1% to 3% per year.4,91,92

Treatment options for patent foramen ovale include sur-
gical closure, transcatheter closure, systemic anticoagulant
therapy (particularly in the setting of deep vein thrombosis
and suspected paradoxical embolus) and antiplatelet ther-
apy.93–95 However, the relative effectiveness of these thera-
peutic options has not been studied systematically.

Recommendations

Of the Canadian Task Force on Preventive 
Health Care (Table 3)

• There is fair evidence to recommend echocardiography
in patients with stroke and clinical evidence of cardiac
disease by history, physical examination, electrocardiog-
raphy or chest radiography (grade B recommendation).
TEE is recommended as the preferred initial screening
test, based on sensitivity and cost-effectiveness data.
There is insufficient evidence to recommend for or
against TEE in patients with normal results of TTE
(grade C recommendation).

• There is insufficient evidence to recommend for or
against routine echocardiography in patients (including
young patients) without clinical cardiac disease (grade C
recommendation).

• Routine echocardiography is not recommended for 
patients with clinical cardiac disease who have indepen-
dent indications for anticoagulant therapy or con-
traindications to anticoagulant therapy (grade D recom-
mendation). It should be noted, however, that such
patients often have non-stroke-related indications for
echocardiography.

• There is fair evidence to recommend anticoagulant
therapy in patients with stroke and documented intra-
cardiac thrombus (grade B recommendation). There is
insufficient (no) evidence to recommend for or against
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any specific therapy for patent foramen ovale (grade C
recommendation).

Of other bodies

The American College of Cardiology and the American
Heart Association recommend echocardiography in pa-
tients with stroke who have clinical evidence of heart dis-
ease or who are less than 45 years of age.59 Routine echo-
cardiography is not recommended in patients over the age
of 45 without clinical cardiac disease.

The Cerebral Embolism Task Force recommends “lib-
eral” echocardiography in patients with stroke in whom
cerebrovascular mechanisms are deemed unlikely.3

The Ad Hoc Committee on Guidelines for the Manage-

ment of Transient Ischemic Attacks for the Stroke Council
of the American Heart Association recommends TTE only
in patients with clinical evidence of cardiac disease or
young subgroups without major risk factors for primary
cerebrovascular disease, and possibly for those in whom no
source of transient ischemic attack has been identified after
other tests are completed.96 TEE is not recommended in
unselected patients.

Research agenda

• More data are required on the yield of echocardiogra-
phy in subgroups of patients at low risk.

• The incremental yield of TEE in patients with normal
findings on TTE needs further study.

Echocardiography in stroke
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Patients without
clinical cardiac
disease

Screening yield is less than 2% in
patients aged 45 years or more, and
unknown in patients aged less than 45
without clinical cardiac disease

Anticoagulation
(warfarin) for
intracardiac
thrombus to
prevent systemic
emboli

Anticoagulation for intracardiac
thrombus decreases the risk of systemic
emboli and stroke, although the
magnitude of treatment benefit is
unknown. The annual risk of major
hemorrhage with systemic
anticoagulation is between 1% and 3%

Treatment for
patent foramen
ovale

Treatment options include surgical
closure, transcatheter closure, systemic
anticoagulation and antiplatelet
therapy

*See Appendix 1 for definitions of the levels of evidence and grades of recommendations.
†As defined in footnote to Table 2.
‡This recommendation is based on positive test characteristics, prevalence and the availability of effective treatment.
§Such patients may have other indications for echocardiography.

Manoeuvre Effectiveness

Echocardiography
(TTE or TEE for
detection of
intracardiac
masses)

TTE is safe and has a sensitivity and
specificity of 86%–95% for the
detection of left ventricular thrombus.
Sensitivity for detection of left atrial
thrombus is 39%–63%.  TEE has a 0.2%
risk of adverse effects, and sensitivity of
100% and specificity of 99% for the
detection of left atrial thrombi

Treatment options have not been
systematically evaluated

Small flawed randomized
controlled trials (II-1),88,89

case–control studies (II-2) and
case series (III).8,9,66–87

Randomized controlled trials of
anticoagulation after myocardial
infarction (I)15–17,90

Case–control (II-2) and cross-
sectional (III) studies37,40–48,51,52,54,55,61

Patients with
clinical cardiac
disease† and no
pre-existing
indications for
anticoagulation

Screening yield is about 13% (TTE) or
19% (TEE). The effect of screening on
patient management and outcomes is
unknown

Case–control (II-2) and cross-
sectional (III) studies51,62,63

Case–control (II-2)42,51,54 and
cross-sectional (III)
studies37,40,41,43–48,52

Patients with pre-
existing indications
for anticoagulation
or contraindications
to anticoagulation§

Screening rarely results in a change in
management

Level of evidence*

Insufficient (no) evidence to
recommend for or against any
specific therapy for patent foramen
ovale (grade C)

Fair evidence to recommend
warfarin therapy in patients with
stroke and intracardiac thrombus
(grade B)

Insufficient evidence to
recommend for or against
echocardiography in patients
without clinical cardiac disease
(grade C)

Fair evidence to recommend
against routine echocardiography
for patients with pre-existing
indications for anticoagulation or
contraindications to
anticoagulation (grade D)

Fair evidence to recommend
echocardiography for the detection
of intracardiac masses in patients
with clinical cardiac disease and
no pre-existing indications for
anticoagulation (grade B).‡ TEE is
the preferred initial screening test

Recommendation*

Table 3: Recommendations of the Canadian Task Force on Preventive Health Care — screening and therapy for potential cardioembolic
sources in patients with stroke



• Further research is needed to determine whether
screening echocardiography results in decreased risk of
recurrent stroke and improved patient outcomes.

• Further research is required into the optimal manage-
ment of conditions such as patent foramen ovale and
aortic arch atheromata. As this information becomes
available, the benefit of screening echocardiography
will need to be re-evaluated.

We thank Dr. Henry J.M. Barnett, Robarts Research Institute,
University of Western Ontario, London, Ont., and Dr. Jay P.
Mohr, Neurological Institute, Columbia University, New York,
for reviewing a draft form of this report. The views expressed in
this report are those of the authors and the Canadian Task
Force on Preventive Health Care and do not necessarily reflect
the positions of reviewers.

Dr. Kapral held a Research Fellowship from the Heart and
Stroke Foundation of Canada at the time of authorship.

Competing interests: None declared.

References

1. Statistics Canada, Health Canada, Heart and Stroke Foundation of Canada.
Heart disease and stroke in Canada. Toronto: Heart and Stroke Foundation of
Canada; 1997.

2. Bonita R. Epidemiology of stroke. Lancet 1992;339:342-4.
3. Cerebral Embolism Task Force. Cardiogenic brain embolism. The second re-

port of the Cerebral Embolism Task Force. Arch Neurol 1989;46:727-43.
4. Atrial Fibrillation Investigators. Risk factors for stroke and efficacy of an-

tithrombotic therapy in atrial fibrillation: analysis of pooled data from five
randomized controlled trials. Arch Intern Med 1994;154:1449-57.

5. EAFT Study Group. European Atrial Fibrillation Trial: secondary prevention
of vascular events in patients with nonrheumatic atrial fibrillation and a recent
transient ischaemic attack or minor ischaemic stroke. Lancet 1993;342:1255-62.

6. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk
factor for stroke: the Framingham Study. Stroke 1991;22:983-8.

7. Manning WJ. Role of transesophageal echocardiography in the management
of thromboembolic stroke. Am J Cardiol 1997;80:19D-28D.

8. Visser CA, Kan G, Meltzer RS, Lie KI, Durrer D. Long-term follow-up of
left ventricular thrombus after acute myocardial infarction. A two-dimen-
sional echocardiographic study in 96 patients. Chest 1984;86:532-6.

9. Stratton J, Resnick AD. Increased embolic risk in patients with left ventricular
thrombi. Circulation 1987;75:1004-11.

10. Vaitkus P, Barnathan E. Embolic potential, prevention and management of
mural thrombus complicating anterior myocardial infarction: a meta-analysis.
J Am Coll Cardiol 1993;22:1004-9.

11. Reynen K. Cardiac myxomas [review]. N Engl J Med 1995;333:1610-7.
12. Szekely P. Systemic embolism and anticoagulant prophylaxis in rheumatic

heart disease. BMJ 1964;1:209-12.
13. Deverall PB, Olley PM, Smith DR, Watson DA, Whitaker W. Incidence of

systemic embolism before and after mitral valvotomy. Thorax 1968;23:530-6.
14. Lapeyre AC III, Steele PM, Kazmier FJ, Chesebro JH, Vlietstra RE, Fuster

V. Systemic embolism in chronic left ventricular aneurysm: incidence and the
role of anticoagulation. J Am Coll Cardiol 1985;6:534-8.

15. Effect of long-term oral anticoagulant treatment on mortality and cardiovas-
cular morbidity after myocardial infarction. Anticoagulants in the Secondary
Prevention of Events in Coronary Thrombosis (ASPECT) Research Group.
Lancet 1994;343:499-503.

16. Smith P, Arnesen H, Holme I. The effect of warfarin on mortality and rein-
farction after myocardial infarction. N Engl J Med 1990;323:147-52.

17. Loh E, Sutton MS, Wun CC, Rouleau JL, Flaker GC, Gottlieb SS, et al.
Ventricular dysfunction and the risk of stroke after myocardial infarction. N
Engl J Med 1997;336:251-7.

18. Sherman DG, Dyken ML, Gent M, Harrison MJG, Hart RG, Mohr JP. An-
tithrombotic therapy for cerebrovascular disorders. An update. Chest 1995;
108:444S-456S.

19. Bogousslavsky J, Garazi S, Jeanrenaud X, Aebischer N, Van Melle G. Stroke re-
currence in patients with patent foramen ovale: the Lausanne Study. Lausanne
Stroke with Paradoxal Embolism Study Group. Neurology 1996;46:1301-5.

20. Lopez JA, Ross RS, Fishbein MC, Siegel RJ. Nonbacterial thrombotic endo-

carditis: a review. Am Heart J 1987;113:773-84.
21. French Study of Aortic Plaques in Stroke Group. Atherosclerotic disease of

the aortic arch as a risk factor for recurrent ischemic stroke. N Engl J Med
1996;334:1216-21.

22. Mitusch R, Doherty C, Wucherpfennig H, Memmesheimer C, Tepe C,
Stierle U, et al. Vascular events during follow-up in patients with aortic arch
atherosclerosis. Stroke 1997;28:36-9.

23. Witteman JC, Kannel WB, Wolf PA, Grobbee DE, Hofman A, D’Agostino
RB, et al. Aortic calcified plaques and cardiovascular disease (the Framingham
Study). Am J Cardiol 1990;66:1060-4.

24. Woolf SH, Battista RN, Anderson GM, Logan AG, Wang E, and other
members of the Canadian Task Force on the Periodic Health Examination.
Assessing the clinical effectiveness of preventive maneuvers: analytic princi-
ples and systematic methods in reviewing evidence and developing clinical
practice recommendations. J Clin Epidemiol 1990;43:891-905.

25. Visser CA, Kan G, David GK, Lie KI, Durrer D. Two dimensional echocar-
diography in the diagnosis of left ventricular thrombus. A prospective study of
67 patients with anatomic validation. Chest 1983;83:228-32.

26. Stratton JR, Lighty GW, Pearlman AS, Ritchie JL. Detection of left ventricu-
lar thrombus by two-dimensional echocardiography: sensitivity, specificity,
and causes of uncertainty. Circulation 1982;66:156-66.

27. Starling MR, Crawford MH, Sorensen GS, Grover FL. Comparative value of
invasive and noninvasive techniques for identifying left ventricular mural
thrombi. Am Heart J 1983;106:1143-9.

28. Schweizer P, Bardos P, Erbel R. Detection of left atrial thrombi by echocar-
diography. Br Heart J 1981;45:148-56.

29. Shrestha NK, Moreno FL, Narciso FV, Torres L, Calleja HB. Two-dimen-
sional echocardiographic diagnosis of left-atrial thrombus in rheumatic heart
disease. A clinicopathological study. Circulation 1983;67:341-7.

30. DePace NL, Soulen RL, Kotler MN, Mintz GS. Two dimensional echocar-
diographic detection of intraatrial masses. Am J Cardiol 1981;48:954-60.

31. Di Tullio MD, Sacco RL, Venketasubramanian N, Sherman D, Mohr JP,
Homma S. Comparison of diagnostic techniques for the detection of a patent
foramen ovale in stroke patients. Stroke 1993;24:1020-4.

32. Chen WJ, Kuan P, Lien WP, Lin FY. Detection of patent foramen ovale by
contrast transesophageal echocardiography. Chest 1992;101:1515-20.

33. Daniel WG, Erbel R, Kasper W, Visser CA, Engberding R, Sutherland GR,
et al. Safety of transesophageal echocardiography. A multicenter survey of
10,419 examinations. Circulation 1991;83:817-21.

34. Daniel WG, Mugge A. Transesophageal echocardiography. N Engl J Med
1995;332:1268-78.

35. Manning WJ, Weintraub RM, Waksmonski CA, Haering JM, Rooney PS,
Maslow AD, et al. Accuracy of transesophageal echocardiography for identify-
ing left atrial thrombi. A prospective, intraoperative study. Ann Intern Med
1995;123:817-22.

36. Schneider B, Zienkiewicz T, Jansen V, Hofmann T, Noltenius H, Meinertz
T. Diagnosis of patent foramen ovale by transesophageal echocardiography
and correlation with autopsy findings. Am J Cardiol 1996;77:1202-9.

37. Greenland P, Knopman DS, Mikell FL, Asinger RW, Anderson DC, Good
DC. Echocardiography in diagnostic assessment of stroke. Ann Intern Med
1981;95:51-3.

38. Nishide M, Irino T, Gotoh M, Naka M, Tsuji K. Cardiac abnormalities in is-
chemic cerebrovascular disease studied by two-dimensional echocardiogra-
phy. Stroke 1983;14:541-5.

39. Rem JA, Hachinski VC, Boughner DR, Barnett HJM. Value of cardiac moni-
toring and echocardiography in TIA and stroke patients. Stroke 1985;16:
950-6.

40. Good D, Frank S, Verhulst S, Sharma B. Cardiac abnormalities in patients
with negative arteriograms. Stroke 1986;17:6-11.

41. Fogelholm R, Melin J. Echocardiography in ischemic cerebrovascular disease.
BMJ 1987;295:305-6.

42. Zenker G, Erbel R, Kramer G, Mohr-Kahaly S, Drexler M, Harnoncourt K,
et al. Transesophageal two-dimensional echocardiography in young patients
with cerebral ischemic events. Stroke 1988;19:345-8.

43. Pop G, Sutherland GR, Koudstaal PJ, Sit TW, de Jong G, Roelandt JR.
Transesophageal echocardiography in the detection of intracardiac embolic
sources in patients with transient ischemic attacks. Stroke 1990;21:560-5.

44. Pearson AC, Labovitz AJ, Tatineni S, Gomez CR. Superiority of trans-
esophageal echocardiography in detecting cardiac source of embolism in patients
with cerebral ischemia of uncertain etiology. J Am Coll Cardiol 1991;17:66-72.

45. Lee RJ, Bartzokis T, Yeoh TK, Grogin HR, Choi D, Schnittger I. Enhanced
detection of intracardiac sources of cerebral emboli by transesophageal
echocardiography. Stroke 1991;22:734-9.

46. Voyce SJ, Aurigemma GP, Dahlberg S, Orsinelli D, Pape LA, Sweeney A, et
al. A comparison of two-dimensional echocardiography vs carotid duplex
scanning in older patients with cerebral ischemia. Arch Intern Med 1992;152:
2089-93.

47. Comess KA, DeRook FA, Beach KW, Lytle NJ, Golby AJ, Albers GW.
Transesophageal echocardiography and carotid ultrasound in patients with
cerebral ischemia: prevalence of findings and recurrent stroke risk. J Am Coll
Cardiol 1994;23:1598-603.

Kapral et al

994 JAMC • 19 OCT. 1999; 161 (8)



48. Albers GW, Comess KA, DeRook FA, Bracci P, Atwood JE, Bolger A, et al.
Transesophageal echocardiographic findings in stroke subtypes. Stroke
1994;25:23-8.

49. Shyu KG, Chen JJ, Huang ZS, Hwang JJ, Lee TK, Kuan P, et al. Role of
transesophageal echocardiography in the diagnostic assessment of cardiac
sources of embolism in patients with acute ischemic stroke. Cardiology
1994;85:53-60.

50. Lindgren A, Roijer A, Norrving B, Wallin L, Eskilsson J, Johansson BB.
Carotid artery and heart disease in subtypes of cerebral infarction. Stroke
1994;25:2356-62.

51. Sansoy V, Abbott RD, Jayaweera AR, Kaul S. Low yield of transthoracic
echocardiography for cardiac source of embolism. Am J Cardiol 1995;75:166-
9.

52. Stollberger C, Brainin M, Abzieher F, Slany J. Embolic stroke and trans-
esophageal echocardiography: Can clinical parameters predict the diagnostic
yield? J Neurol 1995;242:437-42.

53. Rauh G, Fischereder M, Spengel FA. Transesophageal echocardiography in
patients with focal cerebral ischemia of unknown cause. Stroke 1996;27:691-4.

54. Labovitz AJ, Camp A, Castello R, Martin TJ, Ofili EO, Rickmeyer N, et al.
Usefulness of transesophageal echocardiography in unexplained cerebral is-
chemia. Am J Cardiol 1993;72:1448-52.

55. Nighoghossian N, Perinetti M, Barthelet M, Adeleine P, Trouillas P. Trans-
esophageal echocardiography in patients less than 60 years of age without ob-
vious cardiac source of embolism. Neurol Res 1995;17:368-72.

56. Nighoghossian N, Perinetti M, Barthelet M, Adeleine P, Trouillas P. Poten-
tial cardioembolic sources of stroke in patients less than 60 years of age. Eur
Heart J 1996;17:590-4.

57. Lechat P, Mas JL, Lascault G, Loron P, Theard M, Klimczac M, et al. Preva-
lence of patent foramen ovale in patients with stroke. N Engl J Med 1988;318:
1148-52.

58. Ranoux D, Cohen A, Cabanes L, Amarenco P, Bousser MG, Mas JL. Patent
foramen ovale: Is stroke due to paradoxical embolism? Stroke 1993;24:31-4.

59. American College of Cardiology/American Heart Association Task Force on
Assessment of Diagnostic and Therapeutic Cardiovascular Procedures.
ACC/AHA guidelines for the clinical application of echocardiography. Circu-
lation 1990;82:2323-45.

60. Chambers JB, de Belder MA, Moore D. Echocardiography in stroke and tran-
sient ischemic attack. Heart 1997;78(Suppl 1):2-6.

61. Biller J, Johnson MR, Adams HP Jr, Kerber RE, Toffol GJ, Butler MJ.
Echocardiographic evaluation of young adults with nonhemorrhagic cerebral
infarction. Stroke 1986;17:608-12.

62. Robbins JA, Sagar KB, French M, Smith PJ. Influence of echocardiography
on management of patients with systemic emboli. Stroke 1983;14:546-9.

63. Hata JS, Ayres RW, Biller J, Adams HP Jr, Stuhlmuller JE, Burns TL, et al.
Impact of transesophageal echocardiography on the anticoagulation manage-
ment of patients admitted with focal cerebral ischemia. Am J Cardiol 1993;72:
707-10.

64. Cujec B, Polasek P, Voll C, Shuaib A. Transesophageal echocardiography in
the detection of potential cardiac sources of embolism in stroke patients.
Stroke 1991;22:727-33.

65. McNamara RL, Lima JAC, Whelton PK, Powe NR. Echocardiographic iden-
tification of cardiovascular sources of emboli to guide clinical management of
stroke: a cost-effectiveness analysis. Ann Intern Med 1997;127:775-87.

66. Simpson MT, Oberman A, Kouchoukos NT, Rogers WJ. Prevalence of
mural thrombi and systemic embolization with left ventricular aneurysm. Ef-
fect of anticoagulant therapy. Chest 1980;77:463-9.

67. Reeder GS, Lengyel M, Tajik AJ, Seward JB, Smith HC, Danielson GK.
Mural thrombus in left ventricular aneurysm: incidence, role of angiography,
and relation between anticoagulation and embolization. Mayo Clin Proc
1981;56:77-81.

68. Asinger RW, Mikell FL, Elsperger J, Hodges M. Incidence of left-ventricular
thrombus after acute transmural myocardial infarction. N Engl J Med
1981;305:297-302.

69. Keating EC, Gross SA, Schlamowitz RA, Glassman J, Mazur JH, Pitt WA, et
al. Mural thrombi in myocardial infarctions. Prospective evaluation by two-
dimensional echocardiography. Am J Med 1983;774:989-95.

70. Gottdiener JS, Gay JA, VanVoorhees L, DiBianco R, Fletcher RD. Fre-
quency and embolic potential of left ventricular thrombus in dilated car-
diomyopathy: assessment by 2-dimensional echocardiography. Am J Cardiol
1983;52:1281-5.

71. Stratton JR, Ritchie JL. The effects of antithrombotic drugs in patients with
left ventricular thrombi: assessment with indium-111 platelet imaging and
two-dimensional echocardiography. Circulation 1984;69:561-8.

72. Weinrich DJ, Burke JF, Pauletto FJ. Left ventricular mural thrombi compli-
cating acute myocardial infarction. Long-term follow-up with serial echocar-
diography. Ann Intern Med 1984;100:789-94.

73. Haugland JM, Asinger RW, Mikell FL, Elsperger J, Hodges M. Embolic po-
tential of left ventricular thrombi detected by two-dimensional echocardiog-
raphy. Circulation 1984;70:588-98.

74. Visser CA, Kan G, Meltzer RS, Dunning AJ, Roelandt J. Embolic potential of
left ventricular thrombus after myocardial infarction: a two-dimensional

echocardiographic study of 119 patients. J Am Coll Cardiol 1985;5:1276-80.
75. Spirito P, Bellotti P, Chiarella F, Domenicucci S, Sementa A, Vecchio C.

Prognostic significance and natural history of left ventricular thrombi in pa-
tients with acute anterior myocardial infarction: a two-dimensional echocar-
diographic study. Circulation 1985;72:774-80.

76. Davis MJE, Ireland MA. Effect of early anticoagulation on the frequency of
left ventricular thrombi after anterior wall acute myocardial infarction. Am J
Cardiol 1986;57:1244-7.

77. Johannessen KA. Peripheral emboli from left ventricular thrombi of different
echocardiographic appearance in acute myocardial infarction. Arch Intern Med
1987;147:641-4.

78. Stratton JR, Nemanich JW, Johannessen KA, Resnick AD. Fate of left ven-
tricular thrombi in patients with remote myocardial infarction or idiopathic
cardiomyopathy. Circulation 1988;78:1388-93.

79. Johannessen KA, Nordrehaug JE, von der Lippe G, Vollset SE. Risk factors
for embolisation in patients with left ventricular thrombi and acute myocar-
dial infarction. Br Heart J 1988;60:104-10.

80. Nihoyannopoulos P, Smith GC, Maseri A, Foale RA. The natural history of
left ventricular thrombus in myocardial infarction: a rationale in support of
masterly inactivity. J Am Coll Cardiol 1989;14:903-11.

81. Jugdutt BI, Sivaram CA. Prospective two-dimensional echocardiographic
evaluation of left ventricular thrombus and embolism after acute myocardial
infarction. J Am Coll Cardiol 1989;13:554-64.

82. Kupper AJ, Verheugt FW, Peels CH, Galema TW, Roos JP. Left ventricular
thrombus incidence and behavior studied by serial two-dimensional echocar-
diography in acute anterior myocardial infarction: left ventricular wall mo-
tion, systemic embolism and oral anticoagulation. J Am Coll Cardiol
1989;13:1514-20.

83. Ciaccheri M, Castelli G, Cecchi F, Nannini M, Santoro G, Troiani V, et al.
Lack of correlation between intracavitary thrombosis detected by cross sec-
tional echocardiography and systemic emboli in patients with dilated car-
diomyopathy. Br Heart J 1989;62:26-9.

84. Keren A, Goldberg S, Gottlieb S, Klein J, Schuger C, Medina A, et al. Nat-
ural history of left ventricular thrombi: their appearance and resolution in the
posthospitalization period of acute myocardial infarction. J Am Coll Cardiol
1990;15:790-800.

85. Falk RH, Foster E, Coats MH. Ventricular thrombi and thromboembolism in
dilated cardiomyopathy: a prospective follow-up study. Am Heart J 1992;123:
136-42.

86. Katz SD, Marantz PR, Biasucci L, Jondeau G, Lee K, Brennan C, et al. Low
incidence of stroke in ambulatory patients with heart failure: a prospective
study. Am Heart J 1993;126:141-6.

87. Cregler LL. Antithrombotic therapy in left ventricular thrombosis and sys-
temic embolism. Am Heart J 1992;123:1110-4.

88. Kouvaras G, Chronopoulos G, Soufras G, Sofronas G, Solomos D, Bakirtzis
A, et al. The effects of long-term antithrombotic treatment on left ventricular
thrombi in patients after an acute myocardial infarction. Am Heart J 1990;
119:73-8.

89. Tramarin R, Pozzoli M, Febo O, Opasich C, Colombo E, Cobelli F, et al.
Two-dimensional echocardiographic assessment of anticoagulant therapy in
left ventricular thrombosis early after acute myocardial infarction. Eur Heart J
1986;7:482-92.

90. Turpie AG, Robinson JG, Doyle DJ, Mulji AS, Mishkel GJ, Sealey BJ, et al.
Comparison of high-dose with low-dose subcutaneous heparin to prevent left
ventricular mural thrombosis in patients with acute transmural anterior my-
ocardial infarction. N Engl J Med 1989;320:352-7.

91. Albers GW. Atrial fibrillation in stroke: three new studies, three remaining
questions. Arch Intern Med 1994;154:1443-8.

92. European Atrial Fibrillation Study Group. Optimal oral anticoagulant ther-
apy in patients with nonrheumatic atrial fibrillation and recent cerebral is-
chemia. N Engl J Med 1995;333:5-10.

93. Devuyst G, Bogousslavsky J, Ruchat P, Jeanrenaud X, Despland PA, Regli F,
et al. Prognosis after stroke followed by surgical closure of patent foramen
ovale: a prospective follow-up study with brain MRI and simultaneous trans-
esophageal and transcranial Doppler ultrasound. Neurology 1996;47:1162-6.

94. Homma S, Di Tullio MR, Sacco RL, Sciacca RR, Smith C, Mohr JP. Surgical
closure of patent foramen ovale in cryptogenic stroke patients. Stroke
1997;28:2376-81.

95. Bogousslavsky J, Devuyst G, Nendaz M, Yamamoto H, Sarasin F. Prevention
of stroke recurrence with presumed paradoxical embolism. J Neurol 1997;244:
71-5.

96. Guidelines for the management of transient ischemic attacks. From the Ad
Hoc Committee on Guidelines for the Management of Transient Ischemic
Attacks of the Stroke Council of the American Heart Association. Stroke
1994;25:1320-35.

Reprint requests to: Canadian Task Force on Preventive Health
Care, Parkwood Hospital, 801 Commissioners Rd. E, London ON
N6C 5J1; ctf@ctfphc.org

Echocardiography in stroke

CMAJ • OCT. 19, 1999; 161 (8) 995



Members of the Canadian Task Force on Preventive Health Care

Chairman: Dr. John W. Feightner, Professor, Department of
Family Medicine, University of Western Ontario, London, Ont.
Past Chairman: Dr. Richard Goldbloom, Professor, Department
of Pediatrics, Dalhousie University, Halifax, NS. Members:
Drs. R. Wayne Elford, Professor and Chair of Research,
Department of Family Medicine, University of Calgary, Calgary,
Alta.; Michel Labrecque, Associate Professor and Director of
Research, Department of Family Medicine and Centre
hospitalier universitaire de Québec, Laval University, Sainte-
Foy, Que.; Robin S. McLeod, Professor, Department of Surgery,
Mount Sinai Hospital and University of Toronto, Toronto;
Harriet MacMillan, Associate Professor, Departments of
Psychiatry and Pediatrics and Centre for Studies of Children at
Risk, McMaster University, Hamilton, Ont.; Jean-Marie
Moutquin, Professor, Department of Obstetrics and Gynecology
and Saint-François d’Assise Research Centre, Laval University,
Sainte-Foy, Que.; Christopher Patterson, Professor and Head,
Division of Geriatric Medicine, Department of Medicine,
McMaster University, Hamilton, Ont.; and Elaine E.L. Wang,
Associate Professor, Departments of Pediatrics and Public
Health Sciences, Faculty of Medicine, University of Toronto,
Toronto. Resource people: Nadine Wathen, Coordinator, and
Tim Pauley, Research Assistant, Canadian Task Force on
Preventive Health Care, Department of Family Medicine,
University of Western Ontario, London, Ont.

Kapral et al

996 JAMC • 19 OCT. 1999; 161 (8)

II-3 Evidence from comparisons between times or places with or without the
intervention; dramatic results from uncontrolled studies could be
included here

C

III Opinions of respected authorities, based on clinical experience;
descriptive studies or reports of expert committees

Grades of recommendations

A Good evidence to support the recommendation that the condition or
manoeuvre be specifically considered in a periodic health examination (PHE)

B

Levels of evidence

Fair evidence to support the recommendation that the condition or
manoeuvre be specifically considered in a PHE

Insufficient evidence regarding inclusion or exclusion of the condition or
manoeuvre in a PHE, but recommendations may be made on other grounds

D

I Evidence from at least one well-designed randomized controlled trial

Fair evidence to support the recommendation that the condition or
manoeuvre be specifically excluded from a PHE

E Good evidence to support the recommendation that the condition or
manoeuvre be specifically excluded from a PHE

II-1 Evidence from well-designed controlled trials without randomization

II-2 Evidence from well-designed cohort or case–control analytic studies,
preferably from more than one centre or research group

Appendix 1: Canadian Task Force on Preventive Health Care levels of
evidence and grades of recommendations
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