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Objectifs-Plan 

! Savoir rechercher de façon optimale les 
anomalies structurales emboligènes du 
cœur et de l’aorte;  

! Déterminer l’investigation optimale des 
arythmies cardiaques emboligènes en post 
AVC- AIT;  

! Définir le type de patients susceptible de 
bénéficier d’une investigation cardiaque en 
post AVC-ICT.  



                  Étiologie des AVC et ICT 
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Investigations cardiaques post 
AVC-ICT 



Cas clinique 

!  Homme  82 ans 

!  Épisode transitoire 
d’aphasie 

!  AP: HTA-MCAS –AVC 
cérébelleux  

!  IRM  
!  Ancien AVC cérébelleux 

!  Pluie de lésions DWI  
territoire ACM gauche 

!  Doppler -, ECG – , ETT N… 



Questions?  
!  Indice de « cardioembolicité » d’un AVC-ICT? 

!  Utilité de l’échographie cardiaque? 
!  ETT vs ETO? 

!  Utilité des ECG sériés vs holter vs monitoring? 

!  Rôle de l’enregistrement prolongé? 



Bof… 



Étude Framingham  
Risque attribuable d’AVC	  

Wolf PA, et al. Stroke 1991;22:983-988. 
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Troponin Elevation Predicts Atrial Fibrillation in Patients
with Stroke or Transient Ischemic Attack

Isabelle Beaulieu-Boire, MD,* Nancy Leblanc, MSc,† L!eo Berger, MD, FRCPC,†
and Jean-Martin Boulanger, MD, FRCPC†

Background: Atrial fibrillation (AF) is a major cause of ischemic stroke. Cardiac tro-
ponin (cTnI) is a marker of myocardial damage and may predict arrhythmia. We
sought to determine if increased cTnI levels were a predictor of new-onset AF in
ischemic stroke or patients with transient ischemic attack (TIA).Methods: Consecu-
tive patients who presented to Charles-Lemoyne Hospital between October 2006
and November 2010 with a diagnosis of acute ischemic stroke or TIA, without a his-
tory of AF, with a baseline measurement of cTnI were included in the study. The pri-
mary outcome was new-onset AF on 24-hour Holter measurement within 1 week of
admission in patients without AF on the baseline electrocardiogram (ECG). Second-
ary outcomes included AF on Holter measurement, death, myocardial infarction
(MI), and stroke within 3 months. Results: A total of 408 patients were included.
Forty-six patients (11.3%) had elevated cTnI levels. These patients were older and
had a higher prevalence of coronary artery disease and diabetes. AF on baseline
ECG or 24-hour Holter measurement was present in 51 patients (12.5%) and was
more frequent among patients with increased cTnI levels compared to patients
with normal cTnI levels (34.7% vs 9.7%; P 5 .004 multivariate analysis). Elevated
cTnI levels also predicted the composite outcome of stroke, MI, and death at 3
months (50.0% vs 16.1%; P 5 .0001). Conclusions: cTnI elevation predicts new-
onset AF on 24-hour Holter measurement in patients with acute ischemic stroke
or TIA and may indicate a poorer prognosis and a higher risk of stroke, MI, and
death at 3 months. Key Words: Acute stroke—atrial fibrillation—cardiac emboli—
cerebrovascular accident—transient ischemic attack.
! 2012 by National Stroke Association

Atrial fibrillation (AF) is a major cause of ischemic
stroke in adults. The identification of AF is important in
the secondary prevention of stroke or transient ischemic
attack (TIA) because these patients may benefit from anti-
coagulation.1 Testing for AF after a stroke or TIA usually

includes serial electrocardiograms (ECGs) or Holter re-
cording. Unfortunately, these tests are insensitive, and
some studies suggest that prolonged monitoring may
increase diagnostic yield,2,3 but at a higher cost.

Cardiac troponin I (cTnI) and troponin Tare recognized
as sensitive and specific markers of cardiac injury.4 Ele-
vated levels of troponin have been described in about
18% of patients with acute ischemic stroke (AIS) in a sys-
tematic review.5 Recently, major focus has been given to
establish the possible mechanisms and clinical implica-
tions of troponin elevation in these patients. Multiple
studies have found that high levels of troponin correlate
with worse outcome after AIS.5-7 Moreover, troponin
elevation may be a marker of cardiac disease in stroke
patients. Indeed, a recent retrospective study found that
troponin elevation in AIS was related to new-onset AF
on cardiac monitoring.8
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The 90-day outcome was good in patients with normal
cTnI levels but poor in those with high cTnI levels. In fact,
64.0% of those with normal cTnI levels had a mRS score of
0 to 2, while only 39.1% of patients with high cTnI levels
had a similar outcome (P 5 .002; after multivariate analy-
sis P 5 .016; Table 3). In addition, patients with elevated
cTnI levels were more likely to die (39.1% vs 11.0%; P 5
.0001) and to have a new or recurrent MI (2.2% vs 0.6%;
P 5 .035) within 3 months when compared to patients
with normal cTnI levels. Causes of death were not differ-
ent between groups; vascular death was responsible for
85.0% (34/40) and 72.2% (13/18; P 5 .290) of deaths in
the normal and elevated cTnI groups, respectively. The
composite outcome of recurrent stroke, MI, or death at
90 days was observed in 43.5% of those with high cTnI
levels but only in 14.1% of those with normal cTnI levels
(P 5 .0001). Again, this association remained significant
after multivariate analysis (P 5 .0001).

Discussion

Our study shows that elevated cTnI levels are strongly
correlated with new-onset AF in patients with AIS and
TIA on both ECG and 24-hour Holter monitoring. Our re-
sults are consistent with a recent retrospective study in
patients with AIS.7 This is, to our knowledge, the first
study to report an association between elevated cTnI
levels and new-onset AF on 24-hour Holter monitoring
in patients with AIS and TIA.
Elevated cTnI in the context of a stroke or a brain insult

may reflect myocardial injury from coronary ischemia,
but it may also represent neurogenic-induced cardiac in-
jury.11 No matter the cause, the consequence is a cardiac
injury that seems to predispose to new-onset arrhythmia,
such as AF. There may be some variability in the type of
arrhythmia induced according to the underlying brain
pathology. In subarachnoid hemorrhage (SAH), for exam-
ple, elevated cTnI is associated with persistent QTc
prolongation and ventricular arrhythmias but not AF/
flutter.12 The temporal association of ischemic stroke
with new-onset AF might indicate a neurogenic-induced
arrhythmia but may simply represent a window for the
discovery of previously undiagnosed AF in these pa-
tients. The latter is likely in most cases, because AF is

an established cause of stroke. Nevertheless, it is virtually
impossible to determine if AF is the cause or the effect of
the stroke. It remains possible that the stroke was respon-
sible for AF in some cases, because an underlying brain
insult influences the odds of having myocardial injury.
From a practical point of view, most neurologists and car-
diologists would still prescribe anticoagulant medications
for these patients. The risk of myocardial injury may be
higher in SAH than ischemic stroke; as many as 31% of
SAH patients had elevated cTnI levels in 1 study,12

compared to 12.5% in our cohort and 6% to 7.8% in other
cohorts.11,13 Still, there are conflicting results; some
reported elevated cTnI rates as high as 17% to 32% in
ischemic stroke.7,14,15

In our study, AF was more common in patients with
elevated cTnI levels than patients with normal cTnI
levels using ECG and 24-hour Holter monitoring, even
after multivariate analysis. The association was signifi-
cant when both tests were analyzed separately or com-
bined. More importantly, elevated cTnI levels predicted
a higher likelihood of new-onset AF on 24-hour Holter
monitoring among those without AF on the baseline
ECG. Current tests (serial ECG, 24-hour Holter monitor-
ing) have a low diagnostic yield for AF, and some are
proposing prolonged monitoring as an alternative.2,3

Such an approach is more costly and difficult to

Table 2. Atrial fibrillation on electrocardiogram or Holter monitoring

Normal troponin,
#0.03 ug/L (n 5 362)

Elevated troponin,
.0.03 ug/L (n 5 46) P value

New-onset AF on 24-hour Holter, % (n)* 4.8 (12/250) 21.4 (6/28) .0028
AF on baseline ECG, % (n) 6.4 (23/362) 21.7 (10/46) .0009
AF on 24-hour Holter, % (n) 5.9 (15/253) 29.0 (9/31) .0001
AF on baseline ECG or 24-hour Holter, % (n) 9.7 (35/362) 34.7 (16/46) .0001

Abbreviations: AF, atrial fibrillation; ECG, electrocardiogram.
*AF on Holter monitoring in patients without AF on the baseline ECG.

Table 3. Ninety-day outcome in patients with normal versus

elevated troponin levels

Normal
troponin,

#0.03 ug/L
(n 5 362)

Elevated
troponin,

.0.03 ug/L
(n 5 46) P value

Death, % (n) 11.0 (40) 39.1 (18) .0001
Recurrent stroke,
% (n)

4.7 (17) 6.5 (3) .483

MI, % (n) 0.6 (2) 2.2 (1) .035
Recurrent stroke,
MI, or death, % (n)

14.1 (51) 43.5 (20) .0001

mRS score 0-2, % (n) 64.0 (232) 39.1 (18) .002

Abbreviations: MI, myocardial infarction; mRS, modified Rankin
Scale.

I. BEAULIEU-BOIRE ET AL.4
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In MRI veritas… 



! Lacune = <1.5 cm 

! Syndromes lacunaires cliniques: 
! 59% ont une image lacunaire classique 
!   22% ont des lésions dispersées dans un 

terrritoire vasculaire ou ont une lésion >1.5cm 
! 19% ont plusieurs lésions dans plusieurs 

territoires vasculaires 



Durée du monitoring cardiaque 

Combien de 
temps doit-on 
enregistrer ce 
foutu rythme 
cardiaque? 

The longer the better…but how much 
longer….??? 



3357

Atrial fibrillation (AF) is an independent risk factor for 
stroke. Survivors of a stroke with AF have a high risk 

for recurrent stroke.1 Oral anticoagulation using vitamin K 
antagonists or novel oral anticoagulants is highly effective for 
prevention of stroke in these patients.2

AF is often transient or paroxysmal in nature, and the 
correct diagnosis of AF can be challenging in patients with 
paroxysmal AF. Guidelines for the management of stroke 
patients3 therefore recommend ≥24 hours of ECG monitoring 
after stroke to detect paroxysmal AF. Even after 24 hours of 

ECG monitoring, there is an unknown proportion of patients 
with stroke in whom the diagnosis of AF is missed (silent, 
undiagnosed paroxysmal AF). Observations from clinical tri-
als in patients with recurrent AF,4–6 analyses of atrial rhythm 
in patients with pacemakers or defibrillators,7,8 and several 
single-center studies (Table 1) suggest that AF can be better 
detected by prolonged ECG recording using different record-
ing methods such as continuous inpatient cardiac telemetry 
(CICT), external loop recorders (ELR), internal loop record-
ers (ILR), and mobile cardiac outpatient telemetry (MCOT). 

Background and Purpose—Adequate diagnosis of atrial fibrillation (AF), including paroxysmal AF, is an important part 
of stroke workup. Prolonged ECG monitoring may improve the detection of paroxysmal, previously undiagnosed AF 
(unknown AF). Therefore, we evaluated systematic 72-hour Holter ECG monitoring to detect unknown AF for the workup 
of patients with stroke.

Methods—Unselected survivors of a stroke or transient ischemic attack (TIA) without known AF were enrolled in a 
prospective, multicenter cohort study of 72-hour Holter ECG monitoring in 9 German secondary and tertiary stroke 
centers between May 2010 and January 2011. In addition to standardized workup of stroke pathogenesis according to the 
German Stroke Unit protocol, all patients underwent 72-hour Holter ECG monitoring directly after admission. All ECGs 
were centrally analyzed by 2 independent observers. We determined the proportion of unknown AF and compared the 
detection rates of 72- and 24-hour monitoring.

Results—A total of 1135 patients were enrolled (mean age, 67 years [SD, 13.1 years], 45% women, 29% TIA). Unknown 
AF was detected in 49 out of 1135 patients (4.3%, [95% confidence interval, 3.4–5.2%]) by 72-hour ECG monitoring. 
Unknown AF was diagnosed in 29 patients (2.6%) within the first 24 hours of ECG monitoring, and in 20 more patients 
only by 72 hours of ECG monitoring. The number needed to screen by 72-hour ECG was 55 patients (95% confidence 
interval [35–123]) for each additional AF diagnosis. Patients with unknown AF were significantly older and had more 
often a history of previous stroke. Patients with unknown AF were equally distributed within categories of pathogenesis 
according to Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification.

Conclusions—In unselected survivors of stroke or TIA, 72-hour ECG monitoring is feasible and improves the detection rate 
of silent paroxysmal AF.   (Stroke. 2013;44:3357-3364.)

Key Words: anticoagulation ◼ atrial fibrillation ◼ Holter ECG ◼ new oral anticoagulants ◼ secondary prevention  
◼ stroke ◼ vitamin K antagonists  
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identify further patients with undiagnosed AF (Table 1).28 
Further studies are warranted to study the value of such a pro-
longed monitoring period.

Unlike previous registries, the diagnosis of AF was adjudi-
cated centrally by a core laboratory in this study, and validated 
by an independent, second ECG analysis. We detected AF in 
4.3% (49 out of 1135) analyzable patients, approximately in 
the range of previous, smaller, single-center studies.29,30 The 
core laboratory evaluation altered the initial diagnosis in a few 
Holter ECGs, illustrating the need to carefully analyze ECG 
recordings before the diagnosis AF is made. On the contrary, 
a simple reading (as in the first step of our core laboratory 

evaluation) yielded a correct diagnosis of AF in >90% of 
patients, and our detection rates are in line with published 
rates (Table 1).

Characteristics of Stroke Patients With AF
Patients with AF were older and had more severe neurological 
deficits than those without AF, consistent with previous data 
in patients with AF diagnosed by standard workup. A history 
of smoking and of dyslipidemia was more common in patients 
without AF, compatible with an atherosclerotic cause of stroke 
in these patients.31 Interestingly, the imaging findings consid-
ered typical for cardioembolic stroke were not more common 
in patients with AF in this study. In contrast, previous studies 
revealed a particular embolic pattern in CT or MRI in case of 
proven embolic source.32 It is conceivable that multiple lesions 
are a feature of long-lasting AF that is more likely to be detected 
by routine monitoring rather than early onset or paroxysmal 
AF, which was the most common pattern of AF in our cohort. 
A relevant proportion of patients on whom we found previ-
ously undiagnosed AF were classified as large-artery arterio-
sclerosis (22%) based on imaging of carotid vessels either by 
CT or MRI angiography or by means of color-coded Doppler 
ultrasound, comparable with smaller earlier reports.33 This sug-
gests the presence of multiple, competing causes for a stroke in 
these patients. Considering the ongoing discussion,34 our data 
underline the importance of thorough screening for the pres-
ence of AF in all survivors of a stroke or TIA, rather than only 
in those whose clinical presentation suggests AF, for example, 
based on the TOAST classification. Based on our observations, 
prolonged ECG monitoring should be considered in all stroke 
patients without known AF, including patients with concurrent 
stroke causes such as carotid stenosis or small-artery disease.

Cost-Effectiveness
The effort of prolonged ECG monitoring seems  cost-effective 
in this study: 1 week of outpatient monitoring with an 
assumed detection rate of 4.4% for otherwise undiagnosed AF 
was recently calculated to cost ≤$13 000 per quality-adjusted 
life-year,12 depending on the additional drug treatment consid-
ered in the calculation.35 Because our detection rate was com-
parable (4.3% [95% CI, 3.4%–5.2%]) to the abovementioned 
calculation while requiring less resources (3 instead of 7 days 

Table 2. Patient Characteristics (History and Clinical 
Findings) at Admission

Characteristics
No AF Detected  

(n=1086)
AF Detected  

(n=49) P Value

Age, y, mean±STD 66.57±13.06 76.04±9.181 <0.0001

Sex, female 487 27 0.1868

Onset of symptoms–admission; 
time, d; mean±STD

0.55±3.096 0.12±0.484 0.038

BMI, mean±STD* 27.43±4.917 27.177±3.771 ns

No or only mild impairment 
before stroke (mRS≤1)

425 (39) 14 (28) 0.1766

Mild-to-moderate acute 
neurological deficits (NIH-SS≤5)

932 (86) 29 (59) <0.001

Clinical presentation as TIA 317 (29) 9 (18) 0.1088

    With ischemic lesion in CT/MRI 52 (16) 5 (55) 0.0099

    With motor symptoms 176 (56) 7 (78) 0.308

Systolic blood pressure at 
admission, mm Hg, mean±STD†

150.2±25.4 155.86±22.1 ns

Diastolic blood pressure at 
admission, mm Hg, mean±STD†

81.3±14.6  81.67±13.5 ns

History of diabetes mellitus 217 (20) 14 (29) 0.1483

History of smoking 539 (50) 19 (39) 0.1463

History of dyslipidemia 386 (36) 16 (33) 0.7611

History of coronary heart disease 174 (16) 9 (18) 0.6905

History of cardiac failure 62 (6) 4 (8) 0.524

History of cardiac valve disease 41 (4) 2 (4) 0.7084

Previous TIA 87 (8) 4 (8) 1

Previous stroke 189 (17) 9 (18) 0.8477

Peripheral arterial occlusive 
disease

45 (4) 1 (2) 0.7175

Renal insufficiency 45 (4) 1 (2) 0.7175

Previous percutaneous coronary 
intervention

77 (7) 1 (2) 0.2485

Previous aorto coronary venous 
bypass.

52 (5) 4 (8) 0.298

Previous carotid intervention 
(TEA/stent)

26 (2) 2 (4) 0.3429

Pacemaker or ICD 11 (1) 0 1

AF indicates atrial fibrillation; BMI, body mass index; CT, computerized tomog-
raphy; ICD, implantable cardioverter-defibrillator; MRI, Magnetic Resonance 
Imaging; mRS, modified Rankin Scale; NIH-SS, National Institute of Health Stroke 
Scale; TEA, thrombendarterectomy; and TIA, transient ischemic attack.

*Twelve patients are missing.
†Two patients are missing.
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Figure 2. Kaplan–Meier survival data analysis of cumula-
tive monitoring time for each patient on the x axis, and risk of 
atrial fibrillation (AF) in the study cohort at this time point given 
is in percentage on the y axis. Gray lines indicate the 95% 
confidence interval.



Detection of Atrial Fibrillation With Concurrent Holter
Monitoring and Continuous Cardiac Telemetry Following

Ischemic Stroke and Transient Ischemic Attack

Marc A. Lazzaro, MD,* Kousik Krishnan, MD,† and Shyam Prabhakaran, MD, MS*

Atrial fibrillation (AF) is a major risk factor for recurrent ischemic stroke. We aimed to
compare the detection rate of AF using continuous cardiac telemetry (CCT) versus
Holter monitoring in hospitalized patients with ischemic stroke or transient ischemic
attack (TIA). Between June 2007 and December 2008, 133 patients were admitted to an
academic institution for ischemic stroke or TIA and underwent concurrent inpatient
CCT and Holter monitoring. Rates of AF detection by CCT and Holter monitoring
were compared using the McNemar paired proportion test. Among the 133 patients,
8 (6.0%) were diagnosed with new-onset AF. On average, Holter monitoring was per-
formed for 29.8 hours, and CCT was performed for 73.6 hours. The overall rate of AF
detection was higher for Holter monitoring compared with CCT (6.0%; 95% confi-
dence interval [CI], 2.9-11.6 vs 0; 95% CI, 0-3.4; P 5 .008). Holter detection of AF was
even higher in specific subgroups (those with an embolic infarct pattern, those age
.65 years, and those with coronary artery disease). Holter monitoring detected AF
in 6% of hospitalized ischemic stroke and TIA patients, with higher proportions in
high-risk subgroups. Compared with CCT, Holter monitoring is significantly more
likely to detect arrhythmias. Key Words: Cardiac monitoring—cardioembolic stroke.
! 2012 by National Stroke Association

Atrial fibrillation (AF) has been considered the most
important single cause of ischemic stroke in elderly per-
sons and is responsible for about 10% of all ischemic
strokes.1 The prevalence of AF in the general population
varies with age, nearly doubling every decade after age
50, from approximately 0.5% at age 50-59 years to 8.8%
at age 80-89 years,2 with an associated annual stroke
risk of up to 18.2% in the highest-risk groups.3 Compared
with antiplatelet therapy, warfarin provides an additional

40% reduction in the risk of recurrent stroke in patients
with AF.4-6 Standard diagnostic evaluation of patients
admitted for ischemic stroke or transient ischemic attack
(TIA) commonly does not reveal an etiology, however,
with up to 40% of ischemic strokes classified as
cryptogenic.7 Paroxysmal AF is difficult to diagnose and
may be underdiagnosed in patients with cryptogenic
stroke. Recent studies found that up to 23% of patients
with cryptogenic stroke had paroxysmal AF with long-
term outpatient cardiac monitoring.8,9 Given the impact
on management in patients with AF and ischemic stroke
or TIA, diagnostic tests that achieve the highest
diagnostic yield are critical. We sought to compare the
rates of detection of AF by 2 commonly used modalities,
Holter monitoring and continuous cardiac telemetry
(CCT), in patients with ischemic stroke and TIA.

Methods

We reviewed a prospective stroke registry of 456 con-
secutive patients admitted to our institution for acute is-
chemic stroke or TIA between June 2007 and December
2008 (Fig 1). During the study period, both Holter and

From the *Department of Neurological Sciences, Section of Cerebro-
vascular Disease and Neurological Critical Care; and †Department of
Internal Medicine, Division of Cardiology, Rush University Medical
Center, Chicago, Illinois.

Received March 12, 2010; accepted May 21, 2010.
Address correspondence to Marc A. Lazzaro, MD, Department of

Neurological Sciences, Section of Cerebrovascular Disease and
Neurological Critical Care, Rush University Medical Center, 1725
West Harrison Street, Suite 1121, Chicago, IL 60612. E-mail:
mlazzaro2@gmail.com.

1052-3057/$ - see front matter
! 2012 by National Stroke Association
doi:10.1016/j.jstrokecerebrovasdis.2010.05.006

Journal of Stroke and Cerebrovascular Diseases, Vol. 21, No. 2 (February), 2012: pp 89-93 89

(90 seconds) of the recording time. These 6 patients had
between 2 and 20 distinct episodes of AF. In 2 patients
with artificial pacemakers, AF was present for 96.7%
and 100% of the recording time. In other subgroup

analyses (Table 2), the rate of AF detection on Holter
monitoring was 9.3% (95% CI, 4.3-18.3) in patients with
embolic topography ischemic stroke (n 5 75) and 11.5%
(95% CI 5.4-22.1) in those age .65 years (n 5 38). The
rate of NSVT detection was 8.3% (95% CI, 4.5%-14.3%)
by Holter monitoring and 5.0% (95% CI, 3.8-8.7) by CCT
(P 5 .180). All patients in whom AF was detected were
treated with warfarin for prevention of recurrent stroke.

Discussion

This is the first study to compare concurrent Holter
monitoring and CCT in the same cohort. Our findings
suggest that Holter monitoring provides a significantly
higher rate of AF detection compared with CCT during
inpatient evaluation after ischemic stroke or TIA. In pa-
tients at high risk for a cardiac source of embolism based
on infarct topography, age, and cardiac history, the AF
detection rate was even higher (up to 18.4%).

A recent study of 56 patients with cryptogenic TIA/
stroke detected AF by 21-day outpatient telemetry in
23% of the patients.8 Another study using 30-day cardiac
event monitors in ischemic stroke and TIA patients de-
tected AF in 20% of those initially considered to have
cryptogenic stroke.9 These results suggest that a signifi-
cant proportion of ischemic strokes classified initially as
cryptogenic following routine inpatient evaluation may
actually be due to occult or paroxysmal AF.

Although the duration of cardiac monitoring is likely
important, the type of monitor used and the level of
expertise of the reviewers might be equally important.
In recent years, CCT (ie, ‘‘remote’’ telemetry) has been
available in most hospital wards irrespective of unit spe-
cialization and often subject to only nurse and noncardi-
ology physician interpretation, and CCT has supplanted
the use of Holter monitoring in many centers. There are
no data directly comparing these modalities to support
this shift in clinical practice, however.

Previous reports of diagnosis of AF by CCT have sug-
gested a detection rate of !1%-7%.10-14 The setting in
which CCT was used in these studies (ie, intensive care

Table 1. Baseline characteristics of the cohort (n 5 133)

Age, years
Mean (SD) 63.1 (13.5)
Median 64.0

Male, n (%) 66 (49.6)
Race, n (%)

White 42 (31.6)
Black 76 (57.1)
Hispanic 13 (9.8)
Other 2 (1.5)

Hypertension, n (%) 93 (69.9)
Diabetes, n (%) 39 (29.3)
Coronary artery disease, n (%) 25 (18.8)
Antiplatelet medication use, n (%) 55 (41.4)
Warfarin use, n (%)

Recurrent cryptogenic stroke 3 (2.3)
Deep venous thrombosis 2 (1.5)
Mechanical heart valve 1 (0.8)
Cardiomyopathy 1 (0.8)
None 127 (93.2)

Cerebrovascular diagnosis, n (%)
Ischemic stroke 101 (75.9)
TIA 32 (24.1)

Initial stroke subtype, n (%)*
Lacunar 14 (13.9)
Large-artery atherosclerosis 14 (13.9)
Cardiac embolism 12 (11.9)
Cryptogenic 53 (52.5)
Other determined 8 (7.9)

Infarct topography, n (%)y
Small deep 19 (17.1)
Large deep 15 (13.5)
Cortical 43 (38.7)
Border zone 2 (1.8)
Multiple 8 (7.2)
Mixed cortical/subcortical 24 (21.6)

Anticoagulation on discharge, n (%)
AF, n (%) 8 (6.0)
Cardiomyopathy with or

without cardiac thrombus
6 (4.5)

Mechanical valve or
valvular thrombosis

4 (3.0)

Cervical artery dissection 3 (2.3)
Recurrent cryptogenic stroke 2 (1.5)
Basilar artery thrombosis 1 (0.8)
Aortic arch atheroma

with mobile thrombus
1 (0.8)

Deep venous thrombosis 1 (0.8)
No anticoagulation

(antiplatelet therapy only)
107 (80.5)

*n 5 101 (TOAST subtype classification was performed on ische-
mic stroke patients only).
yn 5 111 (includes 10 TIA patients with diffusion-weighted MRI

abnormalities).

Figure 2. Durations and overlap of Holter monitoring and CCT.
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unit vs general medical floor) is not always clear, however,
possibly contributing to the variability in reported
detection rates. CCT was reported to detect AF in about
3% of stroke patients admitted to an ‘‘investigative stroke
unit.’’15 In another study, ambulatory 24- to 48-hour Holter
monitoring identified AF that had gone undetected on
initial ECG in 1%-5% of patients.14 Serial ECG (about 3
over 72 hours) detected AF in 11.3% of stroke patients in
one series and has been proposed as an alternative to
CCT monitoring.10 Our data suggest that in patients ad-
mitted to a stroke unit, Holter monitoring may be superior
to CCT for the detection of AF.

ECG abnormalities in stroke patients also may include
life-threatening ventricular dysrhythmias, in addition to
atrioventricular block, prolonged QT interval, and ST seg-
ment and T wave abnormalities. General consensus and
recent guidelines recommend that patients with acute
ischemic stroke undergo cardiac monitoring for at least
24 hours.16 A randomized controlled trial of acute stroke
patients showed a survival benefit in those admitted to
monitored stroke units compared with those admitted to
unmonitored units, due in part to detection of ventricular
fibrillation in 1 patient who was successfully resusci-
tated.17 Our data suggest that Holter monitoring and
CCT perform similarly in the detection of ventricular
arrhythmias.

In practice, CCT is reviewed only when an alarm is set
off, when the patient develops symptoms, or periodically
by nursing staff and physicians. Many factors can limit
the detection of abnormalities, including alarm sensitivity
and reviewer competence in interpreting rhythm strips.
Specifically, in cases of paroxysmal AF, abnormal rhythm
runs may be brief, poorly recorded, and difficult to verify
on review. In addition, untrained physicians may have
difficulty discriminating arrhythmias on a background
pacemaker rhythm. These real-life limitations may have
contributed to the low detection rate of AF by CCT in
this study. The 2 modalities might be complementary,

with Holter monitoring being better suited for detecting
subtle or short-duration supraventricular arrhythmias
and CCT better suited for detecting malignant, life-
threatening rhythms.

The cost-effectiveness of Holter monitoring in patients
with stroke and TIA has not been well studied. Citing
a Holter ECG cost of $200, one study estimated a total
cost of $9400 for diagnosing a single case of paroxysmal
AF.11 The lifetime cost of first ischemic stroke was
estimated as $90,981 in 1990,18 whereas the average cost
of stroke care in the first 12 months poststroke has been
estimated to exceed $14,000.19 Compared to aspirin, the
annual number of patients needed to treat with warfarin
to prevent 1 recurrent stroke is 12.20 Based on these costs
and savings, 200 patients would need to be evaluated
with Holter monitoring to detect 12 cases of AF, at
a cost of $40,000—less than half the lifetime cost of stroke
care for 1 stroke survivor.

This study has some limitations. Because the study rep-
resents only a sample of all ischemic stroke and TIA pa-
tients who received both Holter monitoring and CCT,
there may be selection bias. The missing modality for
most of these patients was Holter monitoring, due largely
to logistical issues regarding device placement (eg, num-
ber of Holter devices available, lack of availability on
nights and weekends) and on rare occasions due to pa-
tient refusal. It should be noted, however, that there
were no major differences in demographic data or risk
factors between the 171 patients who received both Holter
monitoring and CCT and the 285 patients who did not
undergo dual monitoring.

This analysis is unique in that both Holter monitoring
and CCT were used in each patient during inpatient hos-
pitalization for ischemic stroke or TIA, allowing for a com-
parison of detection rates during concurrent recordings in
the same patients. The duration of Holter monitoring was
only 24 hours in many of the cases in this analysis; extend-
ing the duration of monitoring also might improve the

Table 2. Comparison of abnormal cardiac rhythm detection rates

Holter monitoring,
n (%) [95% CI]

CCT,
n (%) [95% CI] P value

AF
Ischemic stroke and TIA (n 5 133) 8 (6.0%) [2.9-11.6] 0 [0-3.4] .008
Ischemic stroke only (n 5 101) 7 (6.9%) [3.2-13.9] 0 [0-4.4] .016
Embolic topography (n 5 75)* 7 (9.3%) [4.3-18.3] 0 [0-5.8] .016
Cryptogenic stroke (n 5 53) 5 (9.4%) [3.6-20.3] 0 [0-7.9] .063
Age .65 years (n 5 61) 7 (11.5%) [5.4-22.1] 0 [0-7.1] .016
Coronary artery disease (n 5 25) 4 (16.0%) [5.8-35.3] 0 [0-15.8] .125
Embolic topography or age .65 (n 5 86) 8 (9.3%) [4.6-17.5] 0 [0-5.1] .008
Embolic topography and age .65 (n 5 38) 6 (15.8%) [7.1-30.1] 0 [0-10.1] .031
Embolic topography and age .65 or CAD (n 5 38) 7 (18.4%) [8.9-33.7] 0 [0-10.9] .016

NSVT
Ischemic stroke and TIA (n 5 133) 11 (8.3%) [4.5-14.3] 7 (5.3%) [3.8-8.7] .180

*Includes those with cortical, multiple, or mixed cortical/subcortical patterns.
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Cardioembolism accounts for 17% to 30% of all ischemic 
strokes.1,2 Some data suggest that >50% of these are 

because of atrial fibrillation (AF).3 Paroxysmal AF (PAF) is 
often undetected because characteristics such as short dura-
tion, episodic, and frequently asymptomatic nature make it 
challenging to diagnose at the bedside, leading to suboptimal 
secondary prevention.4 It is likely that a proportion of strokes 
labeled as cryptogenic are cardioembolic in origin because 
of occult AF.5,6 Furthermore, ≥2 factors contributing to stroke 
risk may coexist: even patients with an identified risk factor 
for nonembolic stroke may have occult cardioembolism.

Detection rate of new AF from a standard 12-lead ECG after 
ischemic stroke/transient ischemic attack (TIA) is ≈2% to 5%7,8 
and from 24-hour Holter is 2% to 6%.9–11 The European Stroke 
Organization12 and the American Heart Association (AHA)/

American Stroke Association13 recommend that 24-hour Holter 
monitoring is used to detect occult AF/PAF when suspected, 
and no other cause for stroke is found. However, the optimum 
timing, duration, setting (outpatient or inpatient), and method 
of monitoring to maximize the detection of PAF after stroke/
TIA are unclear. Furthermore, diagnostic criteria used for PAF 
during monitoring may vary and have implications for risk of 
recurrence. We therefore undertook a systematic review and 
meta-analysis with the following objectives:

To determine the overall rate of detection of any new AF 
with cardiac monitoring (invasive and noninvasive) after 
ischemic stroke/TIA.

To evaluate detection rates of AF in selected versus 
unselected patients with stroke/TIA.

To explore the influence of duration of monitoring on 
detection rates of AF.

Background and Purpose—Atrial fibrillation (AF) confers a high risk of recurrent stroke, although detection methods and 
definitions of paroxysmal AF during screening vary. We therefore undertook a systematic review and meta-analysis to 
determine the frequency of newly detected AF using noninvasive or invasive cardiac monitoring after ischemic stroke or 
transient ischemic attack.

Methods—Prospective observational studies or randomized controlled trials of patients with ischemic stroke, transient ischemic 
attack, or both, who underwent any cardiac monitoring for a minimum of 12 hours, were included after electronic searches 
of multiple databases. The primary outcome was detection of any new AF during the monitoring period. We prespecified 
subgroup analysis of selected (prescreened or cryptogenic) versus unselected patients and according to duration of monitoring.

Results—A total of 32 studies were analyzed. The overall detection rate of any AF was 11.5% (95% confidence interval, 8.9%–
14.3%), although the timing, duration, method of monitoring, and reporting of diagnostic criteria used for paroxysmal AF 
varied. Detection rates were higher in selected (13.4%; 95% confidence interval, 9.0%–18.4%) than in unselected patients 
(6.2%; 95% confidence interval, 4.4%–8.3%). There was substantial heterogeneity even within specified subgroups.

Conclusions—Detection of AF was highly variable, and the review was limited by small sample sizes and marked 
heterogeneity. Further studies are required to inform patient selection, optimal timing, methods, and duration of monitoring 
for detection of AF/paroxysmal AF.   (Stroke. 2014;45:520-526.)

Key Words: atrial fibrillation ◼ ischemic attack, transient ◼ stroke
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BACKGROUND
Atrial fibrillation is a leading preventable cause of recurrent stroke for which 
early detection and treatment are critical. However, paroxysmal atrial fibrillation 
is often asymptomatic and likely to go undetected and untreated in the routine 
care of patients with ischemic stroke or transient ischemic attack (TIA).
METHODS
We randomly assigned 572 patients 55 years of age or older, without known 
atrial fibrillation, who had had a cryptogenic ischemic stroke or TIA within the 
previous 6 months (cause undetermined after standard tests, including 24-hour 
electrocardiography [ECG]), to undergo additional noninvasive ambulatory ECG 
monitoring with either a 30-day event-triggered recorder (intervention group) or 
a conventional 24-hour monitor (control group). The primary outcome was newly 
detected atrial fibrillation lasting 30 seconds or longer within 90 days after ran-
domization. Secondary outcomes included episodes of atrial fibrillation lasting 
2.5 minutes or longer and anticoagulation status at 90 days.
RESULTS
Atrial fibrillation lasting 30 seconds or longer was detected in 45 of 280 patients 
(16.1%) in the intervention group, as compared with 9 of 277 (3.2%) in the con-
trol group (absolute difference, 12.9 percentage points; 95% confidence interval 
[CI], 8.0 to 17.6; P<0.001; number needed to screen, 8). Atrial fibrillation lasting 
2.5 minutes or longer was present in 28 of 284 patients (9.9%) in the intervention 
group, as compared with 7 of 277 (2.5%) in the control group (absolute differ-
ence, 7.4 percentage points; 95% CI, 3.4 to 11.3; P<0.001). By 90 days, oral anti-
coagulant therapy had been prescribed for more patients in the intervention 
group than in the control group (52 of 280 patients [18.6%] vs. 31 of 279 [11.1%]; 
absolute difference, 7.5 percentage points; 95% CI, 1.6 to 13.3; P = 0.01).
CONCLUSIONS
Among patients with a recent cryptogenic stroke or TIA who were 55 years of 
age or older, paroxysmal atrial fibrillation was common. Noninvasive ambula-
tory ECG monitoring for a target of 30 days significantly improved the detection 
of atrial fibrillation by a factor of more than five and nearly doubled the rate of 
anti coagulant treatment, as compared with the standard practice of short-duration 
ECG monitoring. (Funded by the Canadian Stroke Network and others; EMBRACE 
ClinicalTrials.gov number, NCT00846924.)
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and at 90 days, the proportion of patients treated 
with anticoagulants was significantly higher in 
the intervention group than in the control group: 
18.6% (52 of 280 patients) versus 11.1% (31 of 
279), for an absolute treatment difference of 7.5 
percentage points (95% CI, 1.6 to 13.3; P = 0.01) 
(Table 3). In the intervention group, 38 of 280 
patients (13.6%) switched from antiplatelet to 
anticoagulant therapy, as compared with 13 of 
279 (4.7%) in the control group, a difference of 8.9 
percentage points (95% CI, 4.2 to 13.6; P<0.001).

DISCUSSION

We found that ambulatory ECG monitoring for a 
target of 30 days was feasible to implement as 
part of routine stroke care, detected atrial fibril-
lation in one in six patients (which had not previ-
ously been detected by means of standard 24 to 
48 hours of monitoring after stroke), was supe-
rior to an additional round of 24-hour ECG mon-
itoring and clinical follow-up (the detection rate 
with 30-day monitoring was increased by a factor 
of five), and had an incremental yield over a pe-
riod of 30 days. Moreover, prolonged monitoring 
nearly doubled the proportion of patients who 
subsequently received anticoagulant therapy for 
secondary prevention of stroke — a finding we 
interpret as a clinically meaningful change in 
treatment that has the potential to avert recur-
rent strokes. These findings, taken together with 
mounting observational data linking subclinical 
atrial fibrillation to cryptogenic strokes10-13 and 
a randomized trial supporting 7-day monitoring in 
the acute phase after the occurrence of stroke,19 
provide strong evidence supporting adoption of a 
more intensive approach to the detection of atrial 
fibrillation in patients with unexplained stroke 
or TIA.

Evaluating patients for atrial fibrillation af-
ter a stroke or TIA is important because of the 
treatment implications. We targeted patients at 
risk for stroke recurrence who were potential 
candidates for anticoagulant therapy, yet in prac-
tice such patients typically receive only antiplate-
let therapy if atrial fibrillation is not detected. 
When atrial fibrillation is detected, anticoagula-
tion is strongly advised, whether the atrial fibril-
lation is paroxysmal or sustained, because the 
stroke risks are similar20-22 and patients with 
either type of atrial fibrillation benefit from 
anticoagulation.20,23,24

The finding of even brief atrial fibrillation in 
this population is considered important, given 
increasing evidence that brief subclinical atrial 
fibrillation predicts subsequent episodes of atrial 
fibrillation and is an independent risk factor for 
recurrent stroke.25 In the Asymptomatic Atrial 
Fibrillation and Stroke Evaluation in Pacemaker 
Patients and the Atrial Fibrillation Reduction 
Atrial Pacing Trial (ASSERT), any subclinical 
atrial tachyarrhythmia lasting longer than 6 min-
utes predicted clinically evident atrial fibrillation 
(hazard ratio, 5.6) and stroke or systemic embo-
lism (hazard ratio, 2.5).4 In the Mode Selection 
Trial (MOST), any atrial high-rate episode lasting 
longer than 5 minutes predicted clinical atrial 
fibrillation (hazard ratio, 5.9) and stroke or death 
(hazard ratio, 2.8).26 Our primary outcome of 
atrial fibrillation lasting 30 seconds or longer is 
consistent with guidelines27-30 and, although arbi-
trary, is a potentially clinically important and 
actionable finding in this population. Expert 
opinion differs regarding the minimum duration 
or frequency of atrial fibrillation captured by 
ECG that warrants anticoagulation. Until future 
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Figure 2. Incremental Yield of Prolonged ECG Monitoring for the Detection 
of Atrial Fibrillation in Patients with Cryptogenic Stroke or TIA.

The proportion of patients in whom atrial fibrillation was detected increased 
with increasing duration of ECG monitoring. The data reflect the timing of 
the first detected episode of atrial fibrillation; data for 2 patients are not 
shown because the exact date of the detection of atrial fibrillation was un-
known. Atrial fibrillation was detected in 6 of 277 patients who underwent 
monitoring with a 24-hour Holter monitor (the control group). In the group 
of 284 patients who underwent 30-day monitoring, atrial fibrillation was 
detected in 21 patients within the first week of monitoring, in 33 within the 
first 2 weeks of monitoring, in 35 within the first 3 weeks of monitoring, and 
in 42 within 4 weeks of monitoring (including 1 patient with atrial fibrillation 
that was first detected on day 34).
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EPIDEMIOLOGY, CLINICAL SIGNIFICANCE, AND MANAGEMENT OF AORTIC ATHEROMAS

TABLE I

Characteristics of Complex and Simple Atheromatous
Plaques

Complex Plaque:
Protruding atheroma >4-mm thickness
Presence of mobile components
Presence of > 2-mm surface ulceration

Simple Plaque:
Protruding atheroma <4-mm thickness
No mobile debris
No surface ulceration

Epidemiology
The prevalence of aortic atheromas on TEE

varies, depending on the population studied.
In a community-based TEE study from Olm-
sted County, Minnesota, aortic atheromas were
present in 51% of randomly selected residents
aged 45 years or older, with a greater preva-
lence in the descending aorta.11 In the same
study, complex atheromas were present in 7.6%
of Olmsted County residents, and the preva-
lence of both simple and complex atheromas in-
creased with advancing age, smoking, and pulse
pressure. In patients with known significant
carotid artery disease, the prevalence of aortic
atheromas was 38%,12 and 92% in those with
significant coronary artery disease.13

Aortic Atheroma: Is It a Risk Factor
for Stroke?

Aortic atheromas have long been suspected
to be a hidden source of stroke based on post-
mortem studies and clinical observations.14,15

Figure 1. Complex atheromatous
plaque TEE showing complex athero-
matous plaque in the distal thoracic
aorta with mobile components pro-
truding in to the lumen from the
posterior wall. The thickness of the
plaque is > 4 mm.

The presumed mechanism of stroke is throm-
boembolism from unstable plaques to medium
and large-sized intracranial arteries. Many
autopsy- and TEE-based retrospective case se-
ries7,16–19 and case-control studies,3,8,20–24 have
reported a strong association between aortic
atheromas and stroke. The incidence of athero-
matous plaques involving the thoracic aorta
was consistently higher in patients with sys-
temic embolism (peripheral and cerebral em-
bolism) compared with that of the control group,
and the association was independent of other
traditional atherosclerotic risk factors such as
age, hypertension, and diabetes. However, a
true cause-and-effect relationship could not be
established because of the retrospective nature
of the studies.

Subsequently, several prospective follow-
up studies25–29(summarized in Table II) have
shown an association between aortic atheromas
and stroke. In a prospective follow-up study in-
volving 42 patients with protruding atheromas
of thoracic aorta on TEE, Tunick et al reported
vascular events in 33% of patients who had
complex plaques, as opposed to 7% in matched
controls.25 On multivariate analysis, only the
presence of protruding atheroma independently
predicted vascular events [odds ratio (OR) 4.3,
95% confidence interval (CI) 1.2 to 15.0, P =
0.005]. The French study group followed a co-
hort of 331 stroke patients, and found aortic
atheroma of more than 4-mm thickness to be
an independent predictor of recurrent stroke
[relative risk (RR), 3.8; 95% CI, 1.8 to 7.8; P =
0.0012].26 Similarly, Mitusch et al prospectively
studied 181 patients with aortic arch atheroma
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Pathological Correlations
In 1992, a landmark autopsy study evaluated 500 patients
with stroke and other neurological diseases.43 The authors
showed that ulcerated plaques were present in the aortic arch
in 26% of 239 patients with cerebrovascular disease but in
only 5% of 261 patients with other neurological diseases. In
addition, the prevalence of ulcerated plaques in the aortic arch
was much higher (61%) in 28 patients with “cryptogenic
stroke” than in the 155 patients with stroke and carotid
disease or another known cause of stroke, in whom the
prevalence was only 22%.

Since the first reports, investigators have found that a
significant number (25% to 50%) of severe aortic plaques
seen on TEE have a mobile component. These plaques may
be found in patients with both a large and a small atheroscle-
rotic burden. They range in size from 1 mm to several
centimeters. Case reports of 2 such patients who underwent
surgery documented that these mobile lesions were in fact
thrombi superimposed on atherosclerotic plaque.44,45 In one
of these patients, red thrombi were seen both superimposed
on the aortic plaque and in the specimen removed from the
femoral artery where it had embolized (Figure 2).

The presence of thrombi on aortic plaques was further
documented on autopsy in a more recent study,46 which found
aortic thrombi in 17 of 120 cases, as well as a significant
association of complex plaque with previous emboli. In
addition, mobile lesions in the aorta seen on TEE in 6 patients
were seen to be thrombi on surgical pathology.47 A TEE
study48 showed changes in morphology when TEE was
repeated in the same patients over a period of time. New
mobile lesions were seen on plaques that initially had none,
and some of the presumed thrombi had disappeared (dis-
solved or embolized) by the time that the repeat study was
performed.

In the coronary arteries, thrombosis has been shown to
occur when the arterial wall contains a large lipid core, which
predisposes to plaque rupture. A similar situation probably
exists in the aorta. One group found that aortic plaques that
contain a preponderance of lipid are likely to have undergone
thrombosis.49 Calcified aortic plaques (which are less lipid
laden) have a lower risk of plaque rupture, thrombus forma-
tion, and embolization (see Table 2).

Cholesterol Crystal Embolization (the
Atheroemboli or “Blue Toe” Syndrome)

The syndrome of stroke and peripheral embolization described
above is most often the result of thromboembolism to medium-

sized and larger arteries from unstable aortic plaques. Much less
common is the “classic” syndrome of diffuse cholesterol crystal
embolization, the atheroemboli or “blue toe” syndrome. In the
latter entity, there is a diffuse showering of cholesterol crystals
from unstable aortic (or other arterial) plaques. This showering
may occur spontaneously or may be precipitated by disruption of
plaques during trauma, interventional procedures such as an-
giography or cardiac catheterization, or vascular surgery. Pa-
tients with this syndrome suffer from cerebral dysfunction, renal
failure, intestinal infarction, and limb ischemia that is usually
diffuse, distal, and bilateral.50,51 There is a very high mortality
rate. This syndrome is a much rarer complication of aortic
atherosclerosis than is the syndrome of thromboembolism.
Thromboembolism occurs in up to 33% of patients with severe
aortic plaque on TEE in 1 year.14 In contrast, atheroembolism
was reported in 0.7% of patients with severe aortic plaque on
TEE.39

Imaging Modalities
Contrast Angiography
Historically, imaging of the aorta was done first (in vivo) with
contrast angiography. This technique can define major aortic
abnormalities; however, it is invasive and requires the use of
contrast and radiation. In addition, angiography may miss
important aortic plaques viewable by TEE.52 Therefore,
angiography should not be used to evaluate aortic plaque.

Transthoracic Echocardiography
Transthoracic echocardiography (TTE) frequently visualizes
the aortic root and proximal ascending aorta. In some pa-
tients, the aortic arch can be seen from the suprasternal notch
and the descending aorta from that window and on apical
views. Aortic plaque may be visualized with TTE B-mode
imaging.53 Harmonic imaging may add to the accuracy of this
technique.54

Transesophageal Echocardiography
Most echocardiographers feel that TEE is more accurate than
TTE for the critical measurement of plaque thickness (Figure
3 and Table 2) and for the diagnosis of mobile thrombi. The
TEE probe is closer to the aorta and can be used at a higher
frequency, thus allowing for higher resolution than on TTE.
TEE is safe,55 can be brought to the bedside for critically ill
patients, and allows the evaluation of other possible reasons
for stroke. An accurate and detailed evaluation of the aorta,
including the origin of the great vessels, is possible,56 and
there is excellent interobserver and intraobserver variability.57

Plaque composition may be evaluated with TEE, including
plaque calcification. The latter feature is important because
the embolic risk is lower if aortic plaques are calcified.58 The
reason for this decrease in risk may be that lipid-laden
(noncalcified) plaques, which appear hypoechoic on TEE, are
more prone to rupture and thrombosis,59 and these superim-
posed thrombi embolize to cause stroke and other organ
damage.

The ability to record the amount of plaque at different
levels in the aorta on TEE allows estimation of the total
plaque burden. This is useful for assessing risk and the
response to therapy.60 Newer TEE technology allows

TABLE 2. Plaque Characteristics and Stroke Risk

Thickness, mm !1 1–1.9 2–3.9 !4

Risk, OR 1 3.3 4.1 13.8

Findings associated with high stroke risk

Thrombus (mobile or not)

Ulceration

Large lipid core (hypoechoic)

Finding associated with lower stroke risk

Plaque calcification (hyperechoic)

Data derived from Amarenco et al.12
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when continuously present at standard gain.14 A thrombus was
diagnosed when a fixed or mobile echo-dense mass could be clearly
differentiated from the wall of the left atrial cavity/left atrial
appendage (LA/LAA). For measurement of end-diastolic peak flow
velocity, the Doppler sample volume was positioned in the proximal
third of the appendage and the average taken of the values of 5
cycles. Atrial septal aneurysm (ASA) was diagnosed when the
excursion of an abnormally redundant and mobile atrial septum was
!10 mm. Injections of an agitated contrast agent (gelifundol) were
performed at rest and during Valsalva maneuver. A right-to-left
shunt was diagnosed when microbubbles were detected in the left
atrium within 4 cardiac cycles after right atrial opacification. The
ascending aorta and the aortic arch including the outlet of the left
subclavian artery were examined with respect to aortic plaques
defined as irregular intimal thickening with increased echogenicity.
The thickest plaque was considered for classification. Atheroma
were divided into lower risk (ie, !4 mm) and into higher risk (ie,
!4 mm), and presence of ulcerations or mobile components/thrombi
was recorded. Aortic thrombus was defined as laminated deposition
along the intimal surface, with variable echogenicity, and which may
be associated with mobile lesions.15,16

Echocardiograms were stored on videotape and categorized ac-
cording to a modified Hart classification.17,18 Consequently, echo-
cardiographic abnormalities were considered cardiac high and po-
tential risk factors for embolism (Figure 2).

Statistical Analysis
All analyses were performed by SAS statistical package (version
6.12). Results are expressed as absolute frequencies and percentages
where appropriate. We used 2-tailed t tests and "2 tests to compare
proportions. A 2-tailed P!0.05 was considered to indicate statistical
significance.

ResultsBasic Findings
The baseline characteristics of the 503 study participants are
shown in Table 1. Coagulation disorders in the 108 patients of
group 2 #60 years of age were: heterozygote factor V Leiden
mutation in 5 (4.8%), decreased antithrombin III in 0 (0.0%),
decreased protein C and S in 2 (2.2%) and 9 patients (9.9%),
respectively, and increased antiphospholipid antibody titer in
1 patient (1.1%).

Stroke etiology could be classified by routine diagnostic
data (ie, without TEE data) in 276 (54.9%) patients (group 1)
according to the TOAST classification (Figure 1). In the
remaining 227 (45.1%) patients, we found contraindications
against OA in 15: severe cerebral small-vessel disease (n"7),
severe alcohol abuse or incompliance (n"2), ataxia with
recurrent fells (n"2), uncontrollable hypertension (n"1), and

Figure 2. TEE-guided therapeutic management of patients with stroke of undetermined etiology. The finding of multiple high and
potential risk sources in some patients is the reason for the discrepancy between the number of TEE parameters and patients.
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Therapeutic Strategies After Examination by Transesophageal
Echocardiography in 503 Patients With Ischemic Stroke

Andreas Harloff, MD; Michael Handke, MD; Matthias Reinhard, MD;
Annette Geibel, MD; Andreas Hetzel, MD

Background and Purpose—Transesophageal echocardiography (TEE) is the gold standard in detecting high-risk (ie, aortic
thrombi) and potential sources (ie, patent foramen ovale [PFO]) of cerebral embolism. We sought to evaluate the
additional information and therapeutic impact provided by TEE in stroke patients and to characterize patients in whom
TEE is indispensable.

Methods—We included 503 consecutive patients (mean age 62.2 years) with acute brain ischemia. Each patient received
TEE and the following routine diagnostics: ultrasound of brain supplying arteries, ECG or Holter-ECG, transthoracic
echocardiography, and brain imaging (computed tomography or MRI). Stroke etiology was classified according to the
Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria. High-risk sources in TEE were: aortic thrombi or
plaques !4 mm, thrombi in left atrial cavity/left atrial appendage, spontaneous echo contrast, and left atrial flow
velocity !30 cm/s. Potential sources in TEE were PFO, atrial septal aneurysm, and aortic plaques !4 mm.

Results—Stroke etiology was determined by routine diagnostics in 276 of 503 patients (54.9%). Of the remaining 227
patients (undetermined etiology), 212 (93.4%) were candidates for oral anticoagulation (OA). TEE revealed a high-risk
source, with indication for OA in 17 of them (8.0%). A potential source leading to OA was found in an additional 48
patients (22.6%). The remaining 147 patients (69.3%) were treated by platelet inhibitors or statins.

Conclusions—TEE strongly influenced secondary prevention and led to OA in one third of our patients with stroke of
undetermined etiology. TEE is indispensable in all patients being candidates for OA when routine diagnostics cannot
clarify stroke etiology. (Stroke. 2006;37:859-864.)

Key Words: echocardiography, transesophageal ! stroke, acute ! stroke management

Transesophageal echocardiography (TEE) is superior to
transthoracic echocardiography (TTE) in detecting high-

risk sources and potential sources of cerebral embolism.1–4

Complication rate in TEE is low,5 but the procedure is
semi-invasive, time consuming, and often not readily avail-
able everywhere. Therefore, it might be applied primarily to
patients with stroke of undetermined etiology (ie, patients
showing normal results in ECG, carotid ultrasound, and TTE,
who are candidates for oral anticoagulation [OA]).

However, recommendations of TEE in stroke patients are
controversial: in a systematic review, TEE was recommended
only for younger patients to exclude rare sources of cerebral
embolism such as atrial thrombi despite sinus rhythm.6 Leung
et al7 recommended TEE for patients with abnormal TTE and
for younger patients when finding of patent foramen ovale
(PFO) may contribute to patient management. Warner et al8

pointed out that routine TEE is not cost-effective; patients
with atrial fibrillation would receive OA anyway, and those
in sinus rhythm would usually have findings for which only

aspirin is indicated. However, others showed that TEE
changed secondary prevention toward OA in 10% of the
patients with stroke of undetermined etiology.9,10 In 441
unselected stroke patients, TEE revealed a cardiac abnormal-
ity leading to OA in 8% of the patients who were in sinus
rhythm and had no clinical evidence of a cardiac disease. TEE
was therefore recommended for all patients without contra-
indication against anticoagulation.3

Because of these conflicting data, our aim was to identify
the therapeutic impact of TEE in stroke patients and to
compile an algorithm of TEE indication based on our find-
ings and the current treatment guidelines for different stroke
causes to characterize patients in whom TEE is indispensable.

Subjects and Methods
Study Population
A total of 596 consecutive patients admitted to our stroke unit
fulfilled the inclusion criteria (18 to 85 years of age and acute brain
ischemia). Twenty-four patients declined to undergo TEE examina-
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On dirait qu’il n’y a pas 
grand-chose dans la 
littérature médicale là-
dessus! 

Et t’as vraiment tout 
lu, incluant  le très 
célèbre Scandinavian 
Journal of small and 
medium size thrombi ? 

IRM cardiaque dans 
l’investigation de 
l’AVC ischémique… 

CARDIAC SOURCES OF EMBOLIC STROKE

CMR with contrast has been shown to be an
accurate test to evaluate the presence or ab-
sence of LV thrombus. An early study done us-
ing spin-echo imaging sequences for revealing
LV thrombus was limited by artifacts caused by
slow-flowing blood.14 More recent studies with
contrast-enhanced MR (CE-MR) have shown
high rates of accuracy for detecting mural
thrombus as well as for defining the presence
and extent of myocardial scarring.15–17 A study
of 57 consecutive patients designed to assess
the accuracy of CE-MR in detecting ventricu-
lar thrombi compared with TTE revealed 12
mural thrombi located in the LV apex or ad-
herent to anteroseptum as black, well-defined
structures surrounded by bright contrast en-
hanced blood.18 TTE depicted thrombi in only
5 patients. In addition, CE-MR was normal in
3 patients with suspected apical thrombus on
TTE. Although this study suggests that CE-MR
is highly accurate in detecting thrombus in pa-
tients with ischemic heart disease, its reliability
is limited due to the lack of pathologic or clinical
outcome validation.

The ability of CMR to clearly define LV throm-
bus is illustrated in Figure 1. This is a CMR
of a 65-year-old patient with chronic coronary
artery disease who had an incomplete TTE
exam secondary to poor acoustic windows. MRI
showed clear delineation of a large, bright-

Figure 1. Anteroapical infarct with LV thrombus. This
contrast-enhanced four-chamber view shows transmural hy-
perenhancement of the myocardium (arrow), indicating the
region of infarction. Also noted is a region of decreased sig-
nal in the apex, which is due to LV thrombus. The LV throm-
bus is conspicuous because it is surrounded by bright signal
(blood and infarct).

Figure 2. Apical infarct with LV thrombus. This contrast-
enhanced two-chamber view was obtained from a patient
with atrial fibrillation. There is a region of decreased signal
in the apex that is due to LV thrombus (arrow). The region
of infarction is not seen in this view. Also shown in this view
is a LAA (arrowhead) with no thrombus.

appearing anterior and apical infarct with api-
cal dyskinesis as well as an apical thrombus.
An example of a 69-year-old man with chronic
atrial fibrillation and history of coronary artery
bypass graft surgery who had a CMR to evalu-
ate myocardial viability is shown in Figure 2.
Delayed contrast-enhanced images clearly
show an apical thrombus.

Left Atrial Appendage Thrombus

The left atrial appendage (LAA) is recognized
as an important source for thrombus forma-
tion and subsequent cardioembolic events, es-
pecially in association with dysrhythmias such
as atrial fibrillation.19 TTE can offer informa-
tion only on the possible etiology of the dys-
rhythmias such as underlying structural heart
disease and has insufficient sensitivity for iden-
tification of thrombus or dense spontaneous
echo contrast (SEC) in the LAA because of in-
adequate visualization of the posterior struc-
tures.20 Therefore, any patient presenting with
ischemic stroke and a negative TTE is required
to have a multiplane TEE to evaluate the LA
and the LAA.

TEE provides a superior assessment of the
LAA in most patients with a high level of sen-
sitivity and specificity, ranging from 93% to
99%.20–22 However, complete visualization of
the entire appendage may be challenging due
to the fact that 80% of normal hearts have
multilobed LAAs.19 Furthermore, dense SEC or
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IRM cardiaque: Qui? 
!  Thrombus ventriculaire possible à l’ETO  

!  CI à l’ETO 

!  Masse cardiaque visualisée à l’ETO 
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large pectinate muscles can sometimes be mis-
taken for a thrombus on a TEE examination.
The accuracy of TEE may potentially be im-
proved by giving contrast. Intravenous contrast
was used with TEE in a study of 41 patients
who had inconclusive initial TEE studies be-
cause of either dense SEC or artifacts. However,
incomplete filling of the LAA by intravenous
contrast lead to further inconclusive result in
13 patients.23

CMR is an alternative method for assessing
the LAA. The accuracy in the detection of LAA
thrombus by CMR was compared with TEE in a
cohort of 50 subjects with nonrheumatic chronic
atrial fibrillation.24 The LAA was clearly visu-
alized by CMR in all patients. Black blood se-
quences were used for CMR studies and clot
was identified as high intensity signal. In all 16
patients where clot was demonstrated by TEE,
high signal was seen in CMR. There were three
additional patients where high signal was seen
on CMR. It is unclear whether this signal was
false positive or whether it represented true
clot.

Bright blood sequences can also be used for
detecting LAA thrombus without the disadvan-
tage of having artifact from slow flowing blood.
The image quality from the bright blood tech-
nique is excellent, as can be seen in Figure 3.
This is an example of a 70-year-old female with
chronic atrial fibrillation and LA appendage
thrombus. The bright blood sequence provides
clear visualization of the thrombus borders in

Figure 3. LAA thrombus. This contrast-enhanced two-
chamber view shows a region of decreased signal in the LAA
due to thrombus (arrow). The thrombus is attached to the
roof of the appendage.

contrast to the LA wall. Unfortunately there are
no published studies yet on the accuracy of this
technique.

Most CMR images are cardiac gated and are
an average of several heart-beats. Optimal im-
age quality depends on a regular heart rhythm.
Therefore, in patients with atrial fibrillation the
image quality may be suboptimal. However, one
should recognize that atria do not contract in
atrial fibrillation and are usually enlarged in
size. Thus, image degradation with an irregular
rhythm may be less of a problem when visual-
ization of the atria is concerned. This is demon-
strated in Figure 2, which shows the LAA to be
free of thrombus in a patient who was in atrial
fibrillation during the CMR exam.

Other Cardiac Masses

TTE is the conventional method used to de-
tect intracardiac masses. However, its use is
limited secondary to difficulty in discriminat-
ing between certain masses due to lack of
tissue characterization.25,26 Additionally, there
are cardiac masses that are smaller and more
posteriorly located, which require a TEE for
better definition of their anatomy. CMR is of-
ten the test of choice in evaluating the patient
with a cardiac mass. The goal of the study is
to (1) confirm the presence or absence of the
mass, (2) establish its exact location and its re-
lationship to surrounding structures, (3) con-
firm that there are no additional masses that
may have been missed with echocardiography,
and (4) characterize its composition based on
its signal characteristics.27,28 The role of CMR
for cardiac masses is discussed in greater detail
elsewhere in this issue.

Aortic Atheroma

Aortic atheroma is a potential source for em-
bolization of atheromatous material to the cere-
bral circulation. The ascending aorta and tho-
racic aorta cannot be fully assessed using TTE.
Multiplanar TEE performed and interpreted
by a highly skilled physician is the method of
choice for evaluation of the thoracic aorta. A
study evaluating the accuracy of TEE in de-
tecting aortic atheromas with comparison to
pathologic correlates showed a sensitivity of
91% and a specificity of 90%.29 The extent of
aortic atherosclerosis was classified into four
grades—Grade I: normal; II: mild intimal thick-
ening; III: plaque with an intact fibrous cap and
a fibrous or lipid core, where the thickness of the
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intima-media was <5 mm; IV: plaque with a
cholesterol core, areas of ulceration, a total
intima–media thickness ≥5 mm or presence of
calcification.29 Studies using TEE as the gold-
standard found a significantly increased risk
of stroke in patients with noncalcified aortic
plaques >4 mm thickness.30 The hypoechoic,
noncalcified plaques are lipid-laden and are
considered to be prone to rupture and throm-
boembolization.31

MRI is an established modality of choice to
assess the thoracic aorta for atherosclerotic dis-
ease, aneurysm, and dissection. The MRI eval-
uation of the aortic atheromas compares well
with TEE. In a study of 10 patients with known
aortic plaque (identified by TEE), T1-weighted
proton density and T2-weighted images were
obtained using MRI to assess the composition,
extent, and size of the plaque. Overall, there
was strong correlation (80% overall agreement)
between MRI and TEE for all criteria.32 Pre-
liminary research studies suggest that, in ad-
dition to being able to characterize the plaque
burden, MRI can also study the characteristics
of all atherosclerotic plaques.32,33

While there are a number of sequences to
evaluate the thoracic aorta, a T1-weighted
bright blood sequence with contrast is often
best at assessing plaque thickness. Figure 4 is
an MRA of the thoracic aorta using the bright
blood technique with gadolinium, which demon-
strates an atherosclerotic plaque projecting into
the lumen of the proximal descending thoracic
aorta.

Patent Foramen Ovale

Paradoxical embolization through a PFO is
another important cause of embolic stroke, es-
pecially in patients younger than 55 years.34 A
PFO is defined as a communication between the
atria at the fossa ovalis that typically allows a
unidirectional, hemodynamically insignificant
shunt. It is thought to result from the lack of
fusion of the septum primum and septum se-
cundum.35

Another abnormality of the interatrial sep-
tum is the atrial septal aneurysm (ASA), which
is defined as abnormal bowing of the atrial sep-
tum of at least 15 mm. The presence of an ASA
together with a PFO is reported to be associated
with higher cerebral ischemic events.36 Thus, it
is important to rule out the presence of a PFO as
well as an ASA in the complete evaluation of a
patient with stroke. This is particularly impor-
tant for further management and selection of

the patients who can benefit from transcatheter
or surgical closure of the PFO.

Traditionally, the method of choice to diag-
nose and describe the morphologic features of a
PFO is TEE.37,38 The sensitivity of TEE with
agitated saline injection to detect a right-to-
left shunt through a PFO depends on the per-
formance of an adequate Valsalva maneuver,
which can be limited secondary to the use of
sedation. If the only clinical question is to as-
sess for the presence of a PFO, there are non-
invasive techniques such as transcranial du-
plex sonography and TTE that have reasonable
sensitivities and specificities.39,40 It was shown
that, TTE with second harmonics in combina-
tion with agitated saline injection had a sen-
sitivity of 90.5% and a specificity of 96.5% for
detection of right-to-left shunt when compared
with TEE as the gold standard.39

Figure 4. Aortic plaque. This contrast-enhanced image
shows atherosclerotic plaque projecting 9 mm into the lu-
men of the proximal descending thoracic aorta (arrow). In
addition, a thin layer of plaque can be seen extending prox-
imally and distally along the arterial wall (arrowheads).
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Angio-MRI ou angio-CT pour 
pathologies aortiques 

! Dissection aortique 

! Takayasu 

! Plaque aortique 



Dans la « vraie vie » 

!  Banque de données locale-
HCLM 

Un autre névrosé 
qui veut parler de 
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iii. �;3� &��)�!&�)�' !���*&!+�����*&!+�+)�%*:*&' ��!�%%�����-)�!+�5+)���%-!*��3��'&,)�#�*�'�+!�%+*�
')3*,$3*�-!�+!$�*��;,%���
��$�&#!(,����-���!$���)!��%�,)&-�*�,#�!)��%&)$�#� � �0�(,!�!#�%;/���
pas de contre-!%�!��+!&%*�1�#;�%+!�&��,#�+!&%��%!-��,����')�,-��	�� 

 

3.3.4 : Prise en charge de la tension artérielle en phase aiguë 

��*��**�!*��#!%!(,�*��&$'�)�+!�*�*,)�3� �%+!##&%��#3�+&!)��%;&%+�'�*��&,)%!��;3#3$�%+*�')&��%+*�(,!�
'�)$�++�%+��;&)!�%+�)�#��+)�!+�$�%+����#��+�%*!&%��)+3)!�##��3#�-3����%*�,%��&%+�.+�����#;��
 ischémique 
&,� 3$&))��!(,���%�' �*���!�,6�����')�$!4)�*� �,)�*��')4*�#;�''�)!+!&%���*�*/$'+7$�*������� &!.���*�
���%+*�' �)$��&#&�!(,�*��+���*�-&!�*��;��$!%!*+)�+!&%���-)�!+�'�)$�++)���;3-!+�)�,%��� ,+���),*(,�����#��
tension artérielle [niveau de preuve C]. 

i. Si le patient ���#;��
 ischémique est admissible à un traitement thrombolytique, la tension 
artérielle très élevée G>185/110 mm HgI devrait être traitée en même temps que le patient reçoit 
une thérapie thrombolytique pour un AVC ischémique en phase aiguë, et ce, dans le but de 
)3�,!)��#��)!*(,���; 3$&))��!��!%+)��)2%!�%%��*��&%��!)���%!-��,����')�,-��	�� 

ii. Si le patient ���#;��
 !*� 3$!(,��%;�*+�'�*���$!**!�#��1�,%�+)�!+�$�%+�+ )&$�&#/+!(,���#��
+)�!+�$�%+����#; /'�)+�%*!&%���%*�,%��&%+�.+�����#;��
 ischémiq,��&,��;�����%�' �*���!�,6����
devrait PAS être envisagé couramment [niveau de preuve C]. Une tension artérielle extrêmement 
élevée Gp. ex., systolique >220 mm Hg ou diastolique >120 mm HgI PEUT être traitée afin de la 
réduire AU MAXIMUM de 25 % au cours des 24 premières heures et plus graduellement par la 
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hypoglycemia is known to cause autonomic and neurologi-
cal symptoms, including stroke mimics and seizures. Such 
symptoms are readily reversible if the hypoglycemia is rapidly 
corrected. However, if untreated, severe or prolonged hypo-
glycemia can result in permanent brain damage. Thus, blood 
glucose should be measured as soon as possible in patients 
with acute ischemic stroke; low levels (<60 mg/dL) should be 
corrected urgently.

The combination of symptoms attributable to hypoglyce-
mia and the threshold for such symptoms vary considerably 
between individuals. In healthy people, autonomic symptoms 
(such as sweating, trembling, or anxiety) usually begin to 
appear when the blood glucose level drops below 57 mg/dL,  
and manifestations of brain dysfunction (such as disori-
entation, dizziness, or slowing of speech) usually begin to 
appear when the glucose level drops below 47 mg/dL.438,439 
However, in patients with poorly controlled diabetes mellitus, 
these thresholds are shifted to higher blood glucose levels.438 
Occasionally, brain dysfunction occurs before the autonomic 
symptoms. Hypoglycemia (blood glucose level <60 mg/dL) 
can be corrected rapidly in most patients with a slow intrave-
nous push of 25 mL of 50% dextrose. Oral glucose–containing  
solutions are also reasonable treatment options but take longer 
to raise the blood glucose level and may not be feasible in 
patients with dysphagia.

Hyperglycemia
Hyperglycemia is common during acute ischemic stroke. 
Several studies have shown admission blood glucose is ele-
vated in >40% of patients with acute ischemic stroke, most 
commonly among patients with a history of diabetes mel-
litus.440,441 Blood glucose elevations during acute stroke are 
related in part to a nonfasting state and in part to a stress 
reaction with impaired glucose metabolism. Multiple obser-
vational studies have found an association between admission 
and in-hospital hyperglycemia and worse clinical outcomes 
than with normoglycemia.442,443 Among stroke patients treated 
with intravenous rtPA, hyperglycemia has been associated 
with sICH and worse clinical outcomes.444–447 Also, multiple 
studies found an association between acute ischemic stroke 
hyperglycemia and worse outcomes defined by MRI infarct 
volume.448–451 Although multiple observational studies consis-
tently found an association between acute stroke hyperglyce-
mia and worse outcomes, it cannot be determined whether this 
is a cause-and-effect relationship on the basis of such studies.

So far, only 1 randomized efficacy trial of hyperglycemia 
treatment in acute stroke has been reported (the Glucose-
Insulin-Stroke Trial–UK [GIST-UK]).452 Patients (n=933) 
with acute ischemic stroke within 24 hours of symptom 
onset, not previously treated with insulin, were randomized 
to unblinded intravenous treatment with insulin, potassium, 
and glucose versus saline. Protocol treatment continued for 24 
hours. Although the results of this trial were neutral (no dif-
ference in clinical outcomes between the 2 treatment groups), 
the design was such that key questions remain unanswered. 
First, the GIST-UK trial was stopped early, because 2355 
subjects were originally planned, and it was thus underpow-
ered to detect a possible treatment effect. Second, the mean 
glucose level in the insulin-treated group was only 10 mg/dL  

lower than in the saline control group, and the control group 
was only mildly hyperglycemic (≈122 mg/dL between hours 
8–24). This was likely because of the inclusion of predomi-
nantly nondiabetic patients (84%). Larger decreases in glu-
cose levels may be needed to detect a therapeutic effect. Third, 
the median time to initiation of protocol treatment was 13 
hours. Although the optimal time to correct hyperglycemia 
during acute ischemic stroke has not been established, earlier 
treatment may have been therapeutic. Pilot clinical trials have 
demonstrated the feasibility and safety of rapid reductions in 
glucose levels with intravenous insulin during acute ischemic 
stroke.453–456 Thus, the definitive efficacy and safety of earlier 
and greater reductions in glucose levels during acute ischemic 
stroke remain to be studied.

There is currently no clinical evidence that targeting the 
blood glucose to a particular level during acute ischemic 
stroke will improve outcomes. The main risk from aggres-
sive hyperglycemia correction in acute stroke appears to be 
possible hypoglycemia. Avoidance of hypoglycemia requires 
frequent glucose monitoring, and in many hospitals this 
necessitates admission to an intensive care unit, which may 
otherwise not be needed.

Further clinical trials should establish the efficacy and the 
risk-benefit ratio of rapid hyperglycemia correction during 
acute stroke. Also, if lowering hyperglycemia during acute 
ischemic stroke proves beneficial, it would be useful to know 
whether this is a linear effect and what glucose levels can be 
considered dangerously low. In the meantime, it is prudent 
to treat hyperglycemia during acute stroke in a manner that 
avoids excessive resources, labor, and risk. It is reasonable 
to follow the current American Diabetes Association recom-
mendation to maintain the blood glucose in a range of 140 
to 180 mg/dL in all hospitalized patients.457 There are mul-
tiple subcutaneous and intravenous insulin protocols that 
use insulin to lower hyperglycemia during hospitalization, 
and these have not been compared with each other in acute 
stroke patients. The subcutaneous insulin protocols can safely 
lower and maintain blood glucose levels below 180 mg/dL 
in acute stroke patients without excessive use of healthcare 
resources.453,454,458 However, some hospitals may be prepared 
to safely administer intravenous insulin to patients with acute 
stroke and hyperglycemia and maintain the glucose levels 
considerably below 200 mg/dL.

Recommendations

1. Cardiac monitoring is recommended to screen for 
atrial fibrillation and other potentially serious car-
diac arrhythmias that would necessitate emergency 
cardiac interventions. Cardiac monitoring should be 
performed for at least the first 24 hours (Class I; Level 
of Evidence B). (Revised from the previous guideline13)

2. Patients who have elevated blood pressure and are 
otherwise eligible for treatment with intravenous 
rtPA should have their blood pressure carefully low-
ered (Table 9) so that their systolic blood pressure 
is <185 mm Hg and their diastolic blood pressure is 
<110 mm Hg (Class I; Level of Evidence B) before 
fibrinolytic therapy is initiated. If medications are 
given to lower blood pressure, the clinician should be 
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Each year in the United States, >690 000 adults experience 
an ischemic stroke.1 The enormous morbidity of ischemic 

stroke is the result of interplay between the resulting neuro-
logical impairment, the emotional and social consequences of 

that impairment, and the high risk for recurrence. An addi-
tional large number of US adults, estimated at 240 000, will 
experience a transient ischemic attack (TIA).2 Although a TIA 
leaves no immediate impairment, affected individuals have a 

Abstract—The aim of this updated guideline is to provide comprehensive and timely evidence-based recommendations 
on the prevention of future stroke among survivors of ischemic stroke or transient ischemic attack. The guideline is 
addressed to all clinicians who manage secondary prevention for these patients. Evidence-based recommendations are 
provided for control of risk factors, intervention for vascular obstruction, antithrombotic therapy for cardioembolism, 
and antiplatelet therapy for noncardioembolic stroke. Recommendations are also provided for the prevention of recurrent 
stroke in a variety of specific circumstances, including aortic arch atherosclerosis, arterial dissection, patent foramen 
ovale, hyperhomocysteinemia, hypercoagulable states, antiphospholipid antibody syndrome, sickle cell disease, cerebral 
venous sinus thrombosis, and pregnancy. Special sections address use of antithrombotic and anticoagulation therapy after 
an intracranial hemorrhage and implementation of guidelines.   (Stroke. 2014;45:2160-2236.)

Key Words: AHA Scientific Statements ◼ atrial fibrillation ◼ carotid stenosis ◼ hypertension ◼ ischemia  
◼ ischemic attack, transient ◼ prevention ◼ stroke

Guidelines for the Prevention of Stroke in Patients With 
Stroke and Transient Ischemic Attack

A Guideline for Healthcare Professionals From the American Heart 
Association/American Stroke Association

The American Academy of Neurology affirms the value of this guideline as an educational tool for neurologists.

Endorsed by the American Association of Neurological Surgeons and Congress of Neurological Surgeons

Walter N. Kernan, MD, Chair; Bruce Ovbiagele, MD, MSc, MAS, Vice Chair; Henry R. Black, MD; 
Dawn M. Bravata, MD; Marc I. Chimowitz, MBChB, FAHA; Michael D. Ezekowitz, MBChB, PhD; 

Margaret C. Fang, MD, MPH; Marc Fisher, MD, FAHA; Karen L. Furie, MD, MPH, FAHA; 
 Donald V. Heck, MD; S. Claiborne (Clay) Johnston, MD, PhD; Scott E. Kasner, MD, FAHA;  

Steven J. Kittner, MD, MPH, FAHA; Pamela H. Mitchell, PhD, RN, FAHA; Michael W. Rich, MD;  
DeJuran Richardson, PhD; Lee H. Schwamm, MD, FAHA; John A. Wilson, MD; on behalf of the 

American Heart Association Stroke Council, Council on Cardiovascular and Stroke Nursing, Council 
on Clinical Cardiology, and Council on Peripheral Vascular Disease

The American Heart Association makes every effort to avoid any actual or potential conflicts of interest that may arise as a result of an outside relationship 
or a personal, professional, or business interest of a member of the writing panel. Specifically, all members of the writing group are required to complete 
and submit a Disclosure Questionnaire showing all such relationships that might be perceived as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science Advisory and Coordinating Committee on February 28, 2013. A copy of the 
document is available at http://my.americanheart.org/statements by selecting either the “By Topic” link or the “By Publication Date” link. To purchase 
additional reprints, call 843-216-2533 or e-mail kelle.ramsay@wolterskluwer.com.

The Executive Summary is available as an online-only Data Supplement with this article at   http://stroke.ahajournals.org/lookup/suppl/
doi:10.1161/STR.0000000000000024/-/DC1.

The American Heart Association requests that this document be cited as follows: Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, 
Ezekowitz MD, Fang MC, Fisher M, Furie KL, Heck DV, Johnston SC, Kasner SE, Kittner SJ, Mitchell PH, Rich MW, Richardson D, Schwamm LH, 
Wilson JA; on behalf of the American Heart Association Stroke Council, Council on Cardiovascular and Stroke Nursing, Council on Clinical Cardiology, 
and Council on Peripheral Vascular Disease. Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack: a guideline for 
healthcare professionals from the American Heart Association/American Stroke Association. Stroke. 2014;45:2160–2236.

Expert peer review of AHA Scientific Statements is conducted by the AHA Office of Science Operations. For more on AHA statements and guidelines 
development, visit http://my.americanheart.org/statements and select the “Policies and Development” link.

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express 
permission of the American Heart Association. Instructions for obtaining permission are located at  http://www.heart.org/HEARTORG/General/Copyright-
Permission-Guidelines_UCM_300404_Article.jsp. A link to the “Copyright Permissions Request Form” appears on the right side of the page.

© 2014 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org DOI: 10.1161/STR.0000000000000024

AHA/ASA Guideline

 by guest on July 28, 2014http://stroke.ahajournals.org/Downloaded from 

2190  Stroke  July 2014

are assessed as being at particularly high risk for periopera-
tive arterial or venous thromboembolism (CHADS2 score of 
5 or 6, stroke or TIA within 3 months, or rheumatic valvular 
heart disease). For AF patients at moderate risk (CHADS2 
score of 3–4), the decision for bridging or no bridging should 
take into consideration other factors related to the patient 
and the surgery. The preferred method for bridging is typi-
cally an LMWH administered in an outpatient setting in full 
treatment doses (as opposed to low prophylactic doses).451 
Optimal perioperative practices specifically for patients tak-
ing one of the new oral anticoagulant agents have not been 
developed.

Of note, however, abrupt discontinuation of newer oral 
anticoagulant agents may be associated with increased risk 
for stroke and other arterial occlusive events. When possible, 
patients should be transitioned to another anticoagulant agent 
without interruption of therapeutic effect.

Competing Causes of Stroke or TIA
Approximately one fourth of patients who present with AF 
and an ischemic stroke will be found to have other potential 
causes for the stroke, such as carotid stenosis.452 For these 
patients, treatment decisions should focus on the presumed 
most likely stroke cause. In most cases, it will be appropriate 
to initiate anticoagulation because of the AF, as well as an 
additional therapy (such as CEA).

AF Recommendations

1. For patients who have experienced an acute isch-
emic stroke or TIA with no other apparent cause, 
prolonged rhythm monitoring (≈30 days) for AF is 
reasonable within 6 months of the index event (Class 
IIa; Level of Evidence C). (New recommendation)

2. VKA therapy (Class I; Level of Evidence A), apixa-
ban (Class I; Level of Evidence A), and dabigatran 
(Class I; Level of Evidence B) are all indicated 
for the prevention of recurrent stroke in patients 
with nonvalvular AF, whether paroxysmal or per-
manent. The selection of an antithrombotic agent 
should be individualized on the basis of risk fac-
tors, cost, tolerability, patient preference, potential 
for drug interactions, and other clinical charac-
teristics, including renal function and time in INR 
therapeutic range if the patient has been taking 
VKA therapy. (Revised recommendation)

3. Rivaroxaban is reasonable for the prevention of recur-
rent stroke in patients with nonvalvular AF (Class 
IIa; Level of Evidence B). (New recommendation)

4. For patients with ischemic stroke or TIA with par-
oxysmal (intermittent), persistent, or permanent 
AF in whom VKA therapy is begun, a target INR of 
2.5 is recommended (range, 2.0–3.0) (Class I; Level 
of Evidence A).

5. The combination of oral anticoagulation (ie, war-
farin or one of the newer agents) with antiplatelet 
therapy is not recommended for all patients after 
ischemic stroke or TIA but is reasonable in patients 
with clinically apparent CAD, particularly an acute 
coronary syndrome or stent placement (Class IIb; 
Level of Evidence C). (New recommendation)

6. For patients with ischemic stroke or TIA and AF 
who are unable to take oral anticoagulants, aspirin 
alone is recommended (Class I; Level of Evidence 
A). The addition of clopidogrel to aspirin therapy, 
compared with aspirin therapy alone, might be rea-
sonable (Class IIb; Level of Evidence B). (Revised 
recommendation)

7. For most patients with a stroke or TIA in the setting 
of AF, it is reasonable to initiate oral anticoagula-
tion within 14 days after the onset of neurological 
symptoms (Class IIa; Level of Evidence B). (New 
recommendation)

8. In the presence of high risk for hemorrhagic conver-
sion (ie, large infarct, hemorrhagic transformation 
on initial imaging, uncontrolled hypertension, or 
hemorrhage tendency), it is reasonable to delay ini-
tiation of oral anticoagulation beyond 14 days (Class 
IIa; Level of Evidence B). (New recommendation)

9. For patients with AF and a history of stroke or TIA 
who require temporary interruption of oral anti-
coagulation, bridging therapy with an LMWH (or 
equivalent anticoagulant agent if intolerant to hepa-
rin) is reasonable, depending on perceived risk for 
thromboembolism and bleeding (Class IIa; Level of 
Evidence C).

10. The usefulness of closure of the left atrial append-
age with the WATCHMAN device in patients with 
ischemic stroke or TIA and AF is uncertain (Class 
IIb; Level of Evidence B). (New recommendation)

Acute MI and LV Thrombus
Patients with large anterior MI associated with an LV ejection 
fraction <40% and anteroapical wall-motion abnormalities are 
at increased risk for developing LV mural thrombus because 
of stasis of blood in the ventricular cavity and endocardial 
injury with associated inflammation. Before the advent of 
acute reperfusion interventions and aggressive antiplatelet and 
antithrombotic therapy in the peri-infarct period, LV mural 
thrombus was documented in 20% to 50% of patients with 
acute MI.453–456 More recent studies indicate that the incidence 
of mural thrombus is ≈15% in patients with anterior MI and 
27% in those with anterior STEMI and an LV ejection fraction 
<40%.457–459 In the absence of systemic anticoagulation, the 
risk of embolization within 3 months among patients with MI 
complicated by mural thrombus is 10% to 20%.456,460

RCTs to assess the value of antithrombotic therapy for pre-
vention of mural thrombus and stroke in patients with STEMI 
have not been conducted. However, in a randomized, open-
label trial comparing warfarin, aspirin, or the combination in 
3630 patients with acute MI followed up for a mean of 4 years, 
the primary composite outcome of death, nonfatal reinfarc-
tion, or thromboembolic stroke was observed in 241 of 1206 
participants assigned to aspirin (20%), 203 of 1216 assigned 
to warfarin (16.7%), and 181 of 1208 assigned to combined 
therapy (15%).461 The primary outcome was reduced by 
19% in patients receiving warfarin (P=0.03) and by 29% in 
patients receiving combination therapy (P<0.001) compared 
with patients receiving aspirin alone. Moreover, there was a 
48% reduction in the risk of thromboembolic stroke in both 
warfarin groups relative to aspirin. Major nonfatal bleeding 
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Bottom line… 

!  ECG = tous 

!  Holter ou télémétrie 24h = minimum 

!  ETT = utilité moins claire mais recommandation pour 
l’ensemble des cas, peut-être sauf si:  

!  AVC lacunaire prouvé à l’imagerie 
!  Source carotidienne convaincante (encore là…) 



ETO: Qui? 

!  Endocardite  

!  Lésion suspecte de thrombus à l’ETT 

!  Lésions multiples au CT ou à l’IRM  

!  AVC chez le jeune (moins de 60-65 ans) ou en absence de facteur de risque 
classique 

!  ATCD d’AVC chez un patient se présentant avec un nouvel AVC et sans explication 



Monitoring cardiaque prolongé 
si… 

!  En absence de CI à l’ATC et sans cause définie 

!  MCAS 
!  ECG anormal (infarctus ancien, ischémie aigu, BBG, etc)  

!  Troponines élevés 

!  Valvulopathies (sténose mitrale++) ou dilatation de 
l’oreillette gauche 

!  Sx d’arythmie (ex: palpitations) 

!  Source cardiaque fortement suspectée cliniquement ou 
radiologiquement (ex:lésions de plus d’un territoire) 



Le temps d’enregistrement 
dépend surtout… 

!  Des ressources locales et de l’aspect réaliste de la 
chose…un pacemaker n’est pas souhaitable pour tous!!! 

!  Monitoring externe = préférable 

!  7j-30j me semble raisonnable… 

!  Surtout 



Merci de votre 
attention ! 


