
Fibrillation	atriale
Une	maladie	musculaire?	



• Man,	75		year old,	hypertension	(3	anti-hypertension	
drugs)

• Permanent	atrial	fibrillation.	Pace	maker	for	atrio-
ventricular block.	Moderate left ventricular
dysfonction	(LVEF	45%).	

• Anticoagulants?	ChadsVasc-2	score	:	3
– Oui	?
– Non?



• Man,	75		year old,	hypertension	(3	anti-hypertension	
drugs)

• Permanent	atrial	fibrillation.	Pace	maker	for	atrio-
ventricular block.	Moderate left ventricular
dysfonction	(LVEF	45%).	

• Anticoagulants?	Chads 2	score	:	3

• No	stroke	after 15	years of	follow-up



• Boy,		10	years old.	Atrial	flutter,	sinus	dysfonction

• SCN5a	variant

– Anticoagulants?	
– Yes?
– No?



• Boy,		10	years old.	Atrial	flutter,	sinus	dysfonction

• SCN5a	variant

– Anticoagulants	

Chads Vasc 2	score	:	0	



Woman,	60	years	old,	sinus	node	dysfunction	and	atrial	
fibrillation.	Anticoagulants?	

- Anticoagulation	Yes?
- No?	



Woman,	60	years	old,	sinus	node	dysfunction	and	atrial	
fibrillation.	Anticoagulants?	

Chads2	score	:	0	



Myopathie	atriale
In the validation cohort, the ATRIA score modestly 
out performed both the CHADS2 and CHA2DS2-VASc 
scores with a c-statistic consistently ≥0.7. When 
examin ing reclassification based on cut-off points 
for high, intermediate, or low risk, the ATRIA score 
correctly reclassified 8.6% more patients than the 
CHA2DS2-VASc score, and 20% more patients than the 
CHADS2 score, largely by down-classifying patients into 
lower-risk categories. Importantly, the ATRIA score had 
the highest discrimination value (c-statistic = 0.76) in 
predicting severely disabling strokes (those associated 
with a Rankin score ≥3, or death within 30 days).

Why might the ATRIA score outperform its pre-
decessors? One of its strengths is the recognition that 
not all risk factors are equal, and some might interact 
with others. Age and previous stroke seem to be the 
dominant risk factors for stroke, and a stroke risk is 
strongly correlated with age, particularly in patients 
aged >85 years. Thus, age is weighted according to the 
presence of previous stroke. Furthermore, the ATRIA 
score might be better than the CHA2DS2-VASc score in 
classifying lower risk populations. The CHA2DS2-VASc 
score, by its nature, is designed to identify truly low-risk 
patients, and thus the number of patients characterized 
as low risk decreases. This feature might be particularly 
useful for populations with a high overall risk of stroke 
(more inclusive recommendation for anticoagulation), 
but potentially counterproductive in populations with 
lower stroke risk. The initial validation cohort in the 
ATRIA-Cardiovascular Research Network (CVRN) 
had a stroke rate of 1.9% per year4. A subsequent exter-
nal validation cohort, the United Kingdom Clinical 
Practice Research Database (UK-CPRD), was used to 
compare the ATRIA score to the CHA2DS2-VASc score. 
The annual stroke rate in this cohort was 1.2%, and the 
ATRIA score outperformed the CHA2DS2-VASc score 
in a similar manner5.

In higher-risk cohorts, the CHA2DS2-VASc score 
tends to perform better than the ATRIA score. For 
example, in a cohort of >200,000 hospitalized Danish 
patients, the event rate was 3.2% per patient-year, and 
the CHA2DS2-VASc score had a marginally  better 
 c-statistic than the ATRIA score for those individ-
uals deemed at low risk29. Patients characterized 
as low risk by the ATRIA score were at a markedly 
higher risk of stroke than those labelled as low risk by 
the CHA2DS2-VASc score. A study of nearly 190,000 
Taiwanese patients provided similar results; the stroke 
rate was equivalent to that in the Danish trial (2.9% 
per patient-year)30. As in the Danish study, although 
both scores could predict strokes, the ATRIA score did 
not accurately identify low-risk patients as well as the 
CHA2DS2-VASc score30.

What constitutes a low-risk patient?
As discussed above, patients in the Danish cohort with  
a CHA2DS2-VASc score = 0 remained stroke-free 
during follow-up31. Large observational  studies have 
identified a very low-risk profile called ‘lone  AF’ 
that is character ized by an annual thromboembo-
lic risk signifi cantly <1%32,33. Thus, patients with 

a CHA2DS2-VASc score = 0 can be classified as being 
at very low-risk of stroke and are unlikely to benefit 
from anti coagulants. A CHA2DS2-VASc score of 1 is 
more controversial. Current ACC/AHA guidelines 
are remarkably ambivalent regarding the treatment of 
these patients: “no antithrombotic therapy or treatment 
with an oral anticoagulant or aspirin may be consid-
ered” (REF. 1). Conversely, the ESC states that oral anti-
coagulation should be considered for patients with a 
CHA2DS2-VASc score = 1 (excluding female sex as the 
lone risk factor)2. Which is the better approach? Friberg 
et al. examined this question in a cohort of 140,000 
Swedish patients with AF using a national hospital 
discharge database34. They found that women with a 
CHA2DS2-VASc score = 1 were truly low risk, with an 
annual ischaemic stroke risk of 0.1–0.2%. The risk was 
higher for men, but still quite low: 0.5–0.7% annually34. 
These findings contrast to those for previous cohorts 
of AF such as the Danish registry, which reported an 
annual stroke risk of 2.0% in patients with a CHA2DS2-
VASc score = 1 (REF. 35). Similarly, Lip et al. found net 
clinical benefit for anticoagulation in the presence of 
one risk factor for stroke (excluding female sex)36. The 
researchers of the Swedish cohort study postulate that 
their stroke rates were lower than those previously 
observed owing in large part to methodology. The 
end points were limited to validated ischaemic stroke 
and did not include TIA, unspecified stroke, systemic 
thromboembolism, or pulmonary embolism, which 
were included in several previous studies. The annual 
stroke risks according to CHA2DS2-VASc scores = 0 or 1 
in several major studies are summarized in FIG. 3.

Men with CHA2DS2-VASc scores = 0 or women with 
a CHA2DS2-VASc score = 1 are at a low risk of stroke, 
and are unlikely to benefit from anticoagulation36. 
Management of men with a CHA2DS2-VASc score = 1 
remains controversial, but anticoagulation should at 
least be discussed with these patients. Is anticoagulation 
beneficial for patients with a CHA2DS2-VASc score = 2? 
In the Swedish cohort, even with a strict definition of 
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Acquired and genetic
risk factors

Atrial brosis
and remodelling

Electrical
dysfunction (AF)

Atrial mechanical
dysfunction and stasis

Thromboembolism

Figure 2 | Theoretical schema of the role of novel 
mediators of thromboembolism. The atrial myopathy 
hypothesis proposes that an abnormal atrial substrate 
develops from a complex combination of factors including 
age, atrial wall stress, and inflammation. In addition to the 
resulting electrical and mechanical atrial dysfunction, 
fibrosis is a principal mediator of thromboembolism, 
independent of the atrial rhythm. AF, atrial fibrillation.
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Dysfonction ventriculaire gauche occulte



Dysfonction ventriculaire gauche occulte



Création	de	la	banque	
AmpliseqTM Library

PANEL	FA
55	GENES

+

94	PATIENTS

Prélèvement
sanguin

Extraction ADN

NGS	sequencing	platform	for	molecular	diagnosis,	Hospices	Civils	de	Lyon

Substrat	génétique

Amplification	clonale	
de	la	banque

Ion OneTouch™

Isolate Positive Ion
Sphere™ Particles

Séquençage	sur	
puce

Puce	de	séquençage

Ion	PGMTM Sequencer

Analyse	données	
informatiques

Filtres	effectués
-n=	1

-Coverture >	30

-Pas	rs (reference SNP)/	rs / Frame	
shift

-Faux-sens

-PolyPhen-2 (probably damaging,	
possibly damaging,	benign)

-SIFT (deleterious,	tolerated…)

-Mutation Taster (disease causing,	
polymorphism…)

-ESP

-MAF <	1%



Gene Chr Exon Patient Type	
FA

Coord.	
Cdna

Coord.	
Protéique dbSNP PolyPhen-

2:	score
PolyPhen-2:	
commentaire Align

GVGD	
SIFT Mutation	

Taster
1000	

Genomes Validé ESP

MAF/Mi
norAllele
Count

AKAP9	 7 46 6211-1 perm c.11229G>A p.Met3743Ile M3743I rs143306820 0,998 PROBABLY	DAMAGING
Class	C0	(GV:	
0.00	- GD:	
10.12)

Deleterious	
(score:	0,	

median:	3.98)

disease causing
(p-value:	1) X X 0.002/0

ABCC8 11 32 2115-1 parox c.3941G>A p.Arg1314His R1314H rs372153432 1,000 PROBABLY	DAMAGING
Class	C25	(GV:	
0.00	- GD:	
28.82)

Deleterious	
(score:	0,	

median:	3.53)

Eur.	Am.:	
T=0.00%	- Afr.	
Am.:	T=0.02%

N/A

DES 2 3 2510-1 persist	puis	
parox c.665G>A p.Arg222His R222H rs367961979 0,970 PROBABLY	DAMAGING

Class	C25	(GV:	
0.00	- GD:	
28.82)

Deleterious	
(score:	0,	

median:	4.32)

disease	causing	
(p-value:	1)

Eur.	Am.:	
A=0.02%	- Afr.	
Am.:	A=0.00%

N/A

DSG2 18 6 6198-1 perm c.566C>T p.Pro189Leu P189L 1,000 PROBABLY	DAMAGING
Class	C65	(GV:	
0.00	- GD:	
97.78)

Deleterious	
(score:	0,	

median:	3.57)

disease	causing	
(p-value:	1)

DSP 6 2 2126-1 parox c.242G>A p.Cys81Tyr C81Y rs140965835 0,995 PROBABLY	DAMAGING
Class	C0	(GV:	
213.42	- GD:	

82.85)

Deleterious	
(score:	0,	

median:	4.32)

disease	causing	
(p-value:	1) X

Eur.	Am.:	
A=0.05%	- Afr.	
Am.:	A=0.00%

N/A

DSP 6 23 2235-1 parox c.3550C>T p.Arg1184Trp R1184W 1,000 PROBABLY	DAMAGING
Class	C65	(GV:	
0.00	- GD:	
101.29)

Deleterious	
(score:	0,	

median:	4.32)

disease	causing	
(p-value:	1)

DSP 6 24 4464-1 perm c.7981A>T p.Ile2661Phe I2661F 1,000 PROBABLY	DAMAGING
Class	C0	(GV:	
234.72	- GD:	

21.28)

Deleterious	
(score:	0,	

median:	4.32)

disease	causing	
(p-value:	1)

DSP 6 24 4464-1 perm c.7997G>A p.Gly2666Asp G2666D 1,000 PROBABLY	DAMAGING
Class	C0	(GV:	
206.04	- GD:	

82.83)

Deleterious	
(score:	0,	

median:	4.32)

disease causing
(p-value:	1)

FHOD3 18 7 2095-1 parox c.614T>C p.Leu205Pro L205P 1,000 PROBABLY	DAMAGING
Class	C0	(GV:	
144.08	- GD:	

0.00)

Deleterious	(score:	
0.04,	median:	

3.53)

disease	causing	
(p-value:	1)

FHOD3 18 8 1885-1 parox c.776C>T p.Thr259Met T259M 1,000 PROBABLY	DAMAGING
Class	C0	(GV:	
215.24	- GD:	

59.13)

Deleterious	(score:	
0,	median:	3.52)

disease causing
(p-value:	1)

GATA5 20 3 2300-1 parox c.616G>A p.Gly206Ser G206S 1,000 PROBABLY	DAMAGING
Class	C55	(GV:	
0.00	- GD:	
55.27)

Deleterious	(score:	
0,	median:	3.34)

disease	causing	
(p-value:	1)

JPH2-Int 20 2 4162-1 perm c.764C>T p.Ser255Leu S255L 1,000 PROBABLY	DAMAGING
Class	C25	(GV:	
57.75	- GD:	
92.35)

Deleterious	(score:	
0.01,	median:	

3.63)

LTBP2 14 33 2103-1 perm c.4877C>T p.Pro1626Leu P1626L rs141230498 1,000 PROBABLY	DAMAGING
Class	C65	(GV:	
0.00	- GD:	
97.78)

Deleterious	(score:	
0,	median:	4.32)

disease causing
(p-value:	0.979) X

Eur.	Am.:	
A=0.00%	- Afr.	
Am.:	A=0.05%

N/A

LTBP2 14 35 4641-2 persist c.5224G>A p.Gly1742Ser G1742S 1,000 PROBABLY	DAMAGING
Class	C55	(GV:	
0.00	- GD:	
55.27)

Deleterious	(score:	
0,	median:	4.32)

disease	causing	
(p-value:	1)

MMP9	 20 3 2186-1 parox c.427C>T p.Arg143Cys R143C 1,000 PROBABLY	DAMAGING
Class	C35	(GV:	
56.64	- GD:	
154.23)

Deleterious	(score:	
0,	median:	2.90)

disease	causing	
(p-value:	1)

MYOZ1 10 3 1875-1 parox c.167G>C p.Gly56Ala G56A rs200945452 1,000 PROBABLY	DAMAGING
Class	C55	(GV:	
0.00	- GD:	
60.00)

Deleterious	(score:	
0,	median:	3.58)

disease causing
(p-value:	1) N/A

TMEM43 3 5 2691-1 parox c.424G>A p.Glu142Lys E142K rs145619906 1,000 PROBABLY	DAMAGING
Class	C15	(GV:	
44.60	- GD:	
56.87)

Deleterious	(score:	
0.03,	median:	

3.37)

disease	causing	
(p-value:	1) X X

Eur.	Am.:	
A=0.15%	- Afr.	
Am.:	A=0.09%

0.001/0

Résultats	:	64447	variations	(17	variants pathogènes)
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Tableau 1 Paramètres volumiques de la fonction atriale (1) 

Fonction 
globale; 
réservoir 

FEOG [(LAmax-
LAmin)/LAmax]  

Fonction 
réservoir 

Index 
d’expansion 

[(LAmax-
LAmin)/LAmin] 230 ± 150 % 

Conduit 
Fraction 

d’éjection 
passive 

[(LAmax-LApre-
A)/LAmax] 44 ± 15% 

Fonction pompe Fraction 
d’éjection active 

[(LApre-A-
LAmin)/LApre-A] 40 ± 12% 
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• Le	remodelage	atrial:	La	fibrose

1. Oakes, R.S., et al., Detection and quantification of left atrial structural remodeling with delayed-enhancement magnetic resonance
imaging in patients with atrial fibrillation. Circulation, 2009.



Thrombus
intra-atrial



Risque	embolique	et	Fibrillation	atriale?

Fibrillation	Atriale

Différents	types
électro-cliniques

Différents	scores	de	risque

Un	même	traitement?	

Différents	Types	
d’AVC	ischémiques



Stroke Risk in Atrial Fibrillation Working Group,   Stroke 2008;39:1901-1910

Absence	de	schéma optimal	de	stratification	du	risque



Variabilité	du	risque	d’AVC

The ASSERT trial27 investigators examined patients 
with implanted cardiac devices and no history of AF. 
After 3 months of follow-up, subclinical AF (>6 min of 
sustained AF) was detected in >10% of patients. These 
data were associated with increased risk of stroke during 
follow-up of 2.5 years, establishing a clear link between 
subclinical AF and stroke. The study did not evaluate 
the risk of stroke on the basis of shorter intervals of AF. 
Notably, only 8% of patients with stroke had device- 
detected AF in the 30 days before the stroke, although 
51% of patients with a stroke experienced AF later 
 during the follow-up period.

Investigators in a large study of patients of the 
Veterans Health Administration in the USA who had 
an implanted cardiac device assessed the association 
between incidence of stroke and the burden of AF 
within 30 days before the stroke and from 90 to 120 days 
before the stroke14. Among the patients in whom AF was 
detected (only 17%), an AF burden of >5.5 h daily mark-
edly increased the risk of stroke. This risk was highest in 
the first of the 2 weeks after the AF episode and normal-
ized at 30 days. Unfortunately, similarly to the TRENDS 
trial, statistical power was insufficient to clarify the 
relationship between AF burden and stroke beyond 
the 5.5-h cut-off.

A pooled analysis of patients with stroke and 
implantable cardiac monitors was conducted in the 
SOS-AF trial13. The investigators demonstrated that 
the daily AF burden adjusted for CHADS2 score and 
anticoagu lation was proportionally associated with 
stroke risk. Furthermore, AF of ≥5 min was associated 
with the doubling of stroke risk during the follow-up 
period, and stroke risk further increased by 3% for every 
additional hour of AF.

Despite the association between device-detected AF 
and stroke, whether use of anticoagulation on the basis 
of burden of device-detected AF improves outcomes is 
unclear. This question was evaluated by randomly assign-
ing patients to anticoagulation guided by device-detected 
AF (initiated and terminated on the basis of a prespec-
ified algorithm incorporating CHADS2 scores and AF 
burden) versus anticoagulation at the discretion of physi-
cians28. Rates of ischaemic stroke, intracranial bleeding, 
or death did not differ significantly between the two 
groups. Interestingly, temporal dissociation between AF 
and strokes was evident, with <20% of patients experienc-
ing AF in the 30 days before the thromboembolic event. 
Whether and how continuous monitoring with implant-
able devices is helpful in guiding anticoagulation is the 
subject of ongoing investigation.

AF is frequently subclinical, and an increasing bur-
den of AF seems to correlate with increasing stroke risk; 
however, many individuals have strokes without recent 
AF. This aspect supports the hypothesis of an atrial 
cardiomyopathy that manifests periodically as AF, but 
which is always present and continually thrombogenic. 
Therefore, for patients with a history of AF, decisions 
about anticoagulation should be influenced more by 
the risk profile, rather than the recent presence of AF. 
Furthermore, no evidence exists to support a ‘safe’ daily 
burden of AF below which the risk of stroke is absent.

Does the pattern of AF matter?
The pattern of AF is generally defined as paroxysmal 
(duration <7 days), persistent (continuous for >7 days), 
longstanding persistent (continuous for >12 months), or 
permanent (persistent AF with no further attempts at 
rhythm control)1. Conflicting data exist regarding the 
correlation between duration of AF and extent of atrial 
pathology. Although persistent or permanent AF corre-
lates with worsening atrial echocardiographic features, 
the extent of atrial fibrosis is unexpectedly greater in 
patients with paroxysmal AF10,45,46.

Growing evidence indicates that paroxysmal AF 
might be associated with lower stroke rates compared 
with persistent or permanent AF. A meta-analysis 
showed significantly higher rates of stroke, death, and 
bleeding in patients with nonparoxysmal versus those 
with paroxysmal AF47. Similarly, in the ROCKET-AF 
trial48, the risk of thromboembolism and death was lower 
in patients with paroxysmal AF than in those with per-
sistent AF. In patients with AF treated only with aspi-
rin, stroke risk increased in a graded fashion between 
patients with paroxysmal, persistent, and permanent 
AF49. In addition, the investigators of the AMADEUS 
trial50 showed that anticoagulated patients with perma-
nent AF had an increased incidence of the combined 
outcome of cardiovascular death, stroke, or systemic 
embolism compared with anticoagulated patients with 
nonpermanent AF.

Therefore, classifying the burden of AF might help 
to achieve more accurate stroke risk assessments, par-
ticularly in those patients at fairly low risk. Whereas 
patients with paroxysmal AF remain at high risk of 
stroke compared with the non-AF population, risk 
of stroke might increase in those with persistent and 
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Figure 3 | Comparison of annual risk of stroke in major 
studies according to CHA2DS2-VASc scores. Patients 
with a CHA2DS2-VASc score = 0 are generally regarded to 
be at a very low risk of thromboembolism (consistently ≤1% 
annually). Stroke risk is more heterogeneous in patients 
with a score = 1 (a difference that is mainly owing to study 
methodology and end point definitions). However, annual 
stroke rates across studies are consistently ≤2% annually. 
For each study, the annual stroke rate over the longest 
available follow-up period is displayed.
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perpetuation of AF, as well as to stroke and systemic
embolism. A key question is whether AF is a root
cause of stroke or a marker that identifies patients at
risk who would benefit from chronic anticoagulation.
Early studies examining the association between AF
and stroke, such as the SPAF trials, found other risk

factors whose predictive value requires further veri-
fication. Complex plaque in the descending aorta was
a powerful echocardiographic predictor of ischemic
stroke, rather than a source of cerebral embolism,
pointing to the role of vascular disease and hyper-
tension in promoting the AF substrate (107).

In an observational study, Fuster et al. (108) found
lower rates of systemic embolism in patients with
dilated cardiomyopathy treated with systemic anti-
coagulation; the key contributing factor was AF. This
antedated trials that confirmed the utility of anti-
coagulation for patients identified on the basis of AF
and the widespread availability of devices capable of
reliably detecting subclinical AF. A generation later,
percutaneous closure of the LAA was noninferior to
long-term warfarin therapy as a stroke prevention
strategy. Once again, stroke in patients with AF could
be ascribed to embolism of clots from the LAA
(109,110). Patients in the first report of the PROTECT-
AF (Watchman Left Atrial Appendage System for
Embolic Protection in Patients with AF) study were
followed for an average of 18 months (108). Extended
follow-up of patients in this and the PREVAIL study
found lower mortality among recipients of the device,
largely as a consequence of avoiding major bleeding,
such as hemorrhagic stroke, compared with patients
continuing long-term warfarin therapy (109,110).
Evidence supporting cardiogenic embolism of LAA
thrombus as the most important mechanism of stroke
in patients with AF has mounted slowly, but con-
tinues to dominate the therapeutic rationale.

UNANSWERED QUESTIONS AND

FUTURE RESEARCH DIRECTIONS

DEFINING THE THERAPEUTIC PRIORITIES. If stasis
during AF or flutter is the proximate cause of stroke,
maintenance of sinus rhythm should prevent embo-
lism. However, this has not been supported by the
results of randomized clinical trials, such as RACE and
AFFIRM (Atrial Fibrillation Follow-up Investigation of
Rhythm Management) (111,112). Available antiar-
rhythmic drugs have potential toxicity, invasive
catheter-based ablation strategies carry inherent risks,
and there is a paucity of evidence that successful ef-
forts to maintain sinus rhythm in patients with AF
ameliorate stroke risk enough to reduce the need for
chronic anticoagulant therapy. Management of pa-
tients with AF, therefore, focuses on control of the
ventricular rate, assessment of the risk of thrombo-
embolism, and judicious selection of candidates for
rhythm control. The principal criteria for a rhythm
control management strategy should be symptoms or
functional impairment directly attributable to the

FIGURE 4 Temporal Dissociation Among Patients With an Embolic Event in the
ASSERT, TRENDS, and IMPACT Studies
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FIGURE 3 Temporal Dissociation Among Patients With an
Embolic Event in the ASSERT, TRENDS, and IMPACT Studies
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69 

Fig. 1. Rough endocardium (RE) in the left atrium showed fine 
and coarse granular and wrinkled surface, scattered small haemor- 
rhages, haemosiderin deposits (arrows) and fibrin deposition. 
Case 17; bar - 10 mm 

Fig. 3. Oedematous swelling with infiltration of neutrophils and 
lymphocytes is seen in the subendocardium of RE in the AF group. 
Haematoxylin and eosin stain; bar---1 O0 gm 

Fig. 2. An organizing microthrombus on the surface of RE near 
the left auricle in the atrial fibrillation (AF) group. Haematoxylin 
and eosin; bar= 100 gm 

and cloudy thickening, coarse granular surface large 
wrinkles. The endocardium of  these 2 cases, therefore, 
could not be categorized as RE. 

None of the 7 autopsy controls exhibited RE. 
The correlation between RE and AF among  embolic 

cases was statistically significant (P<0.001)  in a chi- 
square analysis. 

In the AF group, microscopic investigations on RE 
revealed mural  thrombi  which were either fresh or orga- 
nized (Fig. 2) in 16 of the 17 cases (94%) (Table 1). 
Apar t  f rom thrombi,  oedematous swelling of  the fibrous- 
ly thickened subendocardial  tissue, slight infiltration of 
neutrophils, lymphocytes and plasma cells (Fig. 3), 
haemorrhage and haemosiderin deposition, and blood 
plasma infiltration were all encountered. Four cases in 
the AF group had no obvious RE in the left atrium, 
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Methods
Design and Participants
The Northern Manhattan Study (NOMAS) prospectively enrolled a 
population-based sample of stroke-free men and women ≥39 years 
of age residing in Northern Manhattan, as previously described.7 
All participants underwent a baseline in-person examination at 
home or the Columbia University Medical Center. The Columbia 
University Medical Center and University of Miami institutional 
review boards approved the NOMAS study, and all participants 
provided written, informed consent. For this study, we used a case-
cohort design, in which the analytic cohort was a subsample of all 
NOMAS participants with available baseline ECG data. This ana-
lytic cohort comprised a 30% sample of the entire cohort (termed 
the subcohort), chosen at random using a random number generator 
in SAS version 9.3 (SAS Institute, Cary, NC), in addition to all par-
ticipants with ischemic stroke during follow-up. This case-control 
design precluded the need for manual review of all ECGs while 
still allowing efficient comparison of the association between 
PTFV1 and multiple different stroke etiologic subtypes, although 
the incidence rates of individual stroke subtypes were low.8

Measurements
The predictor variable was PTFV1, defined as the absolute value 
of the depth (μV) of the downward deflection (terminal portion) of 
the P wave in ECG lead V1 multiplied by its duration (ms; Figure).4 
A single investigator (M.H.) blinded to participants’ stroke status 
during follow-up manually obtained these measurements from the 
baseline ECG of participants in our case-cohort sample. Digital cal-
ipers were used to measure P-wave features in mm from paper ECG, 
and were then converted to μV and ms using the ECG calibration 
of 10 mm/mV and 25 mm/s. Previous studies have shown excel-
lent intrarater correlations and moderate inter-rater correlations for 
manual measurements of P-wave morphology.9 To confirm this in 
our cohort, a second investigator (S.Y.) independently performed 
blinded measurements of a random sample of 30 ECGs to allow 
assessment of intrarater and inter-rater reliability of PTFV1 mea-
surements. In cases where we could not obtain baseline PTFV1 mea-
surements because of inadequate ECG quality or absent P waves 
because of AF on the ECG, we coded participants’ PTFV1 value as 
missing and excluded them from our analyses.

The primary outcome was ischemic stroke of any type, and 
secondary outcomes were the following ischemic stroke subtypes: 
cryptogenic, cardioembolic, a composite of cryptogenic and cardio-
embolic, and all other subtypes combined (termed noncardioembol-
ic). Stroke was defined as the first occurrence of an event fulfilling the 
World Health Organization definition of stroke.10 Participants were 
screened for stroke via annual telephone calls to identify hospitaliza-
tions or symptoms consistent with stroke, which was then confirmed 
through review of hospital records. Diagnostic evaluations from 
the stroke hospitalization included neuroimages, electrocardiogra-
phy, extracranial duplex Doppler ultrasound, transcranial Doppler, 
and 2-dimensional echocardiogram, and when necessary, follow-up 
neuroimages, Holter monitor, transesophageal echocardiogram, and 
conventional cerebral angiogram. The stroke subtype was then de-
termined by a diagnostic committee that reviewed all the available 
data and classified each ischemic stroke by causal mechanism based 
on a modified NINDS Stroke Data Bank scheme.7,11 Stroke subtype 
was missing in 2% of participants, and these participants were not 
included in analyses of specific stroke subtypes.

To account for potential confounders in the relationship between 
left atrial abnormality and stroke, we adjusted for the following base-
line covariates: age, sex, race/ethnicity, level of formal education, 
hypertension, diabetes mellitus, congestive heart failure, serum cho-
lesterol levels, and smoking status. In addition, we accounted for any 
history of AF because PTFV1 is associated with this well-established 
stroke risk factor.12

Statistical Analysis
We tabulated baseline characteristics by cases and the subcohort 
using frequencies and percentages for dichotomous variables and 
means with SDs or medians with interquartile ranges for continu-
ous variables. Weighted Cox proportional hazard models were used 
to calculate the hazard ratio (HR) and 95% confidence interval (CI) 
for the association between PTFV1 and stroke while adjusting for 
the covariates above. Consistent with previous studies, the primary 
predictor (PTFV1) was used as a continuous variable in 1-SD in-
crements.5 We built models incrementally to gauge the degree of 
changes in associations after the inclusion of model covariates. 
Model 1 included PTFV1 alone, model 2 additionally included 
baseline demographic characteristics, and model 3 additionally 
included all the covariates listed above. We used bootstrapping to 
calculate differences in the associations between PTFV1 and vari-
ous stroke subtypes. In sensitivity analyses, we entirely excluded 
participants with a history of AF at baseline or new AF diagnosed 
during follow-up. Among the subset of participants with available 
baseline echocardiographic data, we performed sensitivity analy-
ses adjusted for left atrial size and left ventricular hypertrophy to 
determine whether ECG-defined left atrial abnormality signals a 
heightened risk of thromboembolism apart from these other fac-
tors. We calculated the power based on the size of our sample 
(n=866, 30% of the full cohort) by comparing the upper quartile 
of PTFV1 versus the rest of our sample. The observed HR was 1.5 
and the observed ischemic stroke incidence was 0.083; using these 
values, we had power of 80% to detect a significant difference with 
α=0.05. Even with 86 participants excluded because of unusable 
ECGs, the power was 78%. All statistical analyses were performed 
with SAS version 9.3 (SAS Institute, Cary, NC) and R version 3.1.

Results
Of 3298 NOMAS participants, 2887 (87.5%) had available 
baseline ECGs. Of these, 866 were included in our subcohort 
and 272 had an ischemic stroke during follow-up. Eighty-
six participants had unusable ECGs and were thus excluded. 
Therefore, the final sample for this analysis included 241 par-
ticipants with ischemic stroke and a subcohort of 798 partici-
pants (Table 1). All participants had normal sinus rhythm on 
the baseline ECG. Stroke mechanisms were classified as 33% 
cardioembolic, 27% small-vessel occlusion, 14% large-artery 
atherosclerosis, 21% cryptogenic, 3% other defined mecha-
nisms, and 2% missing.

Intraclass correlation coefficients for PTFV1 measure-
ments in the subset of 30 ECGs that were independently 

Figure. Schematic illustration of P-wave terminal force in lead 
V1. P-wave terminal force in lead V1 was defined as the absolute 
value of the amplitude (P′amp) multiplied by the duration (P′dur) of 
the downward portion of the P-wave (P′, shaded area) in lead V1 
of a standard 12-lead ECG.

241	patients		avec	AVC	versus	798		patients	contrôles		à	
partir	d’une	cohorte	de	3567	patients
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Fig. 1. Rough endocardium (RE) in the left atrium showed fine 
and coarse granular and wrinkled surface, scattered small haemor- 
rhages, haemosiderin deposits (arrows) and fibrin deposition. 
Case 17; bar - 10 mm 

Fig. 3. Oedematous swelling with infiltration of neutrophils and 
lymphocytes is seen in the subendocardium of RE in the AF group. 
Haematoxylin and eosin stain; bar---1 O0 gm 

Fig. 2. An organizing microthrombus on the surface of RE near 
the left auricle in the atrial fibrillation (AF) group. Haematoxylin 
and eosin; bar= 100 gm 

and cloudy thickening, coarse granular surface large 
wrinkles. The endocardium of  these 2 cases, therefore, 
could not be categorized as RE. 

None of the 7 autopsy controls exhibited RE. 
The correlation between RE and AF among  embolic 

cases was statistically significant (P<0.001)  in a chi- 
square analysis. 

In the AF group, microscopic investigations on RE 
revealed mural  thrombi  which were either fresh or orga- 
nized (Fig. 2) in 16 of the 17 cases (94%) (Table 1). 
Apar t  f rom thrombi,  oedematous swelling of  the fibrous- 
ly thickened subendocardial  tissue, slight infiltration of 
neutrophils, lymphocytes and plasma cells (Fig. 3), 
haemorrhage and haemosiderin deposition, and blood 
plasma infiltration were all encountered. Four cases in 
the AF group had no obvious RE in the left atrium, 
but 1 case showed organized microthrombi  near the 
auricle without frank infiltration of inf lammatory cells 
or plasma in the subendocardium. 

In the non-AF group, the 2 previously described cases 
which showed fine granular surfaces and small wrinkles 
had foam cell infiltration in the atrial endocardium (Ta- 

Fig. 4. The left atrial endocardium in the controls shows a flat 
and continuous paving-stone-like arrangement of endothelial cells. 
SEM 

ble 1). One of  them showed a slightly oedematous  
change, in addition to foam cells in the endocardium. 

I f  thromboendocardi t is  or ventricular thrombosis  due 
to subendocardial infarction existed, the atrial endocar- 
dium was not always involved in the specific change. 

The correlation between AF and atrial thrombosis,  
and the relation between RE and atrial thrombosis  were 
both statistically significant (P<0.001) .  Control  cases 
were free of  the histological changes mentioned above. 

On SEM endothelial cells in the left atria of  the con- 
trols, with neither AF nor RE, showed uniform polygon- 
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Figure 1 – Left ventricular samples (Hematoxylin–Eosin–Safran staining) from SHRs (A) and WKY rats (B) showing 

increased myocyte diameter in SHRs compared to WKY rats. 

Left atrial structural remodeling 

In six of the eight SHRs, left atrial endocardial and 

interstitial fibrosis, inflammatory infiltrates, and myocyte 

necrosis of varying grades of severity were observed. 

The most frequent feature was endocardial fibrosis 

(median score 1.5, range 0–3), which was observed in 

six SHRs (Figure 2, A and B). None of the WKY rats 

presented endocardial fibrosis. In four SHRs, several 

aspects of early-stage, progressive, endocardial fibrosis 

could be identified on the same sample (Figure 2A). 

 

Figure 2 – Left atrial samples (Masson’s trichrome staining) from SHRs showing – (A) progressive, stratified endo-

cardial fibrosis, and (B) stable, evolved endocardial fibrosis. ENDO – endocardial and EPI – epicardial borders of the 

left atrial wall. 

Left atrial interstitial fibrosis was observed in three 

of the eight SHRs (median score 0, range 0–2). Myocyte 

necrosis was present in four of the eight SHRs (median 

score 0.5, range 0–3), while only two of the eight SHRs 

presented inflammatory infiltrates (median score 0, range 

0–3). Only one of the four WKY rats presented mild 

interstitial fibrosis, myocyte necrosis, and inflammatory 

infiltrates. 

In two of the eight SHRs histological examination of 

the left atria did not reveal any structural abnormality. 

In the other SHRs, the severity of structural lesions was 

highly variable among individuals and heterogeneous 

within the same sample. 

In three SHRs histological examination identified 

the presence of intra-atrial thrombosis (Figure 3). None 

of the WKY rats presented intracardiac thrombi. There 

was no significant difference regarding any of the 

histological abnormalities (i.e., endocardial or interstitial 

fibrosis, myocyte necrosis, or inflammatory infiltrates) 

between the SHRs that presented intra-atrial thrombosis 

and the SHRs that did not. Also, we found no significant 

correlation between the presence of intra-atrial thrombosis 

and any of the other histological abnormalities (all 

p>0.05). 
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Figure 3 – Intra-atrial thrombosis in an SHR 
(Hematoxylin–Eosin–Safran staining). 

Left atrial von Willebrand factor content 

In WKY rats, the immunoreactivity for von Willebrand 
factor in both the endocardium and the endothelium of 
intra-myocardial vessels varied widely among individual 
atrial samples, whereas apparent immunoreactivity for 
von Willebrand factor was consistently seen in the atrial 
endocardium and the endothelium of intra-myocardial 
vessels of SHRs. 

In the WKY group, only focal or little immuno-
reactivity for von Willebrand factor was seen in the 
atrial endocardium (Figure 4A). On the other hand, 
apparent immunoreactivity for von Willebrand factor 
was extensively seen in the endocardium of the left atria 
of all SHRs (Figure 4B). 
 

 
Figure 4 – Immunostaining for von Willebrand factor (fluorescent green) showing higher intensity of staining in 
SHRs (A) compared to WKY rats (B). 

The intensity of von Willebrand factor-related 
fluorescence was significantly higher in both the atrial 
endocardium and the endothelium of intra-myocardial 
vessels of SHRs (Figure 4A) than in those from age-
matched WKY rats (Figure 4B). 

� Discussion 

The main findings of the present study were (i) left 
atrial histological abnormalities were present in six of the 
eight SHRs; (ii) in SHRs, left atrial endocardial fibrosis 
was the most frequent feature, while in age-matched 
WKY rats endocardial fibrosis was completely absent; 
(iii) in two of the eight SHRs histological examination 
did not reveal any left atrial structural abnormality;  
(iv) three of the eight SHRs presented intra-atrial 
thrombosis, while none of the WKY rats did so; and  
(v) SHRs presented significantly higher intensity of  
von Willebrand factor-related fluorescence in both the 
atrial endocardium and the endothelium of intra-
myocardial vessels compared to age-matched WKY rats. 

Atrial fibrosis as arrhythmia substrate 

Atrial remodeling can occur as response to cardiac 
damage due to coronary artery disease, aging, hemo-

dynamic overload from valve disease or hypertension 
[4]. Changes in structure and function of the atria, 
modifications of atrial electrical and contractile functions, 
and changes in atrial extracellular matrix, accompany 
cardiac remodeling and create an arrhythmogenic 
substrate essential for the occurrence of atrial arrhythmias 
[10, 14–16]. Several experimental studies have provided 
evidence of an association between altered atrial structure 
and increased inducibility of atrial tachyarrhythmias [10, 
14–16]. In dogs, ventricular tachypacing induced heart 
failure [17] and produced atrial interstitial fibrosis 
comparable to that previously reported in atrial fibrillation 
patients [3]. In that model, atrial fibrosis was associated 
with localized regions of conduction slowing, and 
increased conduction heterogeneity [17]. In the same 
vein, using a rat model, Hayashi H et al. demonstrated 
increased susceptibility to atrial fibrillation in aged rats 
and suggested that heterogeneous atrial interstitial 
fibrosis and atrial cell hypertrophy could contribute to 
aging-related atrial conduction slowing, conduction block, 
and inducible atrial fibrillation [18]. Atrial fibrosis has 
been shown to increase atrial fibrillation vulnerability in 
several other animal models [17, 19] and in a transgenic 
mouse model for selective atrial fibrosis [20]. 
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and inducible atrial fibrillation [18]. Atrial fibrosis has 
been shown to increase atrial fibrillation vulnerability in 
several other animal models [17, 19] and in a transgenic 
mouse model for selective atrial fibrosis [20]. 
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more than half of the patients with events. Among the patients 
with HCM without previously documented AF, older age at 
diagnosis and enlarged LAD were identified as independent 
determinants of the embolic events.

This study confirms the results of a previous study that 
reported a 1% per year prevalence of stroke (including 
peripheral arterial embolization) in patients with HCM.3 

Also, the characteristics of patients with embolic events in 
this study were almost identical to those in an earlier study.3 
Anticoagulation has proved effective in reducing the inci-
dence of embolic events in patients with HCM with AF. 
Current guidelines strongly recommend that anticoagulation 
with vitamin K antagonists be given to patients with paroxys-
mal (even for those with single or short episodes), persistent, 
or chronic AF and HCM, regardless of any known embolic 
risk factors such as the congestive heart failure, hypertension, 
age=75 years, diabetes mellitus, stroke score.1–3 Although not 
statistically significant, the incidence of embolic events in the 
preset study was also lower among patients with AF given 
an anticoagulant (dose adjusted to a target prothrombin time 
expressed as an international normalized ratio of 2.0–3.0 and 
1.6–2.6, for patients aged <70 and ≥70 years, respectively, in 
accordance with Japanese treatment guidelines16) than those 
who were not. Despite being based on a highly selected popu-
lation of patients with HCM from a single tertiary referral cen-
ter in Japan, the results of this study have revealed additional 
epidemiological information about the relationship between 
embolic events, AF, and anticoagulation in a relatively large 
HCM patient cohort.

Numerous previous studies have demonstrated that AF is 
common and is associated with high thromboembolic risk in 
patients with HCM.3,17–19 The reported prevalence of AF, how-
ever, varies considerably among studies in patients with HCM 
with stroke and systemic embolic events.3,18,19 In another 
study from Japan, AF was found in 67% of patients with 
HCM who had an ischemic stroke.18 From a large cohort in 
the United States and Italy, Maron et al3 reported that AF was 
found in 88% of patients with HCM with an embolic event. 
Finally, in another relatively small cohort study, such events 
occurred almost exclusively in patients with AF.19 These vari-
ations in reported prevalence could be the result of racial/
ethnic differences, selection bias, or under-recognition of AF, 
especially subclinical, asymptomatic paroxysmal episodes of 
AF. In addition, the onset and time course of AF (before or 
after embolic events) was unclear in the above reports, and 
patients who had developed AF after their first event may 
also have been included in the group with AF. Therefore, in 
this study, we tried to clarify the heart rhythm at the time of 

Figure 3. A, Distribution of the left atrial dimension (LAD) in 
hypertrophic cardiomyopathy (HCM) patients without previously 
documented atrial fibrillation (AF). Shaded bars, patients with a 
stroke and a systemic embolic event; open bars, those without 
stroke and a systemic embolic event. B, Kaplan–Meier estimate 
of stroke and systemic embolic events in patients with HCM with 
or without enlarged LAD (≥48 mm) in subgroups of patients with-
out previously documented AF.

Table 3. Predictors of Embolic Events in Patients With HCM Without Documented Atrial Fibrillation

Predictor

Univariate Analysis Multivariate Analysis

Crude Hazard  
Ratio (95% CI) P Value

Adjusted Hazard  
Ratio (95% CI) P Value

Age at initial HCM diagnosis (per 1 increase) 1.04 (1.02−1.07) <0.001 1.03 (1.01−1.06) 0.012

Female sex 2.59 (1.37−4.90) 0.003 1.94 (0.98−3.85) 0.057

Family history of sudden death 0.93 (0.35−2.46) 0.882 1.02 (0.37−2.87) 0.966

Maximum left ventricular wall thickness ≥30 mm 0.57 (0.08−4.19) 0.584 0.56 (0.07−4.35) 0.578

Nonsustained ventricular tachycardia 1.01 (0.52−1.95) 0.977 1.06 (0.53−2.12) 0.878

Unexplained syncope 2.02 (0.95−4.28) 0.066 2.09 (0.93−4.72) 0.074

Left ventricular intracavitary obstruction 2.20 (1.16−4.17) 0.016 1.24 (0.61−2.53) 0.558

Enlarged left atrial dimension ≥48 mm 3.77 (1.78−8.00) <0.001 2.74 (1.20−6.23) 0.016

CI indicates confidence interval; and HCM, hypertrophic cardiomyopathy.
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perpetuation of AF, as well as to stroke and systemic
embolism. A key question is whether AF is a root
cause of stroke or a marker that identifies patients at
risk who would benefit from chronic anticoagulation.
Early studies examining the association between AF
and stroke, such as the SPAF trials, found other risk

factors whose predictive value requires further veri-
fication. Complex plaque in the descending aorta was
a powerful echocardiographic predictor of ischemic
stroke, rather than a source of cerebral embolism,
pointing to the role of vascular disease and hyper-
tension in promoting the AF substrate (107).

In an observational study, Fuster et al. (108) found
lower rates of systemic embolism in patients with
dilated cardiomyopathy treated with systemic anti-
coagulation; the key contributing factor was AF. This
antedated trials that confirmed the utility of anti-
coagulation for patients identified on the basis of AF
and the widespread availability of devices capable of
reliably detecting subclinical AF. A generation later,
percutaneous closure of the LAA was noninferior to
long-term warfarin therapy as a stroke prevention
strategy. Once again, stroke in patients with AF could
be ascribed to embolism of clots from the LAA
(109,110). Patients in the first report of the PROTECT-
AF (Watchman Left Atrial Appendage System for
Embolic Protection in Patients with AF) study were
followed for an average of 18 months (108). Extended
follow-up of patients in this and the PREVAIL study
found lower mortality among recipients of the device,
largely as a consequence of avoiding major bleeding,
such as hemorrhagic stroke, compared with patients
continuing long-term warfarin therapy (109,110).
Evidence supporting cardiogenic embolism of LAA
thrombus as the most important mechanism of stroke
in patients with AF has mounted slowly, but con-
tinues to dominate the therapeutic rationale.

UNANSWERED QUESTIONS AND

FUTURE RESEARCH DIRECTIONS

DEFINING THE THERAPEUTIC PRIORITIES. If stasis
during AF or flutter is the proximate cause of stroke,
maintenance of sinus rhythm should prevent embo-
lism. However, this has not been supported by the
results of randomized clinical trials, such as RACE and
AFFIRM (Atrial Fibrillation Follow-up Investigation of
Rhythm Management) (111,112). Available antiar-
rhythmic drugs have potential toxicity, invasive
catheter-based ablation strategies carry inherent risks,
and there is a paucity of evidence that successful ef-
forts to maintain sinus rhythm in patients with AF
ameliorate stroke risk enough to reduce the need for
chronic anticoagulant therapy. Management of pa-
tients with AF, therefore, focuses on control of the
ventricular rate, assessment of the risk of thrombo-
embolism, and judicious selection of candidates for
rhythm control. The principal criteria for a rhythm
control management strategy should be symptoms or
functional impairment directly attributable to the

FIGURE 4 Temporal Dissociation Among Patients With an Embolic Event in the
ASSERT, TRENDS, and IMPACT Studies
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FIGURE 3 Temporal Dissociation Among Patients With an
Embolic Event in the ASSERT, TRENDS, and IMPACT Studies
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targeted treatment for early atrial myopathy, better tools are 
needed to identify this substrate and track treatment effects.

A number of previous observational studies (Table 2)61–65 
have assessed risk factors for new AF in people without a 
clinical history of previous AF. These studies have focused 
on clinical factors associated with AF (not anatomic find-
ings nor direct assessment of potential mechanisms), and 
all previous studies have been limited to clinically detected 
AF, leaving a gap in our understanding of the pathogenesis 
of asymptomatic AF, an increasingly recognized important 
health problem. Several multivariable quantitative risk mod-
els have been validated in external cohorts. The Framingham 
Heart Study (FHS) model66 was validated in 2 cohorts (The 
Age, Gene/Environment Susceptibility [AGES]-Reykjavik 
Study and Cardiovascular Health Study). Validation con-
firmed that risk of incident AF in community-dwelling 
whites and blacks can be assessed by clinical variables 
and accounted for up to 64% of the overall AF risk.67 In 
the Atherosclerosis Risk in Communities (ARIC) study,68 
the same risk factors were studied to determine population 
attributable risk. During 17 years of follow-up, 1520 inci-
dent AF cases were identified. Overall, 57% of AF cases 
could be accounted for by having ≥1 borderline or elevated 
risk factors. Attributable risks in these ranges suggest there 
could be a role for additional mechanistic factors. An addi-
tional study was conducted by Alonso et al69 (CHARGE-AF 
consortium). They collected individual-level data from 3 
US cohorts (ARIC, CHS, FHS), including 18 556 men and 
women aged 46 to 94 years (19% blacks, 81% whites) to 
derive predictive models for AF using clinical variables. 
Validation of the derived models was performed in 7672 
participants from AGES and the Rotterdam Study. A 5-year 
predictive model including age, race, height, weight, systolic 
and diastolic blood pressure, smoking, use of blood pressure 
medication, diabetes mellitus, and history of MI and heart 
failure had good discrimination (C-statistic, 0.765; 95% CI, 
0.748–0.781). Adding standard variables from the resting 
ECG (ie, PR interval and ECG left ventricular hypertrophy) 
did not improve the overall model discrimination.

Obesity is a particularly relevant risk factor for devel-
opment of AF given the growing obesity epidemic. In the 
Framingham cohort, obesity was associated with a 4% 
increased risk in incident AF per unit increase in body mass 
index in both men and women.70 Obesity encompasses a het-
erogeneous set of risk factors that may predispose to devel-
oping AF, including the associated medical conditions that 
are intimately linked to risk of AF, such as hypertension and 
diabetes mellitus. Obesity may have direct effects on the LA 
substrate mediated by increases in inflammation, oxidative 
stress, and left atrial volume.71–73 Epicardial fat, in particular, 
is associated with increased prevalence of AF74 or AF bur-
den.75 The role of obesity in the pathogenesis of AF was dem-
onstrated in the Aggressive Risk Factor Reduction Study for 
Atrial Fibrillation (ARREST-AF) study76 in which a cohort of 
patients underwent a structured risk factor management pro-
gram following catheter ablation for treatment of AF. In com-
parison with a control group who did not participate in the 
program, these patients experienced a 13% decrease in body 
mass index with significant declines in blood pressure and LA 
volume index. Over a 2-year follow-up, there was substan-
tially higher freedom from AF in the risk factor management 
group (multivariable HR, 4.8; 95% CI, 2.04–11,4; P<0.001). 
Given the potentially large impact of risk factor management 
in the secondary prevention of AF, it is possible that better 
delineation of the multiple pathophysiologic pathways that 
are responsible for the development of the preclinical atrial 
substrate could form the basis for a more informed strategy 
for addressing these modifiable risk factors for primary pre-
vention of AF, in addition to the other cardiovascular benefits.

Very few studies have examined the physiological or 
detailed anatomic mechanisms that might underlie AF devel-
opment in previously healthy people. One such study was 
reported in 2012 based on an analysis of echocardiographic 
diastolic parameters from the CHS.77 AF was ascertained by 
self-report, annual study ECG for the first 9 years of CHS, 
and reports from hospitalizations. For the first time, this 
study found that atrial factors beyond LA size were associ-
ated with the new onset of AF. In addition to LA diameter, 

Figure 2. Multiple noninvasive techniques to evalu-
ate the left atrium in patients with atrial fibrillation. 
AF indicates atrial fibrillation; LA, left atrium; LAA, 
LA appendage; LV, left ventricle; and vWF, Von 
Willebrand factor.
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and stroke. This is now becoming apparent as implantable technolo-
gies provide insight into the inconsistency of AF genesis and stroke
events, and anticoagulation use tailored by device-detected arrhyth-
mia does not lower thrombo-embolism rates.10,11 Next, only sys-
temic approaches to the disease state will lead to durable
favourable outcomes and they are directed at the core and the
scope of the problem. Finally, diseases initially considered risks of
AF will continue to be prevalent largely independently of the rhythm
management itself.

In the GARFIELD-AF registry, death events outnumber stroke
events 3:1. Although the CHADS2-VASc score predicted stroke
events, it also predicted in an augmented manner with score in-
crease, death and major bleeding. The same risk score significantly
predicts stroke risk in patients without AF.12 As a risk score,
CHADS2-VASc functions equally well to predict diverse endpoints
in patients with and without the target disease in which it is used for
stratification. Furthermore, the same risk factors when applied to
people without AF are also strongly associated with the arrhythmia
incidence.13 These findings highlight the underlying disease state
that forms the foundation for arrhythmia genesis, derived from
most of the variables that comprise the CHADS2-VASc score, which
is a systemic vascular disease. This disease state is driven primarily by
obesity, sedentary lifestyles, metabolic syndrome, and sleep apnoea.
Unfortunately in many patients, AF is a manifestation of a systemic
disease state and it draws attention away from the primary mechan-
isms that cause its incidence and disease state co-morbidities. Re-
turning our attention to these mechanisms is probably the only

way durably to treat and address the worldwide increasing rates
of AF, stroke, and cardiovascular death.
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Figure 1 Shown are mechanistic considerations of atrial fibrillation as a focal disease state and risk factor (left) and as part of a systemic disease
state and risk marker (right).
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1.5 ! 0.7 [p ¼ 0.3]). Table 3 provides procedural
details for each group.

CARDIAC STRUCTURE. Table 2 shows the effect of
RFM on cardiac structure. LA volume indexed for
body surface area decreased with RFM from
42.5 ! 12.0 ml/m2 to 30.4 ! 8.3 ml/m2 (p < 0.001) and
in control subjects from 42.4 ! 10.4 ml/m2 to
39.5 ! 12.1 ml/m2 (p ¼ 0.07); this reduction was
significantly greater with RFM patients compared with
control subjects (p ¼ 0.001). Interventricular septum
thickness decreased with RFM from 11.6 ! 1.7 mm to
9.6 ! 1.7 mm (p < 0.001) and in control subjects from
11.3 ! 1.6 mm to 10.9 ! 1.9 mm (p ¼ 0.04). There was a
greater reduction in the RFM patients compared with
the control subjects (p < 0.001).

ATRIAL FIBRILLATION. Symptom burden . At base-
line, both groups had comparable and high AFSS
subscale scores (Table 2). Figure 2 shows changes from
baseline to final follow-up for the AFSS subscale
pertaining to total AF burden and symptom severity.
AF frequency, duration, symptoms, and symptom
severity were less at final follow-up in both groups,
with a significantly greater reduction seen with the
RFM group (p < 0.001). The global well-being score

improved by >2-fold after ablation, with the RFM
group improving from 2.4 ! 0.9 to 7.6 ! 1.7 (p < 0.001)
and the control group improving from 2.5 ! 0.9 to
5.7 ! 2.0 (p < 0.001). However, improvement was
markedly better with RFM patients than with control
subjects (p < 0.001).

Single-procedure arrhythmia-free survival. Figure 3
demonstrates single-procedure outcomes. At final
follow-up, 32.9% of RFM patients versus 9.7% of
control subjects (p < 0.001) remained free from
arrhythmia. After a single procedure, univariate pre-
dictors of AF recurrence were control group (hazard
ratio [HR]: 2.6 [95% confidence interval (CI): 1.7 to 4.0];
p < 0.001) and type of AF (nonparoxysmal AF: HR: 1.8
[95% CI: 1.2 to 2.7]; p ¼ 0.004). Both factors remained
independent predictors of recurrent AF inmultivariate
analyses: control group, HR: 2.3 (95% CI: 1.5 to 3.6;
p < 0.001) and nonparoxysmal AF, HR: 1.7 (95% CI:
1.1 to 2.5; p ¼ 0.01). Differences in outcomes on the
basis of AF type are shown in Online Figure 1.

Multiple interventions arrhythmia-free survival.
Figure 3 demonstrates arrhythmia-free survival after
multiple procedures, with significant attrition in
control subjects compared with RFM patients. At final
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FIGURE 3 Outcomes of AF Ablation

Kaplan-Meier curves for single-procedure, drug-free, AF-free survival (left) and for total AF-free survival (multiple procedures ! drugs)
(right). Curves for 2 years are provided, after which <20% of patients completed follow-up. Note that data are provided after the last
procedure using a 3-month blanking period. RFM ¼ risk factor management; other abbreviation as in Figure 1.
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38	876	patients	avec	fibrillation	atriale
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• Homme,	68	ans	hypertendu	(3	médications	anti-
hypertensives,	statines,	IEC,	activité	physique)

• Fibrillation	atriale	permanente	puis	3	ans	après	bloc	
atrio-ventriculaire.	PM	monochambre.	

• Anticoagulants?	



• Garçon,		10	ans.	Flutter	atrial,	dysfonction	sinusale

• Variant	sur	le	gène	SCN5A

– Anticoagulation?	



Femme,	60	ans,	dysfonction sinusale et	fibrillation	atriale
permanente







Anticoagulation	après	ablation	:	
Décision	probabiliste

compared with those who continued anticoagulation (HR 1.42, wide
confidence intervals; figure 4 in Karasoy et al.6). The baseline stroke
risk of the cohorts was too heterogeneous to draw conclusions
from this. Other data sets also report relatively low stroke rates in
AF ablation patients.13 While this may be due to a protective effect
of ablation, it is also possible that unidentified confounding factors,
aggregated in a clinical impression of vitality, leave patients suitable
for catheter ablation at reduced stroke risk per se. This latter point
is supported by the relatively low stroke risk in Danish ablation
patients irrespective of ablation success.6 However, while ablation
may not be entirely successful, reduction in AF burden or a change
in the pattern of AF (paroxysmal vs. persistent, AF or sinus rhythm
at baseline) may affect stroke risk,14,15 in line with the intuitive as-
sumption that less time in AF may correspond to a lower risk of
cardiac embolism.

‘Known knowns’ and ‘unknown
unknowns’
There is a simple lesson to learn from the report by Karasoy et al. Do
not continue anticoagulation in AF patients beyond 3 months after
ablation if they are not at risk for stroke (CHA2DS2VASC ¼ 0). This
is in line with current clinical guidance, and has the potential to avoid
many bleeding events after AF ablation. Secondly, the present
report, put in context, supports an emerging hypothesis that rhythm
control therapy, especially AF ablation, may reduce stroke risk in AF.

Ongoing trials such as EAST (www.easttrial.org, NCT01288,352) or
CABANA (www.cabanatrial.org, NCT00911,508) will address the
prognostic impact of rhythm control therapy including AF ablation
including the effect of rhythm control therapy on stroke, on top of
anticoagulation. Other trials are needed to define the optimal anticoa-
gulation during AF ablation procedures in an era where novel anticoa-
gulants are increasingly used. In addition, the data reported by Karasoy
etal. suggest that further studies shouldbe initiatedtotestwhetheroral
anticoagulation can be modified (or even stopped) after successful
catheter ablation of AF (e.g. OCEAN, NCT02168,829). Until we
have seen the outcome of such trials, our present treatment pattern
to continue oral anticoagulation after catheter ablation of AF in
patients at risk for stroke should continue.
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process often subject to selection bias and residual confound-
ing. The case-crossover approach was appropriate for the cur-
rent study because our exposure of interest, AF burden, varied 
over short periods of time and its effect on outcome occurred 
rapidly and wore off quickly once the episode of AF ended.

There are several limitations to this study. First, stroke 
cases were ascertained from hospital claims. Although the 
ICD-9 algorithms used have been validated, it remains pos-
sible that some unclear neurological events were diagnosed as 
strokes because of the presence of AF. This concern is lessened 
by the fact that when we restricted the analysis to ICD-9 codes 
that are highly specific for ischemic stroke, our core find-
ings were reproduced. Second, the cohort comprised Veteran 
patients, almost all of whom were men, thereby limiting gen-
eralizability. Third, because few pacemaker models during the 
observation period had daily AF diagnostics and transmitting 
capability, almost all devices in the cohort were ICDs. As such, 
these patients have a high burden of coronary or vascular dis-
ease and heart failure and are not representative of the average 
patient with AF. Testing of our analyses in cohorts more typical 
of AF populations, such as patients with pacemakers, implant-
able loop recorders, and even wearable continuous monitors, 
will determine whether our findings apply more broadly.

Conclusions
We studied 187 individuals with ischemic stroke who also 
had implanted cardiac devices providing 120 days of continu-
ous heart rhythm monitoring immediately before the stroke 
event. The vast majority of these individuals had little to no AF 
throughout the observation period. However, focusing on the 
minority of patients who did have episodes of AF and using a 
case-crossover design, we found that AF burden of ≥5.5 hours 
in a given day raised the short-term risk of stroke 4- to 5-fold. 
This risk was highest in the initial 5 to 10 days after the episode 
of AF and rapidly declined after longer periods. Our findings 
indicate that the mechanism of stroke that applies to patients 
with more persistent AF also applies to populations with lower 

Table 3. Average Minutes of AF Per Day During the Case Period (Case) and Control Period (Control) for Patients With Discordant and 
Concordant AF Burdens Using the Threshold of 5.5 Hours of AF on Any Given Day During the Prior 30 Days

Discordant, Positive (Case)-
Negative (Control)

Discordant, Negative 
(Case)-Positive (Control)

Concordant, Negative 
(Case)-Negative (Control)

Concordant, Positive 
(Case)-Positive (Control)

All Patients  
With Stroke

N=13 N=3 N=156 N=15 N=187

Average daily AF burden: days 1–30, min*

  Mean 432 0 1 936 106

  SD 585 0 8 596 348

  Median 103 0 0 1434 0

  Q1 36 0 0 240 0

  Q3 405 0 0 1439 0

Average daily AF burden: days 91–120, min*

  Mean 1 63 0 885 72

  SD 2 71 2 658 301

  Median 0 26 0 1438 0

  Q1 0 19 0 71 0

  Q3 0 144 0 1439 0

AF indicates atrial fibrillation.
*Average daily AF of <30 s is approximated as 0 min.

Figure 3. Crude odds ratios for ischemic stroke with positive 
atrial fibrillation (AF) burden (≥5.5 h on any given day) for sequen-
tial nonoverlapping 5-d intervals from 1 to 5 d pre stroke (left-
most point) to 56–60 d pre stroke (right-most point). Each case 
period is matched to six 5-d control periods (91–95, 96–100, 
101–105, 106–110, 111–115, and 116–120 d pre stroke). Adja-
cent table displays the point estimates and confidence intervals 
for these odds ratios.

Risque	d’AVC	dans	les	30	jours	après	FA
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38	876	patients	avec	fibrillation	atriale
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Le	volume	atrial	seul	n’est	pas	prédicteur	de	thrombus	
ou	de	contraste	spontané

Figure 3 Results of Bland-Altman analysis for interobserver variability regarding left atrial deformation. Legend: peak positive strain
(PPS – A.), peak negative strain (PNS – B.), peak positive strain rate (PPSR – C.), peak negative strain rate (PNSR – D.) and time-to-peak systolic
strain (TPPS – E.).

Table 3 Univariate and multivariate analysis predictors of left atrial thrombus or sludge
Univariate analysis Multivariate analysis

OR 95%CI P OR 95%CI P Wald Hosmer-Lemshow

BMI≥ 26.9 kg/m2 0.3 0.1-1.0 0.049 - - - -

AF episode duration≥ 1 month 13.3 1.7-106.5 0.003 13.3 1.5-119.6 0.021 5.3

Indexed LAV≥ 45.2 mL/m2 3.4 1.0-11.6 0.044 - - - -

Av. peak positive strain rate≤ 1.01 (s-1) 6.3 1.9-20.9 0.001 - - - - χ2 = 1.054
df = 6

P = 0.983Av. Peak negative strain rate≥ −1.33 (s-1) 21.7 2.7-173.9 <0.001 21.5 2.5-186.1 0.005 7.7

Av. Peak-to-peak strain rate≤ 2.02 (s-1) 12.1 3.5-42.3 <0.001 - - - -

SD time-to-peak positive strain≥ 101.3 ms 3.6 1.1-11.6 0.026 3.8 0.9-15.1 0.062 3.5

Constant 0.01 - 0.002 16.2

Legend: BMI – body mass index; LAV – left atrial volume; Av. Average; SD – standard deviation.

Providência et al. Cardiovascular Ultrasound 2013, 11:44 Page 7 of 9
http://www.cardiovascularultrasound.com/content/11/1/44
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of whom were man (male-to-female ratio 2.2:1). CHADS2
scores of 0, 1, 2, 3, 4, 5, and 6 were present in 11%, 25%,
30%, 22%, 8%, 3%, and 1% of the studies, respectively
(Table 1). Almost 1/3 of the cases (36%) belonged to the
low-risk group (score 0 or 1). The prevalence of LA or LAA
SEC was 49% (1,169 patients; 38% mild and 11% severe;
Table 1). Sludge and thrombus were seen in 2% (n ¼ 46)
and 6% (n ¼ 149) of patients, respectively.

The prevalence of LA or LAA thrombus or sludge
increased with increasing CHADS2 score (2.3%, 7%, 8.5%,
9.9%, 12.3%, and 14.1% for scores of 0, 1, 2, 3, 4, and 5 or

6, respectively, p ¼ 0.01; Figure 2). SEC (total, mild, and
severe) prevalence also increased significantly along with
increasing CHADS2 score (p ¼ 0.004, 0.035, and 0.002,
respectively; Figure 3). Prominent features of patients with
LA or LAA thrombus or sludge and CHADS2 scores of
0 are listed in Table 2.

In the multivariate model, only 2 of 5 CHADS2 score
variables (congestive heart failure and hypertension) had
statistically significant associations with the presence of
thrombus or sludge in the LA and LAA (Table 3). Diabetes
mellitus and age >75 years did not increase the risk for
thrombus and sludge formation in the LA or LAA.
However, a history of heart failure significantly increased
the risk for LA or LAA thrombus and sludge formation.
Although this increased risk was observed with decreasing
ejection fraction, it was most prominent in patients with
heart failure who had LVEFs of "20%. An LVEF "20%
was the strongest predictor of LA or LAA thrombus and
sludge compared with the CHADS2 score variables and
higher ejection fractions (Table 3).

Of the patients who underwent DCC, 34% had already
reached the international normalized ratio goal of >2 on
warfarin, and the remainder received either heparin intrave-
nous infusion or lowemolecular weight heparin (Table 1).
Patients who were taking warfarin before DCC had a lower
risk for LA or LAA thrombus or sludge development (p ¼

0.026). In the few patients in whom heparin was contra-
indicated, bivalirudin infusion was used. The average INR
and partial thromboplastin times at DCC were 2.6 seconds
and 77.4 seconds (normal range 23.0 seconds to 32.4
seconds), respectively. At baseline, 1,890 patients (80%)
were taking warfarin, while 529 of these patients started to
receive warfarin 1 to 2 days before cardioversion (Table 1).

Cardioversionwas aborted in100%of the patients (n¼ 149)
diagnosed with thrombus and 78% of those (n ¼ 36) with
sludge. In addition, 61 other DCCs were aborted for reasons
such as spontaneous resolution of AF, patient refusal, and
pharmacologic conversion.

In this study, patients were anticoagulated for #4 weeks
after DCC. Follow-up data were available for 2,019 of 2,369
unique patients, with a mean follow-up duration of 37 $ 35
months. Of those 2,019 patients, 69 (3.4%) has ischemic

Figure 2. LA or LAA sludge and thrombus prevalence with respect to
CHADS2 scores. The p value is for sludge and thrombus trend.

Figure 3. Prevalence of LA or LAA SEC (mild or severe) with respect to
CHADS2 scores. The p value is for SEC (mild and severe) trend.

Table 2
Clinical and echocardiographic features of patients with CHADS2 score
0 and left atrial or left atrial appendage thrombus or sludge

Age
(yrs)

Gender LVEF
(%)

Other Condition Sludge or
Thrombus

44 M 50 Ventricular septal defect repair Thrombus
47 M 40 Hypertrophic cardiomyopathy Sludge
53 F 50 Postural orthostatic tachycardia Thrombus
60 M 55 Mitral valve prolapse* Thrombus
61 F 55 Breast cancer Thrombus
72 M 45 Severe atherosclerotic disease Thrombus

* With no mitral regurgitation.

Table 3
Left atrial or left atrial appendage sludge and thrombus risk odds ratio of
CHADS2 variables: multivariate analysis*

Variable Odds Ratio 95% Confidence
Interval

History of congestive heart failure 1.78 1.22e2.57
LVEF "40% 1.95 1.42e2.67
LVEF "30% 2.38 1.73e3.27
LVEF "20% 2.99 2.13e4.21
Hypertension 1.51 1.05e2.11
Age >75 yrs 0.92 0.63e1.23
Diabetes mellitus 1.18 0.84e1.63
Previous stroke/TIA 1.14 0.92e1.44

* Congestive heart failure, hypertension, LVEF "20% or "30% or
"40%, age >75 years, diabetes mellitus and history of stroke or TIA,
international normalized ratio, and duration of anticoagulation before car-
dioversion were used in the model.

680 The American Journal of Cardiology (www.ajconline.org)
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AF episode was more often unknown in patients with throm-
bus or dense SEC. In 14 patients, cardioversion was not
performed due to thrombus or dense SEC. Among those
patients, four patients underwent a cardioversion during
follow-up. In the control group, nearly every patient under-
went cardioversion (P , 0.0001). Independent predictors for
thrombus or dense SEC in patients with CHADS2 score of 0/1
were EF ,40% and LA dimension !50 mm (Figure 1). Table 2
outlines the anticoagulation therapy before index admis-
sion, at discharge, and after 5 years. Twenty-two (73%) of
the patients with thrombus or dense SEC and 161 (61%)

patients of the control group received oral anticoagulation
before index admission (P ¼ 0.44). All patients in both
groups received anticoagulation therapy at discharge.
After 5 years, every patient in the group with thrombus or
dense SEC and 124 (61%) in the control group received oral
anticoagulation (P , 0.001). The quality of oral anticoagula-
tion was high with a median INR of 2.4. All patients with
thrombus or dense SEC had an effective INR !2.

Clinical outcome

Patients with thrombus or dense SEC had a three-fold
increased univariate 5 year mortality compared with
patients without thrombus or dense SEC (Figure 2). The esti-
mated rate of major cardiovascular and cerebrovascular
events after 10 days was 1.4% in patients with thrombus/
dense SEC vs. 0.6% in the control group (P ¼ 0.18). In a
multivariable analysis adjusted for 11 parameters, thrombus
and dense SEC were not an independent predictor for an
increased incidence of stroke or death during long-term
follow-up in anticoagulated patients (Figure 3). No patient
having thrombus or dense SEC identified using TEE devel-
oped non-fatal stroke or TIA during the study, whereas
seven (3%) patients in the control group suffered from non-
fatal stroke or TIA during the long follow-up. The incidence
of minor bleedings was observed more than doubled
in patients with thrombus or dense SEC compared with
the control group (24 vs. 9%, P , 0.05), whereas major
bleedings did not occur in both groups. No differences in

Table 1 Clinical characteristics of patients with AF and CHADS2 score of 0/1: left atrial thrombus or dense SEC vs. no thrombus/SEC

Thrombus or dense SEC (n ¼ 30) No thrombus and no dense SEC (n ¼ 265) P-value

Clinical characteristics
Age (years) 62 (55–72)a 61 (54–68) 0.23
Male 23/30b (77%) 207/265 (78%) 0.86
NYHA IIþ 15/30 (50%) 209/265 (21%) ,0.01
Cardioversion performed 16/30 (53%) 255/265 (96%) ,0.0001

Underlying cardiac disease
Organic heart diseasec 19/30 (63%) 114/265 (43%) ,0.05
Coronary artery disease 8/30 (27%) 47/265 (18%) 0.23
Dilated cardiomyopathy 5/30 (17%) 29/265 (11%) 0.35
Hypertensive heart disease 9/30 (30%) 44/265 (17%)c 0.07
Hypertrophic cardiomyopathy 1/30 (3.3%) 7/265 (2.6%) 0.83

Concomitant diseases
Hypertension 7/30 (23%) 81/265 (31%) 0.41
Diabetes 1/30 (3%) 2/265 (0.8%) 0.18
Prior peripheral thrombo-embolic event 1/30 (3%) 0/265 (0%) ,0.01

AF characteristics
Recurrent episode of AF 12/30 (40%) 139/265 (53%) 0.20
Duration of index AF episode ,48 h 11/30 (37%) 112/265 (42%) 0.56
Duration of index AF episode .48 h 13/30 (43%) 130/265 (49%) 0.55
Unknown duration of index AF episode 7/30 (23%) 24/265 (9%) ,0.05

Transthoracic echocardiographic data
EF ,40% 9/30 (30%) 29/265 (11%) ,0.01
LA dimension !50 mm 9/30 (30%) 21/265 (8%) ,0.001
LVEDD !60 mm 3/30 (11%) 18/265 (7%) 0.56

AF, atrial fibrillation; EF, ejection fraction; LA, left atrium; LVEDD, left ventricular end-diastolic diameter; NYHA, New York Heart Association.
aMedian values are given with interquartile ranges (the 25th and 75th percentiles).
bNumber of patients and percentage of group specific total number.
cCoronary artery disease, dilated cardiomyopathy, hypertrophic cardiomyopathy, and hypertensive heart disease were summarized as organic heart

disease. Patients could have hypertensive heart disease alone or in addition with another underlying heart disease. Hypertensive heart disease was diagnosed
when a history of hypertension and a left ventricular hypertrophy were present.

Figure 1 Predictors of left atrial thrombus or dense spontaneous
echo contrast (SEC) in patients with CHADS 0/1 (multivariable analy-
sis). CHADS 1 was defined as the presence of one of the following
parameters, according to the CHADS2 score: age !75 years, hyper-
tension, diabetes, or NYHA IIþ.
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assessed by 2 investigators demonstrated excellent intrarater 
reliability (0.87; 95% CI, 0.79–0.92) and moderate inter-rater 
reliability (0.69; 95% CI, 0.45–0.80).

Participants with ischemic stroke had a significantly 
higher PTFV1 (4452±3368 μV*ms) than those in the subco-
hort (3934±2541 μV*ms). In an unadjusted model, PTFV1 
was associated with a higher risk of ischemic stroke (HR per 
SD, 1.24; 95% CI, 1.07–1.42). This association did not sub-
stantially change after inclusion of potentially confounding or 
mediating covariates, including a history of AF (adjusted HR 
per SD, 1.20; 95% CI, 1.03–1.39; Table 2).

In adjusted models, we found an association between 
PTFV1 and a composite of cryptogenic or cardioembolic 
stroke (adjusted HR per SD, 1.31; 95% CI, 1.08–1.58). The 
findings were not statistically significant when stroke sub-
types were considered separately as cryptogenic stroke (HR 
per SD, 1.29; 95% CI, 0.96–1.72), cardioembolic stroke (HR 
per SD, 1.23; 95% CI, 0.97–1.56), or noncardioembolic stroke 
(HR per SD, 1.14; 95% CI, 0.92–1.40).

Associations between PTFV1 and stroke were unchanged 
or stronger when we entirely excluded participants who had 
a baseline history of AF or were diagnosed with AF during 
follow-up (Table 2). For cardioembolic or cryptogenic stroke, 
PTFV1 was associated with a 50% increase in risk (adjusted 
HR per SD, 1.56; 95% CI, 1.25–1.96). Among the 73% of 
participants with available baseline echocardiography data, 
the inclusion of left atrial size in our models attenuated the 
relationship between PTFV1 and all categories of stroke 
except cryptogenic stroke, although this association remained 
statistically nonsignificant (Table 2). Further adjusting for 
left ventricular hypertrophy in the subgroup of participants 
with echocardiograms available at baseline did not materially 
change the results.

Discussion
In a multiethnic population-based cohort, we found an asso-
ciation between ECG-defined left atrial abnormality and 
subsequent ischemic stroke. These associations appeared 
most marked for cryptogenic and cardioembolic strokes as 
opposed to noncardioembolic strokes, although this differ-
ence was not statistically significant, potentially because 
of low numbers of individual stroke subtypes. Our findings 
were unchanged or stronger when excluding patients with 
AF diagnoses. The associations between ECG-defined left 
atrial abnormality and most stroke subtypes were attenuated 
after adjustment for left atrial size on echocardiogram, indi-
cating that PTFV1 partly reflects left atrial dilatation, which 
has been previously associated with stroke.13–17 These find-
ings may be of particular relevance to currently unexplained 
racial disparities in stroke incidence because certain minor-
ity groups such as blacks have a higher rate of stroke18 but a 
lower rate of AF19 and a lower proportion of strokes that are 
attributable to AF.20

Previous studies have identified associations between mark-
ers of left atrial dysfunction and stroke. ECG-defined left atrial 
abnormality, left atrial size, left atrial pump function, and levels 
of amino terminal pro-B-type natriuretic peptide have been asso-
ciated with stroke risk in the absence of apparent AF.5,6,13,16,21,22 

Table 1. Baseline Characteristics of NOMAS Participants 
With Ischemic Stroke Versus a Random Subcohort

Characteristic*
Stroke  

(n=241)
Subcohort 
(n=798)

Age, mean (SD), y 70.2 (8.5) 67.1 (9.6)

Male 100 (41.5) 328 (41.1)

Race/ethnicity

  Hispanic 128 (53.1) 439 (55.0)

  Black 66 (27.4) 195 (24.5)

  White 42 (17.4) 147 (18.4)

  Other 5 (2.1) 17 (2.1)

High school education or greater 111 (46.1) 383 (48.0)

Current tobacco use 42 (17.4) 136 (17.0)

Diabetes mellitus 90 (37.3) 177 (22.2)

Hypertension 200 (83.0) 605 (75.8)

Congestive heart failure 17 (7.1) 49 (6.1)

History of atrial fibrillation† 7 (2.9) 31 (3.9)

Low-density lipoprotein, mean (SD), mg/dL 128.1 (38.1) 130.0 (36.3)

High-density lipoprotein, mean (SD), mg/dL 44.9 (13.5) 46.2 (14.6)

 NOMAS indicates Northern Manhattan Study.
 *Data are presented as number (%) unless otherwise specified.
 †All participants were in normal sinus rhythm on the baseline ECG.

Table 2. Associations Between P-Wave Terminal Force in 
ECG Lead V1 and Incident Ischemic Stroke Subtypes

Outcome* Model 1† Model 2‡ Model 3§

Any ischemic stroke 1.24 (1.07–1.42) 1.21 (1.04–1.39) 1.20 (1.03–1.39)

Ischemic stroke subtypes

    Cryptogenic or 
cardioembolic

1.31 (1.10–1.55) 1.28 (1.07–1.53) 1.31 (1.08–1.58)

    Cryptogenic 1.29 (0.99–1.68) 1.25 (0.95–1.65) 1.29 (0.96–1.72)

    Cardioembolic 1.32 (1.07–1.62) 1.30 (1.05–1.62) 1.23 (0.97–1.56)

    Noncardioembolic 1.14 (0.94–1.40) 1.12 (0.92–1.37) 1.14 (0.92–1.40)

Sensitivity analyses

    Excluding patients with any atrial fibrillation

     Any ischemic stroke 1.34 (1.12–1.59)

     Cryptogenic or cardioembolic 1.56 (1.25–1.96)

     Cryptogenic 1.31 (0.97–1.77)

     Cardioembolic 1.97 (1.42–2.75)

     Noncardioembolic 1.17 (0.93–1.47)

    Adjusted for left atrial size on echocardiogram║

     Any ischemic stroke 1.08 (0.87–1.34)

     Cryptogenic or cardioembolic 1.17 (0.90–1.51)

     Cryptogenic 1.25 (0.82–1.91)

     Cardioembolic 1.10 (0.80–1.51)

     Noncardioembolic 0.95 (0.70–1.28)

*Results are reported as the hazard ratio (95% confidence interval) for each 
1-SD increase in P-wave terminal force in lead V1.

†Unadjusted.
‡Adjusted for age, sex, race, and level of formal education.
§Adjusted for Model 2 covariates plus baseline smoking status, diabetes, 

hypertension, lipid levels, history of atrial fibrillation, and heart failure.
║Echocardiographic data were available for 73% of participants included in 

this analysis.
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the most significant predictors of incident AF were Doppler 
peak E-wave velocity (HR, 1.5; 95% CI, 1.3–1.9) for high-
est versus lowest quintile), and Doppler A-wave velocity time 
integral, which displayed a U-shaped relationship with risk 
of AF (HR, 0.7; 95% CI, 0.6–0.9) for middle versus lowest 
quintile).

Techniques for Evaluating Atrial 
Myopathy – Substrate for AF

There are several techniques for evaluating atrial myopathy, 
as shown in Figure 2. These include echocardiography, car-
diac MRI, ECG waveform analysis, and biomarker analyses. 
Echocardiography has been the imaging technique of choice 
for evaluating the LA because of its widespread availability 
and ease of use. LA dimension/volume has been consistently 
shown to be a predictor of incident78 and recurrent AF.79–81 Yet, 
the LA size or volume has not been used clinically for treat-
ment decisions. There are other echocardiographic techniques 
that could better delineate the presence of atrial myopathy; 
these include assessment of LA chamber function (eg, LA 
ejection fraction, LA function index); tissue Doppler imag-
ing (ie, a′ velocity) for evaluation of the ability of LA con-
traction to affect the longitudinal velocity of the basal LV in 
late diastole; speckle-tracking strain analysis (for the evalu-
ation of LA mechanics), and 3-dimensional echocardiog-
raphy (for the evaluation of LA size, shape, and function). 
Echocardiographic assessment of LA function provides novel 
insight into LA pathophysiology in the setting of AF. The LA 
function index, a rhythm-independent marker of LA function 
that incorporates LA size and the left ventricular outflow tract 
velocity-time integral (a marker of left ventricular stroke vol-
ume), is associated with adverse outcomes in patients with 
coronary disease and provides a measure of LA function inde-
pendent of underlying rhythm.82,83 The tissue Doppler a′ veloc-
ity, which is measured at the septal and lateral mitral annulus, 
conveys information on both the LA contractile function and 
the stiffness of the LV at ventricular end diastole.

Measurement of LA strain is a novel technique that quan-
tifies segmental and global LA myocardial mechanics in 
both sinus rhythm and AF. LA strain evaluates the longitudi-
nal shortening and lengthening of segments of the LA myo-
cardium throughout the cardiac cycle. The resultant strain 
curves quantify the LA conduit function (peak positive LA 
strain), booster function (peak negative strain [in patients with 

coordinated atrial contraction]), and the reservoir function 
(total LA strain). Decreased LA strain (indicative of worse 
LA mechanical function) has been associated with the devel-
opment of AF. In addition, LA strain has been used to pre-
dict AF recurrence after AF ablation and future stroke risk in 
the setting of AF, and worse LA strain parameters correlate 
with reduced exercise capacity, higher CHADS2 score, and 
increased risk of adverse cardiovascular events.84–90

As noted above, delayed enhancement MRI has been used 
to detect atrial fibrosis in vivo. The technical challenges of 
this technique to image fibrosis in the thin-walled LA are well 
appreciated. T1 mapping has been developed to identify dif-
fuse myocardial fibrosis and has recently been applied to the 
LA91,92 with good correlation to intracardiac LA electrogram 
voltage. Four-dimensional flow MRI (3-dimensional flow 
velocity measured over time) is a novel technique for the 
comprehensive assessment of cardiovascular hemodynamics 
in the heart and great vessels.93–97 Four-dimensional flow MRI 
is uniquely suited for the evaluation of LA flow velocities (an 
index of atrial function) because it can provide blood veloc-
ity in 3 orthogonal directions with full volumetric coverage 
of the LA throughout the cardiac cycle with a single, free-
breathing 10- to 15-minute acquisition.94,97–99 The 3-dimen-
sional segmentation of LA volume enables quantitative 
analysis of 3-directional velocities inside the entire LA over 
all time frames of the cardiac cycle.99 Recent studies dem-
onstrated low interobserver variability and good test-retest 
reliability for the quantification of blood flow velocities and 
other hemodynamic parameters.100–102 We have demonstrated 
the potential for this technique to identify different flow pat-
terns in patients with AF, even for those not in sinus rhythm 
during imaging.99,103

Even the standard ECG recorded during AF is an unde-
rutilized tool. It is typically used only to make a diagnosis 
of AF with no further analysis of the waveform. There is, 
in fact, significant electrical information in the f waves of 
the AF ECG. As shown in Figure 3, close examination of 
the ECG can clearly identify differences in rate and other 
features. Frequency analysis of the f waves can be done 
to quantify features such as rate. It has been demonstrated 
that f-wave analyses are associated with clinical AF out-
comes such as the response to antiarrhythmic drugs,104 cath-
eter ablation,105,106 and maintenance of sinus rhythm after 
cardioversion.107,108 Dofetilide drug effect, slowing of the 

Figure 3. ECG V1 lead recordings from 4 different 
patients with AF showing f waves. Although f waves 
in AF are variable throughout a recording, they are 
sometimes well visualized, allowing the variation 
in their rate and amplitude to be characterized. 
Differences in f-wave rate can be appreciated in 
some parts of these recordings. In the first and 
fourth tracings, the same size box encompasses 
3 and 5 f waves, respectively; in the second and 
third tracings, the same size box encompasses 2 
and 3 F waves, respectively. Other characteristics 
differ, as well – f wave amplitude and consistency 
of activation.


