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Atrial Cardiopathy in the Absence of Atrial
Fibrillation Increases Risk of Ischemic
Stroke, Incident Atrial Fibrillation, and
Mortality and Improves Stroke Risk
Prediction

Jodi D. Edwards, PhD; Jeff S. Healey, MD, MSc; Jiming Fang, PhD; Kathy Yip, MD; David J. Gladstone, MD, PhD

BACKGROUND: Atrial fibrillation (AF) is a major, often undetected, cardiac cause of stroke. Markers of atrial cardiopathy, includ-
ing left atrial enlargement (LAE) or excessive atrial ectopy (EAE) increase the risk of AF and have shown associations with
stroke. We sought to determine whether these markers improve stroke risk prediction beyond traditional vascular risk factors
(eg CHA,DS,-VASC score).

METHODS AND RESULTS: Retrospective longitudinal cohort of 32 454 consecutive community-dwelling adults aged >65 years
referred for outpatient echocardiogram or Holter in Ontario, Canada (2010-2017). Moderate-severe LAE was defined as men
>47 mm and women >43 mm, and EAE was defined as >30 APBs per hour. Cause-specific competing risks Cox proportional
hazards used to estimate risk of ischemic stroke (primary), incident AF, and death (secondary). C-statistics, incremental dis-
crimination improvement and net reclassification were used to compare CHA,DS,-VASc with LAE and EAE to CHA,DS,-VASc
alone. Each 10 mm increase in left atrial diameter increased 2- and 5-year adjusted cause-specific stroke hazard almost 2-fold
(LAE: 2-year hazard ratio (HR), 1.72; P=0.007; 5-year HR, 1.87; P<0.0001), while EAE showed no significant associations with
stroke (2-year HR, 1.00; P=0.99; 5-year HR, 1.08, P=0.70), adjusting for incident AF. Stroke risk estimation improved signifi-
cantly at 2 (C-statistics=0.68-0.75, P=0.008) and 5 years (C-statistics=0.70-0.76, P=0.003) with LAE and EAE.

CONCLUSIONS: LAE was independently associated with an increased risk of ischemic stroke in the absence of AF and both
LAE and EAE improved stroke risk prediction. These findings have implications for stroke risk stratification, AF screening, and
stroke prevention before the onset of AF.
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cause of stroke.! AF independently increases

stroke risk by 5-fold®> and accounts for >20%
of all acute ischemic strokes.®>* Oral anticoagulation
(OAC) reduces stroke risk by two thirds in patients
with AF® and clinical scoring systems that stratify pa-
tients according to traditional vascular risk factors (eg
CHA,DS,-VASc score) are routinely used to estimate

Atrial fibrillation (AF) is a major preventable cardiac

stroke risk and guide OAC treatment decisions in non-
anticoagulated patients with non-valvular AF.%
However, AF is commonly paroxysmal or clinically
silent”® and frequently goes undetected before stroke.®
In arecent prospective analysis of 2580 pacemaker pa-
tients with vascular risk factors and no known AF, brief
subclinical AF was associated with a >2-fold increased
risk of stroke.”® Further, up to one third of patients do
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CLINICAL PERSPECTIVE

What Is New?

e Left atrial enlargement is associated with stroke
risk in the absence of atrial fibrillation and in-
dependent of incident atrial fibrillation and both
left atrial enlargement and excessive atrial ec-
topy significantly improve CHA,DS,-VASC risk
prediction.

What Are the Clinical Implications?

e Markers of left atrial cardiopathy may have im-
plications for atrial fibrillation screening and
stroke risk stratification.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

APB atrial premature beats

CHF congestive heart failure

EAE excessive atrial ectopy

LAE left atrial enlargement

NT-proBNP N-terminal pro-B-type natriuretic
peptide

OAC oral anticoagulation

not have AF on long-term continuous rhythm monitor-
ing before stroke,'"'? suggesting that factors other than
manifest AF are involved.

Clinical AF is often preceded by structural and
electrical left atrial remodeling,' referred to as atrial
cardiopathy or atrial myopathy.'* Several biomarkers
of atrial cardiopathy have been described and include
left atrial enlargement (LAE) and excessive atrial ec-
topic beats.'* These markers may be detected before
the onset of clinical AF and are predictive of AF.'%16
Emerging data also suggest that these markers are
associated with incident stroke.!” The purpose of this
study was to determine if these markers of atrial car-
diopathy increase the risk of ischemic stroke, inci-
dent AF, or death in individuals without known AF
and whether these markers can improve stroke risk
prediction beyond traditional vascular risk factors (eg
CHA,DS,-VASCc score).

METHODS

Study Cohort and Data

This retrospective longitudinal cohort was comprised
of consecutive community-dwelling adults referred for
outpatient echocardiography or Holter monitor at 11
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community cardiology laboratories in Ontario, Canada
(2010-2017). Exclusion criteria were a history of docu-
mented AF, current anticoagulation use, or a history
of pacemaker, implantable cardioverter defibrillator,
implantable loop recorder, or prosthetic heart valve
surgery. Individuals entered the study cohort on the
date of their first recorded echocardiogram or Holter
study and were followed up to of 5 years. To ensure
exclusion of those on anticoagulation at baseline and
identify individuals initiating anticoagulation during
follow-up, the cohort for the primary analysis was re-
stricted to those aged >65 years, for whom prescribing
data were available.

Echocardiography and Holter monitor data were
linked with provincial administrative databases
housed at ICES using unique encoded patient iden-
tifiers for the assessment of study outcomes. Data
from the Canadian Institute for Health Information
Discharge Abstract Database and the Ontario Health
Insurance Plan database, which capture univer-
sally available government-funded coverage for all
hospital services, physician visits, and diagnostic
tests, were used to document all hospitalizations
and physician encounters for primary and second-
ary outcomes, using the International Classification
of Diseases, Tenth Revision (ICD-10) (Table S1). Data
on out-of-hospital mortality were obtained from the
Ontario Registered Persons Database and data on
prescription medications (for those aged >65 years)
were obtained from the Ontario Drug Benefit Claims
database.

The data from this study are held securely in coded
form at ICES. Although data sharing agreements pro-
hibit ICES from making the data set publicly available,
access may be granted to those who meet pre-
specified criteria for confidential access, available at
http://www.ices.on.ca/DAS. The full data set creation
plan and underlying analytic code are available from
the authors on request, understanding that the pro-
grams may rely on coding templates or macros that
are unique to ICES. This study was approved by the
Research Ethics Board at Sunnybrook Health Sciences
Centre. ICES is a prescribed entity under section 45 of
Ontario’s Personal Health Information Protection Act.
Section 45 authorizes ICES to collect personal health
information, without consent, for the purpose of anal-
ysis or compiling statistical information with respect to
the management of, evaluation or monitoring of, the
allocation of resources to or planning for all or part of
the health system.

Study Exposures

Measures of atrial cardiopathy included left atrial
enlargement (LAE) and excessive atrial ectopy
(EAE), obtained from outpatient echocardiography
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and Holter monitor studies. LAE was measured as
antero-posterior linear left atrial diameter (mm) on
the baseline 2D echocardiogram, with moderate-to-
severe enlargement defined using sex-specific cut-
offs (=43 mm for women and =47 mm for men).'® EAE
was measured as frequency of atrial premature beats
per hour on the baseline Holter, with hourly atrial pre-
mature beats (APB) count categorized as: (1) normal
(0-30 beats/h) and (2) excessive (30+ beats/h), as
has previously been reported.'® To examine potential
cumulative effects of multiple markers of atrial car-
diopathy, a composite measure was also obtained
for individuals with both LAE and EAE, as defined
above.

Outcomes

The primary outcome was a hospital admission for
acute ischemic stroke, ascertained using a previously
validated administrative data algorithm for stroke (sen-
sitivity=86%; positive predictive value=90%)° (Table
S1). Secondary outcomes included a diagnosis of
incident AF, ascertained using a previously validated
administrative data algorithm for AF (sensitivity=79.3%;
positive predictive value=80.4%)°' and all-cause mor-
tality (Table S1).

Statistical Analysis

Descriptive statistics were used to characterize the
study cohort with respect to all demographic and
clinical variables, with Chi-square tests, one-way
ANOVA or t-tests used to compare means between
exposure categories. We generated 2- and 5-year ab-
solute person-time incidence rates (per 1000 person-
years) for ischemic stroke (primary) and incident AF
and death (secondary) associated with LAE, EAE,
and the composite of both LAE and EAE. Kaplan—
Meier curves were generated to estimate 5-year age
direct-adjusted survival for those with normal versus
mild and moderate-severe LAE and normal APB fre-
quency versus EAE. Cox proportional hazards re-
gression was used to estimate the 2- and 5-year
cause-specific hazard for primary (ischemic stroke)
and secondary outcomes (incident AF and death) for
each 10-mm increase in left atrial diameter or for an
increased frequency in APBs/hour (EAE: >30). Models
for stroke were adjusted for both death and incident
AF as a competing risk,?? while models for incident
AF were only adjusted for death as a competing risk.
All models were adjusted for demographic and clinical
comorbidities, including age, sex, prior history of hy-
pertension, diabetes mellitus, congestive heart failure
(CHF), ischemic stroke, myocardial infarction, left ven-
tricular hypertrophy, left ventricular mass index, sys-
tolic function, and medication status, including prior
(<1 year) use of antiplatelet, statin, or anti-hypertensive
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therapy. Initiation of oral anticoagulant therapy during
follow-up was entered as a time-varying covariate into
all statistical models. A sensitivity analysis was also
performed, entering LAE and EAE as an interaction
term to determine if there was an interaction between
these markers for the outcomes of stroke, incident AF
and death at 2 and 5 years.

We used information on traditional risk factors, in-
cluding age, sex, and history of CHF, hypertension,
stroke, transient ischemic attack, vascular disease,
and diabetes mellitus to predict stroke risk, indexed
by deriving individual CHA,DS,-VASc scores for the
full cohort (not restricted to individuals aged >65
years).”® We then generated C-statistics to esti-
mate 2- and 5-year stroke risk in this cohort using
the CHA,DS,-VASc alone and compared them to
C-statistics for CHA,DS,-VASc with the addition of
LAE as a continuous variable, EAE as a binary vari-
able and, where available, both LAE and EAE. Chi-
square testing was used to compare C-statistics for
the prediction of stroke risk. Integrated discrimination
improvement and net reclassification improvement
analyses,?* with bootstrapping to adjust for optimism
in the estimates of fit,%> were also performed to inde-
pendently evaluate the additional predictive utility of
LAE and EAE for stroke risk.?®

RESULTS

The cohort comprised a total of 32 454 community-
dwelling adults without documented AF: 19 265 with an
outpatient echocardiogram, and 13 189 with an outpa-
tient Holter. Demographic and clinical characteristics for
those in each exposure category for LAE and EAE are
presented in Table 1. Individuals with moderate-severe
LAE and EAE were significantly older than those with-
out, and had significantly more comorbidities, including
hypertension, CHF, and diabetes mellitus, had higher
values for left ventricular mass index, and had higher
median CHA,DS,-VASc scores (Table 1).
Kaplan—-Meier analyses estimating age direct-
adjusted 5-year survival showed that survival was
reduced for those with LAE, but not for those with
EAE (Figure). The absolute rates of ischemic stroke
were significantly greater among those with LAE as
compared with normal left atrial diameter at 5 years
(6.3, 95% ClI, 3.4-8.4 versus 2.3, 95% ClI, 2.0-2.8,
P=0.001), but not at 2 years (2.1, 95% CI, 0.8-5.7
versus 2.3, 95% ClI, 1.8-2.9, P=0.15) (Table 2). Those
with LAE had significantly increased rates of inci-
dent AF and death at both 2 and 5 years (Table 2).
Similarly, the absolute rates of ischemic stroke were
significantly higher for those with versus without EAE
at 5 years (6.9; 95% ClI, 4.6-7.6 versus 3.6; 95%
Cl, 3.1-4.3, P=0.003) but not at 2 years (5.5; 95%
Cl, 3.8-8.0 versus 3.9; 95% ClI, 3.1-4.9, P=0.12)
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(Table 2). EAE was also associated with significantly
increased rates of incident AF and death at 2 and
5 years (Table 2). Among those who had both echo-
cardiography and Holter (n=4688), the composite
exposure of moderate-severe LAE and EAE did not
significantly increase either the 2- or 5-year absolute
rates of ischemic stroke (P=0.26 and P=0.08, re-
spectively), but did appear to cumulatively increase
rates of incident AF (Table S2). As rates of the primary
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outcome did not differ for the composite exposure of
LAE and EAE, this composite exposure was not in-
cluded in the multivariate analysis.

Competing risks Cox proportional hazards analy-
ses indicated that, after adjustment for age, sex, hy-
pertension, diabetes mellitus, CHF, stroke, myocardial
infarction, left ventricular hypertrophy, left ventricular
mass index, left ventricular systolic function, baseline
medication status (antihypertensive, statin, antiplatelet),
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and adjusting for all-cause mortality and incident AF as
competing risks and time-varying adjustment for initia-
tion of anticoagulation during follow-up, each 10-mm
increase in left atrial diameter increased both the 2-
and 5-year adjusted cause-specific hazard of ischemic
stroke by almost 2-fold (2-year HR, 1.72; 95% CI, 1.16—
2.55, P=0.007; 5-year HR, 1.87; 95% CI, 1.41-2.49,
P<0.0001), while EAE (>30 APBs/h) showed no signifi-
cant associations with stroke risk at either 2 (HR, 1.00;
95% Cl, 0.60-1.67, P=0.99) or 5 years (HR, 1.08; 95%
Cl=0.73-1.59, P=0.71) (Table 3). A >2-fold increase in
the cause-specific hazard of incident AF was also ob-
served for both LAE and EAE at 2 and 5 years (Table 3).
Sensitivity analyses showed no significant interaction
between LAE and EAE for any of the models, even after
adjustment for age, sex, history of HTN, diabetes melli-
tus, CHF, myocardial infarction, ischemic heart disease,
left ventricular hypertrophy, and systolic function.

For community-dwelling adults (of any age) with
no documented AF referred for echocardiography
(=84 469), we estimated stroke risks at 2 and 5 years
based on traditional vascular risk factors using the
CHA,DS,-VASc score. The CHA,DS,-VASc scores
alone had moderate predictive utility, with C-statistics
of 0.71 for both 2- and 5-year stroke risks. However,
Chi-square comparisons showed that the addition
of LAE to the CHA,DS,-VASc scale significantly im-
proved the prediction of ischemic stroke in this co-
hort, with C-statistics increasing from 0.71 to 0.75 at
both 2 and 5 years, respectively (P<0.0001) (Table 4).
For community-dwelling adults (of any age) with no
documented AF referred for Holter (n=48 694), C-
statistics for the CHA,DS,-VASc score alone were 0.74
at both 2 and 5 years. Similarly, the inclusion of EAE
(>30 APBs/h) significantly improved the prediction of
ischemic stroke, increasing C-statistics from 0.74 to
0.75 at 2 years (P=0.010) and 0.74 to 0.76 at 5 years
(P=0.002) (Table 4). Notably, the greatest improvement
in CHA,DS,-VASc predictive utility was observed when
information for both LAE and EAE was included, with
C-statistics for community-dwelling adults (of any age)
with no documented AF who had both echocardiogram
and Holter data (h=20 335) increasing from 0.68 to 0.75
(P=0.008) at 2 years and from 0.70 to 0.76 (P=0.003) at
5 years (Table 4). Consistent with these findings, values
for the relative integrated discrimination improvement
and category-free net reclassification improvement all
showed that the addition of LAE and EAE significantly
improved model prediction for the outcome of ischemic
stroke at both 2 and 5 years (Table 5).

DISCUSSION

This study demonstrated that left atrial enlargement
(LAE), a marker of atrial cardiopathy, was associated
with an increased risk of ischemic stroke at 2 and
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Table 3. Two- and Five-Year Adjusted Cause-Specific Hazard of Ischemic Stroke (Primary) and Incident AF (Secondary)
Associated With Each 10-mm Increase in LAE and With >30 APBs/h (EAE)

Model 1: LA Diameter Model 2: Atrial Ectopy
(Per 10 mm Increase) (<80 vs >30 APBs/h)
Adjusted HR With Adjusted HR With
Adjusted HR* Selection® Adjusted HR* Selection®
Outcomes (95% Cl) (95% Cl) (95% Cl) (95% Cl)
2y
Primary
Ischemic stroke ‘ 1.33 (0.87-2.04) ‘ 1.72 (116-2.55) ‘ 1,00 (0.60-1.67) ‘
Secondary
Incident AF | 2.34 (2.07-2.65) | 2.36 (2.10-2.65) | 255@27280) | 254 (2.27-2.85)
S5y
Primary
Ischemic stroke | 157 (146-2.13) | 1.87 (1.41-2.49) | 1,08 (0.73-1.59) |
Secondary
Incident AF ‘ 2.04 (2.03-2.49) ‘ 2,24 (2.04-2.47) ‘ 239 (2.16-2.64) ‘ 238 (2.15-2.63)

AF indicates atrial fibrillation; APBs, atrial premature beats; EAE, excessive atrial ectopy; HR, hazard ratio; LA, left atrial ; and LAE, left atrial enlargement.
Competing risks Cox proportional hazards regression: all-cause mortality, incident AF (for stroke outcome only); time-varying covariate: follow-up

anticoagulation.

*Adjusted for age, sex, prior medical history hypertension, diabetes mellitus, CHF, ischemic stroke, myocardial infarction, left ventricular hypertrophy, systolic

function, and baseline medication status (antihypertensive, statin, antiplatelet).

TAdjusted for parsimonious predictors only.

5 years in community dwelling adults without known
AF or incident AF or initiation of anticoagulation dur-
ing follow-up. Individuals with moderate-severe LAE
showed significantly higher absolute rates of ischemic
stroke at 5 years and incident AF and death at both
2 and 5 years. Moderate-severe LAE without docu-
mented AF also reduced survival and increased stroke
risk by almost 2-fold at both 2 and 5 years. While indi-
viduals with excessive atrial ectopy (EAE) also showed
significantly higher rates of ischemic stroke at 5 years,
and incident AF and death at both 2 and 5 years, after
accounting for all-cause mortality and incident AF as
competing risks, EAE did not significantly reduce sur-
vival or increase the cause-specific hazard of ischemic
stroke in the present cohort. This study also provides
novel evidence that the addition of LAE and EAE to
the traditional vascular risk factors captured in the
CHA,DS,-VASc score, both independently and cumu-
latively improved the prediction of stroke risk at 2 and
5 years.

This study adds to prior population-based findings
of associations between multiple markers of atrial car-
diopathy, including left atrial size or frequent APBs and
incident stroke independent of AR Seminal studies
from the Framingham?” and Olmsted County cohorts?®
showed that left atrial size was a significant predictor of
stroke in both men and women after adjustment for AF?
and that, in those without documented AF at baseline,
left atrial volume was independently associated with
a composite outcome of major cardiovascular events,
including stroke.?® However, others reported that this
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relationship was attenuated with adjustment for left
ventricular function® or present only for women.303!
In more recent analyses, enlarged left atrial diameter
was shown to increase ischemic stroke risk by 54% in
a large cohort of elderly hypertensive adults, although
this study also did not explicitly exclude those with
known AF at baseline®® and a recent systematic review
of nine cohorts analyzing 67 875 participants and 3093
stroke outcomes confirmed that LAE was significantly
associated with increased stroke risk in patients in
sinus rhythm across studies.'” The Copenhagen Holter
Study cohort reported associations between EAE (>30
premature atrial contractions) and stroke risk beyond
manifest AF,'®3% although others have only demon-
strated this association in those with >97 premature
atrial contractions/h,3* or not at all.®®

Findings from the present study are consistent with
prior work showing significant increases in ischemic
stroke risk for those with moderate-severe LAE, but
not for EAE, indicating that, in this cohort, LAE was the
strongest marker of stroke risk. Importantly, the pres-
ent study extends prior findings in several ways. In this
large population-based cohort of >30 000 community-
dwelling adults, we used multiple criteria to ensure the
careful exclusion of individuals with AF at baseline, in-
cluding a history of documented AF, anticoagulation
use, pacemaker, implantable cardioverter defibrillator,
implantable loop recorder, and prosthetic heart valves
and explicitly censored for incident AF as a competing
risk and adjusted for initiation of anticoagulation during
follow-up, providing robust evidence to support that
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Table 4. C-Statistics for the Prediction of Ischemic Stroke at 2 and 5 Years Using CHA,DS,-VASc Score Alone and
CHA,DS,-VASc With Inclusion of Left Atrial Diameter (mm), EAE (Atrial Premature Beats >30) and Both

Cohort Outcome Prediction Rule C-Statistic X2 P Value
Adults with no known AF referred for Ischemic stroke (2 y) CHA,DS,-VASc 0.68
echocardiography (=84 469) CHA,DS, VASC+LA 0.74 4.69 0.03*
diameter (mm)
Ischemic stroke (5'y) CHA,DS,-VASc 0.70
CHA,DS,-VASC+LA 0.74 6.80 0.009*
diameter (mm)
Adults with no known AF referred for Holter Ischemic stroke (2 ) CHA,DS,-VASc 0.68
(n=48 838) CHA,DS, VASC+EAE 0.70 0.87 0.35
(>30 APBs/h)
Ischemic stroke (5'y) CHA,DS,-VASc 0.70
CHA,DS,-VASc+EAE 0.73 3.17 0.07
(>30 APBs/h)
Adults with no known AF referred for both Ischemic stroke (2 y) CHA,DS,-VASc 0.68
echocardiography and Holter (n=20 370) CHA,DS, VASC+LA 0.75 708 0.008*
diameter (mm)+EAE
(>30 APBs/h)
Ischemic stroke (5'y) CHADS-VASC 0.70
CHA,DS,-VASc+LA 0.76 8.65 0.003*
diameter (mm)+EAE
(>30 APBs/h)

P values for the Chi-square change in log-likelihood associated with the addition of the variable. AF indicates atrial fibrillation; APB; atrial premature beats;

EAE, excessive atrial ectopy; and LA, left atrial.

LAE significantly increases stroke risk in the absence
of any evidence for known or incident AF. The present
study was also unique in integrating data from Holter
monitor studies to assess the independent and poten-
tial cumulative effects of EAE for stroke risk and exam-
ining the incremental predictive utility of these markers
for stroke risk assessment beyond traditional vascu-
lar risk factors captured by the CHA,DS,-VASCc score.
Although, similar to prior studies,®® we showed no
association between EAE and stroke risk after adjust-
ment for covariates and the onset of incident AF, the
present analyses provide new evidence that both LAE
and EAE confer additional predictive value for stroke
risk compared with the CHA,DS,-VASc score.
Findings of the present study are consistent with in-
creasing evidence for a new mechanistic model of AF
and stroke.®® Although the prevailing view has been that
increased thromboembolic risk in AF is related primarily
to the dysrhythmia, several recent findings have been
incongruent with this model, including evidence that
maintaining sinus rhythm with rhythm control therapy
does not eliminate the risk of stroke,” and the lack of a
close temporal association between AF episodes and
stroke.""”> These data have prompted a reconsideration
of the mechanisms underlying stroke in AF and the pro-
posal of new model, which considers both the atrial
substrate and the dysrhythmia (ie, the overall atrial car-
diopathy) in thrombogenesis.®® In this model, while AF
may increase thromboembolic risk, it is not a necessary
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criterion for stroke to occur, and an abnormal atrial sub-
strate may result in thromboembolism independent of
AF. This model highlights the complex bidirectional rela-
tionship between atrial cardiopathy, AF and outcomes,®8
as evidenced by the low observed stroke rates in a re-
cent clinical trial for those on active rhythm therapy,®®
and the lack of effectiveness of anticoagulation therapy
in recent trials in patients with embolic stroke of unde-
termined source.*® Results from the present study are
consistent with this model, as both LAE and EAE were
associated with the development of AF, but only the
marker of the abnormal atrial substrate (eg LAE) signifi-
cantly increased stroke risk in those with no known AF.
The CHADS, and CHA,DS,-VASc scores are rou-
tinely used to assess stroke risk and determine OAC
treatment indications in the setting of AF, with the
CHA,DS,-VASc replacing the CHADS, score in recent
European and American guidelines.®4" However, for
patients with a diagnosis of clinical AF, a recent meta-
analysis of these scores reported only moderate pre-
dictive utility for stroke risk stratification, with pooled
median C-statistics in non-anticoagulated patients of
0.68 and 0.67 for the CHADS, and CHA,DS,-VASc,
respectively.*? Although the CHA,DS,-VASc performs
better in identifying low risk patients with AF than the
CHADS,,* it also classifies a higher proportion from
the CHADS, intermediate risk category as high-risk.*?
However, similar to the CHADS,, the CHA,DS,-VASC
incompletely captures stroke risk and those remaining
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Adults with no known AF referred for Holter

(n
Adults with no known AF referred for both

Adults with no known AF referred for
echocardiography and Holter (n

echocardiography (n

Cohort

Table 5.
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in the intermediate risk category may have a heteroge-
neous risk and uncertain treatment course. There is
thus a recognized need to enhance current risk strati-
fication tools to better identify those who might benefit
from treatment with OAC, with recent reviews indicat-
ing that the use of novel parameters might improve
stroke risk prediction and guide treatment decision-
making.*® Risk stratification among patients with LAE
may help identify patients who could benefit from
OAC in the absence of AF,'” along with other potential
markers, such as NTpro-BNP (N-terminal pro-B-type
natriuretic peptide), which have been shown to signifi-
cantly improve stroke prediction.** The present study
provides novel evidence that both echocardiographic
measures of LAE and Holter measures of EAE inde-
pendently improved the utility of the CHA,DS,-VASc
score for 2- and 5-year stroke risk prediction. Despite
EAE showing no associations with stroke risk in the
model adjusted for death and incident AF as compet-
ing risks and follow-up anticoagulation, the inclusion
of both LAE and EAE as markers of atrial cardiopa-
thy offered the greatest predictive improvement for the
CHA,DS,-VASc score in individuals with no known AF.

Results of this study have potential implications for
the identification of target candidates for AF screen-
ing and prevention trials testing new indications for
OAC. Although the screening for atrial fibrillation in the
elderly (SAFE)* and other recent screening clinical*®
trials showed increased detection of new AF cases
with screening (opportunistic pulse screening with fol-
low-up ECG or systematic ECG screening in SAFE and
intermittent ECG screening in other trials*®) versus no
screening, the optimal strategy for AF screening re-
mains controversial. Recent recommendations from
the US Preventive Service Task Force indicate that
there is insufficient evidence to assess the benefits and
harms of ECG screening for AF in asymptomatic older
adults*” and recent cost-effectiveness analyses in both
the UK and Canadian settings have identified opportu-
nistic screening with pulse palpation as the most cost-
effective strategy.*®4° Results of this study indicate that
LAE may be an important selection criterion for screen-
ing, with those with moderate-severe LAE in the ab-
sence of AF representing a higher-risk target group for
screening for AF detection. In addition, given increasing
evidence for associations between LAE and increased
stroke risk independent of AF, LAE also represents a
potential therapeutic target for anticoagulant treatment
for stroke prevention before the onset of AF. Ongoing
trials, such as the ARCADIA (Atrial Cardiopathy and
Antithrombotic Drugs In Prevention After Cryptogenic
Stroke) and EAST (Early Treatment of Atrial Fibrillation
for Stroke Prevention Trial) trials will provide insight into
this question for individuals with cryptogenic embolic
stroke and atrial cardiopathy.5%5" In a subgroup of pa-
tients from the NAVIGATE ESUS (Secondary Prevention
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of Stroke and Prevention of Systemic Embolism in
Patients With Recent Embolic Stroke of Undetermined
Source) trial who had significant left atrial enlargement,
anticoagulation with rivaroxaban was associated with
a significant reduction in the risk of recurrent strokes
as compared with aspirin treatment.®? Additional tri-
als testing the efficacy of screening and anticoagulant
therapy in individuals with markers of atrial cardiopathy
is required.

This study has several limitations. Although the
American Society of Echocardiography’s Guidelines
and Standards Committee and the Chamber
Quantification Writing Group indicate that linear dimen-
sions of the left atrium as the sole measure of left atrial
size may be misleading and should be accompanied
by left atrial volume determination in both clinical prac-
tice and research'® and others have shown volumetric
measures of LAE to be more accurate than diameter,53
only 2D measures of left atrial size were available for
the present analysis. In addition, given described chal-
lenges for the detection of AF in many patients,”® it
is possible that the present study was subject to the
under-ascertainment of incident AF cases. As the pres-
ent findings accounted for incident AF as a competing
risk, these data likely represent a more conservative
estimate of the association between left atrial cardi-
opathy and stroke risk. Further, the present cohort of
community-dwelling adults represented a relatively low
or moderate-risk population and reasons for referral for
cardiac testing were not available in the current data
set. Consequently, the present cohort may have been
limited in the accrual of stroke events over the follow-up
period and subject to variation in indication for testing.

CONCLUSIONS

Left atrial enlargement and excessive atrial ectopy,
both markers of atrial cardiopathy, significantly improve
the stroke risk prediction obtained using the CHA,DS,,-
VASc risk score. This finding has implications for stroke
risk stratification, AF screening, and the development
of anticoagulation trials for stroke prevention before
the onset of clinical AF. Future work would benefit from
the precise estimate of this association with volumetric
data, as acknowledged in our limitations section.
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Table S1. Coding and criteria for outcome assessment.

Variable Database(s) ICD-10 Code(s) or Algorithm Diagnosis Type
Stroke CIHI-DAD 160, 161, 164, H341 Primary or
most

responsible

Atrial Fibrillation CIHI-DAD, 1 HOSP admission (ICD-10: 148) Primary or
NACRS, ODB, OR most

OHIP 1 NACRS visit (1-480) responsible

OR (for HOSP

1 rhythm control medication codes)

(Amiodarone HCL, Fecainde Acetate,
Propafenone HCL, Sotalol HCL)

OR

1 Anticoagulation medication
(Warfarin Sodium) + 1 OHIP visit
(G45)

OR

1 Cardioversion procedure (Z437) + 1
OHIP visit (G45)

Death RPDB Date of death N/A

ICD-10=International Classification of Diseases, Version 10; CIHI-DAD=Canadian Institute for Health Information
Discharge Abstract Database; NACRS=National Ambulatory Care Reporting System; ODB=Ontario Drug Benefit
Claims database; OHIP=Ontario Health Insurance Plan database; RPDB=Ontario Registered Persons Database



Table S2. Two and five year absolute person-time incidence rates (per 1000 person years) of

ischemic stroke (primary outcome), incident AF and death (secondary outcomes) for those

with both moderate-severe LAE and excessive atrial ectopy (EAE) (N=232) compared to

normal left atrial diameter and normal ectopic frequency (N=4456); p-value for rate

difference.
Left Atrial Enlargement and Atrial Ectopy Composite
Outcomes Normal LAE+EAE  p-value

2 YEAR RATE
Ischemic Stroke

Rate in 1000 PY (95%Cl) 1.8 (1.1-2.9) 4.5(1.1-18.1)

Total event counts 15 <5

Total PY 8552.01 442.87

Mean follow-up PY 1.92 1.91

Median follow-up PY 2.00 2.00 0.26
Incident AF

Rate in 1000 PY (95%Cl) 41.6 (37.4-46.3) 144.4 (110.3-189.0)

Total event counts 336 53

Total PY 8072.02 367.13

Mean follow-up PY 1.81 1.58

Median follow-up PY 2.00 2.00 <.0001
Death

Rate in 1000 PY (95%Cl) 7.7 (6.1-9.8) 22.5(12.1-41.8)

Total event counts 66 10

Total PY 8562.64 445.02

Mean follow-up PY 1.92 1.92

Median follow-up PY 2.00 2.00 .006
5 YEAR RATE
Ischemic Stroke

Rate in 1000 PY (95%Cl) 2.1(1.5-2.9) 5.6 (2.3-13.5)

Total event counts 36 <5

Total PY 17246.03 891.98

Mean follow-up PY 3.87 3.84

Median follow-up PY 4.54 4.65 0.08
Incident AF

Rate in 1000 PY (95%Cl) 29.0 (26.5-31.8) 106.5 (84.7-134.0)

Total event counts 461 73

Total PY 15901.77 685.37

Mean follow-up PY 3.57 2.95

Median follow-up PY 4.10 3.05 <.0001




Death

Rate in 1000 PY (95%Cl) 10.3 (8.9-12.0) 17.8 (10.9-29.1)
Total event counts 179 16
Total PY 17300.34 899.03
Mean follow-up PY 3.88 3.88

Median follow-up PY 4.56 4.75 0.05




