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ABSTRACT
Objectives To determine the accuracy of CHADS2 and
CHA2DS2-VASc tools for predicting ischaemic stroke or
transient ischaemic attack (TIA) and death in patients
without a history of atrial fibrillation or flutter (AF).
Methods The study included 20 970 patients without
known AF enrolled in the Alberta Provincial Project for
Outcomes Assessment in Coronary Heart disease
(APPROACH) prospective registry who were discharged
after an acute coronary syndrome (ACS) between 2005
and 2011. The outcome measures were incident
ischaemic stroke, TIA or death from any cause.
Results Over a median follow-up of 4.1 years, 453
patients (2.2%) had a stroke (n=297) or TIA (n=156)
and 1903 (9.0%) died. The incidence of stroke or TIA
increased with increases in each risk score (p<0.001),
with an absolute annual incidence ≥1% with CHADS2
≥3 or CHA2DS2-VASc ≥4. Both CHADS2 and CHA2DS2-
VASc scores had acceptable discrimination performance
(C-statistic=0.68 and 0.71, respectively). The mortality
rate was also greater in patients with higher CHADS2
and CHA2DS2-VASc scores (p<0.0001).
Conclusions In patients with ACS but no AF, the
CHADS2 and CHA2DS2-VASc scores predict ischaemic
stroke/TIA events with similar accuracy to that observed
in historical populations with non-valvular AF, but with
lower absolute event rates. Further study of the utility of
the CHADS2 and CHA2DS2-VASc scores for the
assessment of thromboembolic risk and selection of
antithrombotic therapy in patients without AF is
warranted.

INTRODUCTION
Each year, nearly 800 000 people in the USA have
a stroke—one every 40 s.1 Stroke leads to direct
and indirect costs in the USA of over $38 billion
and is the fourth leading cause of death.1

Approximately 15% of all strokes are attributed to
non-valvular atrial fibrillation or atrial flutter (AF).2

In such patients, CHADS2 and CHA2DS2-VASc
have emerged as the dominant prediction tools to
estimate a patient’s risk of stroke or systemic
thromboembolism.3 4

CHADS2 (congestive heart failure, hypertension,
age ≥75 years, diabetes mellitus, previous stroke/
TIA (transient ischaemic attack) (double score)) and
CHA2DS2-VASc (congestive heart failure, hyperten-
sion, age ≥75 years (double score), diabetes melli-
tus, previous stroke/TIA (double score), vascular
disease, age 65–74 years, sex class (female))4 have
been validated in an independent patient popula-
tion of 90 490 patients with AF not treated with

oral anticoagulants.5 Although the predictive values
of CHADS2 and CHA2DS2-VASc scores for ischae-
mic stroke were modest (c-statistics 0.66 and 0.67,
respectively), there was a clear increase in annual
risk with increasing scores using either predictive
tool. Recently, CHADS2 and CHA2DS2-VASc clin-
ical tools have been reported to have predictive
capacity for outcomes in patients without known
AF, including the risk of death after stroke,6 the
risk of new onset AF,7 the risks of stroke or death
after coronary artery bypass grafting,8 9 the risk of
stroke in unselected patients,10 the risk of stroke in
patients with stable coronary artery disease11 and
the risk of stroke after an acute coronary syndrome
(ACS).12

The purposes of the present study were to
further evaluate the utility of the CHADS2 and
CHA2DS2-VASc clinical tools for the prediction of
stroke, TIA, death and their composites in a very
large, well-characterised population of patients dis-
charged after an ACS. This analysis also permits an
indirect assessment of the risk of stroke independ-
ently conferred by AF in this patient population.

METHODS
Study population and data sources
In the province of Alberta, Canada, all cardiac care is
coordinated by a single organisation (Alberta Health
Services), divided into five regional zones. Using its
administrative Discharge Abstract Database, we iden-
tified all patients discharged alive from acute care
hospitals in the Southern and Calgary zones (2011
population: 1.7 million) with a primary diagnosis of
ACS between 1 April 2005 and 31 March 2011. ACS
was defined using International Classification of
Diseases (ICD) 10 codes for acute myocardial infarc-
tion and unstable angina. To enhance clinical detail
and minimise missing data, this database was linked
with the Alberta Provincial Project for Outcomes
Assessment in Coronary Heart Disease
(APPROACH) database.13 APPROACH is a prospect-
ive registry capturing clinical data on all patients
undergoing cardiac catheterisation or revascularisa-
tion in Alberta. The University of Calgary Health
Research Ethics Board approved APPROACH data
collection, including the waiver of individual consent
for enrolment and linkages with secondary sources.

Case definitions
Baseline characteristics and elements of the CHADS2
and CHA2DS2-VASc scores during the index hospital-
isation were obtained from the APPROACH database
and were merged with administrative data.13 All 25
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primary and secondary hospital discharge diagnostic codes were
scanned to evaluate risk factor status. Congestive heart failure was
considered present for patients with a history of heart failure or a
measured left ventricular ejection fraction <0.35.

Timing and diagnoses of subsequent hospitalisations up to 31
March 2012 were determined using ICD10 codes. The
follow-up outcomes were death or a subsequent discharge diag-
nosis of ischaemic stroke or TIA. Data on mortality were pro-
vided by linkage with Alberta Vital Statistics. Stroke was defined
by ICD-10 codes I63.x and I64.x excluding I63.6 and TIA was
defined by ICD-10 codes of G45.x excluding G45.4. We previ-
ously validated the sensitivity and specificity of ICD-10 codes
for stroke diagnosis and for stroke risk factors against chart
review.14 AF was identified using ICD-10 codes I48.x and I97.

Statistical analysis
The distributions of CHADS2 and CHA2DS2-VASc scores and
their individual components were compared between those with
and without AF at index discharge using the χ2 test. In those
without AF, the annual incidence of ischaemic stroke, TIA and
death, as well as their composites, were calculated for each risk

score. Logistic regression modelling was used to determine
stratum-specific ORs and the predictive accuracy of the CHADS2
and CHA2DS2-VASc scores using receiver operating characteristic
(ROC) analysis. For survival analysis, risk scores were dichoto-
mised using a threshold that identified a cohort with an absolute
annual risk of stroke or TIA ≥1%, which would trigger consider-
ation of anticoagulant therapy in patients with AF. Associated HRs
were calculated using Cox models, after verifying the proportional
hazards assumption with Schoenfeld residuals. Two-sided p values
<0.05 identified statistical significance. All analyses were per-
formed with SAS V.9.2 (Cary, North Carolina, USA).

RESULTS
Between 1 April 2005 and 31 March 2011, 40936 patients
were discharged alive after admission with a primary diagnosis
of ACS. The study cohort consisted of 23 042 of these patients
(56.3%) for whom linkage with the APPROACH registry was
possible. Table 1 compares the baseline characteristics and
CHADS2 and CHA2DS2-VASc scores of those with (n=2072,
9.0%) and those without (n=20970, 91.0%) a diagnosis of AF
at baseline. Patients without AF were younger, were more likely

Table 1 Baseline characteristics and stroke risk scores

Total population (n=23 042) No atrial fibrillation (n=20 970) Atrial fibrillation (n=2072) p Value*

Mean age (SD) 62.5 (12.0) 61.7 (12.2) 70.8 (10.4) <0.001
Age ≥75 4234 (18.4%) 3427 (16.3%) 807 (39.0%) <0.001
Age 65–74 5310 (33.4%) 4618 (22.0%) 692 (33.4%) <0.001
Female 6470 (28.1%) 5836 (27.8%) 634 (30.6%) 0.008
Congestive heart failure 2994 (13.0%) 2246 (10.7%) 748 (36.1%) <0.001
Hypertension 16 090 (69.8%) 14 412 (68.7%) 1678 (81.0%) <0.001
Diabetes mellitus 5575 (24.2%) 4943 (23.6%) 632 (30.5%) <0.001
Previous stroke or TIA 237 (1.0%) 176 (0.8%) 61 (2.9%) <0.001
ACS type <0.001

STEMI 8075 (37.8%) 7494 (38.4%) 581 (32.0%)
NSTEMI 8128 (38.1%) 7369 (37.7%) 759 (41.8%)
Unstable angina 5146 (24.1%) 4669 (23.9%) 477 (26.3%)

PCI during index admission 13 726 (59.6%) 12 999 (62.0%) 727 (35.1%) <0.001
CABG during index admission 2980 (12.9%) 2213 (10.6%) 767 (37.0%) <0.001
LVEF <0.001

<50% 11 772 (51.1%) 11 016 (52.5%) 756 (36.4%)
35–50% 4701 (20.4%) 4229 (20.2%) 472 (22.8%)
LVEF <0.35 1104 (4.8%) 896 (4.3%) 208 (10.0%)
Not done or missing 5465 (23.7%) 4829 (23.1%) 636 (30.7%)

Any antiplatelet therapy 21 283 (92.4%) 19 398 (92.5%) 1885 (91.0%) 0.01
New AF in follow-up __ 947 (4.5%) __ __
CHADS2 score

0 5123 (22.3%) 4981 (23.8%) 142 (6.9%) <0.001
1 9509 (41.3%) 8891 (42.4%) 618 (29.8%)
2 5923 (25.7%) 5172 (24.7%) 751 (36.3%)
3 2009 (8.7%) 1604 (7.7%) 405 (19.6%)
≥4 478 (2.1%) 322 (1.5%) 156 (7.5%)

CHA2DS2-VASc score*
1 3370 (14.6%) 3300 (15.7%) 70 (3.4%) <0.001
2 6573 (28.5%) 6300 (30.0%) 273 (13.2%)
3 5495 (23.9%) 5033 (24.0%) 462 (22.3%)
4 4027 (17.5%) 3494 (16.7%) 533 (25.7%)
5 2420 (10.5%) 1993 (9.5%) 427 (20.6%)
≥6 1157 (5.0%) 850 (4.1%) 307 (14.8%)

*All patients had diagnosed coronary artery disease, so the minimum CHA2DS2-VASc score was 1.
ACS, acute coronary syndrome; AF, atrial fibrillation or flutter; CABG, coronary artery bypass grafting; NSTEMI, non-ST elevation myocardial infarction; PCI, percutaneous coronary
intervention; STEMI, ST elevation myocardial infarction; TIA, transient ischaemic attack.
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to be male and had a lower prevalence of each of the compo-
nents of the CHADS2 and CHA2DS2-VASc scores with the
exception of vascular disease, which, by virtue of the selection
criteria, was present in all patients. Consequently, the CHADS2
and CHA2DS2-VASc scores were significantly lower in those
without known AF (χ2 p<0.0001).

Over a median follow-up of 4.1 years, 297 (1.4%) and 453
(2.2%) patients without baseline AF had a subsequent hospital
discharge diagnosis of stroke and stroke or TIA, respectively, and
1903 (9.1%) patients died. A total of 947 (4.5%) patients had a
subsequent hospital discharge diagnosis of AF. Table 2

summarises the associations between CHADS2 and
CHA2DS2-VASc scores and incident ischaemic stroke, TIA and
death from any cause for patients without AF at baseline. Each
component of the prediction rules, except for age 65–74 years,
was significantly associated with outcomes on univariable ana-
lysis. The strongest predictors of incident stroke were a prior
history of stroke or TIA: OR 4.82, 95% CI 2.59 to 8.97 and age
≥75: OR 3.45, 95% CI 2.72 to 4.37. Stepwise increases in the
annual incidence of ischaemic stroke, stroke or TIA, and stroke,
TIA or death were observed with each increment in both
CHADS2 and CHA2DS2-VASc scores (figure 1). The sensitivity

Table 2 Stroke, TIA and death in those without atrial fibrillation at discharge

Stroke TIA Death

Annual
incidence (%) OR (95% CI)

Annual
incidence (%) OR (95% CI)

Annual
incidence (%) OR (95% CI)

Total events 297 – 156 1903
Individual predictors
Age ≥75 0.85 3.45 (2.72 to 4.37) 0.54 4.82 (3.52 to 6.62) 6.79 4.86 (4.40 to 5.36)
Age 65–74 0.39 1.17 (0.89 to 1.52) 0.19 1.06 (0.73 to 1.55) 2.99 1.44 (1.30 to 1.60)

Female sex 0.45 1.49 (1.17 to 1.89) 0.27 1.81 (1.32 to 2.50) 3.03 1.49 (1.35 to 1.64)
Congestive heart
failure

0.58 1.93 (1.44 to 2.60) 0.33 2.08 (1.40 to 3.09) 7.96 5.41 (4.86 to 6.03)

Hypertension 0.41 1.87 (1.40 to 2.50) 0.23 2.94 (1.86 to 4.66) 2.78 1.92 (1.71 to 2.16)
Diabetes mellitus 0.49 1.60 (1.25 to 2.05) 0.33 2.33 (1.70 to 3.21) 3.90 2.16 (1.95 to 2.38)
Prior stroke or TIA 1.54 4.82 (2.59 to 8.97) 0.97 5.74 (2.65 to 12.4) 3.51 1.59 (1.03 to 2.45)
Antiplatelet therapy 0.34 0.77 (0.52 to 1.14) 0.18 0.66 (0.40 to 1.10) 2.35 0.99 (0.83 to 1.18)

CHADS2 score
0 (reference) 0.15 1.00 0.03 1.00 0.76 1.00

1 0.29 1.81 (1.18 to 2.77) 0.11 3.21 (1.44 to 7.17) 1.37 1.84 (1.53 to 2.22)
2 0.55 3.84 (2.53 to 5.83) 0.31 8.90 (4.08 to 19.45) 3.52 4.98 (4.15 to 5.97)
≥3 0.94 6.38 (4.09 to 9.94) 0.57 17.00 (7.65 to 37.8) 8.97 14.25 (11.79 to 17.23)

CHA2DS2-VASc score
1 (reference) 0.11 1.00 0.04 1.00 0.48 1.00
2 0.18 1.54 (0.86 to 2.7) 0.04 0.94 (0.32 to 2.82) 0.92 1.97 (1.48 to 2.62)
3 0.36 2.78 (1.58 to 4.88) 0.20 5.41 (2.14 to 13.70) 1.79 3.94 (3.00 to 5.18)
≥4 0.73 6.15 (3.62 to 10.43) 0.39 10.67 (4.34 to 26.2) 5.43 12.95 (9.99 to 16.77)

TIA, transient ischaemic attack.

Figure 1 Graded increase in risk of
stroke, transient ischaemic attack (TIA)
and death by CHADS2 and
CHA2DS2-VASc scores. Incidence of
ischaemic stroke, TIA or stroke and
stroke, TIA or death stratified by, in
patients without a baseline history of
atrial fibrillation. Non-parametric trend
p<0.001 for each grouping.
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and specificity of the scores, at each risk level, for prediction of
stroke or TIA are presented in online supplementary table
1. When integrated, these data demonstrate that CHADS2 and
CHA2DS2-VASc scores provide similar, moderate discriminatory
performance using ROC analysis (figure 2). The C-statistic for
prediction of incident ischaemic stroke or TIAwas 0.68 (95% CI
0.66 to 0.71) for CHADS2 and 0.71 (95% CI 0.68 to 0.73) for
CHA2DS2-VASc in those without baseline AF. The C-statistics
were 0.58 for each score in patients with baseline AF. A CHADS2
score of ≥3 or a CHA2DS2-VASc score of ≥4 identified patients
with an absolute annual incidence of ischaemic stroke or TIA of
≥1%. For each prediction tool, higher scores were associated
with increased risk of ischaemic stroke or TIA (figure 3) and with
increased risk of the composite endpoint of ischaemic stroke,
TIA or death from any cause (see online supplementary figure 1).

CHADS2 and CHA2DS2-VASc scores also predicted subse-
quent hospital discharge with a diagnosis of AF in those without
pre-existing AF (see online supplementary table 2). The annual
incidence of AF increased in a stepwise fashion and reached
3.85% in patients with CHADS2 ≥3 and 2.52% in those with
CHA2DS2-VASc ≥4. Each score had reasonable discrimination

performance for prediction of incident AF (C-statistic=0.71 for
each score). To determine whether the associations between
CHADS2 and CHA2DS2-VASc scores and stroke or TIA were
mediated by incident AF, all analyses were repeated after exclu-
sion of patients who developed AF during follow-up (data not
shown) and in models in which incident AF was added as a cov-
ariate with the risk scores (see online supplementary table 3).
No significant differences in effect estimates or their interpreta-
tions were noted in either analysis.

The group with no risk factors for stroke according to
CHADS2 (N=4981) had an annual risk of ischaemic stroke of
0.15%, and the patient group with no risk factors for stroke
other than vascular disease according to CHA2DS2-VASc
(N=3300) had an annual risk of ischaemic stroke of 0.11%. In
the independent validation of the CHADS2 and CHA2DS2-VASc
tools in patients with non-valvular AF not treated with vitamin
K antagonists, the annual risks of ischaemic stroke were 0.6%
for AF patients with CHADS2 scores of 0 and 0.6% for AF
patients with CHA2DS2-VASc scores of 1.6 These results suggest
that the contemporary risk of ischaemic stroke independently
imparted by a history of AF is between fourfold (0.6%/0.15%)
and sixfold (0.6%/0.11%).

DISCUSSION
This analysis demonstrates that the CHADS2 and
CHA2DS2-VASc prediction tools used to assess the risk of
thromboembolic events in patients with non-valvular AF have
similar utility in survivors of ACS without known AF. Increasing
scores using either tool identified increasing risks of ischaemic
stroke, of TIA, of death and of their composites. Nevertheless,
the absolute ischaemic stroke rate in this non-AF patient cohort
was lower than that reported in patients with AF, supporting the
contention that AF is an independent risk factor for ischaemic
stroke (increasing the annual risk fourfold to sixfold). An annual
rate of stroke or TIA of >1%, often used to identify patients
with AF in whom the benefits of long-term oral anticoagulation
may outweigh the risks of bleeding, was observed in non-AF
patients only when the CHADS2 score was ≥3 or the
CHA2DS2-VASc score was ≥4. Each clinical prediction tool had
moderate discriminatory capacity (C-statistics of 0.68 for
CHADS2 and 0.71 for CHA2DS2-VASc) similar to those
reported in validations of these tools in patients with non-
valvular AF.6 15 Both CHADS2 and CHA2DS2-VASc scores also
predicted incident AF. Patients with higher risk scores also had
higher annual incidences of death, mostly unrelated to ischaemic
stroke.

These findings are congruent with those of recent reports of
small patient populations without AF. Welles et al11 reported
the utility of the CHADS2 score in 916 patients with stable cor-
onary artery disease but no history of AF. The risk of ischaemic
stroke or TIA increased with higher CHADS2 scores, with a
C-statistic of 0.65, and clinically relevant event rates emerged
with CHADS2 scores ≥4. Poçi et al12 reported the utility of the
CHADS2 score in 2327 ACS survivors with or without AF.
Increasing CHADS2 scores predicted mortality in all patients
but, as in our experience, predicted stroke only in patients
without AF. Similar observations have been reported in other
patient groups without AF, including after coronary artery
bypass surgery,8 9 after a first stroke/TIA,6 16 with left ventricu-
lar non-compaction,17 and in a population-based study from
China.10 The present report adds to this evolving literature by
validating previous findings and by refining their point estimates
in the largest cohort to date. The smaller sample sizes of prior
reports evaluating stroke and TIA mandated analyses by groups

Figure 2 Discrimination performance of CHADS2 and CHA2DS2-VASc
scores for prediction of stroke or transient ischaemic attack (TIA).
Receiver operator characteristic curves for the performance of CHADS2
(A) and CHA2DS2-VASc (B) scores in predicting incident stroke or TIA.
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of CHADS2 and CHA2DS2-VASc scores (low, intermediate and
high risk). The larger sample of this study allows analysis by
individual scores in a stepwise fashion and permits determin-
ation of threshold scores for prediction of clinically relevant
event rates.

Relationships among CHADS2 and CHA2DS2-VASc, stroke
type and atrial fibrillation
That the CHADS2 and CHA2DS2-VASc scores predict stroke
events in patients without AF is not surprising. First, compo-
nents of these scores are associated with ischaemic strokes that
do not require AF-associated cardioembolism. The
Atherosclerosis Risk In Communities (ARIC) investigators
reported that the strength of associations and population attrib-
utable risks for hypertension, age, diabetes and gender were
similar for lacunar, large artery thrombotic and cardioembolic
stroke subtypes.18 Furthermore, higher CHADS2 scores are
associated with increased cerebral atherosclerosis,19 and patients
with heart failure are at risk of embolism from ventricular
thrombi even in sinus rhythm.20 A recent study investigating
mechanisms of stroke in patients with AF found that increasing
CHADS2 scores were associated with left ventricular sources of

embolism rather than left atrial sources.21 Furthermore,
CHADS2 and CHA2DS2-VASc scoring systems include the main
risk factors for non-valvular AF.22 Therefore, as reported here,
higher scores identify patients likely to develop AF, which may
be asymptomatic. In a recent prospective study of patients with
implanted pacemakers or defibrillators, 10% of 2451 patients
without known AF had asymptomatic atrial arrhythmias lasting
at least 6 min in the first 3 months of monitoring, a feature that
was associated with subsequent ischaemic stroke.23 In our study,
a graded increase in event rates with increasing CHADS2 score
was seen even after adjusting for incident AF.

In both the present study and that of Poçi et al,12 discrimin-
atory performance of the CHADS2 and CHA2DS2-VASc scores,
measured by the C-statistic, was better in patients without,
rather than with, AF. These findings should not cast doubt on
the utility of these scores in patients with AF as they are likely a
function of routine clinical use of risk scores for selection of
antithrombotic therapy in patients with AF.

Clinical implications
Survivors of an ACS are at risk for subsequent vascular events,
including stroke. We have shown that such patients who do not

Figure 3 Association between
increased CHADS2 and CHA2DS2-VASc
scores and the risk of ischaemic stroke
or transient ischaemic attack (TIA).
Kaplan–Meier failure plots for the risk
of ischaemic stroke or TIA stratified by
CHADS2 score (A) and by
CHA2DS2-VASc score (B).
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have AF but have a CHADS2 score ≥3 or a CHA2DS2-VASc
score ≥4 have an annual incidence of stroke or TIA of >1%.
Could this residual risk be reduced by aggressive antithrombotic
therapy? Randomised trials comparing adjusted dose warfarin to
placebo in patients treated with aspirin after myocardial infarc-
tion demonstrated a halving of stroke rate.24 However, these
trials were conducted before routine use of coronary stents and
dual antiplatelet therapy. Recent trials have studied the use of
dabigatran,25 apixaban26 or rivaroxaban27 after ACS in patients
receiving contemporary therapy. CHADS2 and CHA2DS2-VASc
scores were not explicitly used to select patients, but each of the
three trials used elements from the scores as inclusion criteria.
The trials involving dabigatran and apixaban were stopped early
because of increased bleeding rates. The trial of rivaroxaban,
using lower dosages than in patients with AF, suggested a reduc-
tion in recurrent ischaemic events or death with a less worri-
some increase in bleeding. Although use of the CHADS2 or
CHA2DS2-VASc prediction tools can identify higher risk patients
without a history of AF, studies demonstrating whether or not
such patients benefit from oral anticoagulation have not yet
been done. Meanwhile, the data suggest that screening for AF in
those patients with high CHADS2 or CHA2DS2-VASc scores
may be warranted.28 29

Limitations
This analysis used registry and administrative data that may be
subject to misclassification of both risk factors and outcomes.
However, previous publications validate both the use of
APPROACH data to enrich administrative records and the use
of ICD-10 codes for ascertainment of stroke outcomes.13 14

Nevertheless, these data do not allow classification of ischaemic
stroke subtypes. Ascertainment of incident AF is incomplete

since it was identified using hospital discharge data. However,
since AF is asymptomatic in many patients, only intensive
rhythm monitoring would have correctly classified all patients.
Finally, incorporation of longitudinal prescription data, which
was unavailable, may have increased the accuracy of the predict-
ive models.

CONCLUSIONS
In patients with ACS but no history of AF, CHADS2 and
CHA2DS2-VASc scores predict ischaemic stroke; TIA; death;
ischaemic stroke or TIA; and ischaemic stroke, TIA or death
with similar accuracies to those observed in historical popula-
tions with non-valvular AF. However, in patients without AF,
the scores predict ischaemic stroke or TIA event rates that are
lower than in patients with non-valvular AF. Further investiga-
tion of the utility of the CHADS2 and CHA2DS2-VASc scores
for assessment of thromboembolic risk and selection of antith-
rombotic therapy in patient populations without AF is
warranted.
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