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Abstract

Purpose of Review Stroke prevention is the cornerstone of atrial fibrillation (AF) management and the anticoagulation decision is
currently based on CHA,DS,-VASc risk score. We discuss several novel risk factors besides those included in CHA,DS,-VASc
score and alternative models for stroke prediction.

Recent Findings Several clinical markers including obstructive sleep apnea and renal failure, laboratory markers like brain
natriuretic peptide, imaging criteria including left atrial appendage morphology, spontaneous echo contrast, and coronary artery
calcium score may predict stroke in AF patients. Addition of African American ethnicity to CHA,DS,-VASc score also improves
stroke prediction in AF. Finally, novel models including TIMI-AF score, ATRIA score, and GARFIELD-AF scores have
potential roles in risk stratification for stroke.

Summary While CHA,DS,-VASc score is the currently recommended risk stratification model for stroke prediction in AF, use of
additional clinical, laboratory, imaging markers, ethnicity, and novel stroke prediction models may further assist in decision to
anticoagulate the AF patient for stroke prevention.
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Introduction: Stroke and Atrial Fibrillation

Stroke affects 795,000 individuals annually in the USA alone,
of which 610,000 are first episodes [1]. It is responsible for
about “1 of every 19 deaths in the USA” and marks the fifth
most common cause of death [1]. Among stroke subtypes,
87% are ischemic, with increasing prevalence in recent de-
cades, and this burden is borne by low- and middle-income
countries [1, 2].

The most noteworthy risk factor for stroke, especially for
cardioembolic stroke, is atrial fibrillation (AF) [1, 3, 4]. AF
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affects between 2.7 and 6.1 million individuals in the USA
(2010 data) and up to 46.3 million individuals worldwide
(2016 data, including atrial flutter) [1]. The prevalence of
AF in the USA is projected to more than double in the coming
decades [3—5], reaching 12.1 million by 2030 [1]. It has a
lifetime incidence of 25% for patients over age 40 [1, 6], with
approximately 1 in 3 individuals of European ancestry and 1
in 5 black individuals having a lifetime risk of AF [1].

AF predicts ischemic stroke severity, recurrence, and mor-
tality [1], and it confers a threefold to fivefold increased risk of
stroke at all ages after adjustment for risk factors [1, 4, 6, 7]. In
fact, an increasing percentage of strokes are attributable to AF
per decade one ages [1, 5]. AF independently accounts for 15—
20% of all strokes in the USA [7, 8], and mortality rates are
higher among patients with AF-related stroke (50%) than
those with non-AF-related stroke (27%) [4]. The pathophysi-
ology of cardioembolic stroke in AF is primarily due to stasis
in the left atrium (LA) and left atrial appendage (LAA). In
fact, the LAA is the most common location for thrombus
formation, accounting for 90% of LA thrombi [9]. When com-
bined with hypercoagulability and endothelial dysfunction, all
parts of Virchow’s triad are affected, which further promotes
thrombus formation [9—11]. Despite numerous mechanisms,
stroke in AF is preventable with anticoagulation and
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alternatively with the use of left atrial appendage closure
(LAAC) devices in patients who are not candidates for long-
term anticoagulation [12]. Thus, it is crucial to risk stratify
patients who have AF to reduce the incidence of cardioembol-
ic stroke.

Risk Stratification with CHADS,
and CHAzDSz'VASC

CHADS, Score

The CHADS, score, developed in 2001 [13], gave one point
to each of congestive heart failure (CHF), hypertension, age
75 years or older, and diabetes mellitus (DM) and two points
to patients with a previous stroke or transient ischemic attack
(TIA) (Table 1) [13]. However, CHADS, had major limita-
tions including the underestimation of true stroke risk in pa-
tients with a low score [14, 15]. In a study of 541 patients who
had AF for > 48 h, 10% of patients having a CHADS, score of
0 had a left atrial appendage (LAA) thrombus on transesoph-
ageal echocardiogram (TEE) [16]. Furthermore, not all risk
factors contributing to a CHADS, score of 1 were truly equiv-
alent. For example, age > 75 had a higher stroke risk than age
65—74 years [14]. Thus, the CHADS, score fell out of favor as
the CHA,DS,-VASc score became the evidence-based risk-
stratification model for stroke prediction in AF patients.

CHA,DS,-VASc Score

Initially proposed in 2010, the CHA,DS,-VASc score
gives one point for age 65 to 74, and two points for age
75 or more—in addition to the risk factors defined by
CHADS,. It also adds one point each for vascular disease
and female sex (Table 1). It was initially validated in the
Swedish Atrial Fibrillation cohort study [17]. The study
compared CHA,DS,-VASc score with CHADS, score in
90,490 patients with non-valvular AF who never received
anticoagulation. Over an average follow-up of 1.5 years,
CHA,DS,-VASc performed marginally better than
CHADS,; at predicting the composite of thromboembolism
(ischemic stroke and a composite of “ischemic stroke, un-
specified stroke, TTA, and systemic embolism” [17]. The c-
statistics for the CHADS, and CHA,DS,-VASc schemes
were 0.66 (0.65—0.66) and 0.67 (0.67-0.68), respectively.
More importantly, CHA,DS,-VASc was better than
CHADS, score at identifying truly low-risk patients for
stroke.

Another study of 7384 patients with non-valvular AF from
the Japanese J-RHYTHM Registry found a similar frequency
of thromboembolic events in patients with a CHA,DS,-VASc
score of 0 in the warfarin and non-warfarin groups [18]; this
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suggests that these patients are truly low-risk and may not
benefit from anticoagulation.

Guideline-Directed Anticoagulation

The CHA,DS,-VASc score first became part of guideline-
directed medical therapy as part of the 2012 European
Society of Cardiology (ESC) updated guidelines [19] for the
management of AF as well as the 2014 American Heart
Association/American College of Cardiology/Heart Rhythm
Society (AHA/ACC/HRS) Guideline for the Management of
Patients with AF [12]. Current recommendations are based on
the 2016 ESC Guidelines and the 2019 AHA/ACC/HRS fo-
cused update for AF management [12]. Both the European
and US guidelines specifically recommend risk stratification
with the CHA,DS,-VASc score, further specifying that a score
of >2 in males and >3 in females warrants oral
anticoagulation (AC), barring contraindications [12, 20].
Both delineate that AC may be considered for males with a
score of 1 and females with a score of 2 [12, 20].

Limitations of the CHA,DS,-VASc Score

Despite evidence in its favor, there are many limitations of
CHA,DS,-VASc score. First, it does not distinguish between
the types of AF. Studies have demonstrated that patients have
higher rates of stroke or TIA with persistent AF compared
with paroxysmal-type AF [21-23]. Another study demonstrat-
ed that anticoagulation may not benefit populations with sec-
ondary causes of AF [24], but the CHA,DS,-VASc score
treats all types of AF the same.

Second, CHA,DS,-VASc does not consider many physio-
logical contributors to AF and stroke risk. It fails to consider
not only the size of the LA and shape of the LAA [9, 25] but
also—despite being the major physiological mechanism for
stroke in AF—ignores thrombus presence in the LA altogether
[26].

The score additionally does not accurately risk-
stratify patients in some subpopulations. For example,
females are given one point regardless of age even
though stroke risk is age-dependent [12]. Hence, the
recent guidelines do not recommend anticoagulation in
females with a CHA,DS,-VASc score of 1 [12]. Also,
the score has not been validated in an ethnically diverse
population, so African-Americans and Hispanics are
treated the same as those of European descent despite
differing levels of risk [8, 27-29].

While CHA,DS,-VASc may be better at identifying truly
low-risk patients, its scoring capacity is not discriminatory
enough for truly high-risk, elderly patients. Thus, it should
be considered in the context of its limitations.
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Table 1 Stroke risk stratification
models for atrial fibrillation CHADS; score [13]

Letter Risk factors Points
C Congestive heart failure
H Hypertension
A Age >75
D Diabetes mellitus

S, Stroke/transient ischemic attack

AN —m —m = =

Maximum points

CHA,DS,VASc score [17]
Letter Risk factors Points

C Congestive heart failure

H Hypertension

A, Age 65-74

Age>75

D Diabetes mellitus

S, Stroke/transient ischemic attack

VA VAscular disease

Sc Sex category—female sex

O — = N = N = = =

Maximum points

TIMI-AF score [51¢]

Risk factors Points
Left ventricular ejection fraction <30%
Unknown LVEF
Baseline AF or atrial flutter
Prior ischemic stroke
Creatinine > 110 pmmol/L
Male sex
Diabetes mellitus
Carotid disease history
History of myocardial infarction
Age 66-74
Age >74
Hemoglobin < 13 g/dL
Non-white race

PO W R — ko e e e e W

—_
~

Maximum points

ATRIA score [53]

Risk factors Points without stroke history Points with stroke history
Congestive heart failure
Hypertension
Diabetes mellitus
Female sex

1
1
1
1
Urine dipstick proteinuria 1
1

[ T = NSO

Estimated glomerular filtration rate
<45 or end-stage renal disease
Age <65

Age 65-75
Age 75-84
Age >85

(o NV NV I -]
— O N 3 ©

W

Maximum points 12
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Stroke Risk in AF: Beyond the CHA,DS,-VASc
Score

Clinical Risk Factors
Obstructive Sleep Apnea

There is a strong, independent association between stroke and
OSA [30-34] as well as between OSA and AF [34-37]. Up to
70% of stroke patients have concurrent OSA, while only
about 4% of the general population has OSA [30, 31]. There
is also a dose-response relationship between OSA and stroke,
such that moderate-to-severe disease is associated with an
increased risk of stroke [32, 34]. A study of 53 patients found
that cardioembolic stroke was higher among patients with
OSA than in controls (p =0.01) [35].

Among AF patients, those with OSA have a higher risk of
hospitalization and worse prognosis post-stroke but similar
rates of major adverse cardiovascular events, comprising a
composite of death from cardiovascular causes, myocardial
infarction (MI), and stroke/transient ischemic attack (TIA)
[34, 38, 39+¢]. After adjustment for other risk factors including
AF, hypertension, and DM, patients with OSA have higher
overall rates of stroke and all-cause death [30, 34]. Whether
obstructive sleep apnea confers additional risk of stroke in AF
patients independent of CHA,DS,-VASc score needs to be
studied further in clinical studies.

Renal Failure

In a study of 90,490 patients with non-valvular AF who were
not on anticoagulation, renal failure showed a significant as-
sociation with the composite thromboembolism endpoint of
stroke, TIA, or systemic embolism but not with ischemic
stroke alone [17]. Renal dysfunction—whether recognized
or unrecognized—is associated with higher rates of in-
hospital mortality and severe disability at hospital discharge
in stroke patients [40]. In a study of 3080 AF patients as
subdivided by creatinine clearance (CrCl) categories, patients
with CrCl <30, 39-49, and >50 had statistically significant
differences in the incidence of stroke/systemic embolism with
more events among patients with worse renal function (p =
0.0002) [41]. Comparing patients with a CrCl < 30 with those
>50, and after adjusting for risk factors, the risk of stroke/
systemic embolism was statistically higher in the group with
increased dysfunction (HR 1.68; 95% CI 1.04 to 2.65; p=
0.04) [41].

Given these factors, adding renal failure to current models
may improve their ability to risk-stratify patients [17, 41-43].
A novel R,-CHADS, index, which adds two points for CrClI
below 60 mL/min to the CHADS, score, was developed in
ROCKET-AF (Rivaroxaban Once-daily, oral, direct factor Xa
inhibition Compared with vitamin K antagonism for
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prevention of stroke and Embolism Trial in Atrial
Fibrillation) patient cohort. This score improved net stroke
risk reclassification by 8.2% as compared with the CHADS,
score and by 6.2% over the CHA,DS,VASc score. This novel
index was validated in 13,559 patients in the ATRIA
(AnTicoagulation and Risk factors In Atrial fibrillation) co-
hort where it conferred a 17.4% improvement in net stroke
risk reclassification compared with the CHADS, score [42].

In a study of 219 patients with AF, Fu et al. observed that
adding either creatinine clearance (CrCl) or glomerular filtrate
rate (GFR) to both CHADS, and CHA,DS,VASc schemes
improved mortality prediction in older Chinese patients with
AF and renal dysfunction [43]. The GFR-containing models
demonstrated a more robust improvement on current models
than those with CrCl; however, the study did not assess the
impact on the novel model on stroke risk stratification [43].
Further studies are, therefore, needed to validate whether the
addition of renal insufficiency improves stroke prediction in
AF patients.

Laboratory Predictors of Stroke in AF
Brain Natriuretic Peptide

Brain natriuretic peptide (BNP) is a known correlate of stroke
and heart failure [44-47]. It is a chemical synthesized by car-
diac muscle cells in response to stress, rising significantly with
elevated blood pressure or with circulatory overload from salt
and water retention [44, 46, 47]. It is also secreted by the
hypothalamus in response to cerebral ischemia [44, 46, 47].

In a study of 40 stroke patients, Sayan et al. found that BNP
rose acutely in the first 24—72 h post-stroke [44]. Elevated
BNP is an indicator of poor prognosis and death but does
not accurately predict infarct volume [44]. Even at lower
levels, BNP is a good predictor of stroke, with prognostic
differences for individuals with a BNP < 13 pg/mL versus
those with levels below 34 pg/mL [47].

Based on study data from the Reasons for Geographic and
Racial Differences in Stroke (REGARDS) cohort of 30,239
individuals aged 45 and above, Cushman et al. found that N-
terminal pro-BNP (NT-proBNP) tended to be higher in older
individuals as well as those with heart and renal disease, AF,
and elevated low-density lipoprotein cholesterol [45]. Of the
576 participants with first-time ischemic stroke, NT-proBNP
was a marker for cardioembolic stroke, in particular. The haz-
ard ratio of incident stroke increased with each increasing
quartile of baseline NT-proBNP [45].

Hayashi et al. studied the impact of BNP using the
Japanese Hokuriku-Plus AF Registry [46]. Of the 1013 AF
patients aged 30 to 94, thromboembolic events occurred more
significantly among patients with BNP levels at or above
170 pg/mL, while patients with levels at or above 147 pg/
mL were more likely to have a composite of thromboembolic
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events and cardiovascular death [46]. Based on these results,
there is potential role of BNP/NT-proBNP in prediction of
stroke and thromboembolism in AF patients as well as to
determine prognosis.

Imaging Predictors of Stroke in Atrial Fibrillation

Left Atrial/Left Atrial Appendage (LAA) Thrombus and LAA
Morphology

Thrombus formation in the left atrium, specifically left atrial
appendage (LAA), is associated with thromboembolic events
including embolic stroke—in patients with AF. Studies have
demonstrated a 10-33% increased risk of stroke, systemic
embolism, and death over 1 to 3 years of observation among
patients with AF and LA/LAA thrombus [26]. Risk factors for
LAA thrombus include a larger LA as well as a higher LAA
position, reduced left ventricular ejection fraction (LVEF),
increased left ventricular end-diastolic volume, degree of
spontaneous echocardiographic contrast (SEC), increased
LAA volume, and LAA morphology [9]. LAA morphology
has been subdivided into four types—cactus, chicken wing,
windsock, and cauliflower [25]. After adjusting for presence
of comorbidities and stroke risk based on the CHADS, score,
patients with the chicken wing LAA morphology were found
to have fewer embolic events than the others [25]. Looking
not just for the presence of an LA/LAA thrombus but also for
the LA A morphology can perhaps improve echocardiographic
prediction of stroke in AF patients.

Spontaneous Echo Contrast

Spontaneous echo contrast (SEC), colloquially known as
smoke, is defined as the echogenicity of blood in the absence
of injected contrast agents [11]. It occurs when RBC aggre-
gates scatter the ultrasound signal [26], creating dynamic
smoke-like echoes within the LA cavity or appendage and
appears distinct from artifacts due to noise or injected bubbles
[11]. It may be noted on transthoracic echocardiogram (TTE)
but is more commonly identified on transesophageal echocar-
diogram (TEE). Among patients with non-valvular AF, it is
considered predictive of future embolic events and death [11].
In a prospective cohort study of 206 patients with non-
valvular AF, TEE was performed at baseline to assess for left
atrial appendage thrombus. In addition, left atrial thrombus
(LAT), the five-grades of left atrial spontaneous echo contrast
(LASEC) and video intensity (VI) value of LASEC were mea-
sured. Over 2 years of follow-up, 20 patients (9.7%) had
stroke. The authors noted that the VI value of LASEC in
patients with stroke was higher than the patients without
stroke (25.30+3.61 vs. 8.65+0.81, p <0.001). They also ob-
served that LAT, qualitative LASEC, graded LASEC, VI val-
ue of LASEC, and CHADS, and CHA,DS,-Vasc score were

independent predictors of stroke on logistic regression analy-
sis, of which VI value of LASEC had the highest area under
the curve of receiver operating characteristic (ROC) in
predicting stroke (p < 0.05). Based on these results, quantifi-
cation of LASEC by VI value is a strong predictor of stroke in
patients with NVAF.

Coronary Artery Calcium Score

Prior studies have shown that coronary artery calcium score is
an independent risk factor for stroke in general population
[48]. In a study of 401 patients with non-valvular AF who
were admitted for ischemic stroke, coronary CT angiogram
was performed to assess for coronary artery disease and cor-
onary artery calcium score (CACS) [49]. CACS was noted to
have an additive value in predicting non-cardioembolic risk
factors of stroke—such as complex aortic plaque, significant
carotid, or intracranial arterial stenosis—in addition to those
defined in the CHA,DS,-VASc score. Based on these results,
CACS provides additional information for risk of stroke in AF
patients beyond the current determinants of CHA,DS,-VASc
scores.

Ethnicity and Stroke Prediction in AF

Despite lower rates of AF, African-American patients are at a
disproportionately increased risk of fatal stroke when com-
pared with whites [27]. They have a higher overall incidence
of stroke, and their age-adjusted mortality from stroke is 2—4
times higher than that for whites [27, 28]. This has been at-
tributed to several risk factors including hypertension, diabe-
tes mellitus, and lower socioeconomic status. In the
REGARDS (Reasons for Geographic and Racial Differences
in Stroke) cohort, only half of the excess stroke incidence in
African-Americans was attributable to traditional risk factors
and socioeconomic status, while the other half was attributed
to other unknown factors and pathways [50]. The incidence of
stroke is also higher in African-American patients with AF
compared with white counterparts. A study of 517,941
Medicare patients aged > 65 years with newly diagnosed AF
looked at the racial differences in outcomes of stroke and
mortality [29]. Of these, 452,986 patients (87%) were non-
Hispanic white, 36,425 (7%) were black, and 28,530 (6%)
were Hispanic. Over a median follow-up of 20.3 months,
blacks had a significantly higher hazard of stroke compared
with the whites (HR = 1.66; 95% CI 1.57 to 1.75; p < 0.001),
which persisted even after controlling for pre-existing comor-
bidities (HR = 1.46; 95% CI 1.38 to 1.55; p <0.001).

A follow-up study hypothesized that adding an additional
point for African-American ethnicity to CHA,DS,-VASc
score would improve stroke prediction [8]. This novel
CHA,DS,-VASc-R score was compared with CHA,DS,-
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VASc score in 460,417 patients aged 65 and above with newly
diagnosed AF. The population comprised of 390,590 (85%)
non-Hispanic whites and 31,702 (7%) non-Hispanic African
Americans. Compared with CHA,DS,-VASc score,
CHA,DS,-VASc-R improved the model-fit significantly—as
measured by the log likelihood ratio statistic (p <0.001).
CHA,DS,-VASc had a c-statistic of 0.60 (95% CI, 0.59—
0.61), while CHA,DS,-VASc-R demonstrated an improve-
ment with a c-statistic of 0.61 (95% CI, 0.60-0.62). Of all
the risk factors in the CHA,;DS,-VASc-R score, only prior
history of stroke, age 75 years, and female sex were more
important than African-American ethnicity in prediction of
stroke in this population [8]. Coefficients associated with oth-
er races (Hispanics, Native Americans, Asians/Pacific Island
descent) were either small or non-significant, so additional
points for these races were not warranted in CHA,DS,-
VASc-R score. Based on these results, there is a good evi-
dence of considering ethnicity in addition to CHA,DS,-
VASc score for stroke prediction in AF patients.

Alternative Stroke Prediction Models
for Atrial Fibrillation

TIMI-AF

The Thrombolysis in Myocardial Infarction-Atrial
Fibrillation (TIMI-AF) score was established to predict
net clinical outcome consisting of disabling stroke, life-
threatening bleeding, or all-cause mortality in patients re-
ceiving warfarin therapy while also advising on use of a
NOAC versus warfarin in anticoagulant-naive patients
[51]. It is based on the ENGAGE AF-TIMI 48 random-
ized clinical trial comparing edoxaban with warfarin for
patients with AF [51¢]. This score gives 3 points for age
> 75 years and LVEF <30% and two points for age 66 to
74, LVEF 30-49%, hemoglobin below 13 g/dL, and non-
white race. One point is given for each of the following:
unknown LVEEF, baseline AF or atrial flutter, prior ische-
mic stroke, creatinine > 110 wmmol/L, male sex, diabetes
mellitus, carotid disease history, and prior myocardial in-
farction [52]. An individual can receive a maximum of 17
points (Table 1) [51¢]. TIMI-AF score predicted a net
clinical outcome in warfarin-naive patients with AF who
were started on warfarin or edoxaban for stroke preven-
tion [51¢]. Edoxaban and warfarin were equivalent in low-
score patients, but edoxaban outperformed warfarin in pa-
tients with intermediate and high scores [S1¢]. In a single
center retrospective study of 426 patients with non-
valvular AF, the TIMI-AF score was better than
CHA,DS,-VASc, SAMeTT,R,, and HAS-BLED at iden-
tifying patients at higher risk of cardiovascular events as
well as those with a “poor net clinical outcome” of life-
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threatening bleeding, disabling stroke, or all-cause mortal-
ity [52]. These findings need to be confirmed in larger
prospective studies.

The ATRIA Score

The ATRIA (Anticoagulation and Risk Factors in Atrial
Fibrillation) score, based on the self-titled cohort, was created
to better identify those patients at highest risk for stroke while
also considering bleeding risk [53]. The risk score incorpo-
rates renal dysfunction into CHADS, and strongly considers
age categories. It also weighs the interaction of age and prior
stroke, reflecting a higher risk of stroke in patients with a prior
history of stroke irrespective of age. This model assigns a
maximum of fifteen points to patients based on previous
stroke and age (<65, 65-74, 75-84, and 85+) with each of
female sex, DM, CHF, hypertension, urine dipstick protein-
uria, and either eGFR <45 or end-stage renal disease receiv-
ing one point (Table 1). The score was validated in ATRIA—
Cardiovascular Research Network (CVRN) cohort compris-
ing of 33,247 patients with AF, in which it outperformed
CHADS, and CHA,DS,VASc in terms of c-index and net
reclassification improvement (NRI) for prediction of stroke
and thromboembolism. These scores were also compared in
60,594 AF patients in the UK Clinical Practice Research
Datalink cohort, who were untreated with warfarin. The
ATRIA score was better at identifying low-risk AF patients
who had been classified as high risk by CHA,DS,VASc score
[54]. Based on these studies, the ATRIA score may aid the
risk-stratification of very low to low stroke-risk AF patients
(CHA,DS,-VASc score of 0 or 1 [men] and 1 or 2 [women)])
[55].

The GARFIELD-AF Risk Tool

The GARFIELD-AF risk tool is a novel computer-generated
machine learning risk model that predicts all-cause mortality,
ischemic stroke/systemic embolism (SE), and hemorrhagic
stroke/major bleeding in AF patients. It is based on data from
the Global Anticoagulant Registry in the FIELD-Atrial
Fibrillation (GARFIELD-AF Registry) with data from 35
countries on adults with newly diagnosed AF and at least
one additional risk factor for stroke and validated externally
by data from the Outcomes Registry for Better Informed
Treatment of Atrial Fibrillation (ORBIT-AF) database [56].
GARFIELD-AF risk tool showed improved prediction of is-
chemic stroke risk and all-cause mortality compared with
CHA,DS,-VASc, and it out-performed HAS-BLED in predic-
tion of major bleeding for both the cumulative population and
of low-risk patients. This risk model may have a place inte-
grated into electronic health records to simultaneously risk-
stratify patients for ischemic stroke, all-cause mortality, and
major bleeding [57¢].
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Conclusions

Overall, the close relationship between AF and stroke war-
rants models and mechanisms to stratify patients for risk of
cardioembolic phenomena. CHA,DS,-VASc score seeks to
explicate this stroke risk by identifying low-risk population
and has been endorsed by American and European guidelines.
However, recent studies have demonstrated several clinical,
laboratory, imaging parameters, which may improve stroke
prediction in AF patient’s, independent of CHA,DS,-VASc
score. Addition of African-American ethnicity to CHA,DS,-
VASc score also resulted in better stroke prediction. In order to
have a widespread acceptance and use in clinical practice, it is
important for the novel stroke prediction models to be user
friendly and easy to calculate. The potential for computer-
generated risk models using artificial intelligence is very
promising for the future. Ultimately, stroke risk in atrial fibril-
lation extends far beyond the CHA,DS,-VASc score, with
much left to learn and refine on the topic.
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