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Abstract

Background and purpose: Atrial fibrillation (AF) often remains undiagnosed in crypto-
genic stroke (CS), mostly because of limited availability of cardiac long-term rhythm moni-
toring. There is an unmet need for a pre-selection of CS patients benefitting from such
work-up. A clinical risk score was therefore developed for the prediction of AF after CS
and its performance was evaluated over 1 year of follow-up.

Methods: Our proposed risk score ranges from O to 16 points and comprises variables
known to be associated with occult AF in CS patients including age, N-terminal pro-brain
natriuretic peptide, electrocardiographic and echocardiographic features (supraventricu-
lar premature beats, atrial runs, atrial enlargement, left ventricular ejection fraction) and
brain imaging markers (multi-territory/prior cortical infarction). All CS patients admitted
to our Stroke Unit between March 2018 and August 2019 were prospectively followed
for AF detection over 1 year after discharge.

Results: During the 1-year follow-up, 24 (16%) out of 150 CS patients with AF (detected
via electrocardiogram controls, n = 18; loop recorder monitoring, n = 6) were diagnosed.
Our predefined AF Risk Score (cutoff >4 points; highest Youden's index) had a sensitivity
of 92% and a specificity of 67% for 1-year prediction of AF. Notably, only two CS patients
with <4 score points were diagnosed with AF later on (negative predictive value 98%).
Conclusions: A clinical risk score for 1-year prediction of AF in CS with high sensitivity, rea-
sonable specificity and excellent negative predictive value is presented. Generalizability
of our score needs to be tested in external cohorts with continuous cardiac rhythm

monitoring.
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INTRODUCTION

Occult atrial fibrillation (AF) is a frequent, yet undetected, cause of
cryptogenic stroke (CS) and, if diagnosed, requires anticoagulation
to ensure effective secondary stroke prevention [1,2]. Randomized
clinical trials failed to demonstrate the superiority of treating un-
selected CS patients with direct oral anticoagulants compared to
standard antiplatelet treatment [3,4]. These results support the ne-
cessity for detecting AF in CS patients, but costs and availability in
daily clinical routine represent barriers in the use of long-term car-
diac rhythm monitoring [5]. Therefore, an informed pre-selection of
CS patients, who are likely to benefit from such complex diagnostic
procedures, would clearly be of clinical relevance. In this context,
previous studies have identified electrocardiographic, echocardio-
graphic and neuroimaging features that were predictive for a later
diagnosis of AF in CS patients [6,7]. Moreover, laboratory biomark-
ers (i.e.,, N-terminal pro-brain natriuretic peptide [NT-proBNP])
were also associated with occult AF in CS cohorts [8,9]. Based on
this available information, the aim here was to develop a clinical risk
score for the prediction of AF in CS patients and to prospectively
evaluate such a model in a single-centre CS cohort over a 1-year fol-

low-up period.

METHODS
Development of the Graz AF Risk Score

A literature search was conducted in MEDLINE (via PubMed) for all
observational studies that have investigated the value of various
markers for the prediction of AF in CS patients between 2009 and
2018. The search strategy included the following key words: ‘crypto-
genic stroke’, ‘cryptogenic embolic stroke’, ‘embolic stroke’, ‘embolic
stroke of undetermined source (ESUS)’ and ‘atrial fibrillation’.

The initial literature search yielded 470 abstracts. All abstracts
were evaluated for studies on CS patients, regardless of study de-
sign. In a further step, residual papers were reviewed for studies re-
porting on predictors for a later diagnosis of AF in patients initially
labelled as CS (n = 5, Table 1) [6,7,9-11].

The following predictors were identified: (i) age >60 and
>75 years [10]; (ii) prior cortical or cerebellar [6] and multi-territory
[7] infarction on brain imaging; (iii) echocardiography with left atrial
enlargement [11] and left ventricular ejection fraction (EF) <50% and
<40% [7]; (iv) atrial runs [11] or supraventricular premature beats
(SPB) >125 on 24-h electrocardiogram (ECG) [10] or SPB on ECG at
admission [7]; and (v) serum NT-proBNP =505 pg/ml [9].

For the development of our AF Risk Score, these parameters
were divided according to the presented hazard ratios into (i) major
and (ii) minor risk criteria (Table 1). The cutoff between major and
minor was set at a hazard ratio of 3.5.

In addition to the mentioned studies, the clinical condition of
‘recurrent stroke whilst on antiplatelet therapy’ was included in the
minor risk category. Whilst this marker has not been analysed for AF

prediction in CS patients yet, it is known to be highly indicative for
AF-related stroke in general [12,13].

Since the influence of reduced EF on NT-proBNP levels is pro-
nounced, the present EF was used as a discriminator regarding NT-
proBNP as a major or minor criterion [14]. The finally proposed Graz
AF Risk Score is shown in Figure 1a.

Evaluation of the Graz AF Risk Score

In this prospective observational analysis, all CS patients who were
admitted to the Stroke Unit of our primary and tertiary care univer-
sity hospital between March 2018 and August 2019 were included
(Figure 2).

Information on demographics, medical history (including a his-
tory of AF or other cardiac diseases), cerebrovascular risk factors,
National Institutes of Health Stroke Scale score on admission and
short-term outcome, defined according to the modified Rankin Scale
score at Stroke Unit discharge, were prospectively collected in all
patients.

All patients underwent a thorough aetiological work-up including
medical history, brain imaging (magnetic resonance imaging [MRI]
rate 90%), laboratory tests, ECG at admission, continuous ECG mon-
itoring at the Stroke Unit, additional 24-h Holter ECG, sonography
of the extracranial and intracranial vessels, and echocardiography.
Brain imaging findings were analysed by experienced neuroradiol-
ogists. Admission ECG and ECG monitoring at the Stroke Unit were
first analysed by the treating stroke physicians for rhythm disorders
or SPB. If any uncertainty remained, a cardiologist was consulted.

The 24-h Holter ECG was reviewed by experienced cardiologists.
If no distinct stroke aetiology was detected (according to the A-S-
C-O criteria), patients were classified as cryptogenic [15]. Laboratory
biomarkers (NT-proBNP) were analysed within 24 h after admission.
Further details on blood sampling and NT-proBNP analysis have
been described previously [9].

Follow-up

All included study participants were prospectively followed for a
later diagnosis of AF after Stroke Unit discharge, as described below.

Patients underwent routine daily pulse controls or prolonged
continuous rhythm monitoring during further hospital stay or in-
patient rehabilitation (median duration 3 weeks). ECG was performed
in the case of tachycardia/arrhythmia or if clinical signs known to be
associated with AF (i.e., palpitations, dyspnoea) were present. In ad-
dition, an implantable loop recorder (ILR) was offered to selected CS
patients at the discretion of the treating stroke physician and further
discussion with a cardiological rhythmologist.

All patients were followed for 12 months after stroke via the
Elektronische Gesundheitsakte, an electronic information system
documenting medical records including all prescribed medications
in Austria. If the indication of a prescribed anticoagulation was
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FIGURE 1 (a) The criteria of the Graz

(a) Graz AF Risk Score ; S ees
—— - AF Risk Score. (b) The score distribution in
AMajor rih criterfa (.2 poluts Minor risk riteria (1 point) the study cohort and the association with
Age >75 years Age . Age 60-75 years AF detection during the 1-year follow-up
period [Colour figure can be viewed at
Prior cortical / cerebellar Brain Imaging ¥ Recurrent stroke under antiplatelets or wileyonlinelibrary.com]
infarction Multi-territory brain infarct
Left ventricular EF <40 % Echocardiography . Left ventricular EF 40-50%

Atrial enlargement:
parasternal long-axis >45 mm or
apical long-axis 260 mm

Supraventricular premature ECG-/Monitoring .,  >125 Supraventricular premature
beats on baseline ECG beats on 24-h-Holter ECG

Atrial run >20 beats

NT-proBNP >505 pg/ml NT-proBNP . NT-proBNP >505 pg/ml
(EF 250 %) (EF <50 %)
(b) Total points: 0-16
40
35 Cryptogenic stroke patients: n=150
30 AF detection during follow-up: n=24
25
20
15
10
5
0 — |
n 0 1 2 3 4 5 6 7 8 9 10
Graz AF Risk Score Points
Stroke Unit admissions of patients with ischemic cerebrovascular events el FIGURE 2 Flow diagram of selected

study participants [Colour figure can be
viewed at wileyonlinelibrary.com]

between 03/2018 and 08/2019

Exclusion:

ﬁ - Transient ischemic attack n=295

- Death caused by index stroke

All ischemic strokes n =759

Cryptogenic strokes n =150

AF detected via:

- In-patient monitoring / ECG controls (n=12)

No AF detected vs | AE detected =)y | - Implantable loop recorder (n=6)
during FU (n=126, during FU (n=24, - Out-patient controls / visits (n=6)

unclear, a telephone follow-up was performed with the patient or Network of Styria (MEDOCS), which provides electronic data from
the treating general practitioner to identify the underlying diagno- all public hospitals in the province of Styria, was reviewed for rel-
sis. In addition, the Medical Documentation and Communication evant data [16].
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Atrial fibrillation was diagnosed if episodes lasted 230 s or if it

was classified in the electronic records [17].

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics for
Windows, version 25 (IBM Corp, Armonk, NY, USA).

Pearson's chi-squared or Fisher's exact tests were used for the
comparison of dichotomous variables. Quantitative variables were
tested for Gaussian distribution with the Kolmogorov-Smirnov test.
If a Gaussian distribution was identified, a two-sample independent
t test was used. For non-parametric data, the Mann-Whitney U test
was applied. A p value less than 0.05 was considered statistically
significant.

The Graz AF Risk Score was calculated for every selected
study participant and evaluated for its predictive value for the
occurrence of AF during the 1-year follow-up. For this purpose,
Youden's index was used to define the cutoff score with the
highest sensitivity and specificity for the occurrence of AF in CS
patients and was compared to other proposed AF risk scores cal-
culated from our study data (CHADS? score, STAF score and AS5F
score) [18,19].

To test for multicollinearity between score parameters, the vari-
ance inflation factor was calculated via linear regression models.
Furthermore, logistic regression models were used to test for inter-

actions between the AF Risk Score variables.

RESULTS

Between March 2018 and August 2019, 854 patients with ischaemic
cerebrovascular events were admitted to the Stroke Unit of our uni-
versity hospital. Patients who had transient ischaemic attacks were
excluded from the study as were patients who died because of their
index stroke (n = 95), leading to a final study cohort of 759 patients
(Figure 2). Of these, 150 patients (mean age 66.7 + 15.3 years; fe-
male 43.3%) remained with the diagnosis of CS after thorough ae-
tiological work-up.

During a 1-year follow-up period, 24 of these 150 CS patients
were diagnosed with AF (16%) after a mean time of 45 days after
discharge (range 2-323 days). All these patients were then treated
with oral anticoagulation. AF was detected on ECG monitoring/re-
peated ECG controls during in-patient rehabilitation (n = 12) or on
out-patient/hospital treatment due to AF-related symptoms/cere-
brovascular events (n = 6). In an additional six patients, AF was diag-
nosed via ILR, which had been implanted in 24 CS patients.

Atrial fibrillation versus non-AF in CS patients

Cryptogenic stroke patients who were diagnosed with AF during 1-
year follow-up were older (75.0 vs. 65.1 years, p < 0.001) and more

often had pre-treatment with antiplatelets at admission (50.0% vs.
13.5%, p < 0.001) compared to non-AF CS patients.

On brain imaging, the AF subgroup more often had old cortical or
cerebellar infarcts (45.8% vs. 23.8%, p = 0.026) and multi-territory
acute brain infarcts (33.3% vs. 15.9%, p = 0.044). On echocardiog-
raphy, left atrial enlargement (25% vs. 7.1%, p = 0.008) prevailed in
CS patients with a later diagnosis of AF. Reduced left ventricular EF
below 50% tended to be more frequent in the AF group (16.7% vs.
5.6%,p =0.077).

Cardiac rhythm monitoring showed an increased number of SPB
>125/24 h (76.5% vs. 26.2%, p < 0.001), atrial runs (17.3% vs. 0.8%,
p < 0.001) and SPB on admission ECG (12.5% vs. 2.4%, p = 0.02)
in AF patients. Furthermore, such patients also had higher base-
line NT-proBNP levels and exceeded the cutoff of 505 pg/ml more
often compared to the non-AF group (58.8% vs. 17.5%, p < 0.001)
(Table 2).

Graz AF Risk Score

In the entire cohort of CS patients, the median Graz AF Risk Score
was 3 points (range 0-10 points).

The most prevalent risk factors for AF were age >60 years
(103/150; 68.7%), >125 SPB on 24-h Holter ECG (46/150; 30.7%)
and old cortical or cerebellar infarction on neuroimaging (41/150;
27.3%). 35 patients (23.3%) did not have a single risk factor for the
subsequent diagnosis of AF (Figure 1b).

In a further step, the Graz AF Risk Score was evaluated for its
predictive value in AF detection in CS patients during a 1-year fol-
low-up period. The area under the curve of the score values obtained
for a later detection of AF was 0.85 (95% confidence interval 0.78-
0.92), which is higher than other proposed AF risk scores that were
tested in our cohort (Figure 3). According to the highest Youden’s
index (0.59), the best cutoff value to predict AF in CS patients was
identified as 24 points, achieving a sensitivity of 92% and a specific-
ity of 67%. The diagnostic yield for AF detection was 34% (22/64)
at this cutoff. Notably, only two patients with <4 score points were
diagnosed with AF later on (negative predictive value 98%).

Except for a weak interaction between age and old cortical/
cerebellar infarcts (p = 0.02), tests for multicollinearity and interac-
tions did not reveal any significant results between the parameters
included in the Graz AF Risk Score.

DISCUSSION

This prospective observational study proposes a novel clinical score
to identify CS patients with an increased risk for a subsequent diag-
nosis of AF as their most likely underlying stroke aetiology.
Although earlier studies in this field suggested the use of long-
term cardiac rhythm monitoring with implantable event recorders in
unselected CS patients, the high efforts and costs that are needed
for such tools may not outweigh the relatively low diagnostic yield of
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TABLE 2 Demographics, clinical data

CS patients AF
Variable/clinical finding (n=150) (n=24)
Demographics
Age, years (mean, SD) 66.7 +15.3 75.0+ 6.3
Age >75 years 50(33.3) 13 (54.2)
Age >60 years 103 (68.7) 23(95.8)
Female, n, % 65 (43.3) 10 (41.7)

Medical history/clinical
presentation, n, %

Arterial hypertension 100 (66.6) 17 (70.8)
Dyslipidaemia 72 (48.0) 11 (45.8)
Diabetes 24 (16.0) 2(8.3)
Smoking 36 (24.0) 4(16.7)
Previous stroke 16 (10.6) 4(16.7)
Pre-existing antiplatelet 29 (19.3) 12 (50.0)
therapy
NIHSS at presentation 4 (0-22) 4 (0-22)
neuroimaging, n, %
Old cortical/cerebellar 41(27.3) 11 (45.8)
infarct
Multi-territory brain infarct 28 (18.7) 8(33.3)
echocardiography, n, %
Ejection fraction <40% 2(1.3) 1(4.2)
Ejection fraction <50% 11 (7.3) 4(16.7)
Atrial enlargement 15 (10.0) 6(25.0)
(moderate-severe)
ECG/24-h ECG, n, %
SPB on ECG at admission 5(3.3) 2(12.5)
SPB >125 over 24 h 46(30.7) 13 (54.2)
Atrial run 220 beats 4(2.7) 3(17.6)
Laboratory parameters at
admission, n, %
NT-proBNP (pg/ml), mean 605 (995) 1088 (1203)
(SD)
NT-proBNP >505 pg/ml 36 (24.0) 14 (58.3)
AF Risk Score, median 3(0-10) 6 (2-10)
(min-max)
outcome, n, %
mRS 0-2 at Stroke Unit 92 (61.3) 13 (54.2)
discharge
Recurrent ischaemic stroke 10 (6.7) 2(8.3)

(I:O_Afzé) saluea and laboratory parameters of cryptogenic
— stroke patients dichotomized by the
detection of atrial fibrillation within 1 year
651+159  <0.001 after stroke
37 (29.4) 0.018
80 (63.5) 0.003
55(43.7) 0.521
83(65.9) 0.637
61 (48.4) 0.817
22 (17.5) 0.264
32(25.4) 0.359
12(9.5) 0.299
17 (13.5) <0.001
3(0-18) 0.063
30(23.8) 0.026
0(15.9) 0.044
1(0.8) 0.295
7 (5.6) 0.077
9(7.1) 0.008
3(2.4) 0.020
33(26.2) <0.001
1(0.8) <0.001
497 (912) 0.012
22 (17.5) <0.001
2(0-8) <0.001
9 (62.7) 0.432
8(6.3) 0.721

Abbreviations: AF, atrial fibrillation; CS, cryptogenic stroke; ECG, electrocardiogram; mRS,
modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SPB, supraventricular

premature beat.

?Demonstrated p value was determined by comparing cryptogenic stroke patients with/without

AF.

about 10% within the first 12 months of observation [5,10,20]. This
supports the necessity to identify those CS patients who are likely
to benefit from such complex diagnostic procedures.

For this reason, the present Graz AF Risk Score was devel-
oped, which is the first score to predict AF in CS patients using a

combination of ECG, neuro/cardiac imaging findings and blood bio-
markers, which have all been strongly associated with occult AF in
recent studies [6,7,9-11].

Although prior studies identified various risk factors for occult
AF, the use of a single predictor might not be sufficient, as hazard
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ratios for AF detection in CS patients remained relatively low in
large population-based studies [21]. Therefore, AF risk scores
based on clinical, neuroimaging and echocardiographic features
have been developed [18,19,21-23]. Whilst these scores pre-
sented reasonable sensitivities and specificities for AF, they were
not developed in a CS cohort [18,21] or only reported on the early
in-hospital AF prediction [19,21,24]. It was therefore not surpris-
ing that the CHADS? score, the STAF score and the AS5F score did
not reach diagnostic accuracy in comparison to our proposed AF
Risk Score.

A recently published registry-based score (AF-ESUS score) per-
formed well to predict new incident AF after acute ischaemic stroke
of undetermined aetiology. However, it was limited by its retrospec-
tive study design, the non-uniform aetiological stroke work-up and
other known limitations of register-based studies such as registra-
tion bias [23]. A further recognized AF risk score derives from a ret-
rospective US registry study including over 9000 CS patients with
a median follow-up of 2.6 years [21]. The so-called HAVOC score
includes age, hypertension, valvular heart disease, peripheral arte-
rial disease, obesity, congestive heart failure and coronary artery
disease [21]. Whilst high HAVOC scores had a reasonable predic-
tive value for occult AF (diagnostic yield 32% as opposed to 34% in
our model), low scores were shown to be insufficient to exclude AF
in a post hoc analysis of the CRYSTAL AF data. The authors there-
fore concluded that the HAVOC score might only partly cover the
pathophysiological spectrum of AF and that other ‘non-traditional’
features associated with AF should be included in future AF risk
scores [25].

When prospectively evaluating the Graz AF Risk Score in our
cohort, the best cutoff level of 4 points demonstrated high sensi-
tivity and acceptable specificity (92% and 67%, respectively) for
detecting AF in CS patients. The AF detection rate was 34% at
this cutoff, which is markedly higher than in most investigations
that have been published to date [1,26] and comparable to a re-
cent study which used clinical and echocardiographic features to

pre-select for ILR monitoring in a small CS cohort (1-year detec-
tion rate 33%) [11].

Moreover, the first study presenting data on how many patients
would have been missed if low pre-test scores had been applied to
a routine CS population is reported here. In our cohort, only two
patients with AF Risk Scores <4 were diagnosed with AF during
the follow-up period, resulting in a high negative predictive value
of 98%. Such patients are therefore very unlikely to have an un-
derlying AF that caused the stroke and should be re-evaluated for
other possibly unrecognized stroke aetiologies (e.g., non-stenosing
aggressive carotid artery plaque, active cancer etc.) [27]. The in-
clusion of NT-proBNP, the most widely known blood biomarker of
heart failure and atrial cardiopathy, has strongly contributed to our
results. Nevertheless, the sensitivity of the NT-proBNP cutoff value
of 505 pg/ml for predicting AF on long-term follow-up was relatively
low (59%) compared to previous results from our group in a differ-
ent study population on early in-hospital AF prediction (sensitivity
86%) [9]. This might arise from a direct effect of AF episodes on NT-
proBNP. If AF occurs rarely or only in short episodes, NT-proBNP
levels might remain relatively low compared to patients with a high
AF burden [28]. This could explain that baseline NT-proBNP levels
decreased with increasing time intervals between the index event
and AF (data not shown). Larger multi-centre studies are necessary
to define the ideal NT-proBNP cutoff for predicting occult AF in CS
patients.

Apart from the uniform analysis of baseline NT-proBNP levels,
another strength of our study is the predefined standardized stroke
work-up at our centre with a high brain MRI rate of 90% and a thor-
ough cardiac assessment in all included patients. Besides a classical
(cardio)embolic infarct pattern on brain MRI, systolic and diastolic
cardiac dysfunction were also associated with AF detection in CS
patients. Increased atrial afterload due to heart failure and consec-
utive atrial myocyte stretching and arterial wall stress have been
identified as possible mechanisms of atrial cardiopathy. Such tissue
changes can lead to abnormal electric propagation and might cause
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SPB, atrial runs and, finally, AF [29]. This is also supported by the
high SPB burden in patients who were diagnosed with AF during the
follow-up period in our study.

The main limitation of this work arises from the single-centre de-
sign. Moreover, the moderate sample size precluded the analysis of
the effect size of single parameters that were included in our score.
More detailed investigations of single AF predictors could refine the
cutoff values used and evaluate the strength of each marker to fur-
ther improve the suggested risk score. A further limitation resides in
the fact that only every sixth CS patient in our cohort had undergone
continuous cardiac rhythm monitoring during the follow-up period.
Although a pragmatic predefined approach was used to follow all
CS patients over 1 year, the generalizability of our score needs to
be tested in external cohorts with continuous cardiac rhythm mon-
itoring. However, a significant underestimation of AF detection is
unlikely as the detection rate at 1 year (16%) after stroke was com-
parable to the results of the CRYSTAL AF trial (12%) which used ILR
monitoring in all included patients [10].

In conclusion, this study emphasizes the utility of pre-selecting
CS patients for further complex and expensive cardiac long-term
monitoring procedures and proposes a score that might help to
identify CS patients who are at high risk for occult AF. Of note, low
Graz AF Risk Scores had a high negative predictive value, which
might imply a re-evaluation of alternative stroke aetiologies in such

patients.
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