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Introduction: The aim of the present study was to predict paroxysmal 
atrial fibrillation (PAF) in acute ischemic stroke patients with presumed 
cryptogenic embolic etiology.

Methods: In this retrospective cohort study, demographics, blood 
tests, data of neuroimaging studies such as non-contrast computed 
tomography (NCCT), magnetic resonance imaging (MRI), standard 12-
lead electrocardigraphy (ECG), 24-hour Holter ECG, echocardiography 
was collected. The diagnostic work-up to detect atrial fibrillation (AF) was 
either medical history of the patient or 12-lead ECG or 24-hour Holter 
ECG or continuous ECG monitoring. Score for the targeting of atrial 
fibrillation (STAF) was calculated for all patients. Cryptogenic ischemic 
stroke (CS) patients with and without documented AF were recorded.

Results: Between July 2014 and December 2015, a total of 133 of the 
258 patients with CS were included in this study. Overall, 133 patients 

were enrolled and AF was detected in 30 (22.6%) patients. In univariate 
analysis gender (p<0.001), age (p=0.001), smoking habit (p=0.004), aortic 
and mitral valve insufficiency (p=0.014 and p=0.021), left ventricular 
systolic dysfunction (p=0.04), and left atrial dilatation (p=0.03) were 
predictors of AF but multivariate analysis showed that only gender 
and age were independent predictors of AF in patients with presumed 
cryptogenic ischemic stroke. According to ROC analysis, area under the 
curve was 70% and the sensitivity and specificity of STAF score of ≥5 was 
86% and 71% respectively.

Conclusion: STAF score predicted with fair accuracy, and has a limited 
use for the risk of PAF in stroke patients.
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Atrial fibrillation (AF) –either paroxysmal or persistent– is an important 
risk factor for ischemic strokes (1). The timely diagnosis of AF and the 
institution of oral anticoagulation therapy in patients with ischemic 
strokes can reduce the number of subsequent adverse events. Paroxysmal 
AF (PAF) carries the same risk of ischemic stroke as persistent AF (2), and 
PAF is more prevalent than persistent AF in patients with ischemic strokes 
and transient ischemic attacks (TIA) (3). Although there are numerous 
diagnostic studies for the detection of PAF, electrocardiography (ECG) is 
often preferred due to its low sensitivity (4), while tests such as early-
phase ECG monitoring, long term Holter ECG monitoring, cardiac event 
monitoring and implanted PAF monitoring devices are either highly time 
consuming, or do not facilitate the early predicting of those patients with 
PAF (1).

In 1993, the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criterion 
was introduced, classifying strokes according to etiologies (5). The term 
‘cryptogenic stroke’ (CS) refers to a stroke of undefined etiology (after 
adequate diagnostic studies have been conducted) (6). CS comprises 
approximately 25–40% of all strokes. CS is often hypothesized to have 
originated from distant embolization (7). AF is a notable risk factor for 
embolic ischemic strokes, with a prevalence of 4.9% to 9.2% in CS patients 
(8, 9). In 2014, the term called ESUS (embolic stroke of undetermined 
source) was defined by the CS/ESUS international working group (10-B) 
and defined as a subset of patients with cryptogenic stroke who have 
embolic strokes and determined as a non-lacunar brain infarct without 
proximal arterial stenosis or cardioembolic sources with sufficient 
diagnostic assessment (7). In literature, studies have mostly used the term 
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CS which may fulfill the ESUS criteria as well (10). Thus, we preferred to 
use the term CS.

Approximately one third of all ischemic strokes are thought to have 
cryptogenic etiology. PAF has gained great attention as a potential 
etiology of cryptogenic strokes (2). The minimum diagnostic workup 
for detection of a cryptogenic embolic stroke includes: brain computed 
tomography (CT) or MRI; 12-lead ECG; transthoracic echocardiography; 
and cardiac monitoring for at least 24 hours with automated rhythm 
detection, and imaging of extra- and intracranial arteries (11).

Cardiologic tests are time-consuming, costly and may be inconvenient 
due to low sensitivity. Identifying ischemic stroke patients who have a 
particularly high risk of AF is important. Recently, a scoring system (STAF) 
was introduced to predict the probability of AF in this patient population 
(12).

The aim of the present study was to assess the Score for the Targeting of 
Atrial Fibrillation (STAF) in patients with cryptogenic stroke in determining 
the risk of PAF.

METHODS
This is a retrospective cohort study on patients with cryptogenic embolic 
acute ischemic stroke conducted between July 2014 and December 2015. 
The study was approved by the local ethics committee. During the study 
period, those patients thought to have CS were included in the study. 
Demographic data, risk factors, and the severity of stroke were collected. 
The minimum diagnostic work up during the hospitalization period 
included: CT and/or MRI; 12-lead ECG; transthoracic echocardiography; 
cardiac monitoring for at least 24 hours with automated rhythm 
detection; imaging of both extracranial and intracranial arteries, Holter 
monitoring within the previous 3 months. Special coagulation tests were 
only ordered for those patients who had a personal or family history of a 
prothrombotic process (11).

The diagnosis of cryptogenic embolic stroke was based on the following 
diagnostic criteria (11): 

1-	 Non-lacunar stroke detected by CT or MRI. The largest dimension for 
CT and MRI diffusion images was <1.5 cm and ≤2 cm, respectively.

2-	 Absence of extracranial and intracranial atherosclerosis causing at 
least 50% luminal stenosis in arteries supplying the area of ischemia.

3-	 No major risk for cardioembolic source of embolism (persistent or 
paroxysmal atrial fibrillation, sick sinus syndrome/atrial asystole, int-
racardiac thrombus formation, prosthetic heart valve, atrial myxoma 
or other cardiac sources, mitral stenosis, myocardial infarction within 
4 weeks, ejection fraction <30%, presence of valvular vegetation or 
infective endocarditis)

4-	 No other specific factors such as arteritis, dissection, migraine were 
identified.

Transthoracic echocardiography was performed on all patients (DMS 
software NV, USA-CardioScan 12.0 DM Software, NV, USA). The left atrial 
diameter was measured at the parasternal border in M mode. Left atrial 
dilatation was defined as a diameter >40 mm according to the published 
guidelines of The American Society of Echocardiography (13). Carotid 
ultrasound was performed according to the published criteria. Those 
patients who were admitted to the intensive care unit, or had lacunar 
infarcts or histories of TIA, were excluded from the study.

The STAF score was calculated for each individual patient and includes 
age, baseline NIHSS score, left atrial dilatation, vascular etiology. The 
STAF scoring system is shown in Table 1.

Table 1. STAF criteria and scoring (13)

Criteria Points

Age
>62 years
≤62 years

2
0

Baseline NIHSS Score
≥8
<8

1
0

Left Atrial Dilatation
Yes
No

2
0

Vascular Etiology
Yes
No

0
3

Total

Statistical Analysis
The study data were analyzed in SPSS 23.0 for Windows (SPSS Inc., 
Chicago, Illinois, USA). Demographic and baseline characteristics were 
summarized as a mean ± SD for continuous variables and as a percentage 
of the group for categorical variables. Non-normally distributed data 
are presented as medians (inter-quartile range). The normality analysis 
was performed with the Kolmogorov-Smirnov test. Univariate analysis 
was performed to determine the predictors for AF. The Chi-square test 
was used for dichotomous variables and Student’s t-test for continuous 
variables and Mann-Whitney U-test for non-normally distributed data or 
ordinal variables. Logistic regression analysis was performed to reveal a 
predictive model from univariate analysis. The capacity of STAF score in 
predicting PAF was analyzed using ROC curve analysis. All the hypotheses 
were constructed as two-tailed, and the α critical value was accepted as 
0.05.

RESULTS
Between July 2014 and December 2015, 133 out of  258 patients with CS 
were included in this study. The excluded patients’ characteristic details 
were as follows: 54 patients due to lacunar infarct or large vessel disease, 
as well as 42 patients with TIA; 13 patients because of incomplete data, 
and 16 patients who had Holter monitoring beyond 3 months. The study 
population included 73 (54.9%) males and 60 (45.1%) females, the mean 
age was 63.1±15 years. AF was documented in 30 (22.6%) patients after 
3 months of follow-up. The demographic properties of the patients are 
presented in Table 2.

Univariate analysis revealed that male gender (OR 0.17, 95% CI 0.06–0.439), 
older age (OR 4.4 (95% CI 1.6–11.6), smoking, left atrial dilatation (OR 2.4, 
95% CI 1.05–5.54), mitral insufficiency (OR 2.8, 95% CI 1.14–6.87), aortic 
insufficiency (OR 2.9, 95% CI 1.21–7.13) were the factors associated with AF. 
Multivariate analysis revealed that gender (OR 0.21 (95% CI 0.078–0.587) 
and age 1.04 (95% CI 1.007–1.08) was seen as independent predictors of 
AF in our study population. Area under the curve was found to be 0.70 for 
the STAF score (CI 0.59–0.80) (Figure 1). A STAF score of ≥5 identified the 
patients with AF with a sensitivity of 86% and specificity of 71%.

DISCUSSION
According to this study, gender and older age can predict PAF. However, 
the STAF score has a limited utility for predicting PAF in patients with 
cryptogenic embolic strokes.

The prevalence of PAF in our study population was 22.6%. This is 
consistent with the previous studies published in the literature, which 
ranged from 5% to 21% (1, 3, 4, 14–17).
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Our study revealed several important differences when compared with 
the original study of the STAF score published by Suissa et al. (18). In 
their study, all the patients presenting to their neurovascular unit for the 
treatment of ischemic stroke were included. They also included patients 
with AF by initial ECG. STAF ≥5 identified the AF patients with a sensitivity 
and specificity of 89% and 88%, respectively.

In a similar study to that of the original (14), Horstmann et al. enrolled 
patients with ischemic strokes for whom multivariate analysis, age, NIHSS, 
left atrial dilatation and absence of vascular etiology were independent 
predictors of AF, but ROC analysis revealed an area under the curve of 0.84 
and a STAF score of ≥5. The sensitivity and specificity were 79% and 74%, 
respectively (12). The sensitivity and specificity of this study was much lower 
than the original study. According to explanation given by Horstmann et 
al., the incongruity between the two studies comes from the patients with 
stroke of undetermined etiology. In their cohort, 17.8% of the patients were 
classified as belonging in this undetermined group. Actually, the patient 
group with undetermined etiology defines our study population. In the study 
of Horstmann et al., a STAF score of ≥5 identified the AF patients-without a 
history of AF and without AF on the admission ECG –with a sensitivity of 58% 
and specificity of 74% (12). The sensitivity is much lower from our study: this 
possibly reflects the recruitment of a different patient population between 
our study and the previous study. However, the STAF score in the group of 
undetermined etiologies gave only poor sensitivity and specificity of 35% and 
22%, respectively. In the Horstmann et al.’s study, patients with ‘two causes’ 
and ‘unknown etiology’ were classified in the ‘undetermined etiology’ group. 
22.1% of the patients in their undetermined etiology group constituted at 

Table 2. Patients demographics

All patients AF No AF
p value, 
OR (95% CI)

Male, n 73 (54.9%) 7 (23.3%) 66 (64.1%)
 <0.001, 
OR 0.17 (95% CI 0.06–0.439

Age (years), mean ± SD 63.1±15 71.3±10 60±15 p=0.001

Age >62 year, n 73 24 49
p=0.002
OR 4.4 (95% CI 1.6–11.6)

Hypertension, n 83 (62.4%) 22 (73.3%) 61 (59.2%)
p=0.16
OR 1.8 (95% CI 0.77–4.6)

DM, n 51 (38.3%) 11 (36.7%) 40 (38.8%)
p=0.83
OR 0.91 (95% CI 0.39–2.16)

CAD, n 22 (16.5%) 2 (6.7%) 20 (19.4)
p=0.16
OR 0.29 (95% CI 0.06–1.34)

Previous stroke/TIA, n 33 (24.8%) 6 (20%) 27 (26.2%)
p=0.48
OR 0.70 (95% CI 0.26–1.90)

PAD, n 1 (0.8%) 0 0 1 (1%) p=1

Hyperlipidemia, n 49 (36.8%) 10 (33.3%) 39 (37.9%)
p=0.65
OR 0.82 (95% CI 0.34–1.93)

Smoking, n 21 (15.8%) 0 21 (20.4%) p=0.004

NIHSS baseline
4 (IQR3–7)
5.1±3.1

4.5 (IQR3–8.25)
5.7±3.6

4 (IQR3–7)
4.9±2.9

p=0.35

NIHSS ≥8, n 26 8 18 p=0.264

mRs 1 (IQR1–2) 1 (IQR1–2) 1 (IQR1–2) p=0.48

Mitral insufficiency, n 73 (% 54.9) 22 (73.3%) 51 (49.5%)
p=0.023
OR 2.8 (95% CI 1.14–6.87)

Mitral stenosis, n 1 (0.8%) 0 1 (1%) p=1

Aortic insufficiency, n 30 (23.3%) 12 (40%) 18 (18.4%)
p=0.014
OR 2.9 (95% CI 1.21–7.13)

Aortic stenosis, n 1 (0.8%) 0 1 (1%) p=1

LVH, n 83 (62.4%) 21 (70%) 62 (60.2%)
p=0.32
OR 1.54 (95% CI 0.64–3.70)

Left ventricular systolic dysfunction, n 13 (9.8%) 0 13 (12.6%)

Left atrial dilatation, n 49 (36.8%) 16 (53.3%) 33 (32%)
p=0.033
OR 2.4 (95% CI 1.05–5.54)

AF, atrial fibrillation; DM, diabetes mellitus; CAD, coronary artery disease; NIHSS, National Institute of Stroke Scale; LVH, left ventricular hypertrophy; PAD, peripheral artery disease; 
mRs, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale. 

Figure 1. ROC analysis of STAF score.
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least two causes for their stroke, whereas patients with more than one cause 
were not included in our study.

In the study of Suissa et al., the mean NIHSS score was 8.05±7.33 and the 
mean difference between the patients with or without documented AF was 
statistically significant in multivariate analysis. Patients with NIHSS score ≥8 
comprise 43% of all patients. The mean and median NIHSS scores in our 
study did not exhibit a statistically significant difference, while the mean 
NIHSS score was lower than the previous study, perhaps again reflecting 
the excluded patients in our study that had been admitted to ICU.

Our study has several limitations; retrospective single-center design makes 
the results of this study prone to selection bias and limits its generalizability.

In conclusion, the result of our study suggests that the STAF score is of 
limited use in patients with undetermined etiology for ischemic stroke 
without a history of AF and without AF on admission. A study in the future 
aiming to analyze risk scores in stroke subtypes may guide anticoagulation.
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