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Purpose: Atrial fibrillation (AF) is a significant cause of stroke, and newly diagnosed AF (NDAF) is typically detected in the early 
period of stroke onset. We aimed to identify the factors associated with in-hospital NDAF in acute ischemic stroke patients and 
developed a simplified clinical prediction model.
Methods: Patients with cryptogenic stroke aged 18 years or older who were admitted between January 2017 and December 2021 were 
recruited. NDAF was determined by inpatient cardiac telemetry. Univariable and multivariable regression analyses were used to 
evaluate the factors associated with in-hospital NDAF. The predictive model was developed using regression coefficients.
Results: The study enrolled 244 eligible participants, of which 52 NDAFs were documented (21.31%), and the median time to 
detection was two days (1–3.5). After multivariable regression analysis, parameters significantly associated with in-hospital NDAF 
were elderly (>75 years) (adjusted Odds ratio, 2.99; 95% confident interval, 1.51–5.91; P = 0.002), female sex (2.08; 1.04–4.14; P = 
0.04), higher admission national institute of health stroke scale (1.04; 1.00–1.09; P = 0.05), and presence of hyperdense middle 
cerebral artery sign (2.33; 1.13–4.79; P = 0.02). The area under the receiver operating characteristic curve resulted in 0.74 (95% CI 
0.65–0.80), and the cut-point of 2 showed 87% sensitivity and 42% specificity.
Conclusion: The validated and simplified risk scores for predicting in-hospital NDAF primarily rely on simplified parameters and high 
sensitivity. It might be used as a screening tool for in-hospital NDAF in stroke patients who initially presumed cryptogenic stroke.
Keywords: acute ischemic stroke, newly diagnosed atrial fibrillation, clinical prediction model, risk scoring

Introduction
Stroke is still an important public health issue nowadays due to disability and mortality, especially ischemic stroke shows 
80% of all strokes.1 Manipulation of unmodifiable and potentially modifiable risk factors contributed to decreased 
recurrence events in ischemic stroke.2 Cardioembolic stroke etiology is found following large-artery atherosclerosis and 
small-vessel occlusion or lacune.3 A Wernicke’s aphasia or global aphasia without hemiparesis, a Valsalva maneuver at 
the moment of stroke onset, the co-occurrence of cerebral and systemic emboli, and abrupt onset to the maximal deficit 
are some clinical characteristics that have been suggestive of cardioembolic stroke, whilst lacunar clinical presentations, 
and especially multiple lacunar infarcts, make cardioembolic origin unlikely.4 Previous Thai and Asian studies have 
shown that cryptogenic stroke or stroke of undetermined etiology, according to the Trial of ORG 10172 in Acute Stroke 
Treatment (TOAST) classification, is 20 to 40% of all strokes,5 and antiplatelet is the mainstay treatment for cryptogenic 
stroke.6 On the contrary, anticoagulation is appropriate for secondary stroke prevention for ischemic stroke patients with 
atrial fibrillation.7
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Newly diagnosed trial fibrillation (NDAF) was detected in approximately ten percent of all strokes, and the most common 
period to detect it was within 72 hours from stroke onset.8 Many studies, like the EMBRACE and CRYSTAL trials, evaluated 
invasive and noninvasive cardiac monitoring to detect NDAF.9,10 While in an ischemic stroke or transient ischemic event, 
NDAF frequently has quite a paroxysmal pattern. Although several risk scores for predicting NDAF following an ischemic 
stroke or transient ischemic attack (TIA) were developed, the usefulness of these scores to anticipate NDAF in clinical practice 
is still uncertain since the established risk scores performed inconsistently in terms of their detection accuracy.11 Moreover, in 
Thailand and many countries that encountered resource-limited facilities, accession to outpatient or long-term cardiac 
monitoring for every stroke patient was limited.12–15 Therefore, our objective was to identify the factors that predict in- 
hospital NDAF in acute ischemic stroke patients and to develop a simplified risk score to predict NDAF and select the patients 
for proper cardiac monitoring. Moreover, the additional outcomes were used to evaluate the incidence of NDAF detection 
during admission and the mean duration of NDAF detection during the in-hospital period.

Materials and Methods
Study Population
The retrospective study was conducted at Maharaj Nakorn Chiang Mai Hospital, a large tertiary care hospital of the 
Faculty of Medicine, Chiang Mai University. The Institutional Review Board of the Faculty of Medicine, Chiang Mai 
University, approved this study protocol (Study Code: MED-2565-08890). Acute ischemic stroke patients who were 
admitted to the Acute Stroke Unit between January 2017 and December 2021, initially diagnosed with cryptogenic 
ischemic stroke, defined as symptomatic cerebral infarcts, with no known plausible etiology at initial diagnostic 
evaluation,16 and aged 18 years or over were enrolled in the study. Stroke was described as a sudden onset of focal 
neurological deficit in a brain location attributed to the consistent vascular territory. The other types of strokes, which 
were large-artery atherosclerosis (LAA), cardioembolism (CE), small-vessel occlusion (SVO or lacune), and stroke of 
other determined etiology, were excluded. Also, patients with previous or first AF diagnosed at the Emergency 
Department were excluded from the study (Figure 1).

Figure 1 Study flow chart and patient selection procedure.
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Data Collection and Outcomes
The primary study outcome is newly-diagnosed atrial fibrillation (NDAF), defined as a new-onset AF developed during 
hospitalization, which was detected by 12-lead electrocardiography (ECG), inpatient cardiac telemetry, or echocardio-
graphy. The data were collected from electronic medical records, including demographic characteristics, medical history, 
laboratory data, stroke severity, electrocardiographic parameters, echocardiographic parameters, cardio-thoracic ratio, 
and neuroimaging parameters. Stroke severity was evaluated by the National Institute of Health Stroke Scale (NIHSS) 
and modified Rankin Scale (mRS) on admission. Electrocardiographic parameters contained P-wave terminal force in V1 
(PTFV1) (Figure 2A–C) and P-wave dispersion (PWD) (Figure 3A–C), which was measured from the surface ECG using 
WebPlotDigitizer version 4.6 (https://automeris.io/WebPlotDigitizer).17 Left atrial diameter (LADM) and left ventricular 
ejection fraction (LVEF) were collected from the official echocardiography report by a certified board cardiologist. 
Neuroimaging parameters, including hyperdense middle cerebral artery sign (HMCAS) refers to focal hyperdensity of the 
MCA on brain noncontrast computed tomography (NCCT),18 cortical lesion, scatter lesion, and hemorrhagic transforma-
tion, were obtained from the official radiographic report by a certified board neuroradiologist and were blinded to the 
study outcomes.

Statistical Analysis
Categorical variables are reported as numbers with proportions and evaluated by Pearson χ2 test or Fisher exact 2-sided 
test when appropriate. If continuous variables are in a normal distribution, it is presented as mean with standard deviation 
(SD) and evaluated by a two-tailed Student’s t-test. On the other hand, for abnormal distribution of continuous variables, 
it is reported as median with interquartile range (IQR) and comparison between the two groups by Mann–Whitney 
U (Wilcoxon rank sum) test. Univariable analysis was presented with an odds ratio (OR) with a 95% confidence interval 
(CI), and variables with statistical significance or P-value less than 0.2 or considered as clinical significance were used in 
multivariable logistic regression analysis. Regarding the predictive score, the significant predictors were weighted by 
their coefficient and valued for specificity and sensitivity using receiver operating characteristic (ROC) curve plotting. 
The area under the receiver operating characteristic (AuROC) was also calculated to evaluate the test accuracy. All 

Figure 2 P-wave terminal force in lead V1 (PTFV1) measurement by WebPlotDigitizer (A) 12-lead echocardiography with PTFV1, (B) X and Y axes calibration, and (C) 
acquired data and PTFV1 calculation. PTFV1 = 5000 µV msec.
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P-values were considered statistically significant when they were less than 0.05. All analyses were performed using 
licensed Stata statistical software version 16.1.

Results
Demographics and Parameters
A total of 244 eligible patients were enrolled in the study. Fifty-two stroke patients with NDAF detected were 
hospitalized with a mean duration of NDAF detection of three days after the stroke onset. The baseline characteristics 
are shown in Table 1 between patients with or without NDAF. The NDAF group showed a significant 10.8 years higher 
age (74.6 vs 63.8 years, P < 0.001), predominately female, higher admission NIHSS (16 vs 11 points, P = 0.001), mild 
lower hemoglobin levels, and lesser low-density lipoprotein-cholesterol (LDL-C) levels. The other characteristics were 
not significantly different. Table 2 shows cardiac biomarkers, electrocardiography, echocardiography, and neuroimaging 
parameters of the patients between the two groups. The patients with NDAF have a higher high-sensitivity troponin 
T (hs-TnT) level (17 vs 13 ng/L, P = 0.03), larger LADM (39.9 vs 35 mm, P < 0.001), higher cardio-thoracic ratio (61.0 
vs 56.9, P < 0.001), the more frequent presence of HMCAS (67.3% vs 45%, P = 0.004) and the more frequent presence 
of hemorrhagic transformation.

Regression Analysis
Univariable analysis and multivariable logistic regression analysis are shown in Tables 3, 4, and Supplementary Table S1. 
Four significant independent variables for univariable analysis include age, female sex, admission NIHSS score, and 
HMCAS. After multivariable logistic regression was analyzed, they were still potent, including age greater than or equal 
to 75 (adjusted odds ratio (aOR), 2.99; 95% confident interval (CI), 1.51–5.91; P = 0.002), female sex (2.08; 1.04–4.14; 
P = 0.04), admission NIHSS score (1.04; 1.00–1.09; P = 0.05), and HMCAS/MCA dot sign (2.33; 1.13–4.79; P = 0.02).

Model Development
All four significant predictors were assigned to item scores for in-hospital NDAF by calculated coefficients and are 
shown in Table 5. Firstly, age in years was divided into two groups (greater than or equal to 75 = 1, less than 75 = 0). 
Females were 1, and male was 0. Admission NIHSS score was divided into two groups (greater than or equal to 8 = 1, 0 
to 7 = 0). For HMCAS/MCA dot sign, presence = 1, and absence = 0.

Model Validation
To test the accuracy of the predictive score, the receiver operating characteristic analysis (ROC) is performed in Figure 4. 
The area under the receiver operating characteristics (AuROC) curve is 0.74 (95% CI 0.65–0.80), which can be 

Figure 3 P-wave dispersion (PWD) measurement by WebPlotDigitizer (A) 12-lead electrocardiography with PWD, (B and C) axes calibration and acquired data to measure 
maximal and minimal P wave duration, respectively. PWD = 115 msec.
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interpreted as the fair diagnostic accuracy of the test. The Hosmer–Lemeshow test, a tool for testing goodness of fit for 
logistic regression models, shows the lowest line corresponding to the predicted population, which means that the test has 
good calibration (Supplementary Figure S1). From Supplementary Table S2, the cut-point at two shows that the 
sensitivity is 86.54%, while the specificity is 42.31%, the positive predictive value (PPV) of 30.00% (26.67–33.56), 
and a negative predictive value (NPV) of 91.67% (84.40–95.72). This shows high sensitivity to detect NDAF as 
a screening tool. The odds ratio of a cut point of 2 is 1.5 (95% CI 0.91–2.45; P = 0.09). While a score of 0 to 1 
shows an odds ratio of 0.32 (0.12–0.75; P = 0.005) (Supplementary Table S3) which means that a lower score than the 
cut-point of two is less for in-hospital NDAF detection.

Table 1 Baseline Characteristics of the Patients

Characteristics Total Cohort (n = 244) NDAF (n = 52) No NDAF (n = 192) P-value

Demographic

Age, yr – mean (SD) 66.1 (14.5) 74.6 (10.6) 63.8 (14.5) <0.001

Male sex – no. (%) 126 (51.9) 19 (36.5) 107 (56.0) 0.013

BMI, kg/m2 – mean (SD) 24.4 (4.3) 24.6 (4.9) 24.4 (4.2) 0.85

Current smoking – no. (%) 30 (12.3) 6 (11.5) 24 (12.5) 0.85

Current alcohol drinking – no. (%) 58 (23.8) 8 (15.4) 50 (26.0) 0.11

SBP, mmHg – mean (SD) 155.0 (30.6) 155.2 (32.2) 155.0 (30.3) 0.98

Heart rate, bpm – mean (SD) 83.9 (17.5) 79.8 (15.2) 85.0 (18.0) 0.05

Admission NIHSS – median (IQR) 12.5 (5–19.5) 16 (10.5–21) 11 (4–18) 0.001

Admission mRS – median (IQR) 4 (3–5) 4 (4–5) 4 (3–5) 0.21

Time to NDAF detection, days – median (IQR) 2 (1–3.5) 2 (1–3.5) NA NA

Medical history – no. (%)

Hypertension 152 (62.3) 37 (71.2) 115 (59.9) 0.14

Diabetes mellitus 76 (31.2) 19 (36.5) 57 (29.7) 0.34

Dyslipidemia 82 (33.6) 18 (34.6) 63 (33.3) 0.86

Coronary artery disease 19 (7.8) 6 (11.5) 13 (6.8) 0.26

Chronic kidney disease 17 (7.0) 4 (7.7) 13 (6.8) 0.76

Prior stroke/TIA 24 (9.8) 5 (9.6) 19 (9.9) 0.95

Laboratory results

Hemoglobin, g/dL – mean (SD) 13.1 (2.3) 12.4 (2.0) 13.3 (2.4) 0.009

Creatinine, mg/dL – median (IQR) 0.94 (0.74–1.18) 0.99 (0.73–1.16) 0.93 (0.74–1.18) 0.71

Fasting blood glucose, mg/dL – median (IQR) 126.5 (107–170.5) 126 (104–174) 127 (107–170) 0.89

HDL-C, mg/dL – mean (SD) 48.7 (15.2) 51.6 (17.6) 48.0 (14.5) 0.25

LDL-C, mg/dL – mean (SD) 112.8 (46.6) 95.3 (29.7) 117.1 (49.0) 0.02

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; mRS, 
modified Rankin Scale; NA, not applicable; NDAF, newly diagnosed atrial fibrillation; NIHSS, National Institute of Health Stroke Scale; SBP, systolic blood pressure; SD, 
standard deviation; TIA, transient ischemic attack.
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Table 2 Cardiac Biomarkers, Electrocardiography, Echocardiography, and Neuroimaging Parameters of the Patients

Parameters Total Cohort (n = 244) NDAF (n = 52) No NDAF (n = 192) P-value

Cardiac markers

hs-TnT, ng/L – median (IQR) 13.4 (8.2–26.5) 17.0 (11.5–47.4) 13 (7.2–25.4) 0.03

PTFV1†, µV·msec – median (IQR) 2000 (1000–3600) 2000 (1000–3600) 2000 (1040–3720) 0.78

PWD‡, msec – median (IQR) 40 (20–60) 40 (30–60) 40 (20–60) 0.21

LADM, mm – mean (SD) 36.4 (7.8) 39.9 (7.7) 35.0 (7.5) <0.001

LVEF, % – mean (SD) 62.9 (13.8) 60.7 (13.0) 63.7 (14.0) 0.24

Cardio-thoracic ratio – mean (SD) 57.7 (6.4) 61.0 (6.7) 56.9 (6.1) <0.001

Neuroimaging – no. (%)

HMCAS/MCA dot sign 121 (49.8) 35 (67.3) 86 (45.0) 0.004

Cortical lesion 75 (30.9) 20 (38.5) 55 (28.8) 0.18

Scatter lesions 0.81

Bilateral hemisphere 20 (8.2) 4 (7.7) 16 (8.4)

Anterior-posterior 9 (3.7) 2 (3.9) 7 (3.7)

Mixed 25 (10.3) 7 (13.5) 18 (9.4)

Hemorrhagic transformation 0.03

Hemorrhagic infarction 26 (10.7) 7 (13.5) 19 (10.0)

Parenchymal hemorrhage 9 (3.7) 5 (9.6) 4 (2.1)

Notes: †PTFV1 is calculated by multiplying the duration (msec) and the depth (μV) of the downward deflection (terminal portion) of the P-wave in lead V1. 
‡PWD is defined as the difference between the widest and the narrowest P-wave duration (msec) recorded from the 12 ECG leads. 
Abbreviations: HMCAS, hyperdense middle cerebral artery sign; hs-TnT, high-sensitivity troponin T; IQR, interquartile range; LADM, left atrial diameter; 
LVEF, left ventricular ejection fraction; MCA, middle cerebral artery; NDAF, newly diagnosed atrial fibrillation; PTFV1, P-wave terminal force in lead V1; PWD, 
P-wave dispersion; SD, standard deviation.

Table 3 Univariable Analysis

Variables uOR 95% CI P-value

Age ≥75 years 3.33 1.68–6.60 <0.001

Female sex 2.21 1.13–4.42 0.02

Current alcohol drinking 0.52 0.20–1.21 0.14

Heart rate >100 bpm 0.33 0.06–1.13 0.07

Admission NIHSS ≥8 2.93 1.30–7.24 0.005

Hypertension 1.65 0.82–3.46 0.15

Hemoglobin ≥13 g/dL 0.30 0.15–0.61 <0.001

HMCAS/MCA dot sign 2.51 1.26–5.12 0.005

Hemorrhagic transformation 2.19 0.91–5.04 0.07

Abbreviations: CI, confidence interval; HMCAS, hyperdense middle cerebral artery sign; 
MCA, middle cerebral artery; NIHSS, National Institute of Health Stroke Scale; uOR, unad-
justed odds ratio.
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Discussion
Since AF is a potential risk for stroke, AF detection is beneficial for stroke patients and affects suitable medication for 
secondary prevention as anticoagulants.7 Also, early recurrent embolization is one of the most important indicators of in- 
hospital mortality in acute ischemic stroke patients due to AF.19 Interestingly, long-term cardiac monitoring has some 
limitations in detecting NDAF, including accessibility and unaffordability.12 Thus, we aim to study the risk factors which 
predict in-hospital NDAF in acute ischemic stroke patients who performed cardiac monitoring during admission and to 
develop a simplified risk score to choose high-risk candidates for the benefits of further cardiac monitoring. Our study 
focused on baseline demographics in almost ischemic stroke patients and demonstrated that significant variables for 
NDAF were age greater than or equal to 75, female sex, admission NIHSS score greater than or equal to eight, and 
presence of HMCAS/MCA dot sign after univariable analysis and multivariable logistic regression analysis. Some 
variables with statistical significance, elevated hemoglobin, might not be correlated with the risk of atrial fibrillation due 
to U-shaped association and were not utilized in the final model development.20 Each parameter got one score by its 
coefficients. The accuracy of the predictive score with a cut-point of two was an acceptable performance, and also good 
calibration was shown by the Hosmer–Lemeshow test. Thus, this predictive score is satisfactory for the screening tool to 
detect in-hospital NDAF in acute ischemic stroke patients who were initially presumed cryptogenic stroke etiology.

Compared to previous studies, the iPAB score contains three parameters, including those identified by the history of 
arrhythmia or antiarrhythmic agent use, atrial dilation, defined as a diameter greater than 40 millimeters, and B-type 
natriuretic peptide (BNP) elevation. For an increase in BNP levels, if the value was greater than or equal to 50, 90, and 
150 picograms per milliliter, there were 1, 2, and 3 points, respectively.21 Regarding the HAVOC score, there are 

Table 5 Significant Predictors and Assigned Item Scores for In-Hospital Newly Diagnosed Atrial 
Fibrillation

Predictors Category aOR (95% CI) Coefficient P-value Assigned Score

Age ≥75 years 2.99 (1.51–5.91) 1.040604 0.003 1

<75 years Reference

Sex Female 2.08 (1.04–4.14) 0.7486122 0.033 1

Male Reference

Admission NIHSS ≥8 points 2.05 (0.88–4.74) 0.7155069 0.049 1

0–7 points Reference

HMCAS/MCA dot sign Yes 2.33 (1.13–4.79) 0.8962803 0.014 1

No Reference

Abbreviations: aOR, adjusted Odds ratio; CI, confidence interval; HMCAS, hyperdense middle cerebral artery sign; MCA, middle 
cerebral artery; NIHSS, National Institute of Health Stroke Scale.

Table 4 Multivariable Analysis

Variables aOR 95% CI P-value

Age ≥75 years 2.99 1.51–5.91 0.002

Female sex 2.08 1.04–4.14 0.04

Admission NIHSS 1.04 1.00–1.09 0.05

HMCAS/MCA dot sign 2.33 1.13–4.79 0.02

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; HMCAS, hyper-
dense middle cerebral artery sign; MCA, middle cerebral artery; NIHSS, National 
Institute of Health Stroke Scale.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S406546                                                                                                                                                                                                                       

DovePress                                                                                                                       
1369

Dovepress                                                                                                                                                    Saengmanee et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


hypertension, age, valvular heart disease, peripheral vascular disease, obesity, congestive heart failure, and coronary 
artery disease.21–23 The iPAB score was developed using Asian populations with a sensitivity of 93% and a specificity of 
71% with a total score above 2. The HAVOC score, on the other hand, was based on European populations. The accuracy 
of the score was 78.0%, and the area under the curve was 68.7% (95% CI, 62.1–73.3%). The relevant parameter with our 
findings was old age, but the difference was a neuroimaging parameter which was interesting and supported the results of 
the previous study on the relationship between HMCAS/MCA dot sign and acute ischemic stroke etiology.18,24 HMCAS 
can be found by brain NCCT in 59% of patients with cardioembolism, according to the TOAST classification, even 
though it cannot be used solely as a marker for determining the subtypes of stroke etiology.25 Hemorrhagic transforma-
tion (HT) is another interesting neuroimaging parameter for which our findings found the association with NDAF from 
the univariable analysis with marginal nonstatistical significance. The study on the early hemorrhagic transformation of 
brain infarction, which was prospectively conducted by Paciaroni et al, found cardioembolism to be a predictor of HT 
with an odds ratio of 2.36 (95% CI 1.44–3.68), and the magnitude of the effect is more pronounced with parenchymal 
hemorrhage (PH) (5.25, 2.27–12.14).26 These findings highlighted the usefulness of neuroimaging markers together with 
other clinical parameters to identify acute ischemic stroke patients with probable NDAF.

Although the incidence of AF is more significant in men than women, recent studies have shown a higher prevalence of 
female AF patients than in males.27–29 This condition might be because women typically live longer than men. Therefore, the 
female gender can be a potential risk factor for NDAF, corresponding with the elderly age found in our cohort. For a higher 
NIHSS score which indicates the severity of a stroke, severe stroke is also associated with large vessel cardioembolism from AF, 
as correlated with many previous studies.30,31 Cardioembolic stroke is typically presented with total or partial anterior circulation 
infarction, TACI, or PACI, respectively, according to the Oxfordshire Community Stroke Project (OCSP) clinical stroke 
classification, which resulted in a significant disabling stroke on admission.32,33

ECG parameters, including PTFV1 and PWD, are widely recognized as suggestive of atrial enlargement, which is related to 
a higher risk for NDAF.34–37 Bayes syndrome, an under-recognized clinical condition defined by advanced interatrial block, 
should be taken into consideration and examined as a potential cause of cryptogenic stroke. It may be the cause of cryptogenic 
ischemic strokes.38 Our findings found more elevated markers of atrial cardiopathy, hs-TnT, and LADM, although these findings 
did not correspond to focused ECG parameters, PTFV1 and PWD. We aimed to enhance the measurement accuracy by using 

Figure 4 Area under receiver operating characteristics (AuROC) curve.
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WebPlotDigitizer, but the aberration still occurred and resulted in nondifference between groups with and without NDAF. It 
might be implied that these ECG markers of atrial dysfunction are still needed further investigation for clinical application. 
Moreover, for the secondary outcome, in our cohort, approximately one-fifth of patients who initially presumed cryptogenic 
stroke were identified with NDAF (52 among 244 participants, 21.3%). In addition, we found that the common period to detect 
NDAF was two days after the symptoms of stroke onset, with an interquartile range from one to three and a half days. The earliest 
is within the first day after admission and goes to day twelfth for the maximum detection. Our results have corresponded with the 
previous studies that found the diagnosis of atrial fibrillation, even serious cardiac arrhythmias following stroke, is usually 
established within 72 hours.8,39,40 These emphasize the essentials of in-hospital cardiac monitoring, and patients with the 
characteristics mentioned above have a high probability of being NDAF.

To the present, there are increased data on the cost-effectiveness of screening for atrial fibrillation among the general 
population and in a particular subgroup, especially after ischemic stroke. A study by Schnabel et al demonstrated that AF was 
identified in approximately 0.2% of the middle-aged population using a single timepoint 12-lead ECG screening, but those 65 
years of age and above may achieve cost-effectiveness for screening.41 This is consistent with an analysis from the 
STROKESTOP study that showed that a broad AF screening strategy in an elderly population is cost-effective.42 In 
individuals after ischemic stroke, due to its higher expenses and decreased sensitivity, continuous 24 h ECG recording was 
less cost-effective than intermittent ECG.43 Our results highlight the importance of clinical prediction models as a clinical 
utility tool to investigate silent AF in patients recently suffering from acute ischemic stroke.

There are many strengths of our study. Firstly, our study was based on the population we were interested in, and the 
parameters were generally suitable. Additionally, the predictive score, which contains four parameters, is simplified to 
remember and be applicable. Due to its good calibration quality, it can be used as a screening tool for patients with 
a higher yield for NDAF detection. Finally, we attempted to use an objective measurement of PTFV1 and PWD, the 
WebPlotDigitizer, instead of an isolated manual measurement, even if these ECG parameters were not significant in our 
study. Regarding these strengths, our simplified risk scoring is feasible for further exploration in external validation 
models. It might have an implication in clinical practice as a screening tool to select acute cryptogenic ischemic stroke 
who might be resulted in high diagnostic yield in resource-limited settings.

However, we acknowledged some limitations of the present study. Some missing data have occurred because of the 
retrospective study, and a conducting prospective study in the future may be more suggestive. Second, the number of 
patients included in our study was relatively small due to a single-center retrospective study. If the magnitude of the total 
population was larger, some parameters might show statistical significance. Lastly, although our predictive score 
produced a high-sensitivity yield, which makes it suitable for a screening tool, the specificity of the cut point is quite 
fair. We encourage further well-controlled prospective studies to establish a definite predictive yield regarding the 
independent parameters found in this study.

Conclusions
Regarding the findings of the current study, we have developed and validated the simplified risk score to predict in- 
hospital newly-diagnosed atrial fibrillation in acute ischemic stroke patients contains four parameters which are elderly 
age, female sex, higher admission NIHSS score, and presence of HMCAS/MCA dot sign purpose to screen and select 
candidates for further cardiac monitoring to increase the yield of the NDAF detection, especially within the first forty- 
eight hours after the stroke onset. NDAF remains an important etiology of ischemic stroke, initially cryptogenic, 
accounting for 21.3% in our cohort, and applying the aforementioned clinical parameters increased the chance of 
detecting acute ischemic stroke patients with occult or transient cardiac arrhythmias. To determine the significance of 
such scores for clinical decision-making and preventive intervention, additional research with large prospective cohorts 
and randomized control trials is needed.
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