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patients
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Introduction: Holter-SRA (Stroke Risk Analysis) is an automated analysis of ECG
monitoring for Atrial Fibrillation (AF) detection. The aim of this study was to
evaluate the rate of AF in undetermined TIA/Rapidly improving stroke symptoms
(RISS) patients.

Methods: Prospective study of undetermined TIA/RISS patients who presented
to the emergency department. Early vascular studies (angio CT, transthoracic
echocardiography and ECG) were performed in emergency department. The
Holter-SRA device was placed for 2h and the patients were classified into:
confirmed AF, high risk of AF or low risk of AF. Prolonged ambulatory monitoring
(7 days) was carried out every month for patients with a high-risk pattern. The
results were evaluated until definitive detection of AF or low-risk pattern. The
endpoints were rate of AF and vascular recurrence at 90 days.

Results: Over a period of 24 months, 83 undetermined TIA/RISS patients were
enrolled. The mean age was 70 + 10 years and 61% were men. The median
ABCD? score was 4 points (1-7). After 2h of monitoring in the emergency
department, AF was detected in one patient (1.2%), 51 patients with a low-risk
pattern and 31 patients (37.3%) showed a high-risk pattern of AF. During the
ambulatory monitoring, of the 31 patients high risk pattern patients, AF was
diagnosed to 17 cases and of the 51 patients with a low-risk pattern, one case
experienced a recurrent vascular due to undetected AF (1.9% false negative).
Three patients (3.6%) suffered a vascular recurrence within the first 90 days,
before AF diagnosis.

Conclusions: In our study, AF was detected in 22.9% of the 83 patients with
indeterminate TIA/RISS. Holter-SRA has allowed us to increase the detection of
AF, especially those patients with a high-risk pattern in the first 3 months.

KEYWORDS

undetermined TIA, rapidly improving stroke symptoms, Holter-SRA, atrial fibrillation,
neurovascular

Introduction

Atrial fibrillation (AF) is a significant risk factor for stroke, accounting for ~20-30% of
all ischemic strokes (1). Early detection of AF is crucial because anticoagulation treatment
can reduce the risk of stroke by 67%.

Transient ischemic attack (TIA) is often considered a minor event, but it is still a
medical emergency that requires prompt evaluation and treatment. The risk of stroke
after TIA during the first week is 2-10% and during the first 90 days 8-20% (2-5).
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This high recurrence rate could be due to unknown AF in up to
30% of cases (6, 7). Therefore, early identification and treatment of
these cases is essential to prevent vascular recurrences (8-10).

Although most Stroke Units are equipped with continuous
ECG monitoring (CEM), this method carries various limitations:
(1) There is a limited time window available for detection of
AF during hospitalization, (2) Numerous false positive alarms
require verification by an expert neurologist or cardiologist, (3)
It does not allow for the assessment of the risk of future AF, (4)
The necessary monitoring time in TIA/Rapidly improving stroke
symptoms (RISS) patients is controversial (8, 11).

The use of machine learning algorithms for AF detection may
improve the accuracy and efficiency of AF diagnosis compared to
traditional interpretation of ECG recordings, without the need for
hospitalization of patients. The Holter-Stroke Risk Analysis (SRA)
is a novel method for automated analysis of ECG monitoring,
which enables both the detection of AF and the prediction of high
risk of AF (12-14). It applies an automated analysis algorithm based
on machine learning to identify characteristic irregularities in the
R-R interval between AF episodes, absence of P-tops, and wave
patterns that continuously change in shape, duration, amplitude
and direction.

Our aim was to assess the rate of AF detected by Holter-SRA in
undetermined TIA/RISS patients who presented to the emergency
department without requiring hospitalization for continuous
ECG monitoring.

Methods

We prospectively studied all patients with suspected TIA/RISS
in the emergency department from July 2020 to July 2022. TIA
was defined as a transient episode of neurologic dysfunction due
to focal brain or retinal ischemia without acute infarction on initial
CT scan (5). MRI was performed in all patients and we considered
RISS patients to be those with DWT lesion on MRI.

All patients who had sufficient clinical suspicion to warrant
neurovascular imaging were eligible for inclusion in this study. The
protocol was approved by the Ethics Committee, and all patients
were provided written informed consent.

In the emergency department, a stroke neurologist evaluated
the following assessments in all patients: ABCD? score (>60 years
= 1 point; systolic blood pressure > 140 mmHg or diastolic >
90 mmHg = 1 point; unilateral weakness = 2 points; speech
disturbance without weakness = 1 point; duration of symptoms
>60min = 2 points, 10-59min = 1 point, and <10min =
0 points; and diabetes mellitus = 1 point), medical history,
physical examination, routine blood chemistry, ECG, chest x-ray
and cranial computed tomography (CT). The complete vascular
study by Transthoracic echocardiography (TTE) including the left
atrial size and carotid ultrasound or angio CT was performed
in Emergency Department. Intracranial stenosis was diagnosed
if the mean blood flow velocity was >80 cm/s, with side-to-
side differences >30% and signs of disturbed flow (aliasing).
Internal carotid stenosis was considered if PSV (peak systolic
velocity) >125 cm/s or ICA/CCA PSV ratio >2. All cases
were confirmed by CT or MRI angiography. Cervical ICA
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atherosclerosis was classified according to NASCET criteria as
absent or mild (<50% stenosis), moderate (50-69% stenosis), or
severe (>70% stenosis).

In order to select TIAs of undetermined cause, the TOAST
criteria (15) were used: large -artery occlusive disease (LA), small-
vessel disease (SV), cardioembolism (CE), other causes (OC),
or undetermined cause (UND). They were further classified
according to the arterial territory affected, including carotid, retinal,
vertebrobasilar or an undetermined territory.

The following patients were excluded: those with a documented
history of AF (either prior to admission or upon presentation in
the emergency department with accompanying ECG), those with
a TTA of known cause, or those who declined to participate in the
current study.

Patients without intracranial stenosis, normal ICA or plaques
<50% were considered as normal vascular study. In these cases,
the Holter-SRA device was placed for 2 h during their stay in the
Emergency Department.

The Holter-SRA (SRAclinic®; Apoplex medical technologies
Inc., Pirmasens, Germany) applies an automated analysis algorithm
based on machine learning to identify characteristic irregularities in
the R-R interval between AF episodes, absence of P-tops, and wave
patterns that continuously change in shape, duration, amplitude
and direction (16, 17). This information is obtained based on the
recognition of repetitive patterns that are specific for the atrial
remodeling associated with AF (12, 18). The SRA report provides
three levels of risk: confirmed AF, low risk of AE or high risk of AF.

Patients with a high-risk AF pattern detected after 2h of
monitoring in the Emergency Department, were discharged with
the Holter-SRA in place for extended monitoring (7 days). A
neurologist assessed the outcomes of the 7-day ambulatory Holter-
SRA monitoring at the time of its removal. When the Holter was
removed, the treating physician received the report within 5 min.
In cases where a high-risk pattern persisted, additional prolonged
monitoring was conducted every 30 days until a definitive detection
of AF or a transition to a low-risk pattern, for a maximum
period of 2 years. Prolonged ambulatory monitoring was not
performed in patients with a low-risk pattern, given the high
negative predictive value of the Holter-SRA in previous studies
(96.2-100%) (13, 14, 19). All patients with AF were reviewed by a
cardiologist within 24 h in order to confirm the diagnosis. Once the
diagnosis was confirmed, the antiplatelet treatment was changed to
anticoagulation at that time.

Baseline vascular risk factors

Smoking was considered present if the patient reported
smoking cigarettes during the 5 years preceding the study.
Hypertension (HTA) was defined as a systolic blood pressure > 140
mmHg or diastolic > 90 mmHg, or current use of antihypertensive
treatment. Diabetes mellitus was considered present in patients
with a history of fasting blood glucose > 126 mg/dL, HbAlc >
6.5%, or current use of antidiabetic drugs. Hypercholesterolemia
was defined as a total cholesterol level > 200 mg/dL or current use
of lipid-lowering agents.
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Clinical endpoints

Recurrent vascular events including stroke, recurrent TIA,
myocardial infarction, or death, as well as therapeutic intervention,
were recorded during a face-to-face interview at the 90-day
follow-up. Recurrent TTA was defined as an additional TIA event
occurring after emergency department admission. Stroke was
defined as rapid onset of clinical symptoms of focal cerebral or
retinal function disturbance, with an apparent vascular cause and
acute infarction on neuroimaging.

Statistical analysis

Statistical analysis was performed using the SPSS software,
version 19.0 (IBM, Chicago, IL). Continuous variables that followed
a normal distribution were summarized by the number of valid
cases (N), mean, and standard deviation (SD). For non-normally
distributed variables, the median and interquartile ranges were
used. Categorical variables were described by the number of valid
cases and the associated percentage for each category. Odds ratios
(OR) for variables associated with AF were determined using
multivariable logistic regression analysis, adjusted for variables with
a p-value of <0.1 in the univariate analysis. A p-value of <0.05 was
considered statistically significant.

Results

A total of 87 patients were evaluated over a period of 24
months. Four patients were excluded from the study due to mimic
stroke (one with multiple sclerosis, two with seizures, and one with
migraine), resulting a final sample of 83 patients (Figure 3). The
median ABCD? score was 4 points (range: 1-7), and 61% of the
participants were male with a mean age of 70 = 10 years. Vascular
risk factors were present in 85% of the cases, and 1% of the patients
had experienced a retinal TIA. MRI was performed with a mean
delay of 15 & 10 days, and acute infarcts that were not visible on
the initial CT scan were detected in 18% of the patients. These cases
were considered RISS patients (Table 1). After 2h of monitoring in
the emergency department, AF was detected in one patient (1.2%),
51 patients with a low-risk pattern and 31 patients (37.3%) showed
a high-risk pattern of AF. In those cases, prolonged ambulatory
monitoring (7 days) was performed, with a median duration of
176 h (range: 122-2,080). AF was detected in 18 patients (21.6%),
but after review by the cardiologist, AF was not confirmed in one
case (5.5% false-positive). At 360 days of follow-up, six patients
(7.2%) continued to present a high-risk pattern of AF (Figure 1).

Regarding the 51 patients with a low-risk pattern of AF after 2h
of monitoring in the emergency department, one case experienced
a recurrent vascular event at 62nd day due to undetected AF
(1.9% false negative). After excluding the false-positive case and
including the false-negative case and the patient detected after 2h
of monitoring, the final number of AF detected in our study was 19
cases (22.9%).

According to detection time of 19 cases with AF after TIA/RISS
patients, nine cases (47.4%) were detected in the first 7 days, six
cases (31.6%) between 31 and 90 days, one case (5.3 %) between 91
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TABLE 1 Baseline characteristics of study population.

Undetermined
TIA/RISS and

patients
(N =83)

Age (mean, SD) 70 + 10
Male 61%
Hypertension 67%
Diabetes mellitus 32%
Smoking 23%
Coronary heart disease 12%
Hypercholesterolemia 50%
Previous stroke 19%
Clinical features

Carotid TTIA 54.2%
Retinal 1.2%
Vertebrobasilar 13.3%
Undetermined 31.3%
ABCD? median, (IQR) 4(1-7)
Acute infarct on MRI 17.6%
Lacunar infarct 6.8%
Non-lacunar infarct 9.5%
Multiples territories 1.4%

IQR, interquartile range; RISS, rapidly improving stroke symptoms.

and 120 days, one case (5.3%) between 121 and 150 days, one case
(5.3%) between 151 and 180 days, and one case (5.3%) between 181
and 210 days (Figure 2).

During the first 90 days of follow-up, 3 patients (3.6%) suffered
vascular recurrence, all due to undetected AF. One patient had
vascular recurrence at 9™ day, detecting AF as etiology at 34!
day. Another patient suffered a new stroke at 62°¢ day with AF
detected during this second hospitalization, and another patient
at 85 ™ day detecting AF as cause at 126" day. The SRA- Holter
showed a low rate of false positives (5.5%) and negatives (1.9%).
Among patients with a high-risk pattern, AF was detected in 54.8
% of cases, with a sensitivity of 94%, specificity of 78%, positive
predictive value (PPV) of 54%, and negative predictive value (NPV)
of 98%. The univariate analysis identified the size of the left
atrium (p=0.013) and age (p=0.1) as predictors of AF. Multivariate
logistic regression identified only the size of the left atrium as an
independent predictor of AF (Table 2).

Discussion

In the present study, we found that 22.9% of patients with
undetermined TIA/RISS had unknown AF and all recurrences
within the first 90 days were attributed to this factor. The presence
of a high-risk pattern in Holter-SRA was associated with the
detection of AF in 54.8% of these cases, and the only independent
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TABLE 2 Predictors of atrial fibrillation detected in the univariate and
multivariable analysis.

Univariate Multivariate

OR

95% IC

Size left atrium P=0.013 0.04 1.12 (1.00-
1.24)
Age P=0.1 0.15 1.05 (0.98-
1.12)

predictor of AF was the size of the left atrium (OR 1.12) (Table 2).
According to previous studies, the size, function and anatomy of
the left atrium influence the risk of stroke. Consideration of these
additional factors could help when selecting patients for more
intensive monitoring (20). In stroke patients, cardiac monitoring is
an essential part of the evaluation to exclude AF. Most Stroke Units
are equipped with ECG equipment, enabling standard continuous
ECG monitoring (CEM) during the length of stay of the acute
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ischemic stroke patients. Depending on the settings, CEM may
be highly sensitive for signs of AF but generates continuous and
numerous false positive alarms leading to loss of productivity
by the Stroke Unit nurses. The Stroke Risk Analysis (SRA) is a
new approach for automated analysis of CEM, enabling both the
detection of AF as well as the prediction of the high risk of AF (14).
Currently, SRA provides a significant improvement in the detection
of patients with AF compared to continuous ECG monitoring
(CEM) in the stroke unit, increasing the new cases by more than 2-
fold and achieving a 3-times faster diagnosis (14). In patients with
sinus rhythm and with previously diagnosed AFE the SRA algorithm
predicts AF with high specificity (99%) but relatively low sensitivity
(60%) (12, 13).

Our study is the first to evaluate the usefulness of SRA in
ambulatory monitoring of patients with undetermined TIA/RISS,
showing high sensitivity (94%) and negative predictive value (98%)
with relatively low specificity (78%). These results would support
the discharge of patients with a normal result after a 2-h follow-
up in the emergency room, without the need for hospitalization.
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FIGURE 3
Results of the Holter-SRA analysis in our study population.

For patients with an undetermined TIA and no evidence of AF
on 24-h cardiac monitoring, ambulatory cardiac monitoring is
recommended (21). According to previous studies, the rate of AF
detection in the early hours and days after stroke is much higher
compared to later periods (14).

However, several important questions still need to be
determined: How much monitoring time is necessary? How often
should monitoring be repeated? And for how long should this
monitoring be prolonged? In our study, we detected AF in nine
cases (47.4% of all FA) in the first 7 days of monitoring, six cases
(31.6%) in the following 31-90 days, and four cases (21%) between
91 and 210 days from the onset of symptoms. According to our
findings, about 50% of AF cases were detected in the first month,
almost 80% in the first 3 months, and none beyond 7 months, which
suggests that monitoring efforts should focus on this period.

Our results support the hypothesis that early treatment and
diagnosis can modify the natural history of TIA/RISS patients
and reduce the risk of stroke recurrence. Three patients (3.6%)
suffered a vascular recurrence at 90 days, a percentage lower than
that reported in the literature (8-20%) (2-5), and this recurrence
was due to unknown AF in all cases. Perhaps a more intensive
monitoring protocol in the first month (weekly) could have
decreased vascular recurrences by allowing earlier diagnosis. It is
known that the risk of early recurrent stroke is related to various
clinical factors such as age, diabetes mellitus, symptoms lasting over
10 min, weakness, impaired speech, etiological cause (22), as well as
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DWI abnormalities (22). For instance, TTA patients with an ABCD?
score of 4-5 points have a stroke risk of 9.8% at 90 days, while
those with an ABCD? score of >6 points have a risk of 17.8% at
the same time point (23). In addition, the association of duration
> 60 min with DWT abnormality is an independent predictor of
further cerebral ischemic events (HR, 5.02) (22). In our study,
38.5% of patients presented an ABCD? score > 5 points, 85% had
vascular risk factors, and 18% had acute lesions on DWI. Therefore,
the low recurrence of stroke detected in our study is unlikely to be
due to the characteristics of the sample. Previous studies in TIA
patients evaluated with the gold standard (CEM) have reported an
incidence of AF of 8% (14). In our study, we have increased the
detection of AF to 22.9%. Therefore, we consider that Holter-SRA
monitoring could be a more cost-efficient diagnostic strategy than
hospital admission (Figure 3).

Although Holter-SRA monitoring presents a sensitivity of 78.4-
100%, specificity of 86.2-95.7%, PPV of 16.5-90.6% and NPV of
96.2-100% for the detection of AF compared to the gold standard
(CEM) (13, 14, 19) it cannot replace a manual evaluation because
the proportion of false-positive patients with AF after SRA analysis
is about 4-14%. In our study, the manual analyses reviewed by a
cardiologist detected 5.5% false-positive results.

Our study has several limitations: (1) A large cohort would
be necessary to evaluate the true risk of AF in TTA/RISS patients
(2) Given the high negative predictive value of the Holter SRA in
previous studies, prolonged monitorization was not performed in
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the low risk pattern group, which does not allow us to evaluate the
sensitivity and specificity of the device in all patients. (3) Our study
does not have a control group evaluated by CEM to compare the
results of both devices, (4) We do not know the relative influence of
each of the different treatments used on the risk of recurrent stroke.
In our study, secondary prevention was initiated immediately, and
all patients were evaluated by a stroke specialist in the emergency
department and face-to-face at 90 days, with excellent adherence
to prescribed medications, (5) Our study is limited to patients
seen at a single institution, which may limit its generalizability to
other patients populations, (6) Arterial stiffness was not analyzed,
so we do not know if there were differences between patients with
confirmed AF and those with a high or low risk pattern of AF.

In conclusion, Holter-SRA has enabled us to increase the
detection of AF in patients with undetermined TIA/RISS, reducing
vascular recurrences at 90 days. Prolonged monitoring of 7 days
each month allowed us to detect ~80% of AF in the first 3 months
and none beyond 7 months. Future studies may evaluate the design
of the Holter-SRA diagnostic method on the incidence of AF.
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