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ABSTRACT

Introduction. Atrial fibrillation (AF) is one of the leading causes of ischaemic stroke. However, screening for AF is often time-
-consuming in clinical practice. Therefore, the determination of an appropriate marker to detect the presence of AF would
improve the diagnostic process.

Objective. The aim of the current study was to evaluate the efficacy of prolonged and early inpatient event Holter monitoring in
the detection of AF in patients with ESUS-related cryptogenic ischaemic stroke (CIS), and to determine the possible relationship
between excessive supraventricular activity and AF detection.

Material and methods. All consecutive patients with documented cerebral or cerebellar infarction were included. The diagnostic
work-up included brain neuroimaging (CT/MRI), ultrasound of the carotid and vertebral arteries, admission ECG followed by 24 hours
of Holter monitoring, and transthoracic echocardiography. The 24-hour Holter ECG was analysed, and supraventricular ectopic activi-
ty (supraventricular extrasystoles, runs and pairs of supraventricular extrasystoles) was recorded in all patients. If these examinations
did not reveal the cause of ischaemic stroke, the patients underwent subsequent prlonged 14-day event Holter recorder monitoring.
Results. We included 48 patients (mean age 69.9 + 8.5 years, 60.4% men) who had been diagnosed with CIS. Of these 48 patients,
atrial fibrillation was detected in seven (14.6%) during the prolonged 14-day Holter event monitoring. Patients with newly diagnosed
atrial fibrillation had a higher burden of supraventricular ectopic activity. The number of supraventricular extrasystoles (SVES) per hour,
as well as the number of SV pairs and SV runs, was significantly higher in patients with new onset AF (p < 0.022; p < 0.043; p < 0.022).

Conclusions. In our study, we confirmed that prolonged ECG event Holter monitoring in patients with CIS-ESUS subtype led to

a higher rate of AF detection. Likewise, frequent supraventricular ectopic activity predicted the development of AF.
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Introduction

At least one-quarter of all ischaemic strokes have an
unknown or undetected cause, and these cases are termed
‘cryptogenic’ [1]. However, some ischaemic strokes labelled
as cryptogenic have been found to be caused by atrial fibrilla-
tion (AF) which was not detected by conventional diagnostic

work-up, and these patients in the end had a cardio-embolic
aetiology [2, 3]. AF in patients with a first-ever stroke has
been found to be a predictor of 30-day and 1-year mortality;
likewise, this arrythmia increases the risk of stroke recurrence
within the first year [4].

Screening for occult AF is therefore necessary in these
patients. The presence of atrial ectopic beats has been found
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to be associated with an increased risk of ischaemic stroke in
patients without previous cardiovascular events (i.e. stroke,
myocardial infarction) [5]. Additionally, frequent atrial ectopic
activity has been found to be related to a higher likelihood
of new-onset AF and a higher prevalence of dementia and
mild cognitive impairment, independently of stroke [6, 7].
Several studies have confirmed possible cardiac biomarkers
as predictors of AF, namely left atrial diameter and frequent
atrial premature contraction [8]. Novel biomarkers suggesting
an increased risk of AF include echocardiographic parameters
(i.e. a left atrial volume index > 32 mL/m2, and an abnormal
left atrial longitudinal strain) or serum biomarkers (i.e. B type
natriuretic peptide and troponin concentration) [9].

The aim of our study was to determine the usefulness of
prolonged electrocardiogram (ECG) Holter monitoring, and
to correlate supraventricular ectopic activity with new onset
of AF as a predictor of AF development.

Material and methods

In all patients admitted to the Department of Neurology
at University Hospital L. Pasteur with suspected stroke, brain
computed tomography (CT) or magnetic resonance imaging
(MRTI) was performed to confirm the diagnosis of stroke. Only
patients with brain infarct confirmed by CT or MRI were
included in the study, and patients with transitory ischaemic
attack (TTA) were excluded. Subsequently, laboratory tests (bi-
ochemistry, coagulation panel), admission ECG and 24-hour
Holter monitoring (DMS 300-4L, Nevada, USA), extracranial
and transcranial ultrasound of brain circulation (Phillips
HD11XE, Philips Ultrasound, Bothell, WA, USA with linear
3-12 MHz probe), and transthoracic echocardiography (MG)
were performed. If the cause of ischaemic stroke had not yet
been identified, patients were classified as cryptogenic ischae-
mic stroke (CIS). Patients selected for the study were enrolled
guided by embolic stroke of undetermined source (ESUS)
criteria [10]. Only patients with no major-risk cardioembolic
source of embolism were included [10]. If no cause of stroke
was found related to the event, patients underwent prolonged
14-day ECG-Holter event loop recorder monitoring (MDT
Vitaphone Loop 3100 BT, Vitaphone GmbH, Germany) (Fig.
1). Only those patients discharged home or transferred for
rehabilitation who understood the Holter monitor operating
instructions were included in the study. The 24-hour Holter
monitoring was evaluated by a blinded cardiologist (MS) via
a CardioScan premier 11 (DM software, Nevada, USA). The
whole 24-hour recording was reviewed and evaluated. SVE
runs were defined as > 3 consecutive SV beats with an accel-
erated cycle length lasting < 30 s. The 14-day loop records
were evaluated by blinded cardiologists via an external centre
(medical data transfer; MDT, Czech Republic).

Statistical analyses were performed using the statistical
software SPSS version 25.0 for Windows (SPSS Inc., Chicago,
IL, USA). First, a chi-square test was used for a comparison
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Figure 1. Method flowchart; AF — atrial fibrillation

of categorical variables of the CIS and AF groups. Not nor-
mally distributed data were compared using a nonparametric
Mann-Whitney U test. Correlation between continuous
variables was calculated using Spearman’s rank correlation
coeflicient. Continuous values are reported as mean + standard
deviation (SD). P < 0.05 was considered to indicate a statisti-
cally significant difference.

Results

During the observation period (September 2019-May
2021), we identified 48 patients (mean age 69.9 * 8.5 years,
60.4% male) diagnosed with CIS who were eligible for pro-
longed AF screening. The basic characteristics of the patients
are set out in Table 1. No statistical differences were observed
between the two groups in the baseline variables, except pa-
tients with AF had higher admission and discharge NIHSS
score (p < 0.05).

AF was detected in seven of the 48 patients (14.6%)
using prolonged 14-day event Holter monitoring in-
itiated a mean of 5.9 days (+ 2.3 days) after admission,
with no significant interruption during the monitor-
ing. Of these seven patients, five had paroxysmal AF
with the mean duration of AF paroxysm of 24.4 hours
(£ 22.4 hours). The remaining two patients had AF lasting
more than seven days, which continued until cessation of
ECG monitoring. The mean time from initiation of prolonged
monitoring until the first AF detection was 8 days (£ 5.1 days,
7-327 hours).

We evaluated the amount of ectopic supraventricular
activity based on a 24-hour initial Holter ECG (Tab. 2).
Patients with AF were more commonly diagnosed with su-
praventricular ectopic activity. A significantly higher number
of supraventricular extrasystoles (SVES) per hour were found
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Table 1. Demographic data and characteristics of patients with CIS and
newly diagnosed AF

cIs AF P-value

N (n) 41 7

Mean age (years + SD) 69.9+8.8 71+35 ns
Males (%) 26 (63.4) 3(42.8) ns
Past history of stroke/TIA (%) 3(7.3) 1(14.2) ns
Arterial hypertension (%) 31(75.6) 5(71.4) ns
Ischaemic heart disease (%) 10 (24.3) 2(28.5) ns
Myocardial infarction (%) 5(12.1) 0 ns
Hyperlipidaemia (%) 13(31.7) 2(28.5) ns
Diabetes mellitus (%) 12(29.2) 0 ns
Smoking (%) 12(29.2) 1(14.2) ns
Ejection fraction (% + SD) 54+6.5 57.5+45 ns
Anterior circulation stroke (%) 27 (65.8) 4(57.1) ns
Admission NIHSS (+ SD) 429+39 5.86+4.1 <0.05

Discharge NIHSS (+ SD) 1.38+£1.12 271+3.09 <0.05
Intravenous thrombolysis (%)  8(19.5) 2(28.5) ns
Mechanical thrombectomy (%) 5 (12.1) 0 ns
Cholesterol (mmol/L + SD) 48+15 4.1+09 ns
LDL (mmol/L + SD) 3.03+1.13  255+051 ns
HDL (mmol/L + SD) 113+044 1.22+£033 ns

AF — atrial fibrillation; CIS — cryptogenic ischaemic stroke; HDL — high density lipoproteins; LDL
— low density lipoproteins; NIHSS — National Institute of Health Stroke Scale; ns — not significant;
SD — standard deviation; TIA — transitory ischaemic attack

among patients with AF (150.72 + 192.97 vs. 16.58 + 32.3;
p < 0.022). Likewise, a higher number of supraventricular
(SV) runs and SV pairs predicted AF in otherwise CIS patients
(p < 0.043; p < 0.022, respectively).

Discussion

The results of our study confirmed the benefits of early,
inpatient prolonged ECG monitoring in patients with crypto-
genic stroke. We found that 14-day event Holter monitoring
detected a new onset of AF in 14.6% of patients with crypto-
genic stroke. Most of these patients had the paroxysmal type of
AF. Our data suggests that excessive supraventricular activity
(SV extrasystoles, SV runs and SV pairs) predicts the future
occurrence of AE.

Over the past decade, several randomised studies have
suggested that prolonged ECG monitoring has led to higher
AF detection, but the results are inconsistent. In the FIND-
-AF study, AF was found in 12.5% of patients with cerebral
ischaemia using 7-day Holter ECG [11].

In a more recent study with implantable cardiac moni-
toring (REVEAL-AF), AF detection increased progressively
from 6.2% after 30 days up to 40% after 30 months, possibly
with a higher rate detected if shorter periods (< 6 minutes)
were included [12]. In contrast, a sub-analysis of the results
of the CRYSTAL-AF study implies that only 5.1% of patients

Table 2. Number of supraventricular ectopic activities during initial
24-hour ECG in CIS and AF patients

clIs AF P-value
N (n) 41 7
SVES/hour (mean+SD) 1658 +32.2  150.72+192.97 <0.022
SVES/1,000 beats 3.93+7.22 4159+ 5471 <0.024
(mean £ SD)
SV run (mean + SD) 334+£547 83.86 £ 138.89 <0.043
SV pair (mean % SD) 6.24+£10.8 259.71 £399.11 <0.022
IMT (um + SD) 8131124 782+ 113 ns

AF — atrial fibrillation; CIS — cryptogenic ischaemic stroke; ECG — electrocardiogram; IMT -
intimomedial thickness; ns — not significant; SD — standard deviation; SV — supraventricular;
SVES — supraventricular extrasystoles

had a maximum AF in one day of between 2 and 6 minutes,
in contrast to 46.2% with daily AF of between 12 and 24 hours
[13]. Also, in our patients the dominant type of AF was par-
oxysmal (5/7), and none of our cases had an AF paroxysm
shorter than one hour. Prolongation of ECG monitoring has
also been shown to be important in young (< 50 years old) CIS
patients, where AF occurred in 7.4% of CIS patients [14]. One
of the reasons for the higher AF detection rate in our study
is time to randomisation. Our patients started 14 day event
Holter monitoring 5.9 days (+ 2.3 days) after their stroke.
In the EMBRACE study, prolonged 30 day event triggered
recorder increased AF detection rate (16.1% vs. 3.2%) com-
pared to conventional 24-hour Holter ECG in patients with
CIS. Moreover, half of AF cases were detected during the first
week, and three-quarters within two weeks of monitoring. An
extension of more than two weeks added an additional 3.2% of
newly detected AF and higher rate of AF detection in patients
who started monitoring earlier (18.5% vs. 9%) [2].

We found AF in 14.6% using event triggered recorder
during 14 days of monitoring. An explanation for the similar
AF detection rate despite more than doubled monitoring time
in the EMBRACE study may lie in the initiation of monitoring.
In the EMBRACE study, prolonged (30 days recording) was
initiated a mean 75.1 £ 38.6 days after the qualifying event,
unlike our study where the time from event to the onset of
monitoring was 5.9 days (+ 2.3 days). This conclusion was
also drawn by the study authors as showing relatively long,
possibly reducing, sensitivity of AF detection [2]. Likewise,
prolonged Holter monitoring was more feasible in young (less
than 55 years) CIS patients where 3-weeks event monitoring
revealed AF in seven out of 47 patients. However, time from
onset to initiation of monitoring was also rather long (median
42 days) [14].

Early inpatient prolonged and continuous EGC monitoring
has also been shown to be feasible in the detection of AF in
patients with ESUS. ESUS has been introduced into clinical
practice as a subset of patients with cryptogenic stroke for
whom a high-risk cardioembolic source has been excluded
by the diagnostic process. ESUS-related stroke is a non-la-
cunar type if no extracranial or intracranial luminal stenosis
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(> 50%) was present, if no major risk cardioembolic source
was found, and if the patient ultimately lacked another specific
cause of stroke [10]. Patients with a cryptogenic stroke based
on TOAST criteria include patients with incomplete, unknown
or more than one possible cause of stroke.

Lumikari et al. [15] detected new onset AF in 12.3% of
ESUS patients during continuous 4 weeks and early (within
8 days) inpatient monitoring. In their study, 85.7% of AF was
revealed within the first week of monitoring. However, they
used continous, rather than event triggered, recording, pos-
sibly leading to the detection of short bouts of AF.

Regardless of the results of previous studies, we support
the use of early inpatient event Holter monitoring in patients
with cryptogenic ischaemic stroke, as it leads to higher AF
detection rate and consequently more specific prevention
for recurrent stroke. The newly published American Heart
Association/American Stroke Association guidelines [16]
on stroke prevention in patients with stroke or TIA strongly
support early diagnostic evaluation of patients with stroke/
/TIA, including cardiac evaluation, although less evidence
is available (Ila, level B-R) regarding the type of monitoring
(mobile outpatient, implantable cardiac monitor or other).
Currently, screening for AF for atleast 72 hours in a patient after
stroke/TIA (I, level B) is recommended, and prolonged ECG
monitoring should be considered to document AF (IIa, level
B) [17]. Some markers may help us select a high-risk patient
for AF screening. These include older age with cardiovascular
risk factors, cardiac biomarkers and signs of atrial myopathy
(supraventricular extrasystoles > 480/24 hours, atrial tachy-
cardia, left atrial diameter > 46 mm) and stroke aetiology [18].

There are several lines of evidence to suggest that excessive
supraventricular activity determines future AF development.
Supraventricular extrasystoles are considered to be a common
finding in the general population, but their presence has been
found to be associated with an increased risk of stroke, death
and cardiovascular disease [19]. Binici et al. [20] reported that
ectopic supraventricular activity (SVES and SV runs) in the
healthy population was associated with an increased risk of
death or stroke and a 2.7-fold increased risk of developing AF.
Similarly, Kochhduser et al. [21] concluded that the number
of SVES per hour and of SV runs predict the development of
AF. Patients who were later diagnosed with AF had a higher
number of SVES compared to patients free of AF (median of
22.8/hour vs. 0.7/hour respectively). The same authors con-
cluded that an SVES of less than 40/hour had a 100% negative
predictive value for AF occurrence, unlike an excessive SVES
(> 1,660 beats), which predicted AF with 98% specificity and
an 85% predictive value. This selects the group of patients who
need urgent prolongation of ECG monitoring.

In our study, we found that excessive supraventricular
activity (SV runs and pairs) is more common in patients
diagnosed with AF during prolonged monitoring. Pinho
et al. [22] pointed to the number of SVES as a risk factor
for the recurrence of TIA and CIS, where frequent SVES

(> 30/hour) were associated with an increased risk of stroke
recurrence. However, there is still uncertainty about the
optimal threshold for this ectopic activity and its clinical
significance. Frequent SVES (> 76/day) have been found to
be an independent predictor of mortality and new onset AF
(HR 1.38; HR 1.75, respectively) [23]. A similar cut-off value
(70 beats/day) as a significant predictor of AF was reported
by Wallmann et al. [24]. Patients with frequent FACs (> 70/
/day) had a significantly higher rate of AF detection (26% vs.
6.5%; OR 6.6) during subsequent AF screening. Ectopic su-
praventricular activity (> 4 beats/hour vs. < 4 beats/hour) was
associated with a higher prevalence of AF (19.6% vs. 2.8%; p
< 0.001). Unselected patients with stroke and TIA diagnosed
with AF during prolonged Holter monitoring had a higher
rate of SVES (median of 29 vs. 4 beats/hours) and the longest
SV runs (10 vs. 0 beats; both p < 0.001) [25]. However, the
number of SVES per hour differed considerably.

In our study, we have found that in patients without AF, the
mean SVES per hour was 16.58 + 32.2, in contrast to patients
with AF (150.72 + 192.97/hour; p < 0.022), which is several
times higher than the number per hours in the afore-mentioned
studies. In the EMBRACE trial, the number of SVES in patients
subsequently diagnosed with AF was 629 beats/24 hours com-
pared to AF-free patients (45 beats/24 hours; p < 0.001). They
found that the probability of subsequent detection of AF rose
up to 1,500 beats/24 hours and reached a higher plateau. The
authors also suggested a threshold of > 500 beats/24 hours
as the definition of frequent atrial premature beats. Suitable
candidates for follow-up are patients with even more su-
praventricular activity (> 1,000 beats/24 hours) and negative
prolonged (4 weeks) Holter monitoring [26].

We have also found that not only isolated SVES or SV runs
predict future AF development, but that also the number of
SV pairs is significantly (p < 0.022) associated with further AF
detection. At present, no exact cut-off value is given for pre-
mature/excessive supraventricular beats. However, this should
not be a solitary marker for predicting atrial fibrillation, since
an echocardiographic marker, such as left atrial size/volume,
has also been found to predict AF development [27].

Several limitations to our study need to be addressed.
Firstly, a larger sample size would more accurately reflect the
association of cryptogenic stroke and excessive supraventricu-
lar activity; unfortunately, the COVID-19 pandemic affected
our healthcare system and required a rapid reorganisation of
inpatient care. Secondly, short or rapid bouts of AF can be
missed by external event Holter monitors.

Our study confirmed that early inpatient and prolonged
ECG monitoring is feasible in patients with ESUS-related
cryptogenic stroke. In addition, in our group of patients, ex-
cessive supraventricular activity in patients with cryptogenic
ischaemic stroke may predict further AF detection during
prolonged monitoring.

Therefore, this otherwise common finding in the general
population may be a risk factor in patients with otherwise
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cryptogenic ischaemic stroke, and should be considered in
the further diagnostic workup of CIS subjects.
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the Declaration of Helsinki of 1975; it was approved by the local
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