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Abstract
Introduction ‒ According to recent studies, silent atrial
fibrillation (AF) is a common cause of cryptogenic ischemic
stroke (CIS). 12-lead electrocardiogram (ECG) and 24 h Holter
are not efficient to reveal an occult arrhythmic cause of
stroke.
Objectives ‒ The aim of the study was to evaluate 72 h
Holter, 7 day Holter monitoring, and intermittent single-
lead ECG recording in patients with CIS to identify cases
with the arrhythmic cause of stroke in patients with CIS
in whom 24 h ECG Holter was free from arrhythmia.
Methods ‒ 72 patients (aged 60 ± 9 years, 44 males)
with CIS and no arrhythmic findings in 24 h Holter were
enrolled. All patients had 7 day Holter monitoring and
received handheld ECG recorder (CheckMe, Viatom) for
ambulatory 30 ± 3 days ECG recording. AF, supraven-
tricular tachycardia (SVT runs of ≥5 QRS), and other
arrhythmias were assessed in the first 72 h of Holter
recording, in 7 day-recording, and in handheld ECG
strips.
Results ‒ 72 h-recording revealed AF in four cases (5.6%)
and SVT in 18 (25%) cases. 7 day Holter confirmed AF in
seven patients (10%) and SVT in 27 patients (37.5%). There
was no difference in regards to CHADS2VASc score between
patients with SVT and non-arrhythmic group (3.6 ± 1.1 vs

3.4 ± 1.6; p = NS). Symptoms did not correlate with findings.
Patient-activated handheld ECG recorders were used with
good compliance. The mean number of recordings was
49 ± 30. Except for PACs, there was only one case of AF
documented in 3,531 strips.
Conclusions ‒ 7 day Holter performs better than 72 h
and reveals supraventricular arrhythmias in every third
and AF in 10% of CIS patients who were free from
arrhythmia in 24 h ECG monitoring. 30 day intermittent
ECG monitor does not yield diagnostic value in CIS.

Keywords: atrial fibrillation, cryptogenic ischemic stroke,
Holter ECG, patient-activated ECG recorder, supraventricular
arrhythmia, SVT runs

1 Introduction

An origin of an acute stroke remains unknown in
20–40% [1]. Recent studies show that in many cases of
cryptogenic ischemic stroke (CIS), the cause is attribu-
table to silent atrial fibrillation (silent AF) [2,3]. The
prevalence of AF in cryptogenic stroke population ranges
from below 10% to >25% depending on the timing,
duration, and method of monitoring [4].

Paroxysmal AF is often asymptomatic and is likely to
be undetected in patients with ischemic stroke [5]. Other
supraventricular arrhythmias, including multiple PACs
and particularly short supraventricular tachycardia
(SVT) runs, seem to be an important predictor of AF
and recurrent stroke [21].

Considering AF is a leading preventable cause of
recurrent stroke, detection of AF after cryptogenic stroke
is crucial for further therapy and prognosis. Despite
current guidelines recommending >48–72 h recording for
AF screening after stroke, a 12-lead electrocardiogram
(ECG) and 24 h Holter monitoring is a routine screening
tool in stroke survivors.

It is well recognized that the longer the time of
monitoring is, the higher the prevalence of detected
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arrhythmic episodes [6]. The most precise data on AF
prevalence in stroke survivors come from studies in
pacemaker/implantable cardioverter-defibrillator (ICD)
patients [7] and from studies utilizing implantable loop
recorders (ILRs) [8]. While cardiac implantable electric
devices (CIEDs) are a source of valuable data, they are
not a diagnostic option in the general population for
obvious reasons. On the contrary, ILRs are good
diagnostic tools, but the cost and invasive procedure of
implantation make the tool less acceptable for both
patients and healthcare systems.

Less sensitive but more available and affordable
options include extended (>48–72 h) Holter monitoring,
continuous ECG recording with telemetry, loop recorders
and patient activated (noncontinuous) repeated ambu-
latory ECG recorders.

7 day non-invasive ECG continuous monitoring is
commonly available and despite some drawbacks – ac-
ceptable for patients. ECG recorders of longer duration
are rarely available.

Patient-activated, handheld, single-lead ECG event
recorders have been proposed as a useful tool in
symptomatic patients (dizziness, palpitations), and
some clinical settings are even more cost-effective than
conventional 24 h or 48 h Holter-ECG monitoring [9–11].
Due to low cost and good specificity in arrhythmia
detection, they are being tested in many conditions
where a proper diagnosis is crucial for further treatment.
It seems that more than one modality should be used to
increase the rate of confirmed AF in poststroke patients.
Any effort should be made to identify the groups, which
would benefit from a broader and more detailed
diagnostic approach to seek occult arrhythmia.

The aim of the study was to evaluate 72 h Holter,
7 day Holter monitoring, and intermittent single-lead
ECG monitoring strategy to identify cases with AF and
SVT runs in patients with CIS in whom 24 h Holter was
negative for arrhythmia.

Additionally, correlation of symptoms, clinical char-
acteristics, and echocardiographic findings were evaluated.

2 Patients and methods

We analyzed 72 patients (aged 59 ± 7 years, 44 males)
with ischemic stroke with no significant disability and
cognitive impairment. In all patients, carotid artery
stenosis and any relevant arrhythmic findings in 24 h
Holter (i.e., supraventricular runs ≥5 QRS, AF) were
excluded.

The patients were also screened for other common
non-arrhythmic causes of cardiac thromboembolism.

Patients were enrolled in the study 4–7 days after
admission to the stroke unit. In all patients, we performed
the echocardiographic study, and parameters of the left
atrium (LA diameter, area, and volume) were recorded.
Patients had 7 day Holter (Lifecard CF/Pathfinder SL,
Reynolds Medical, USA) monitoring and received hand-
held ECG recorder (CheckMe Pro, Viatom, PRC) for
ambulatory 30 ± 3 days single-lead ECG recording (30 s
measurements twice a day plus whenever symptomatic).

We recorded AF episodes (duration >30 s), SVT (runs
of ≥5 QRS), and other arrhythmias in the first 72 h and in
the 7 day recording. ECG strips from portable recorders
were assessed manually by two cardiologists to identify
any supraventricular and ventricular arrhythmias.

2.1 Statistical analysis

Statistical analysis was performed with Statistica 13.1
(Dell). All values were expressed as average (SD).
Differences were considered to be significant at p <
0.05. In order to check the normality of the distribution,
the Shapiro–Wilk test was performed. In case of a
normal distribution, the Student t-test was performed;
otherwise, the Mann–Whitney U test was used.
Qualitative parameters were compared using Pearson’s
chi-square and McNemar’s test. The study was accepted
by the Ethics Committee of the Medical University of
Silesia. The investigation is in line with the principles
outlined in the Declaration of Helsinki. All patients
gave written informed consent for participation in the
study.

3 Results

The baseline characteristics of the studied group are
presented in Table 1.

7 day Holter revealed SVT (runs ≥5 QRS) in 27
patients (37.5%). SVT duration was 5–164 beats; rate
120–188 bpm. In 7 of 27 SVT patients, AF episodes
(duration 40 s – 7 min) were found. Premature atrial
complexes (PACs) were common in the studied group;
yet, only 14 patients (19%) had >100 PACs/day. Besides,
27 patients (37.5%) presented bradycardia (<50 beats per
minute), and one of them required pacemaker implanta-
tion for the brady-tachy syndrome.
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In the analysis of initial 72 h, AF was recorded in four
subjects (4(5.6%) vs 7(9.7%); p = 0.2482), while SVT in
18 patients (18 (25%) vs 27 (37.5%); p = 0.0077), which is
less than in 7 day recording (Figure 1).

Based on 7 day Holter results, patients were
classified into two groups: patients without SV ar-
rhythmia and patients with SV arrhythmia (SV runs of
≥5QRS or AF). Selected parameters are shown in Table 2.

Patients did not differ with regard to age and
echocardiographic parameters (ejection fraction, signifi-
cant valvular disease, and particularly left atrium para-
meters). CHADS2VASc score was similar in SV arrhythmia
and non-arrhythmic group (3.6 ± 1.1 vs 3.4 ± 1.6; P = ns).

Twenty two patients (31%) complained of palpita-
tions during the study or in history. However, the
symptom did not correlate with tachycardia events –
only seven symptomatic subjects had SVT or AF in 7 day
Holter. Two out of seven patients with confirmed AF and
only 7 out of 27 SVT patients declared symptoms. Beta-
blockers use was higher in the arrhythmic group; yet,

only two of the patients with confirmed AF was treated
with a beta-blocker.

Patient-activated handheld ECG recorders were
properly used with no apparent operational issues.
97% of ECG strips was of good quality. The mean
number of ECG strips was 49 ± 30; seven patients (10%)
recorded less than 30 strips, and 13 (18%) – less than 50.
Patients who declared palpitations recorded more strips
(78 ± 30 vs 44 ± 17; p < 0.05), but except for rare PACs,
and one case of symptomatic AF, also recorded in 7 day
Holter, there were no documented arrhythmic events in
3,531 strips. All records were reviewed manually by two
cardiologists.

4 Discussion

Prevalence of AF in cryptogenic stroke survivors is
strictly related to modality and duration of ECG
recording and observation. In contrast to the previous
statement, recent European Society of Cardiology guide-
lines for the management of AF (2016) recommends
repeated ECG recordings, extended Holter monitoring
(>48–72 h) and both non-invasive and implantable
recorders in stroke survivors to identify cases with
an underlying arrhythmic cause [12]. In a real-world
setting, 24 h Holter is still a basic screening for AF after
stroke.

ILRs are a golden standard in searching for AF. In
CRYSTAL-AF study (Reveal XT ICM, Medtronic, in
cryptogenic stroke patients), rates of AF detection were
8.9% after 6 months, 12.4% after 12 months, and 30%
after 36 months. Importantly, the median time to AF
detection was 41 days during the first 6 months follow-
up and went up to 84 days when follow up was extended
to 3 years [8]. This may put in doubt strategies that
focus on shorter monitoring duration. However, in the
EMBRACE study, AF detection rate for 30 days external
loop recorder was 16.1% in post-stroke patients [6].

Data from CIED patients suggests that the incidence
of atrial high-rate episode (AHRE) in stroke survivors
reaches 30–45% in 30 months follow-up. However, data
from ASSERT and TRENDS studies suggest that it is AF
episodes duration and AF burden that matters with
regard to the risk of stroke [7,13]. Short and infrequent
episodes are unlikely to increase thromboembolic risk,
especially in patients with low clinical risk factor profile.
Additionally, it is worth noting that data of CIED patients
cannot be directly translated to the general population.
Both pacemaker patients (mostly implanted due to sinus

Table 1: Baseline characteristics of the studied group

Parameter

Age (years), mean ± SD 59.7 ± 9.1
CHADS2-VASC score, mean ± SD 3.53 ± 1.6
Congestive heart failure, n (n%) 2 (3%)
Ejection fraction (%), mean ± SD 59 ± 4
Mitral regurgitation mild/moderate/
severe

29 (40%)/6 (8%)/
0 (0%)

Hypertension, n (n%) 37 (51%)
Diabetes, n (n%) 10 (14%)
Vascular disease 5 (7%)

Numerical data are presented as mean ± SD (standard deviation) or
n (n%).

Figure 1: Incidence of SVT runs and AF in 72 h and 7 days Holter in
cerebral ischemic stroke survivors.
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node dysfunction) and ICD patients (due to heart failure)
are more likely to have AF than the general population.

In a real-world setting, there is no reasonable tool
for non-invasive and long-term monitoring for AF.

The cost of implantable monitoring devices and
invasive procedure of implantation rise the question,
whether commonly used, less expensive, and noninva-
sive forms of monitoring can be a reliable alternative for
continuous monitoring.

24 h Holter yields a detection rate of 1–2% in stroke
survivors group. Jabaudon et al disclosed AF in 5% using
24 h Holter, then another 5.7% using 7 day recording
[14]. Wachter and co-workers identified AF in 16% of CIS
survivors using a strategy of repeated 10 day Holter
(three rounds within 6 months follow up) vs standard
care [15]. Recently, in order to make long-term mon-
itoring more acceptable for patients, wearable or patch-
like recorders are being developed. Data from wearable
ECG patch (ZioPatch, iRhythm) seem reliable, but in a
cohort of patients screened for AF due to stroke in recent
history, a detection rate for AF was 5%, with a median
recording duration of 13 days [16].

We enrolled patients, in whom 24 h Holter did not
show any significant arrhythmia. 72 h analysis per-
formed significantly better (four cases of AF, 18 cases
with SVT), and 7 day recording doubled the number of
identified arrhythmic cases. Considering the short
observation period, AF in 10% cases seems high, but
this might be a matter of the population (mean age 60),
and the definition of AF (AF > 30 s, but only three of
them >2 min). Apart from searching for AF, we have
focused on other supra-ventricular arrhythmias, parti-
cularly SV runs) that are thought to predispose to AF or
coincide with AF [18,19]. In the analysis of patients from
prospective FindAF trial performed by Weber-Krüger
et al. [21], patients with stroke who had SVT runs (at least
5 QRS, but <30 s) were more likely to have a recurrent
stroke and showed 2.5 times more novel AF in 3 year
follow than the controls. This suggests that the group will

need further follow-up and repeated monitoring. As our
study shows, SVT runs are observed in a large proportion
of patients with CIS and may be found in every fourth
patient in 72 h monitoring and reach 37% in 7 day Holter
in patients in whom 24 h Holter would have missed this
finding.

Although there are many discrepancies, it is equi-
vocal that any type of extended ECG monitoring is
significantly better than a standard 24 h Holter. More
studies including long-term telemetric monitoring are
ongoing [17].

In our study, patients with supraventricular arrhyth-
mias did not differ from the nonarrhythmic group with
regard to age, CHADS2VASc score, or echo parameters of
the left atrium. Also, we did not find any correlation
between arrhythmia and declared symptoms. Considering
the silent nature of AF in stroke, it is not surprising and
consistent with available literature. In CRYSTAL-AF, more
than 3/4 patients with detected AF were asymptomatic.

Screening for AF with patient activated leadless ECG
monitor has been successfully used in symptomatic
patients (palpitations) and in general population with
particular risk factors [9]. The most common protocol is
two recordings per day for 1 month and additional
records when symptomatic. We used the same protocol.
In our study, we have found only one case of arrhythmia
in more than 3,500 strips. In recently published REHE-
ARSE AF study investigators claim four times higher
detection of AF in intermittent ECG recording group
(AliveCor Kardia, two records/day, duration 1 year,
general population), but absolute numbers of diagnosed
cases were 19/500 vs 5/501 patients, which means it
requires 71 patients to perform two measurements/day
for 12 months to find one case of AF [20]. In our opinion
in asymptomatic patients without known arrhythmia
intermittent, patient-activated ECG monitors do not yield
diagnostic values.

In summary, our diagnostic approach with 7 day
Holter and 1 month intermittent ECG monitoring; let us

Table 2: Selected echocardiographic and clinical parameters

No SV arrhythmia (n = 45) SV arrythmia (n = 27) AF (n = 7; subgroup of SV arrhythmia)

Age (years) 59 ± 9 61 ± 10 66 ± 8
CHADS2-VASC score 3.4 ± 1.6 3.6 ± 1.1 3.9 ± 1.1
Palpitations (n, n%) 15 (33%) 7 (26%) 2 (29%)
Beta-blocker (n, n%) 11 (24%) 12 (44%) 3 (43%)
Left atrium diameter (mm) 38 ± 6 37 ± 9 39 ± 7
Left atrium volume (ml) 62 ± 26 58 ± 17 64 ± 17

Numerical data are presented as mean ± SD. No significant differences between groups were observed. SV, supraventricular; AF, atrial
fibrillation.
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identify AF in 10% of CIS survivors with 24 h Holter free
from arrhythmia, and indicated that 37% of these patients
might require further investigation due to arrhythmia
predisposing to AF. We would like to stress that the strategy
is low cost and accessible. Handheld patient-activated ECG
recorder fails to prove usefulness in these settings.

5 Conclusions

In stroke survivors with no arrhythmic findings in 24 h
Holter, extended monitoring may reveal AF in up to 10%
and SVT runs in over one-third of the population. 7 day
Holter performs better than the guideline-recommended
72 h recording.

The arrhythmic findings do not correlate with
symptoms and patients with arrhythmia do not differ
with regard to CHADS2VASc score and to left atrium
parameters from patients with no arrythmia.

Despite reasonable compliance and quality of ECG
obtained, patient-activated handheld ECG recording (30 day)
does not yield diagnostic values in patients with CIS.

Conflict of interest: Authors declare no conflict of interest.
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