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Detection of occult atrial fibrillation with 24-hour ECG after cryptogenic
acute stroke or transient ischaemic attack: A retrospective cross-sectional
study in a primary care database in Israel
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KEY MESSAGES

� A 24-hour Holter electrocardiogram (ECG) is frequently employed to detect occult AF following ischaemic
CVA or TIA.

� Real-world data demonstrates detection rates of 1.3% using this method.
� 24-hour Holter monitoring serves as an initial screening tool, yet a more efficient method for prolonged

monitoring should be applied.

ABSTRACT
Background: Ischaemic stroke or cerebrovascular accident (CVA) due to occult atrial fibrillation
(AF) may cause severe morbidity and mortality. Diagnosing occult AF can be challenging and
there is no consensus regarding the optimal duration of screening. A 24-hour Holter electrocar-
diogram (ECG) is frequently employed to detect occult AF following ischaemic CVA.
Objectives: Demonstration of occult AF detection rate using a 24-hour Holter ECG in a primary
care setting with descriptive analyses of independent variables to compare AF detected and
non-detected patients.
Methods: This retrospective cross-sectional study utilised primary care data and included
patients 50 years and older with a new CVA or transient ischaemic attack (TIA) diagnosis fol-
lowed by a 24-hour Holter examination within 6 months, between 01 January 2013 and 01 June
2019. The analyses included descriptive statistics comparing demographics and clinical charac-
teristics in patients who had AF or Atrial Flutter (AFL) detection to those who did not.
Results: Out of 5015 eligible patients, 66 (1.3%) were diagnosed with AF/AFL, with a number
needed to screen of 88.5. Compared with those without AF/AFL detection, those diagnosed
were older (75.42±7.89 vs. 69.89± 9.88, p¼ 0.050), had a higher prevalence of hypertension
(80.3% vs. 66.8%, p¼ 0.021) and chronic kidney disease (CKD) (71.2% vs. 44.2%, p< 0.001).
Conclusion: 24-hour Holter has a low AF/AFL detection rate. Older persons and those with
hypertension or CKD are more likely to be detected with AF/AFL using this method.
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Introduction

Ischaemic stroke due to occult atrial fibrillation (AF)
may cause severe morbidity and mortality [1,2].
Diagnosing occult AF can be challenging due to its
asymptomatic and intermittent nature [3,4] and
requires electrocardiogram (ECG) monitoring. Several
studies have shown that a longer duration of monitor-
ing leads to higher AF detection rates [5–10]. One of
these studies, performed by Gladstone et al.,

demonstrated a 3.2% detection rate using a 24-hour
Holter ECG compared to a 16.1% detection rate using
30-day Holter monitoring [6]. There is no consensus
regarding the optimal duration of screening for occult
AF. The American Heart Association recommends pro-
longed (30 days) rhythm monitoring for patients who
have experienced an acute stroke or transient ischae-
mic attack (TIA) within 6 months of the index event
[11]. In contrast, The European Society of Cardiology

CONTACT Ori Liran oriliran@gmail.com Maccabi Healthcare Services, Ha’Mered St. 27, Tel-Aviv 68125, Israel�These authors contributed equally to this article.
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

EUROPEAN JOURNAL OF GENERAL PRACTICE
2021, VOL. 27, NO. 1, 152–157
https://doi.org/10.1080/13814788.2021.1947237

http://crossmark.crossref.org/dialog/?doi=10.1080/13814788.2021.1947237&domain=pdf&date_stamp=2021-07-08
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/13814788.2021.1947237
http://www.tandfonline.com


recommends a short-term ECG followed by continuous
ECG monitoring for at least 72 h (class I grade B rec-
ommendation), and long-term non-invasive ECG moni-
tors or implanted loop recorders (class II grade B
recommendation) should be considered [12]. In com-
parison to the American and European guidelines, cur-
rent Israeli guidelines published in 2009 recommend
ECG monitoring for 24–48 h [13]. Despite low detec-
tion rates, the use of a 24-hour Holter ECG is a com-
mon practice among primary care physicians in Israel,
but there is no real-world data regarding the detec-
tion rates of this practice in a primary care setting.

This study aims to demonstrate the real-world AF
detection rate in a primary care setting for patients
after a cerebrovascular accident (CVA) or TIA and com-
pare clinical aspects between AF patients and patients
without AF diagnosis.

Methods

Data source

The study used de-identified data from the Maccabi
Healthcare Services (MHS) central computerised data-
base. MHS is the second-largest state-mandated
healthcare provider in Israel, serving more than 2.5
million members (over 25% of the national popula-
tion) and is a representative sample of the Israeli
population. This fully computerised database captures
all information on patient interaction (including demo-
graphics, visits, diagnoses, imaging, medication pre-
scriptions, medication dispenses, procedures and
laboratory measurements). The MHS database contains
clinical data and is continuously updated and moni-
tored internally by the medical informat-
ics department.

Study population and design

This retrospective cross-sectional study included pri-
mary care patients 50 years and older with a new CVA
or TIA diagnosis followed by a 24-hour Holter examin-
ation (index date) within the next 6 months, between
01 January 2013 and 01 June 2019. Patients included
in this study were outpatients visiting an MHS clinic
for the administration of a 24-hour Holter ECG post
CVA or TIA diagnosis. All patients with haemorrhagic
stroke or other known reasons for stroke such as dis-
seminated intravascular coagulopathy syndrome, sub-
dural haemorrhage, brain aneurysm and subarachnoid
haemorrhage, and patients with prior AF, Atrial flutter
(AFL) or antiphospholipid syndrome (APS) diagnoses
were excluded from the study. The International

Classification of Diseases version 9 (ICD-9) codes were
used for data extraction and to identify patients with
CVA, TIA, or APS. The 24-hour Holter examination
results were automatically recorded and analysed, fol-
lowed by a manual revision by an MHS cardiologist.

Furthermore, patients who were not MHS members
for at least 12months before the 24-hour Holter exam-
ination or those who left MHS during the study period
were excluded.

To ensure a complete and clear report, the
‘Strengthening the Reporting of Observational Studies
in Epidemiology’ (STROBE) checklist was applied as an
assessment tool for methodological quality [14]. The
STROBE checklist was used to guide for adequately
reporting this research study.

Variables

All variables describing chronic diseases, such as dia-
betes, coronary heart disease (CHD), cancer, hyperten-
sion, osteoporosis, chronic obstructive pulmonary
disease (COPD), chronic kidney disease (CKD), asthma,
and dyslipidemia were extracted from the patient
records in the MHS data registries or from medical
records that included a disease diagnosis code and
diagnosis date. Chronic diseases were measured at
Holter examination date and those who had any prior
record were categorised as ‘ever’ since 1998.

Age was calculated from the 24-hour Holter date
and smoking was divided into ‘ever’ and ‘never’ cate-
gories, defining patients who were considered smok-
ers at least once in their medical visits or those who
were never considered smokers. Body Mass Index
(BMI) was calculated by patients’ records of height
and weight; patients were categorised as either under-
weight (BMI < 18.5), normal weight (BMI ¼ 18.5–25),
overweight (BMI ¼ 25–30), or obese (BMI > 30).

Smoking and BMI variables were measurements
taken during physician examinations or hospital visits,
therefore, data were not recorded for all patients and
was categorised as ‘missing’. These measurements
were taken within 12months prior to the Holter exam-
ination date.

Statistical analyses

The analyses included descriptive statistics comparing
adult patients, ages 50 years and older, who had AF or
AFL detection to those who did not. Patient character-
istics such as age, sex, and other comorbidities were
presented and compared. To evaluate the statistical
significance between the two groups, a Student’s t-
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test was used for normally distributed continuous vari-
ables, such as age and days to Holter administration,
and a Pearson’s Chi-squared test was used for categor-
ical variables.

The ‘missing’ values were included as a category
for Smoking and BMI, where Chi-square analyses were
also applied. Less than 1% of the cohort had ‘missing’
data in both variables, likely due to recorded measure-
ments during patients’ recent hospitalisations or clin-
ician visits for CVA/TIA or Holter administration.

Ethics

Approval was obtained from the Institutional Review
Board (IRB) and Ethics Committee of MHS for the pur-
poses of accessing and analysing the data. Individual
patient informed consent was not required because of
the anonymized nature of the patient records.

Results

A total of 5,102 patients in MHS had records of CVA
or TIA with a 24-hour Holter ECG in the following
6months. However, 56 patients were excluded due to
a record of APS and 31 patients were excluded due to
leaving the MHS healthcare system or having less than
12months of prior registration. Thus, 5015 patients
were eligible for this study.

Sixty-six of these patients (1.3%) were diagnosed
with AF or AFL, with a number needed to screen of
88.5. Patient demographics and comorbidities, pre-
sented in Table 1, highlight certain statistical differen-
ces. Notably, those diagnosed with AF/AFL were older
(75.42 ± 7.89 years vs. 69.89 ± 9.88 years; p¼ 0.05) and
had a higher prevalence of hypertension (80.3% vs.
66.8%; p¼ 0.02) and chronic kidney disease (71.2% vs.
44.2%; p< 0.001). The mean number of days from CVA
or TIA diagnosis to 24-hour Holter exam was
63.85 days in the AF/AFL group and 51.46 days in
patients who were not diagnosed with AF/
AFL (p¼ 0.044).

Discussion

Main findings

Among 5,015 patients in MHS with records of CVA or
TIA followed by a 24-hour Holter ECG, we detected 66
patients (1.3%) with AF/AFL. Those detected were
older (75.4 vs. 69.9) and more often suffered from
hypertension (80.3% vs. 66.8%) and CKD (71.2% vs.
44.2%) as compared to patients in whom no AF/AFL
was detected.

Interpretation

Prior small-scale studies showed similar results, sug-
gesting that this method has a low detection rate.

Table 1. Comparison between 24-hour Holter patients with no AF/AFL detection vs. patients with AF/AFL
detection up to 6 months after a CVA or a TIA (n¼ 5015).

No AF/AFL detection AF/AFL p-Value

Number of patients (%) 4949 (98.7) 66 (1.3)
Mean age (±SD) 69.89 (9.88) 75.42 (7.89) 0.050�
Average number of days to Holter exam (±SD) 51.46 (49.38) 63.85 (59.15) 0.044�
Sex
Number of males (%) 2636 (53.3) 31 (47.0) 0.309

Smoking
Never – number (%) 4258 (86.0) 60 (90.9) 0.505
Ever – number (%) 678 (13.7) 6 (9.1)
Missing – number (%) 13 (0.3) 0

Number of patients with diabetes (%) 1561 (31.5) 27 (40.9) 0.104
Number of patients with CHD (%) 2106 (42.6) 34 (51.5) 0.144
Number of patients with cancer (%) 908 (18.3) 13 (19.7) 0.778
Number of patients with hypertension (%) 3307 (66.8) 53 (80.3) 0.021�
Number of patients with osteoporosis (%) 1326 (26.8) 23 (34.8) 0.143
Number of patients with COPD (%) 403 (8.1) 4 (6.1) 0.538
Number of patients with CKD (%) 2185 (44.2) 47 (71.2) <0.001�
Number of patients with Asthma (%) 795 (16.1) 8 (12.1) 0.386
Number of patients with dyslipidemia (%) 2685 (54.3) 34 (51.5) 0.657
BMI
Underweight – number (%) 38 (0.8) 0 0.747
Normal Weight – number (%) 1265 (25.6) 15 (22.7)
Overweight – number (%) 2106 (42.6) 26 (39.4)
Obesity – number (%) 1534 (31.0) 25 (37.9)
Missing – number (%) 6 (0.1) 0

�Statistical significance.
AF: atrial fibrillation, AFL: Atrial flutter; CVA: cerebrovascular accident; TIA: transient ischaemic accident; SD: standard deviation;
CHD: coronary heart disease; COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; BMI: body mass index.
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Doliwa et al., showed a detection rate of 2.0% using
24-hour Holter, in a study including 249 patients [15].
Two additional studies performed by Shibazaki et al.
and Schuchert et al. demonstrated a detection rate of
2.2% and 1.2%, respectively [16,17]. The latter was an
outpatient setting study, where this current study sup-
ports these findings in a first large-scale population-
based research.

In contrast, results are conflicted with a study per-
formed by Alhadramy et al. with a detection rate of
9.2% [18]. Their study was stroke unit-based and
included 426 patients as opposed to the primary care-
based population in this study. Another stroke unit
research study using a 24-hour Holter upon admission,
due to a CVA or a TIA, showed a much higher detec-
tion rate [19], suggesting that this method might be
applicable in the immediate setting of stroke care.

Furthermore, the results from this study showed
significant statistical differences between the patients
who were diagnosed with AF and the patients who
did not receive such diagnosis – specifically older age,
hypertension and CKD. These are all known risk factors
for AF/AFL and are supported by previous studies
[20–22], suggesting a higher detection rate in these
patients than younger patients without hypertension
or CKD. Thus, older patients, particularly those with
hypertension and CKD are at a higher risk for AF/AFL
as caused by CVA and may require a more aggressive
approach for the detection of AF/AFL, including more
prolonged periods of monitoring.

This study demonstrates a statistically significant
difference in the mean days between CVA or TIA diag-
nosis and 24-hour Holter examination (63.85 vs.
51.46 days) compared to patients without AF/AFL
detection. A study performed by Sanna et al., using an
insertable cardiac monitor demonstrated a median of
84 days from randomisation to AF detection [23].
Newly published studies used implantable loop
recorders and resulted in an average time to first AF
episode of 108 days [24] and 121 days [25]. Overall,
these findings are consistent with our results and sug-
gest that performing an outpatient delayed cardiac
monitoring with relation to the stroke did not lower
the detection rates.

Recent studies propose that the implementation of
loop recorders should be used to detect occult AF,
where their results demonstrate high detection rates
[8,22], however, this method may not be feasible in
the primary care setting. Therefore, the need for a
cost-convenient and effective detection method has
led to the research of smartwatches and photo-ple-
thysmograph wrist-watch sensors as an alternative for

loop recorders [26–28]. A meta-analysis performed by
Afzal et al., for AF detection after cryptogenic stroke
resulted in a detection rate of 13.3% using wearable
devices with a median duration of 21 days [8]. Current
Israeli guidelines were written in 2009 and predate
more advanced and feasible technologies for pro-
longed monitoring in the outpatient setting. The accu-
mulating evidence on this topic is sufficient to
recommend prolonged monitoring periods for post-
stroke patients. Yet, the high cost of prolonged moni-
toring is certainly a limit to the universal implementa-
tion of this recommendation. We believe that our
results provide additional information that may even-
tually influence changes in the current Israeli guide-
lines for outpatient monitoring.

Additional AF screening studies in primary care
found higher rates of AF detection [29,30]. This differ-
ence may be due to the exclusions applied in this
study, as patients with a previous diagnosis of AF
were excluded from the analysis. As AF is ubiquitous
in stroke patients, one would expect most cases to
have been diagnosed prior to or during the hospital-
isation due to CVA, but our results suggest that active
surveillance for this arrhythmia is still required.

Strengths and limitations

This study’s main limitation is the data collection and
interpretation method for AF and AFL diagnosis, which
was based on the free text typed by physicians. Thus,
if there were any mistakes in the free text or if physi-
cians failed to enter their notes correctly, MHS would
have no record in the database. It is possible that
some patients who had AF or AFL within the 7-year
study period were excluded from this research due to
this limitation in the data. On the contrary, using real-
world data permitted this study’s population to consist
of over 5000 patients with the specific inclusion crite-
ria in a specific study period over several years.

Implications for practice

This study’s results suggest that the 24-hour ECG is
not sufficient to detect AF or AFL in a primary care
setting, as the rate of detection is significantly lower
than the rate reported for more extended monitoring
periods. A 24-hr monitoring period has a low sensitiv-
ity, which is why current European and American
guidelines recommend longer monitoring periods
[11,12]. Patients could be provided with auto-triggered
monitors and smartwatches as a preferred alternative
for the 24-hour ECG. Yet, due to its non-invasive
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nature and low cost, the 24-hour ECG is recom-
mended as an appropriate method for initial AF or
AFL screening following CVA/TIA. However, if the 24-
hour ECG monitoring does not detect this arrhythmia,
particularly in high-risk patients (those with hyperten-
sion or CKD), more prolonged monitoring would be
appropriate.

Conclusion

In conclusion, the 24-hour ECG Holter has a low AF/
AFL detection rate and certain high-risk patients,
namely older persons and those with CKD and hyper-
tension, are more likely to be diagnosed with AF/AFL
using this method.

Disclosure statement

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

References

[1] Gladstone DJ, Bui E, Fang J, et al. Potentially prevent-
able strokes in high-risk patients with atrial fibrillation
who are not adequately anticoagulated. Stroke. 2009;
40(1):235–240.

[2] Saposnik G, Gladstone D, Raptis R, et al. Atrial fibrilla-
tion in ischemic stroke: predicting response to
thrombolysis and clinical outcomes. Stroke. 2013;
44(1):99–104.

[3] Israel CW, Gelder IV, Capucci A, et al. Subclinical atrial
fibrillation and the risk of stroke. N Engl J Med. 2012;
366:1350–1353.

[4] Camm AJ, Corbucci G, Padeletti L. Usefulness of con-
tinuous electrocardiographic monitoring for atrial fib-
rillation. Am J Cardiol. 2012;110(2):270–276.

[5] Choe WC, Passman RS, Brachmann J, et al. A compari-
son of atrial fibrillation monitoring strategies after
cryptogenic stroke (from the cryptogenic stroke and
underlying AF trial). Am J Cardiol. 2015;116;889–893.

[6] Gladstone DJ, Spring M, Dorian P, et al. Atrial fibrilla-
tion in patients with cryptogenic stroke. N Engl J
Med. 2014;370(26):2467–2477.

[7] Hariri E, Hachem A, Sarkis G, et al. Optimal duration
of monitoring for atrial fibrillation in cryptogenic
stroke: a nonsystematic review. Biomed Res Int. 2016;
2016:5704963.

[8] Afzal MR, Gunda S, Waheed S, et al. Role of out-
patient cardiac rhythm monitoring in cryptogenic
stroke: a systematic review and meta-analysis. Pacing
Clin Electrophysiol. 2015;38(10):1236–1245.

[9] Douen AG, Pageau N, Medic S. Serial electrocardio-
graphic assessments significantly improve detection
of atrial fibrillation 2.6-fold in patients with acute
stroke. Stroke. 2008;39(2):480–482.

[10] Korompoki E, Del Giudice A, Hillmann S, et al. Cardiac
monitoring for detection of atrial fibrillation after TIA:

a systematic review and meta-analysis. Int J Stroke.
2017;12(1):33–45.

[11] Kernan WN, Ovbiagele B, Black HR, et al. Guidelines
for the prevention of stroke in patients with stroke
and transient ischemic attack: a guideline for health-
care professionals from the American Heart
Association/American Stroke Association. Stroke. 2014;
45(7):2160–2236.

[12] Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC
Guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Eur Heart J.
2016;37(38):2893–2962.

[13] Bornstein MN, Leker R, Lampl Y, et al. Guidelines for
the management of stroke – 2009 [Internet]. Israeli
Medical Association (IMA). 2009 [cited 2021 June 20].
Available from: https://www.ima.org.il/userfiles/image/
clinical_50_stroke.pdf

[14] Elm EV, Altman DG, Egger M, et al. The Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for
reporting observational studies. J Clin Epidemiol.
2008;61(4):344–349.

[15] Doliwa Sobocinski P, €Anggårdh Rooth E, Frykman Kull
V, et al. Improved screening for silent atrial fibrillation
after ischaemic stroke. Europace. 2012;14(8):
1112–1116.

[16] Shibazaki K, Kimura K, Fujii S, et al. Brain natriuretic
peptide levels as a predictor for new atrial fibrillation
during hospitalization in patients with acute ischemic
stroke. Am J Cardiol. 2012;109(9):1303–1307.

[17] Schuchert A, Behrens G, Meinertz T. Impact of long-
term ECG recording on the detection of paroxysmal
atrial fibrillation in patients after an acute ischemic
stroke. Pacing Clin Electrophysiol. 1999;22(7):
1082–1084.

[18] Alhadramy O, Jeerakathil TJ, Majumdar SR, et al.
Prevalence and predictors of paroxysmal atrial fibrilla-
tion on Holter monitor in patients with stroke or tran-
sient ischemic attack. Stroke. 2010;41(11):2596–2600.

[19] Manina G, Agnelli G, Becattini C, et al. 96 hours ECG
monitoring for patients with ischemic cryptogenic
stroke or transient ischaemic attack. Intern Emerg
Med. 2014;9(1):65–67.

[20] Chugh SS, Blackshear JL, Shen WK, et al.
Epidemiology and natural history of atrial fibrillation:
clinical implications. J Am Coll Cardiol. 2001;37(2):
371–378.

[21] Kannel WB, Abbott RD, Savage DD, et al.
Epidemiologic features of chronic atrial fibrillation:
the Framingham study. N Engl J Med. 1982;306(17):
1018–1022.

[22] Watanabe H, Watanabe T, Sasaki S, et al. Close bidir-
ectional relationship between chronic kidney disease
and atrial fibrillation: the Niigata preventive medicine
study. Am Heart J. 2009;158(4):629–636.

[23] Sanna T, Diener HC, Passman RS, et al. Cryptogenic
stroke and underlying atrial fibrillation. N Engl J Med.
2014;370(26):2478–2486.

[24] Israel C, Kitsiou A, Kalyani M, et al. Detection of atrial
fibrillation in patients with embolic stroke of undeter-
mined source by prolonged monitoring with

156 O. LIRAN ET AL.

https://www.ima.org.il/userfiles/image/clinical_50_stroke.pdf
https://www.ima.org.il/userfiles/image/clinical_50_stroke.pdf


implantable loop recorders. Thromb Haemost. 2017;
117(10):1962–1969.

[25] Milstein NS, Musat DL, Allred J, et al. Detection of
atrial fibrillation using an implantable loop recorder
following cryptogenic stroke: implications for post-
stroke electrocardiographic monitoring. J Interv Card
Electrophysiol. 2020;57(1):141–147.

[26] Wasserlauf J, You C, Patel R, et al. Smartwatch per-
formance for the detection and quantification of atrial
fibrillation. Circ Arrhythmia Electrophysiol. 2019;12(6);
e006834.

[27] Narasimha D, Hanna N, Beck H, et al. Validation of a
smartphone-based event recorder for arrhythmia detec-
tion. Pacing Clin Electrophysiol. 2018;41(5):487–494.

[28] D€orr M, Nohturfft V, Brasier N, et al. The WATCH
AF Trial: smartWATCHes for detection of atrial fib-
rillation. JACC Clin Electrophysiol. 2019;5(2):
199–208.

[29] Kaasenbrood F, Hollander M, de Bruijn SHM, et al.
Opportunistic screening versus usual care for diagnos-
ing atrial fibrillation in general practice: a cluster
randomised controlled trial. Br J Gen Pract. 2020;
70(695):E427–E433.

[30] Uittenbogaart SB, Verbiest-Van Gurp N, Lucassen
WAM, et al. Opportunistic screening versus usual care
for detection of atrial fibrillation in primary care: clus-
ter randomised controlled trial. Br Med J. 2020;370:
1–9.

EUROPEAN JOURNAL OF GENERAL PRACTICE 157


	Abstract
	Introduction
	Methods
	Data source
	Study population and design
	Variables
	Statistical analyses
	Ethics

	Results
	Discussion
	Main findings
	Interpretation
	Strengths and limitations
	Implications for practice

	Conclusion
	Disclosure statement
	References


