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Abstract
Purpose of Review To summarize the literature on the detection of atrial fibrillation (AF) in patients with “cryptogenic” stroke, a
cohort including about 25% of all ischemic stroke patients and patients with embolic stroke of undetermined source (ESUS).
Recent Findings A first episode of AF is detected in up to one third of cryptogenic stroke and in up to one fourth of ESUS patients
during long-term monitoring. AF prevalence correlates to patient selection, duration, and quality of ECG monitoring. Higher
rates of AF were reported in stroke patients with left atrial pathology, specific ECG alterations, or increased natriuretic peptides.
While AF detection impacts on medical stroke prevention in the vast majority of patients, patient selection for prolonged
monitoring is largely left at the physician’s discretion.
Summary AF detection after cryptogenic stroke or ESUS is a frequent, potentially causal condition. Whether subsequent oral
anticoagulation may improve outcome remains open.
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Introduction

Atrial fibrillation (AF) is defined as one or more episode of at
least 30 s of atrial arrhythmia with missing P-waves [1•]. AF is
the most prevalent arrhythmia worldwide, affecting about 3%
of the adult population, in particular older adults or those with
co-existing cardiovascular risk factors. Individuals with parox-
ysmal, persistent, or permanent AFmay suffer fromAF-related

symptoms including palpitations or dizziness (“symptomatic”
AF). However, a relevant proportion of stroke patients with AF
is asymptomatic (“silent” AF) at the time of AF detection (and
later on) [2, 3]. AF increases the risk of ischemic stroke four- to
five-fold on average, ranging from approximately 0.2 to 20%
per year, corresponding to the presence of stroke risk factors
[1•]. At the time of ischemic stroke or transient ischemic attack
(TIA), AF is known in about 15–18% of all patients and stroke
is related to AF in the vast majority of these patients [4–6].
While about 30% of all patients with known AF before stroke
have documentedAF during the in-hospital stay, a first episode
of AF is detected in 4–13% of unselected acute stroke patients
without known AF at the time of stroke [5, 7–9].

Overall, about 25% of all ischemic strokes presumed to be of
cardioembolic origin, including strokes related to heart failure,
patent foramen ovale, myocardial infarction, and endocarditis.
Compared to non-cardioembolic strokes, cardioembolic strokes
are associated with higher morbidity and mortality [10]. Another
25% of all ischemic strokes or transient ischemic attacks (TIAs)
remain “cryptogenic” by definition [11], indicating that the etiol-
ogy of stroke could not be clarified by (in)complete or
(in)sufficient routine diagnostic care (in hospital). In the minority
of these “cryptogenic” stroke patients, more than one probable
(“competing”) cause of stroke is detected. Cryptogenic stroke
patients have a 3–6% risk of recurrent ischemic stroke [12•],
which is comparable to patients with other stroke causes.
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To allow the conduction of clinical trials, the FDA re-
quested a definition of the minimum diagnostic evaluation
in patients with cryptogenic stroke. Subsequently, a group
of leading stroke physicians defined the so-called “embolic
stroke of undetermined source” (ESUS). By definition, an
ESUS is a “non-lacunar brain infarct without proximal ar-
terial stenosis or cardioembolic sources, with a clear indi-
cation for anticoagulation” [12•]. Based on the assumption
that ESUS might be caused by so far undetected AF or
other embolic sources, two large randomized secondary
stroke prevention studies compared a non-vitamin K oral
anticoagulant (NOAC) to acetylsalicylic acid, the present
standard of care in patients with cryptogenic stroke or
ESUS, respectively [13, 14••].

Relevance of AF Detection for Medical Stroke
Prevention

The detection of AF after ischemic stroke is relevant for sec-
ondary stroke prevention, even if there is uncertainty regard-
ing the most probable cause of stroke. Stroke patients with AF
but without subsequent oral anticoagulation have a compara-
tively high risk of recurrent stroke [15]. Oral anticoagulation is
highly effective by reducing the risk of recurrent ischemic
stroke by approximately 70% compared to placebo in clinical
trials [1•]. Irrespective of the fact that the total burden of AF
may play a role regarding the magnitude of AF-related stroke
risk [16, 17], oral anticoagulation is recommended by guide-
lines in all stroke patients independent of the type of AF (par-
oxysmal, persistent, or permanent) [1•, 18•]. Of note, effective
oral anticoagulation at the time of ischemic stroke is associat-
ed with reduced stroke severity and mortality in AF patients
[6]. Interestingly, there is only some data demonstrating that
AF detected for the first time after acute ischemic stroke or
TIA will be recurrent at later stages [19]. AF usually is a
progressive disease and repeat episodes are very likely, in
particular with increasing age. AF incidence during a condi-
tion of cardiac or systemic stress carries a high propensity of
recurrence later on [20]. In these patients, the substrate for AF
development exists and the arrhythmia is triggered by addi-
tional stress factors. Therefore, it can be assumed that individ-
uals with a first episode of AF in context with TIA or stroke
benefit from a close follow-up for recurrent AF and its
sequelae.

Pathophysiology of AF-Related Stroke
and Stroke-Related AF

The simplistic, unidirectional view is that AF and consecu-
tive stasis in the atria lead to clot formation predominantly
in the left atrial appendage and systemic embolization

resulting in stroke needs refinement [21•]. A solid thrombus
or highly thrombogenic conditions (e.g., spontaneous echo
contrast) can be detected by standard methods such as trans-
esophageal echocardiography in the minority of stroke pa-
tients with AF [4, 22]. Furthermore, it is known that AF per
se does not necessarily carry an increased risk of stroke in
the absence of additional stroke risk factors. Therefore, oral
anticoagulation does not have a net clinical benefit in low-
risk patients with a CHA2DS2-VASc (heart failure or left
ventricular systolic dysfunction, hypertension, age ≥
75 years (2 points), diabetes mellitus, prior stroke or TIA
or thromboembolism (2 points), vascular disease, age 65–
74 years and female sex) score of zero (points) [23].

In study of patients with implanted cardiac devices, there
is a correlation of AF burden and subsequent stroke risk but
the correlation between AF episodes and stroke onset is
rather weak, as demonstrated in the Atrial Fibrillation and
Stroke Evaluation in Pacemaker Patients and the Atrial
Fibrillation Reduction Atrial Pacing Trial (ASSERT) [16,
24]. It has been suggested that not the arrhythmia itself but
indirect mechanisms may be responsible for the increased
stroke risk in AF [21•]. AF by itself may be a marker of this
higher susceptibility of ischemic stroke. What AF and other
atrial arrhythmias have in common is that they may be
markers of a prothrombotic milieu in the atria [15, 21•].
The latter is enhanced by local cardiomyocyte, electrical
and endothelial impairment, and augmented by systemic
vascular changes. Therefore, AF alone may not be a suffi-
cient cause to explain thromboembolic stroke in context
with the arrhythmia.

Interestingly, there is a bidirectional relation between
stroke and AF. It is well-established that strokes affecting the
insular region, orbitofrontal and dorsal cingulate cortex, the
hypothalamus, the amygdala, the periaqueductal gray, or the
ventrolateral medulla may induce an autonomous imbalance
[25], subsequently causing a first episode of AF in stroke
patients without known AF. Therefore, in the individual pa-
tient with acute ischemic stroke, it may not be clarified wheth-
er AF is the cause or consequence of stroke [26•]. It also
remains enigmatic, if the detection of a first episode of AF
several months after cryptogenic stroke [27••, 28••] is related
to the index stroke in a substantial number of patients. Recent
subgroup analyses of the ASSERT trial indicated that stroke
risk increase only increased with a higher AF burden, i.e., AF
episodes of 24 h or longer [16]. Because of the fact that about
7% of all ASSERT patients had a previous stroke, these ob-
servations cannot directly be translated to post-stroke patients.
Nevertheless, they call for caution to not attribute causality for
ischemic stroke to every detected episode of AF. The clinical
relevance of short atrial runs (lasing < 30 s)—a frequent find-
ing after acute ischemic stroke [3, 8]—or atrial high rate epi-
sodes (AHRE)—detected in patients with implanted de-
vices—remains to be established [15].
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Frequency of AF Detection in Cryptogenic
Stroke or ESUS

As demonstrated in Fig. 1, AF detection rate in stroke patients
is correlated to the duration of (previous) ECGmonitoring and
the (cardiovascular) risk profile [29]. In patients with acute
ischemic stroke or TIA, 12-lead resting ECG on hospital ad-
mission detects a first episode of AF in about 1.7–16% of all
patients [30]. Additional (monitor-based) ECGmonitoring for
24 h detects a first episode of AF in about 0.2–13% of all
patients, while ECGmonitoring for 72 h detects a first episode
of AF in about 2.3–11% of all patients with acute ischemic
stroke. Within a week after stroke, 1.7–14% of all patients
were diagnosed to have AF [8, 30, 31]. Holter-ECG recording
for 10 days in the intervention arm of the FIND-AF randomized

study demonstrated that 18 out of 200 patients (9%) (aged ≥
60 years; recruited within 7 days after stroke) had a first epi-
sode of AF [32]. Interestingly, a second 10-day Holter-ECG
recording 3 months later detected a first episode of AF in
additional 10 patients (5.5%), while another 10-day Holter-
ECG recording further 3 months later was again feasible and
well-tolerated but detected no AF in the remaining stroke pa-
tients without a history of AF. A 30-day event recorder detect-
ed a first episode of AF in 46 (16%) out of 286 patients (aged
≥ 55 years; recruited within 6 months after cryptogenic stroke)
in the intervention arm of the EMBRACE study [28••].Within
3 months, an implantable loop recorder (ILR) detected a first

episode of AF in 19 (9%) out of 221 patients (aged ≥ 40 years;
recruited within 3 months after cryptogenic stroke) in the in-
tervention arm of the CRYSTAL-AF study. After 12 months
or 36 months, ILR-based AF detection rate was 12% or 30%,
respectively [27••]. In a German single-center observational
study, an ILR detected a first episode of AF in 25 (33%) out of
75 patients with cryptogenic stroke and at least one additional
clinical, electrocardiographic, or echocardiographic risk factor
for AF (e.g., CHA2DS2-VASc ≥ 4, spontaneous echo contrast,
or a previous atrial run) [3]. Of note, beside the presence of
atrial runs during baseline ECG monitoring, a left atrial diam-
eter of > 45 mm was predictive for AF. Within a year, a first
episode of AF was detected by an ILR in 17–26% of all pa-
tients fulfilling the ESUS criteria [33–35], which is compara-
ble to the reported detection rate in patients with cryptogenic
stroke (Fig. 1).

Guideline Recommendations Regarding ECG
Monitoring After Cryptogenic Stroke

Based on the results of the EMBRACE trial [28••], the US
guideline recommends ECG monitoring for 30 days (Class
IIa, Level C) in patients with a cryptogenic stroke within the
last 6 months [18•]. The European Society of Cardiology
(ESC) recommends ECG monitoring for at least 72 h in pa-
tients with stroke or transient ischemic attack (TIA) but
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Fig. 1 Detection of a first episode of atrial fibrillation after acute ischemic stroke, cryptogenic stroke, or ESUS in relation to the duration of ECG
monitoring
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without known AF (Class I, Level B) [1•]. The guidelines of
the European Stroke Organization (ESO) recommend a long-
term ECG registration in stroke patients with high suspicion of
asymptomatic, paroxysmal AF. Specific information on the
duration of ECG monitoring in the acute phase is not given
[36].

How to Screen After Cryptogenic Stroke

A 12-lead resting ECG should be standard in diagnostic
stroke work-up and is recommended by guidelines.
However, limited resources are a major problem and even
today, a standard ECG is not performed within the first
2 days in all patients with acute ischemic stroke cases
[37]. The quality of further ECG evaluation impacts on
the frequency of AF detection [38, 39]. Continuous ECG
monitoring by automated arrhythmia detection is sensi-
tive, but requires standardized manual evaluation [40,
41]. AF screening by intermittent handheld devices ap-
pears to be similarly effective as continuous monitoring
and can also be operated by nurses [42]. Extended non-
invasive ECG monitoring after hospital discharge in-
creases the yield of AF detection [32]. As a step further,
the implantation of ILR may help to optimize secondary
prevention in selected patients with ischemic stroke. The
insertion of ILRs should be considered carefully in the
context of (present) costs of implantation and monitoring
[29].

Current data indicate that ECGmonitoring is most effective
in the early phase after cryptogenic stroke [27••, 32]. Since
published meta-analyses are of limited value due to substantial
heterogeneity of cohorts, monitoring methods, or AF defini-
tion [9, 26•, 43], the optimal duration of ECG monitoring
remains to be established.

Whom to Screen After Cryptogenic Stroke

In clinical practice, decision making on prolonged ECG mon-
itoring after ischemic stroke is not based on scales or scores.
According to the control arms of the randomized EMBRACE,
FIND-AF randomized or CRYSTAL-AF study, prolonged ECG
monitoring in the subacute phase of stroke is sparse in clinical
practice. This may be caused by limited (personnel) resources,
comparably low funding, and rather vague guideline
recommendations.

Focusing on best practical use of present resources, a
higher prevalence of AF will be found in cryptogenic stroke
patients aged 60 years and older [44] or those with present
“low-risk sources” of embolism (in particular heart failure or
atherosclerosis with a stenosis < 50% of a brain supplying
artery) [12•]. In addition, stroke patients with excessive

supraventricular ectopic activity, detected atrial runs (lasing
< 30 s), or prolonged PR interval should undergo prolonged
ECG monitoring [3, 44, 45•]. While cardiac imaging (left
atrial volume index in combination with atrial function, mitral
valve stenosis, or left atrial enlargement) after stroke is proven
to be helpful to identify stroke patients at high risk of AF [3,
46, 47], stroke lesion pattern(s) may not be solely used to
guide prolonged ECG monitoring [48]. Finally, biomarkers
(especially natriuretic peptides or troponin) may support opti-
mized AF detection [29].

OpenQuestions Regarding AF Detection After
Cryptogenic Stroke

First of all, it remains an open question whether a random-
ized clinical study will be able to demonstrate a reduction of
relevant clinical endpoints in stroke patients undergoing
prolonged ECG monitoring. So far, randomized trails like
CRYSTAL-AF, EMBRACE, or FIND-AF randomized only
demonstrated that prolonged ECG monitoring results in a
significant higher proportion of AF detection and subse-
quent oral anticoagulation. The results of the randomized
MonDAFIS study will add evidence in this regard [49].
This ongoing investigator-initiated study enrolled 3470 pa-
tients with acute ischemic stroke in 39 German stroke
centers.

In the absence of a proven clinical benefit of prolonged
ECG monitoring, optimal AF detection after cryptogenic
stroke might lose relevance, if the ongoing randomized
double-blind Dabigatran Etexilate for Secondary Stroke
Prevention in Patients With Embolic Stroke of Undetermined
Source (RE-SPECT ESUS) study will demonstrate a net clin-
ical benefit of oral anticoagulation using dabigatran (150 or
110 mg TD) compared to acetylsalicylic acid (100 mg OD)
[13]. However, the randomized double-blind Rivaroxaban
versus Aspirin in Secondary Prevention of Stroke and
Prevention of Systemic Embolism in Patients With Recent
Embolic Stroke of Undetermined Source (NAVIGATE
ESUS) study demonstrated a significantly higher bleeding risk
in the rivaroxaban (15 mg OD) arm compared to
acetylsalicylic acid (100 mg OD) [14••].

Second, it remains to be determinedwhether patients with a
first episode of AF after stroke have a similar stroke risk com-
pared to patients with known AF at the time of stroke. A
retrospective analysis of the observational Ontario Stroke
Registry revealed a similar annual stroke rate in stroke patients
without known AF (8.0%) or stroke patients with a first epi-
sode of AF after the index stroke (7.0%), while patients with
known AF at the time of the index stroke had a significantly
higher rate (9.6%) [50•]. A similar observation was made in
pacemaker patients with AHRE compared to patients with
well-documented AF [15].
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Conclusions

AF is a common comorbidity and frequently causal factor in
ischemic stroke which may account for about 20% of all is-
chemic strokes. Furthermore, a first episode of AF is detected
during long-term ECG monitoring using an ILR in up to one
third of all patients with cryptogenic stroke and in about one
fourth of all patients with ESUS. Future research needs to
demonstrate whether treatment of AF detected by intensified
ECG screening after ischemic stroke impacts on relevant out-
come parameters like recurrent stroke or mortality. The selec-
tion of cryptogenic stroke patients who should undergo
prolonged ECG monitoring is largely left at the physician’s
discretion at present. Cardiac imaging, ECG alterations, or
biomarkers may support the efficiency of post-stroke AF
screening in patients with cryptogenic stroke.
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