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ABSTRACT
PURPOSE OF REVIEW:This article discusses cryptogenic stroke and the results of
recent randomized trials that can inform its evaluation and management.

RECENT FINDINGS: Most cryptogenic strokes appear embolic, leading to the
term embolic stroke of undetermined source. It was previously thought that
embolic stroke of undetermined sourcewas a single, therapeutically relevant
entity, the underlying sources of which would respond to anticoagulant
therapy; however, two large randomized trials found no benefit with
anticoagulation compared to antiplatelet therapy for secondary stroke
prevention after embolic strokeof undetermined source. A single antiplatelet
drug remains the recommended long-term antithrombotic treatment for
secondary stroke prevention in embolic stroke of undetermined source.
However, three caveats should be considered with regard to cryptogenic
stroke. First, thosewith minor stroke symptoms presenting early after onset
should receive 3 weeks of dual antiplatelet therapy. Second, all patients
with cryptogenic stroke should be monitored for atrial fibrillation. Third,
patients 60 years of age or younger with a patent foramen ovale (PFO)
should be carefully evaluated to determine whether the PFO may have
caused the stroke and whether they might benefit from PFO closure.

SUMMARY: More personalized strategies may soon be available to guide
treatment of cryptogenic stroke. In the meantime, it is hoped that the
application of recent findings from clinical trials will reduce stroke
recurrence in this important population.
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schemic stroke can occur as a result of multiple distinct mechanisms. It is
important to elucidate the underlying mechanism of stroke because such
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knowledge informs treatment to prevent recurrent stroke. Multiple systems
have been created for classifying the various etiologic subtypes of ischemic stroke.
The system used in the TOAST (Trial of Org 10172 in Acute Stroke Treatment)

study was the earliest such system.1 It classified ischemic stroke etiologies into (1)
large-artery atherosclerosis, (2) cardioembolism, (3) small vessel occlusion, (4) other
determined etiology (eg, dissection), and (5) undetermined etiology. This
system benefits from simplicity and familiarity, but it has only moderate
interrater reliability, particularly for small vessel occlusion and undetermined
etiology.2 Furthermore, it groups strokes that were not fully investigated into the
same category as strokes with an undetermined etiology even after a full
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evaluation. It also requires one etiology to be assigned, althoughmany patients have
overlapping risk factors. The Causative Classification of Stroke System formalizes
the procedures by which TOAST classifications should be assigned, improving
interrater reliability,3 although at the expense of more complexity. The ASCOD
(atherosclerosis, small vessel disease, cardiac pathology, other causes, dissection)
classification recognizes that stroke can have multiple potential etiologies,4

although the simplicity of the TOAST classification is lost because strokes are
not clearly divided up into a small number of nonoverlapping categories.

Once a known stroke etiology has been established, evidence-based therapy
can be instituted to prevent recurrent stroke. A determination that a stroke was
caused by atrial fibrillation (AF) should generally lead to initiation of anticoagulant
therapy, which has been shown in clinical trials to be more effective than
aspirin for preventing recurrent stroke.5 Identification of cervical carotid artery
stenosis proximal to a symptomatic brain infarct should generally lead to carotid
revascularization, which has been proven more effective than medical therapy
alone in clinical trials.6 If a stroke is classified as resulting from small vessel
occlusion, it may be reasonable to aim for a lower-than-usual blood pressure
target of less than 130/80 mm Hg.7,8

CRYPTOGENIC STROKE AND EMBOLIC STROKE OF
UNDETERMINED SOURCE
Traditionally, the therapeutic focus has been on known strokemechanisms, as can
be seen in the robust evidence base for established stroke etiologies. Recently,
however, acceptance of the importance of cryptogenic stroke as a therapeutic
target has been increasing.9 This is, in large part, driven by evidence that
cryptogenic stroke is not a benign entity, with recurrence rates similar to
established stroke subtypes.10 The challenge remains how to identify appropriate
measures for secondary prevention in the absence of a known stroke mechanism.
Most cryptogenic strokes appear embolic, in recognition of which the term embolic
stroke of undetermined source (often abbreviated as ESUS) was introduced in 2014.11

About one-fourth of ischemic strokes are cryptogenic,12 and about one-sixth meet
the definition of embolic stroke of undetermined source,13 which is defined as a
stroke that appears nonlacunar on neuroimagingwithout an obvious source after a
minimum standard evaluation to rule out known stroke etiologies such as AF and
carotid stenosis. Thisminimumevaluation involves a transthoracic echocardiogram,
imaging of the cervical and intracranial arteries, a 12-lead ECG, and at least
24 hours of continuous heart-rhythm monitoring.11 Other diagnostic tests, such
as malignancy screening, hypercoagulable testing, implantable loop recorder,
transesophageal echocardiography, special MRI techniques to evaluate for cervical
artery dissection, and genetic testing, can be considered on a case-by-case basis but
are not required to establish a diagnosis of embolic stroke of undetermined source.
Hart and colleagues,11 who introduced the term embolic stroke of undetermined
source, argued that it was a single, therapeutically relevant entity because the likely
underlying sources of embolic stroke of undetermined source (ie, cardioembolism
and artery-to-artery embolism) would respond to anticoagulant therapy.

Clinical Trials of Anticoagulant Therapy in Embolic Stroke of
Undetermined Source
Based on this rationale, two multicenter randomized trials were completed
to compare anticoagulant versus antiplatelet therapy for secondary stroke
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KEY POINTS

● It is important to
elucidate the underlying
mechanism of stroke
because such knowledge
informs treatment to
prevent recurrent stroke.

● About one-fourth of
ischemic strokes are
cryptogenic, and one-sixth
meet the definition of
embolic stroke of
undetermined source.

● The minimum evaluation
of ischemic stroke
involves a transthoracic
echocardiogram, imaging of
the cervical and intracranial
arteries, a 12-lead ECG, and
at least 24 hours of
continuous heart-rhythm
monitoring.

● Based on two high-quality
randomized clinical trials, it
is clear that an empiric
strategy of anticoagulation
for all cases of cryptogenic
stroke is not effective and
may be harmful. Therefore,
a single antiplatelet agent
remains the recommended
long-term antithrombotic
treatment for secondary
stroke prevention.

● Patients with cryptogenic
stroke with minor stroke
symptoms presenting early
after onset should be
treated with a 3-week
course of dual antiplatelet
therapy.

● Patients with cryptogenic
stroke should be monitored
for atrial fibrillation.
prevention after embolic stroke of undetermined source. The NAVIGATE ESUS
(NewApproachRivaroxaban Inhibition of Factor Xa in a Global Trial versus ASA
to Prevent Embolism in Embolic Stroke of Undetermined Source) trial compared
rivaroxaban 15 mg once a day to aspirin 100 mg once a day in patients with
embolic stroke of undetermined source within the prior 7 days to 6 months.14 At
a minimum, a diagnosis of embolic stroke of undetermined source required
24 hours of heart-rhythm monitoring to rule out AF, vascular imaging of at
least the extracranial arteries supplying the brain, and transthoracic
echocardiography. After 7213 participants were enrolled at 459 sites worldwide
and followed for a median of 11 months, the trial was stopped early for futility.
No difference was seen in the rate of the primary outcome of recurrent stroke
(ischemic or hemorrhagic) or systemic embolism in the rivaroxaban group
(annualized rate of 5.1%) compared to the aspirin group (annualized rate of
4.7%) (hazard ratio, 1.07; 95% confidence interval [CI], 0.87 to 1.33). A
significantly higher risk of major bleeding was seen with rivaroxaban (1.8%)
compared to aspirin (0.7%) (hazard ratio, 2.72; 95% CI, 1.68 to 4.39). The
RE-SPECT ESUS (Dabigatran Etexilate for Secondary Stroke Prevention in
Patients With Embolic Stroke of Undetermined Source) trial compared
dabigatran 150 mg 2 times a day to aspirin 100 mg once a day in patients with of
embolic stroke of undetermined source within the prior 3 months; those with at
least one risk factor for stroke could be enrolled up to 6 months after the index
stroke.15 The definition of embolic stroke of undetermined source used was
similar to that used inNAVIGATEESUS. Among 5390 participants with amedian
follow-up of nearly 1.5 years, the rate of the primary outcome of recurrent stroke
of any type did not differ between the dabigatran group (4.1% per year) and the
aspirin group (4.8% per year) (hazard ratio, 0.85; 95% CI, 0.69 to 1.03).16

Recommendations for Secondary Prevention After Cryptogenic Stroke
Based on these two high-quality randomized clinical trials, it is clear that an
empiric strategy of anticoagulation for all cases of cryptogenic stroke is not
effective and may be harmful. Therefore, a single antiplatelet agent remains the
recommended long-term antithrombotic treatment for secondary stroke
prevention.8 However, three caveats should be considered with regard to
cryptogenic stroke.

First, patients with cryptogenic stroke with minor stroke symptoms
presenting early after onset should be treated with a short course of dual
antiplatelet therapy. The CHANCE (Clopidogrel in High-Risk Patients with
Acute Nondisabling Cerebrovascular Events) trial enrolled 5170 patients
presentingwithin 24 hours of the onset of a high-risk transient ischemic attack or
minor stroke (National Institutes of Health Stroke Scale [NIHSS score of 0 to 3).17

These patients were randomly assigned to either aspirin 75 mg once a day for
21 days plus a loading dose of clopidogrel 300 mg followed by 75 mg once a day
for 90 days or aspirin alone 75 mg once a day. The primary end point of recurrent
stroke of any type at 90 days occurred less often in the dual antiplatelet group
(8.2%) compared to the aspirin-only group (11.7%) (hazard ratio, 0.68; 95% CI,
0.57 to 0.81). No difference was seen in the risk of moderate to severe bleeding
(0.3% in both groups). Subsequently, the POINT (Platelet-Oriented Inhibition in
New TIA and Minor Ischemic Stroke) trial enrolled 4881 patients presenting
within 12 hours of the onset of a high-risk transient ischemic attack (ABCD2 [age,
blood pressure, clinical features, duration, diabetes mellitus] score ≥4) or minor
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ischemic stroke. Participants were randomly assigned to either aspirin (50 mg
to 325 mg once a day) plus a onetime dose of clopidogrel 600 mg followed by
clopidogrel 75 mg once a day or aspirin alone.18 At 90 days, a lower rate of major
ischemic events (ischemic stroke, myocardial infarction, or death) was seen in
the dual antiplatelet group (5.0%) than in the aspirin-only group (6.5%) (hazard
ratio, 0.75; 95% CI, 0.59 to 0.95). The rate of stroke was also significantly lower
with dual antiplatelet therapy (4.8% versus 6.4%). Major hemorrhage was
more common in the dual antiplatelet therapy group (0.9% versus 0.4%;
hazard ratio, 2.32; 95% CI, 1.10 to 4.87). Most of the benefit of dual antiplatelet
therapy was seen in the first few weeks, whereas the risk of major bleeding
appeared continuous. Based on this finding as well as the results of the 3-week
dual antiplatelet protocol followed in CHANCE, it appears reasonable to treat
patients with embolic stroke of undetermined source with minor stroke
symptoms with 3 weeks of dual antiplatelet therapy before switching to a
single antiplatelet agent.19
A 77-year-old woman with a history of hypertension presented to the
emergency department after the acute onset of blurry vision and
incoordination on her right side. Her symptoms had resolved by the time
she was examined, and her neurologic examination was normal.

Brain MRI revealed a punctate
acute cortical infarction (FIGURE 6-1).
Magnetic resonance angiography
(MRA) of the head and neck vessels
was unremarkable, and a transthoracic
echocardiogram demonstrated left
ventricular hypertrophy, normal
systolic function, and a moderately
enlarged left atrium. Cardiac telemetry
during her hospitalization did not
reveal atrial fibrillation. She underwent
a 30-day external loop recorder study,
which was unremarkable. She then
had an implantable loop recorder
placed, and, after 6 days of monitoring,
she was found to have a 2-hour
episode of atrial fibrillation. Based on
this finding, her stroke was reclassified
as cardioembolic and she was
switched from aspirin to apixaban for
secondary stroke prevention.

This case illustrates the greater incremental yield for detecting atrial
fibrillation with longer periods of heart-rhythm monitoring. This benefit
must be balanced against the greater cost and invasive nature of
implantable loop recorders.

FIGURE 6-1
Imaging of the patient in CASE 6-1. Axial
diffusion-weighted MRI of the brain
demonstrating an acute embolic-
appearing infarction (arrow).
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KEY POINT

● Patients with cryptogenic
stroke with a patent
foramen ovale (PFO) should
be carefully evaluated to
determine whether the PFO
may have been responsible
for the stroke and whether
they might benefit from PFO
closure.
Second, patients with cryptogenic stroke should be monitored for AF. Given
the paroxysmal nature of this common arrhythmia, it is possible for an AF-related
stroke to be misclassified as a cryptogenic stroke if the patient remains in sinus
rhythm throughout the initial hospitalization. Numerous observational studies
and several randomized trials indicate that continuous heart-rhythmmonitoring
during stroke hospitalization and after discharge reveals a new diagnosis of AF in
approximately 10% to 25% of patients.20 The ideal duration of monitoring
remains undetermined as existing studies have involved a variety of monitoring
modalities and durations ranging from several days to several years and
compared these to usual care, with few randomized comparisons between
long-term monitoring technologies. It may be reasonable to adjust the duration
of monitoring depending on the suspicion for an underlying cardioembolic
source and a patient’s risk for AF, which tends to rise exponentially with age
(CASE 6-1). If heart-rhythm monitoring reveals AF, it is reasonable to offer
anticoagulation therapy in an effort to reduce the risk of stroke recurrence.
The randomized trials demonstrating the superiority of anticoagulation to
antiplatelet therapy for stroke prevention in AF included patients with clinically
apparent AF, not those with brief episodes of subclinical AF detected only by
continuous heart-rhythm monitoring, which is much more sensitive.21,22 It is
hoped that the ongoing ARTESiA (Apixaban for the Reduction of Thrombo-
Embolism in Patients With Device-Detected Sub-Clinical Atrial Fibrillation)
and NOAH (Non-vitamin K Antagonist Oral Anticoagulants in Patients With
Atrial High Rate Episodes) trials will soon establish whether anticoagulation is
also superior for patients with subclinical AF.23,24 In the meantime, it appears
that most neurologists in North America prescribe anticoagulant therapy if AF is
found after embolic stroke of undetermined source; in the EMBRACE (30-Day
Cardiac Event Monitor Belt for Recording Atrial Fibrillation After a Cerebral
Ischemic Event) and CRYSTAL-AF (Study of Continuous CardiacMonitoring to
Assess Atrial Fibrillation After Cryptogenic Stroke) trials, more than 85% of
investigators started anticoagulation after AF detection.25,26 Based on these
considerations, the American Academy of Neurology and the American Heart
Association make a moderate recommendation for postdischarge heart-rhythm
monitoring and also recommend that anticoagulation should be offered if AF
is diagnosed.8,27

Third, patients with cryptogenic stroke with a patent foramen ovale (PFO)
should be carefully evaluated to determine whether the PFO may have been
responsible for the stroke and whether they might benefit from PFO closure.
Traditionally, the question of whether a PFO can cause stroke via paradoxical
embolism of thrombus from the venous to the arterial circulation has been
controversial. Case-control studies have shown an association between PFO and
stroke, but this association was not found in cohort studies, which typically
provide a stronger form of evidence but may also be underpowered given the
rarity of PFO-related stroke in young patients.28 More recently, two randomized
clinical trials found that percutaneous closure of PFO in young patients with
cryptogenic stroke decreased the risk of recurrent stroke,29,30 in contrast to
earlier trials that showed no benefit.31,32 Long-term follow-up of one initially
negative trial33 eventually found a significant benefit with closure,34 although this
was not the primary analysis. The main difference between trials that found a
benefit and earlier trials that did not appears to be that the later trials were
enriched for patients with large shunts through the PFO (TABLE 6-135). These
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TABLE 6-1 Characteristics of Published Randomized Clinical Trials of Patent Foramen
OvaleClosure in PatientsWith Ischemic Stroke or Transient IschemicAttacka

Characteristicb CLOSURE 131 PC32 RESPECT33,c CLOSE30 REDUCE29

Year of publication 2012 2013 2013 2017 2017

Key population characteristics

Age range 18–60 years <60 years 18–60 years 16–60 years 18–59 years

Large shunt through patent foramen
ovale

NA 20% 50% 90% 40%

Atrial septal aneurysm 35% 25% 35% 35% 20%

Stroke as qualifying event 70% 80% 100% 100% 100%

Vascular risk factors

Hypertension 30% 25% 30% 10% 25%

Diabetes mellitus NA 5% 5% 5% 5%

Current tobacco use 20% 25% 15% 30% 15%

Treatments

Closure device STARFlex Amplatzer Amplatzer Multiple
options

Helex or
Cardioform

Comparator therapy Antiplatelets
only

Any
antithrombotic

Any
antithrombotic

Antiplatelets
onlyd

Antiplatelets
only

Outcomes

Mean/median follow-up 2 years 4 years 2.5 years 5.5 years 3 years

Annual stroke rate on medical therapy 1.5% 0.6% 1.3% 0.9% 1.7%

Absolute decrease in stroke per year 0.1% 0.5% 0.9% 0.9% 1.3%

Hazard ratio for stroke (95% confidence
interval)

0.9 (0.4–2.0) 0.2 (0–1.7) NA 0.1 (0–0.3) 0.2 (0.1–0.6)

Fatal adverse events related to closure 0.5%e 0% 0% 0% 0%

NA = not applicable.
a Modified with permission from Kamel, H, JAMA Neurol.35 © 2018 American Medical Association.
b For ease of interpretation, data have been rounded to the nearest 5% for inclusion criteria, the nearest 0.5 for years of follow-up, the nearest 0.1%
for stroke rates, and the nearest 0.1 for hazard ratios. To allow comparisons among studies, stroke rates are crude rates estimated from the
number of events and mean/median follow-up time, which makes the simplifying assumption that event rates were constant across time.
c Data represent the primary trial results published in 2013,33 not the long-term results published in 2017,34 whichwere exploratory and thus subject
to a slightly higher likelihood of false-positive findings.
d Although one randomization arm involved anticoagulant therapy, no comparison of closure versus anticoagulant therapy was reported in the
primary trial publication.30
e One patient in the closure group died of cardiac arrest on day 232, and another died of cardiac arrhythmia on day 242.
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trials have several noteworthy limitations, most notably the small number of
outcome events, the rates of loss to follow-up, and the lack of blinding by
patients and treating clinicians.35 Even in the context of these limitations, the
findings of these trials support the hypothesis that PFO is the causal mechanism
of stroke in some patients with otherwise cryptogenic stroke and justify careful
consideration of PFO closure in appropriate patients. The use of an objective tool
such as the Risk of Paradoxical Embolism (RoPE) score (TABLE 6-2)36 can help
assess how likely it is that the PFO is causally related to a stroke.36 Causal
inference is most robust in young patients with embolic-appearing brain infarcts,
no vascular comorbidities, and a large PFOwith substantial right-to-left shunting.
In such patients, the risks and benefits of PFO closure versus medical
management alone should be thoroughly discussed, ideally in the setting of a
multidisciplinary team that includes stroke neurologists and interventional
cardiologists with experience in PFO closure. Given the low overall rates of
stroke recurrence after PFO-related stroke, both treatment strategies are
reasonable, and the best course of action should be determined via shared
medical decision making.

ATRIAL CARDIOPATHY
In the near future, even more personalized strategies may be available to guide
the treatment of patients with cryptogenic stroke. One potential mechanism of
cryptogenic stroke is atrial cardiopathy in the absence of AF. AF is preceded
by a host of pathologic changes in the left atrium, such as fibrosis, impaired
contractile function, and hypertrophy, which together can be termed atrial
TABLE 6-2The Risk of Paradoxical Embolism (RoPE) Score Calculatora

Characteristic Points

No history of hypertension 1

No history of diabetes mellitus 1

No history of stroke or transient ischemic attack 1

Nonsmoker 1

Cortical infarct on imaging 1

Age, years

18–29 5

30–39 4

40–49 3

50–59 2

60–69 1

≥70 0

Total score (sum of individual points)

a Modified with permission from Kent DM, et al, Neurology.36 © 2013 American Academy of Neurology.

CONTINUUMJOURNAL.COM 359

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



CRYPTOGENIC STROKE

360

Copyright © Ame
cardiopathy, atrial cardiomyopathy, or atrial myopathy.37 Emerging evidence
indicates that the underlying atrial cardiopathy may serve as a thrombogenic
nidus even in the absence of AF.38 Given the connections between AF and
atrial cardiopathy, it is logical to ask whether anticoagulant therapy may be
superior to antiplatelet therapy for stroke prevention in patients with atrial
cardiopathy and no AF. Secondary analyses of two randomized trials provide
support for this hypothesis.39,40 The ongoing ARCADIA (AtRial Cardiopathy
and Antithrombotic Drugs In Prevention After Cryptogenic Stroke) trial is
prospectively testing whether anticoagulation is superior to antiplatelet therapy
in the subset of patients with embolic stroke of undetermined source with
evidence of atrial cardiopathy.41 Although anticoagulation is not of benefit in the
overall population of patients with embolic stroke of undetermined source,14,16 it
is hoped that using biomarkers of atrial cardiopathy will allow for successful
personalized use of anticoagulation in a subset of patients with embolic stroke
of undetermined source.
CONCLUSION
Cryptogenic stroke represents a major knowledge gap and therapeutic target in
vascular neurology. About one-sixth to one-fourth of ischemic strokes do not
have a determined etiology after standard evaluation. Specific strategies for
secondary prevention in this group are lacking, but progress has been made
over the past decade. A standard framework for a minimum diagnostic
evaluation of ischemic stroke has been established as part of the embolic stroke
of undetermined source concept.11 Although randomized trials of empiric
anticoagulation in embolic stroke of undetermined source have not found a
benefit, a more personalized approach targeting a specific subset of patients with
embolic stroke of undetermined source with atrial cardiopathy remains to be
tested. In the meantime, new data support the brief use of dual antiplatelet
therapy for patients with cryptogenic stroke of minor severity. In addition,
clinical standards are evolving to ensure thorough screening for paroxysmal AF
as the underlying cause of stroke in patients with no other apparent stroke
etiology. Finally, young patients with cryptogenic stroke with PFO have new
therapeutic options for preventing recurrent stroke. It is hoped that the application
of recent findings from clinical trials, in addition to further research on the
underlying causes of cryptogenic stroke, will reduce the risk of recurrence in this
important population of patients with stroke.
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