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Introduction

The term cryptogenic (i.e., undetermined) stroke
(CS) defines a group of strokes of unknown etiology.
The characteristics of CS vary according to three dif-
ferent definitions available: the Trial of Org 10172 in
acute stroke treatment (TOAST) criteria,1 the Causative
classification of stroke system (CCS),2 and the Athero-
sclerosis, small vessel disease, cardiac causes, and
other uncommon causes (ASCO).3 Each definition has
pros and cons. According to TOAST definition, cryp-
togenic strokes include both cases with multiple poten-
tial etiologies and/or with incomplete diagnostic
work-up. It is considered to overestimate the number of
all strokes by up to 40%.4,5 The CCS and the ASCO cri-
teria are more restrictive and cryptogenic strokes ac-
count for about 25-30% of all strokes.5 The CCS criteria
differentiate cryptogenic strokes in two subtypes: cryp-
togenic embolism and other cryptogenic. The CCS as-
signs patients accordingly to the most likely
mechanism. The ASCO classification is a complex sys-
tem encompassing 625 phenotipic subtypes of stroke
and requires an extensive collection of data.

Recently the new construct of Embolic stroke of
unknown source (ESUS) has been proposed by the
CS/ESUS International Working Group in order to de-
fine the subgroup of cryptogenic strokes in which spe-
cific mechanisms of stroke have been excluded and
evidence of covert paroxysmal atrial fibrillation (AF)
or minor cardiogenic embolic conditions, atheroem-
bolism, cancer associated and paradoxical embolism
through a patent foramen ovale (PFO) or pulmonary
fistula is found.6 The prevalence of ESUS is still de-
bated. In the Athens Registry ESUS accounts for 1/3
of cryptogenic strokes and represents about 11% of all
strokes.7 The ESUS Global Registry which surveyed
19 stroke research centers in 19 different countries re-
ported a prevalence of 16% but an additional 14% had
an incomplete evaluation.8

The challenge posed by cryptogenic strokes is both
clinical and economical.

Main guidelines [by the American Heart Associa-
tion/American Stroke Association (ASA/AHA) and
the European Stroke Organization (ESO)] do not rec-
ommend an extensive diagnostic work-up and many
strokes result cryptogenic because the search was ac-
tually incomplete.9,10 Echocardiogram (transthoracic
and/or transesophageal), prolonged hearth rhythm
monitoring, intracranial echo-Doppler, intra and ex-
tracranial angio-computed tomography or magnetic
resonance imaging including aortic arch, and labora-
tory evaluation of rare hypercoagulability causes are
not currently recommended in a routine diagnostic
work-up. In Tables 1 and 2 of their review, Stornello
et al.11 report a complete list of genetic, traumatic,
drug-related, inflammatory, and autoimmune diseases
which are all potentially responsible for a stroke of
rare etiology. A widespread searching program of all
those causes in all patients would improve diagnostic
precision but it would also make costs unsustainable.
The diagnosis of cervical arterial dissection, pulmu-
nary fistula, antiphospholipid syndrome, genetic
thrombophilic diseases, Fabry disease, and occult can-
cer should not be missed but should be guided by clin-
ical features or anamnestic history.5 Recently an
elevated level of D-dimers has been suggested as a
useful biomarker leading to the search of occult cancer
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but it requires further investigation.12 To date the de-
cision to perform the diagnostic work-out aimed to
rare causes is up to the clinical judgment of stroke
physicians.

Embolic stroke of unknown source

Letting apart the search for rare causes, the exten-
sive search of embolic sources in CS is more appeal-
ing both because of the availability of diagnostic
devices and the potential effectiveness of new antico-
agulant therapies. The ESUS construct considers the
potential of a number of minor-risk cardioembolic
sources, as reported by Stornello et al.11 The long list
contains structural cardiopathies (mitral valve myxo-
matous valvulopathy with prolapse, mitral annular cal-
cification, aortic valve stenosis, aortic valve
calcification, atrial appendage stasis with reduced flow
velocities or spontaneous echodensities, atrial septal
aneurysm, Chiari network, left ventricular moderate
systolic or diastolic dysfunction both global or re-
gional, left ventricular noncompaction, endomyocar-
dial fibrosis), together with arrhythmic conditions as
atrial asystole and sick-sinus syndrome, atrial flutter,
and atrial high-rate episodes.6

The spotlight is on covert AF or other embolic ar-
rhythmias because they are frequently found in the fol-
low-up of cryptogenic strokes. Since new long term
implantable monitoring devices have become avail-
able the prevalcence of AF in stroke has raised. How-
ever many AF are short (less than 30 s) or occur
months or years after the stroke event, raising the ques-
tion of their significance for an embolic source.13-16 The
relationship between AF and stroke seems more com-
plex than the simple mechanistic model of a diysryth-
mia related stasis of blood followed by thrombus
formation and embolism. The risk of stroke increases
shortly after the onset of AF well before AF can induce
structural remodelling of the atrium.17 On the other
hand about one third of patients with AF and stroke
shows AF after (not before) the ischemic event.18 Re-
cently Kamel has proposed a new model in which a
structural remodelling of the atrium (atrial cardiopa-
thy) related to traditional vascular risk factors might
play a role in thrombogenesis analogous to that of ven-
tricular cardiopathy.21 Atrial cardiopathy may precede
and/or cause AF. When both conditions are estab-
lished, the risk of thromboembolism increases further.
That new model has yet to be confirmed, but if it does,
echocardiogram or other cardiac imaging will become
mandatory.

Patent foramen ovale represents an often overesti-
mated potentially embolic condition especially in young
patients. In his complete review Donti critically reports
that, given the high prevalence of PFO in the general
population, an association between PFO and CS in the

same patient does not necessarily imply a causal link to
the etiology of the stroke.21,21 PFO is often a bystander
and it is actually not responsible of the acute event.
Moreover stroke recurrences in patient with PFO are
rare.22 Overall, results of recent trials on PFO closure
have been inconclusive and complications not irrile-
vant. Meta-analysis showed a trend towards a superi-
ority of PFO closure but the quality of the evidence is
poor. The event reduction with closure seems to be low,
and the number needed to treat high.23 Donti concludes
that transcatheter closure of the PFO is a valid option
but, while we wait for more solid data about its efficacy
and safety as compared to medical therapy, it should be
offered only to carefully selected patients more likely to
have a causal PFO. The risk of paradoxical embolism
(RoPE) score may guide individualized and effective
patient selection for PFO closure.20

Embolic stroke of unknown source
recurrences rate

The diagnosis of structural cardiac and valve con-
ditions related to ESUS requires an echocardiogram
(transthoracic and/or transesophageal), which is still
not recommended by guidelines in the routine diag-
nostic work-up. That explains why retrospective stud-
ies on ESUS are scarce and the prevalence and
recurrence rate of ESUS are still uncertain. In his two
recent papers, Ntaios7,24 reported a large cohort of pa-
tients from the Athens Registry in which the preva-
lence of ESUS was about 11% of all strokes and the
rate of stroke recurrence at 1 year was 11.3%. But
those findings have been debated and other population
or hospital-based registry studies reported a 3-9% re-
currence rate during the first year.25-27

Our retrospective analysis is limited to a small co-
hort of a single Stroke Unit in which transthoracic
echocardiogram was routinely performed and reports
a stroke recurrence rate at 1 year in ESUS of 4.4%. In-
terestingly that doubles that of CS and is the same as
cardioembolic strokes suggesting a potential relation
to embolism.

How embolic stroke of unknown source
construct may affect secondary prevention
strategy

To date no recommendation for secondary preven-
tion in cryptogenic stroke is available and antiplatelet
agents are usually prescribed without secure
evidence.8,10 The use of warfarin in minor risk embolic
sources has been discouraged by hemorrhagic
events.28 Being a consistent fraction of cryptogenic
stroke associated with a potentially embolic source,
the availability of new oral anti coagulant (NOAC)
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drugs in secondary prevention has raised interest be-
cause of a potentially net benefit in balancing preven-
tion of ischemic recurrences and hemorrhagic events.

The new ESUS construct has lead to randomised
clinical trials comparing aspirin versus NOACs in sec-
ondary prevention. The RE-SPECT ESUS trial com-
paring aspirin and dabigatran and the NAVIGATE
ESUS trial comparing aspirin to rivaroxaban are al-
ready ongoing.29,30 The Atticus study comparing as-
pirin to apixaban has not enrolled patients yet.31

Unfortunately ESUS is a clinical construct that in-
cludes a range of different conditions. It is not surpris-
ing that criteria of patient selection differ among
studies. For example heart rate monitoring is required
by all studies, but while RE-SPECT ESUS includes
patients in which an AF shorter than 6 min in a 20 h
monitoring has been detected, NAVIGATE ESUS ex-
cludes all patients with AF detected in a 24 h moni-
toring. Other differences in selection criteria are in the
inclusion of different major- and minor-risk cardioem-
bolic sources and in neuroimaging.

Stroke physicians are challenged by the intent of
decreasing the number of cryptogenic strokes, by the
need of avoiding the high costs of extensive diagnostic
search and by the uncertain benefit of drugs in sec-
ondary prevention of recurrences. As a new costruct,
ESUS proposes a larger but sustainable minimum set
of diagnostic exams to be carried out in all stroke pa-
tients. ESUS criteria might be helpful in confirming
the advantage of anticoagulation with NOACs in some
CS with minor-risk embolic sources but, because of
the heterogenity of the embolic sources, the net benefit
of NOACs might be limited only to some and not to
all conditions.
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