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Abstract

Purpose of review Ischemic stroke is the fifth leading cause of death in the world with
cardioembolic stroke (CES) causing a disproportional amount of the morbidity and mor-
tality associated with stroke. Atrial fibrillation (AF) is the leading cause of CES, and as the
population ages, the incidence of CES is anticipated to rise. The importance of proper
diagnosis and treatment of patients with embolic-appearing stroke is significant due to
the burden of disease and the severity of the illness.
Recent findings The past decade has seen an explosion of treatment options for patients
with CES related to AF as well as better mechanisms by which to monitor and diagnose
patients with AF. While optimal secondary prevention of stroke with anticoagulation in the
setting of AF is known, what remains to be defined is the appropriate treatment of other
types of strokes that appear embolic, but no source of the embolism is discovered.
Summary In this article, we will review what is known about the diagnosis and treatment of
CES, discuss the emergence of novel therapeutics and emphasize what must be investigated
in the future to move the field forward, such as the emerging concept of atrial cardiopathy.
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Introduction

Cardioembolic stroke (CES) is devastating, leading to
poor functional outcomes for patients, with a higher risk
of recurrent stroke and death compared to other stroke
subtypes. Proper diagnosis of the ischemic stroke sub-
type is of the utmost importance as future testing and
treatment stem from this important branch point in
stroke medical decision making. CES in particular is a
complex disease, representing one diagnostic entity but
composed of many disparate conditions. Etiologies of
cardiac embolism include, but are not limited to, atrial
tachyarrhythmia, valvular disease, endocarditis, structur-
al heart disease, acute myocardial infarction, and ven-
tricular thrombus [1]. Other conditions that have been
proposed as potential sources of cardiac embolism in-
clude intracardiac tumors, mitral valve strands, and the
presence of spontaneous echocardiography contrast [2–
4]. The majority of CES is caused by atrial fibrillation
(AF), the single most common type of cardiac arrhyth-
mia. AF leads to a fivefold increase in stroke risk, with no
decline in risk with age, which stands in stark contrast to

other stroke risk factors [5]. The literature to support
anticoagulation (AC) in AF is deep, with the most recent
American Heart Association guidelines stating that the
best timing of initiation of AC for most stroke patients
was 4–14 days post-stroke [class IIa; level of evidence B]
[6••]. While proper treatment for these embolic stroke
patients (known AF) should remain a public health
concern, there are patients with other forms of cardiac
disease, or with cardiac disease in whom the best treat-
ment remains unclear, andwho, by default, are currently
treated with antiplatelet medications. A growing burden
of evidence suggests that a dichotomous consideration
of this paradigm (presence/absence of AF) may not be
sufficient when determining either the source of the
embolism (cardiac-related or not) or the initiation of
AC. As CES is known to occur independently of AF, there
might be a subset of CES patients without AF who
would be best treated with AC? Unless new strategies
are proposed and investigated, the potential for under-
diagnosis and under-treatment of CES remains.

Diagnostic evaluation
Determining stroke etiology

The traditional approach to classifying stroke etiology has divided stroke into
either hemorrhagic or ischemic, with five ischemic stroke-subtypes: (1) large-
artery atherosclerosis, (2) cardioembolism, (3) small-vessel occlusion, (4)
stroke of other determined etiology, and (5) stroke of undetermined etiology.
Such an approach, known as the TOAST classification system, is a longstanding
diagnostic algorithm that has reasonably high interrater reliability (Table 1) [7].
It importantly enabled categorization of every patient into one of these five
stroke subtypes.

This approach has been expanded upon by different groups with algo-
rithms that try to decrease the number of patients classified as “undeter-
mined.” The Causative Classification System (CCS) is web based and further
divides each TOAST subtype into three subcategories of evident, probable,
and possible based upon the recognition that there might be multiple com-
peting mechanisms in the same patient (Table 1) [8]. The ASCO phenotyping
system, recently expanded to the ASCOD system, suggests five categories
(Table 1) with a numeric grading scale for the grade of disease. For example,
if a disease state is present but a causal link to ischemic stroke is unlikely, it is
designated a 2. Therefore, a patient with a stroke with apical akinesia of the
left ventricle and a reduced ejection fraction is graded a C2 (cardiac embo-
lism, unlikely causal link). The benefit of ASCOD per the investigators is
removal of the undetermined or cryptogenic category contained in other
grading systems [9].
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Regardless of the algorithm used, there are challenges implicit in the diag-
nosis of etiological stroke subtype. Common risk factors such as hypertension,
diabetes, and smoking are known to be associated with stroke in general, but
the exact subtype remains unclear [10]. Additionally, the diagnosis inevitably
depends on the risk factors or pathology that are uncovered by diagnostic
testing, such as cerebral imaging, echocardiography, and long-term cardiac
monitoring. Notably, if certain diagnostic tests are not performed, then it is
not possible to state conclusively that disease does not exist.

Which diagnostic tests should be performed in the early workup of a
patient with acute ischemic stroke remains unclear. The latest American
Stroke Guidelines, now under revision, suggests that there is not enough
evidence to pursue routine echocardiography or cardiac monitoring in
patients [11••, 12].

Implicit in the workup of stroke etiology is the assumption that what is
likely to have a causal link with certain stroke etiologies has already been
defined, with no remaining knowledge gaps. For CES in particular, there are
cardiac conditions that may be identified in the workup, but the likelihood of
embolism associatedwith those conditions remains unclear, which has reduced
enthusiasm for including these components in the workup.

Table 1. Classification systems for ischemic stroke subtypes

TOAST classification The Causative Classification
of Stroke System (CCS)

The ASCOD classification

Large artery atherosclerosis
(embolus/thrombosis)

Stroke mechanism- Phenotype

Large artery atherosclerosis Atherothrombosis (A)

Cardioembolism
(high-risk/medium risk)

Cardio-aortic embolism Small-vessel disease (S)

Small-vessel occlusion (lacune) Small artery occlusion Cardiac pathology (C)

Stroke of other etiology Other causes Other causes (O)

Stroke of undetermined etiology
a. Two or more causes identified
b. Negative evaluation
c. Incomplete evaluation

Undetermined causes
a. Unknown
b. Cryptogenic embolism
c. Other cryptogenic*
d. Incomplete Evaluation
e. Unclassified

Dissection (D)

Grade of disease

1. If disease is present
and potentially causal

Weight of evidence 2. If disease is present
and causal link is uncertain

Evident: sole potential mechanism 3. If disease is present and
causal link is unlikely

Probable: 9 1 evident stroke mechanisms
where one mechanism appears more
probable than others

0. If disease is absent

Possible: absence of any evident causes,
mechanisms with a lower or less well
defined risk

9. If the workup is insufficient
to grade disease

*Other cryptogenic: those not fulfilling the criteria for cryptogenic embolism
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When considering treatment of CES, it becomes apparent that having a
standard approach is essential for assuring uniform subclassification of
stroke. Such standardization is critical in not only the diagnostic algo-
rithm, but also evaluating treatment outcomes in clinical trials. The best
evidence suggests the following characteristics as suspicious for the embo-
lism being cardiac in etiology: a history of cardiac disease, reduced con-
sciousness, and non-fractionated arm weakness, where fractionation refers
to the ability to move one segment of the arm independently of other
segments voluntarily, abrupt onset of symptoms, and systemic embolism
[13, 14]. Even in the absence of a clear cardiac source, certain imaging
findings raise suspicion for a cardioembolic etiology. An imaging pattern
of diffuse ischemia involving multiple branches of different arterial terri-
tories, for example, is strongly suggestive of a cardiac embolic shower [15].
Embolism can also be suggested by early hemorrhagic conversion of the
ischemic infarct or maximal deficits at onset with rapid improvement,
representing clot breakdown [16].

As physicians consider treatment options for CES, it is important to under-
stand the limitations of any subtype classification system. The need for further
research becomes apparent as identifying the etiologic mechanism of stroke is
essential for secondary stroke prevention.

Cardioembolic stroke
The most common cause of CES is non-valvular atrial fibrillation (AF), with an
estimated incidence in 2010 of 77.5 per 100,000 in men and 59.5 in women
[17••]. It is anticipated that the prevalence of AF will only increase as the
population ages, so timely diagnosis and treatment is important. The stroke
risk in atrial fibrillation is believed to stem fromuncoordinatedmyocyte activity
that then leads to irregular atrial contraction, formation of thrombus and
subsequent embolus [18].

The standard of CES treatment is anticoagulation (AC), with AF being one of
the few cardiac etiologies where the evidence supports lifelong treatment. There
are several risk prediction scores used in determining utility of AC once AF is
discovered, with the most widely used being the CHA2DS2-VASc score [19].
According to the algorithm, patients with no other risk factors except a recent
stroke or transient ischemic attack should be placed on anticoagulation to
prevent recurrent stroke (scores ≥ 2 necessitate AC). Despite the clear guidelines
dictating treatment, data suggests that a large proportion of patients remain
underdiagnosed and undertreated, with only 39% of highest risk AF patients
(CHADS2 3–6) taking warfarin at the time of stroke [20]. AF can be difficult to
diagnose as many patients do not manifest the typical symptoms of palpita-
tions, dyspnea, and fatigue. Silent AF is considered a major healthcare problem
as the risk of stroke in symptomatic or asymptomatic AF has been shown to be
the same [21].

Prolonged cardiac monitoring can be used to decrease the proportion of
patients who may be underdiagnosed due to occult AF. The use of implantable
cardiac monitoring devices, which allow for continuous cardiac monitoring,
has demonstrated the benefit of prolonged monitoring in capturing and char-
acterizing more patients who may have paroxysmal or occult AF. Recent trials
have shown a steady increase in percentage of AF captured as the duration of
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monitoring increases, with 40% detection rate reported after 30 months of
monitoring [22].

Current treatments
Pharmacologic treatment

For many years, warfarin was the only option available for secondary stroke
prevention for patients with AF. The most recent guidelines recommend that for
patients with acceptably low risk of hemorrhagic complications, long-term oral
anticoagulant therapy with warfarin be initiated with a target INR of 2.0 to 3.0 [6].

With the development of the non-vitamin K antagonist oral anticoagulant
drugs, however, the treatment decision as to which agent to initiate has become
more complicated, but also more convenient for patients, with several options
now available. The discussion here will be limited to FDA-approved drugs in
this category.

Dabigatran is a competitive direct thrombin inhibitor while rivaroxaban,
apixaban, and edoxaban inhibit factor Xa and prothrombinase activity, thus
preventing the conversion of prothrombin to thrombin. Rivaroxaban first
received FDA approval to prevent strokes in those with non-valvular AF in
2011. In a head-to-head trial (ROCKET AF), rivaroxaban demonstrated non-
inferiority compared towarfarin with less intracranial and fatal bleeding [23••].
Dabigatran, approved in 2010, also showed non-inferiority to warfarin [24].
Apixaban, approved in 2012, demonstrated both non-inferiority and superior-
ity to dose adjusted warfarin [25]. Subsequent meta-analyses that included the
latest drug, edoxaban, have shown a reduced risk of stroke or systemic embolic
events (RR 0.81, 95% CI 0.73-0.91) with reduction in all-cause mortality and
intracranial hemorrhage, but increased gastrointestinal bleeding [26].

These DOACs (direct oral anticoagulants) have distinctmechanisms of actions,
dosing frequencies, and half-lives (Table 2). Kidney function is an important
consideration as dabigatran, rivaroxaban, and edoxaban dosing vary depending
on the patient’s creatinine clearance and are not appropriate for use in patients
with end stage renal diseae. Some agents are dosed twice daily (dabigatran or
apixaban) which may be more difficult for some patients versus once a day
rivaroxaban. Patients on enzyme-inducing antiepileptic drugs or protease
inhibitor-based antiretroviral therapy should not be placed on DOAC drugs.

The benefits over warfarin that are shared byDOACs include a rapid onset of
action, a shorter half-life, and a more predictable pharmacokinetic profile,
which enables the drug to be taken without monitoring. A prevalent fear when
DOACs first appeared on the market was, should the patient develop an
intracranial hemorrhage, there would be no mechanism by which to reverse
the medications’ anticoagulant effect. Dabigatran was the first to have a specific
reversal agent (idarucizumab, FDA-approved 2015), which was followed in
May 2018 with FDA approval of andexanet for factor Xa inhibitors. This has
lessened some of these fears as more hospitals now have access to these agents.

Adherence to any kind of therapy is of utmost importance as AF patients
who either are not treated or have sub-therapeutic INRs have at a minimum
twice the risk of stroke compared to those with INRs from 2 to 3 [27]. In the
most recent guidelines [28], warfarin, dabigatran, rivaroxaban, apixaban, and
edoxaban all have a class 1 recommendation for prevention of
thromboembolism.
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Interventional procedures
As cerebrovascular physicians are acutely aware, there are patients for whom
long-term AC after AFmay be contraindicated. One of the best recognized non-
pharmacological options that is utilized in this patient population is placement
of a percutaneous left atrial appendage (LAA) occlusion device. The LAA is a
leading cause of the thrombogenic risk among patients with AF, and devices
have been developed that enable LAA occlusion in patients who are not
undergoing cardiac surgery. The WATCHMAN device and the AMPLATZER are

Table 2. Direct oral anticoagulants use in ischemic stroke and non-valvular atrial fibrillation

Drug name:
brand/generic

Mechanism
of action

Dosing
frequency

Standard
dosing

Reversal
agent

Other
considerations

Pradaxa/dabigatran
etexilate

Direct
thrombin
inhibitor

Twice daily 150 mg (CrCl
≥ 30 mL/min)

Idarucizumab 110 mg
recommended
in those ≥ 80 years
old or those on
Verapamil;
contraindicated if
CrCl G 30 mL/min
or with strong
P-gp inhibitors

Xarelto/rivaroxaban Direct factor
Xa
inhibitor

Once daily 20 mg (CrCl
≥ 50 mL/min)
15 mg (CrCl
15–49 mL/min)

Andexanet alfa Not
recommended if
CrClG15 mL/min

Eliquis/apixaban Direct factor
Xa
inhibitor

Twice daily 5 mg (CrCl
≥ 30 mL/min)
2.5 mg (CrCl
15–29 mL/min

Andexanet alfa Dose should be
reduced
to 2.5 mg in
patients
with two or more:
serum creatinine
≥ 1.5 mg/dL,
age ≥ 80 years
old, body
weight
≤ 60 kg; Not
recommended
if CrCl
G 15 mL/min

Savaysa/edoxaban Direct factor
Xa
inhibitor

Once daily 60 mg
(9 50 mL/min)
30 mg
(15–50 mL/min)

Andexanet alfa Contraindicated
if CrCl
9 95 mL/min;
not
recommended
if CrCl
G 15 mL/min

Abbreviations: CrCl creatinine clearance, P-gp P-glycoprotein
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the two leading devices used in the USA, with the WATCHMAN the only device
FDA approved for this indication.

The two pivotal trials that used the WATCHMAN (PROTECT AF, PREVAIL)
demonstrated that for stroke or systemic embolism, the device was non-inferior
to warfarin [29, 30]. Real-world data from prospective registries has shown an
ischemic stroke rate of 1.1% and demonstrated that the device is safe with high
rates of procedural success and low rates of post procedure complications [31].
It is important to note that the patients who are deemed eligible for WATCH-
MAN implantation must be able to tolerate warfarin for approximately six
weeks. In the primary trial, implantation was accompanied by warfarin for
45 days followed by dual antiplatelet therapy for 6 months.

Observational registries for the AMPLATZER Cardiac Plug have shown a
procedural success rate of 97.3% [32]. Enrollment in clinical trials is ongoing
(Amulet IDE, STROKECLOSE) with the primary effectiveness endpoint a com-
posite of ischemic stroke or systemic embolism through 18 months [32]. The
AMPLATZER Amulet will be compared to the WATCHMAN in a 1:1 ratio
representing the first head-to-head comparison of two occlusion devices [33].

The LARIAT Suture Delivery Device, another procedure used in LAA occlu-
sion in an off-label indication in the USA, has been used in patients who are
deemed ineligible for anticoagulation. The LARIAT suture seals off the LAAA
from the rest of heart, preventing material exposure on the endocardial side so
that AC is not indicated [34]. The LARIAT registry study showed successful
deployment in 95.5% of participants, but its safety profile is not as favorable
as the other devices, with 9.1% of cases resulting in major bleeding [35]. In
2015, the FDA also issued a safety statement expressing concern over compli-
cations arising after LARIAT implantation such as laceration or perforation of
the heart that has hampered enthusiasm for the device [36].

Acute treatment decisions
Thrombolysis and endovascular therapy

Intravenous thrombolysis (IV tPA) is the bedrock of acute stroke treatment
within the first 4.5 h for patients who meet criteria [11]. The benefits of
administration of alteplase or IV tPA declines the further out from onset of
stroke symptoms that the drug is administered, emphasizing the importance of
rapid identification of eligible patients. The immediate goal of reperfusion
therapy is restoration of blood flow. The most recognized complications of IV
tPA include intracerebral hemorrhage (ICH), systemic bleeding, and angioede-
ma. The quoted risk of symptomatic ICH from IV tPA is 5–7% [37], but
concerns for ICH alone should not delay administration as this risk is
outweighed by the net clinical benefit [38–40].

When considering CES, there are conflicting data as to whether IV tPA
administration is more or less effective in this stroke subtype when compared
to the others. One large registry study reported that CES patients were less likely
to have ICH after IV tPA [41]. Another multicenter stroke registry study did not
find a difference in complication rates or outcome at 3 months [42]. Additional
studies have confirmed the latter, which reflects the original conclusion of the
National Institute of Neurological Disorders and Stroke trial [43, 44].

The field of acute stroke care was changed dramatically in 2015 with the
release of several concurrent clinical trials which demonstrated that acute clot
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retrieval in the form of endovascular therapy (ET) dramatically improved
patient outcomes when compared to standard therapy [45–48]. The patients
enrolled in these trials were those who had evidence of a large vessel occlusion
(internal carotid artery or proximal middle cerebral artery), a reassuring
noncontrast head CT, minimal pre-stroke disability, and a National Institutes
of Health stroke scale score ≥ 6 and could be treated within 6 h of last known
normal. Subsequent years have led to the release of more trials that have
expanded the time window, and used imaging criteria, rather than last known
well, to determine eligibility for this life-saving procedure [49, 50]. These
guidelines should be followed for CES patients.

Additional considerations
Once a decision to initiate thrombolysis has beenmade, a unique consideration
for CES patients is that they may already be on AC. Therapeutic AC is a
contraindication to IV tPA. Coumadin use can be rapidly assessed in the
emergency room with a point of care INR (tPA use safe if ≤ 1.7). Determining
DOAC use presents a challenge due to lack of a similar test by which to reliably
assess the drug’s therapeutic effect. While the PT and APTT are modified by
DOACs, the levels vary widely depending on the test reagent and individual
patient. In patients with normal renal function, with confirmation that no
medication was taken in the past 48 h, IV tPA is safe to administer. In contrast,
when the timing of the last dose ofDOAC is unclear, then IV tPA administration
is contraindicated.

Left ventricle (LV) intracavitary thrombus is a potential complication after
ST-segment elevation anterior myocardial infarction (STEMI), leading to an
increased risk of ischemic strokes and systemic embolism, with an estimated
incidence ranging from 3 to 15% [51]. Due to the risk of hemorrhagic events
associated with anticoagulation in this clinical setting, the best treatment regi-
men has yet to be defined, especially regarding the amount (dual versus triple
therapy), and type (vitamin K inhibitors versus DOAC) of anticoagulant used
[52]. Given that LV thrombus is a potential etiology of CES, the evidence
supports administration of IV tPA acutely for these patients. Under current IV
tPA guidelines, the patient should not receive any additional thrombolytic
therapy for at least 24 h from the time of IV tPA bolus, although case reports
have suggested earlier may be safer [53].

Acute severe LV dysfunction with apical ballooning pattern and increased
troponin levels are common findings in the acute phase of stress-induced
cardiomyopathy (takotsubo syndrome) (TCM), increasing the risk of LV throm-
bus formation and consequent ischemic stroke and systemic embolism [54].
The prevalence of thromboembolic events associatedwith TCM ranges from 1.3
to 9.2%, with the majority of the thrombi discovery in the first 2 weeks of
disease onset [55]. The literature regarding AC for TCM to prevent stoke is not
robust. Prophylactic anticoagulation treatment has been suggested in patients
with reduced LV ejection fraction, hemodynamic instability, LV outflow ob-
struction, and older age (9 75 years old) [56].

Although the details are outside the scope of this review, another potential
cause of CES is low EF or heart failure with reduced left ventricular ejection
fraction (LVEF). The best evidence, from the WATCH and WARCEF trials, did
not demonstrate a difference in prophylactic antiplatelet versus AC (warfarin)
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in patients with LVEF ≤ 35 for the primary outcome of all-cause mortality [57,
58]. Warfarin did significantly reduce the rate of incident stroke compared to
aspirin, but this benefit was tempered by the increased risk of major hemor-
rhage with AC. As a result, guidelines do not recommend AC in patients with
systolic HF without AF [59].

Future directions
Atrial cardiopathy

Major research efforts for effective secondary prevention in CES have targeted
AF, given the high proportion of CES referable to this etiology and the clear
evidence regarding treatment. A growing body of evidence has suggested that
considering CES in terms of AF alone may not fully capture heart-brain stroke
risk. For example, there is no direct causal link between the onset of AF and
occurrence of stroke, with the ASSERT trial demonstrating only 8% of patients
had AF within 30 days of their embolic event [60]. As such, there has been
increasing interest in capturing patients at high embolic risk who may never
manifest AF [61].

The American Stroke Association (ASA) recently released a statement em-
phasizing the importance of further research in this area, postulating that stroke
might occur at any stage along the pathway that leads to embolism from the left
atrium and that AF is simply onemarker of this disease process [62]. It becomes
important then to develop newmechanisms bywhich the cardiovascular health
of a patient with an acute ischemic stroke can be assessed with the purpose of
identifying individuals who may be at an earlier or non-AF stage along the
pathway to embolism.

The earliest studies that considered markers of embolism outside of AF
considered atrial anatomy, particularly the size of the left atrium (LA). The
literature has supported that in bothmen and women, the greater the size of the
left atrium, the greater the risk of stroke, independent of AF [63]. LA enlarge-
ment on TTE predicts LA thrombus on transesophageal echocardiogram, as well
as stroke recurrence [64].

Electrocardiogram parameters have also been considered in hopes of better
characterizing an atrial cardiopathy. A recent meta-analysis suggests that abnor-
malities in P-wave terminal force, with the p-wave reflecting atrial depolariza-
tion, P-wave duration, and the maximum P-wave area could be used for
determining the risk of incident ischemic stroke [65].

It is becoming more apparent that there may be multiple mechanisms
converging to lead to pathology of the atrium that subsequently leads to a
predisposition to form thrombus, which subsequently embolizes. AF is one
pathway, but not the only pathway that leads to an atrial cardiopathy. Atrial
cardiomyopathy has been best defined as any complex of structural, architec-
tural, contractile, or electrophysiological changes affecting the atrial with a
potential to produce clinically relevant results [66]. The importance of recog-
nizing this concept model has implications for not only diagnostic algorithms
but also treatments. If consideration of rhythm alone is not appropriate, then it
would follow, for example, that cardiac ablation of AF is not sufficient treat-
ment for future stroke prevention [67]. An important next step in defining this
atrial cardiopathy is the development of appropriate imaging strategies and
biomarkers by which to further define the abnormal substrate.
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Cardiac imaging in ischemic stroke
The role of cardiac evaluation in stroke management remains controversial,
with no agreement on what, if any, assessment should be routinely performed.
Although previously part of a standard clinical stroke evaluation, as stated
above, recent ASA guidelines questioned the use of routine transthoracic echo-
cardiography (TTE) in ischemic stroke cardiovascular evaluation, citing lack of
evidence [11]. These guidelines were then retracted with portions currently
under revision, emphasizing the lack of consensus in the field and the need
for improvement in cardiac imaging approaches in the stroke patient [68].

TTE has limitations in assessing potential sources of cardiac emboli such
as aortic plaque, the LAA, or smaller valvular abnormalities [69]. Advances
in echocardiography now enable direct assessment of atrial function using
speckle tracking or strain analysis (sTTE). The ability to define phases of the
LA cycle using sTTE has shown benefit in diseases such as hypertension,
diabetes, heart failure, and atrial fibrillation [70, 71]. It has also shown
incremental value for embolic risk stratification above and beyond the
CHA2DS2-VASc score in patients with AF [72]. sTTE is not routinely per-
formed in stroke care despite its low cost and the ability to perform the
analysis even after image acquisition.

Two other imaging modalities that hold promise are cardiac computed
tomography angiography (C-CTA) and cardiac magnetic resonance imaging
(C-MRI). C-CTA has been shown to be feasible to perform in stroke patients
[73], and description of LAA shape has added value when considering AC in
patients with low CHA2DS2-VASc scores [74]. A benefit of C-CTA compared
to transesophageal echocardiography (TEE), which is more commonly per-
formed for evaluation of the LAA, is that C-CTA is noninvasive. It also offers a
simultaneous evaluation of the coronary arteries for the presence of athero-
sclerotic disease. Atherosclerotic plaque is important to identify in stroke as it
represents another substrate that can embolize, but is treated differently,
relying on statin and antiplatelet medications, rather than anticoagulation
that is prescribed for AF-associated emboli. Considerations when using C-CTA
is the use of iodinated contrast, and radiation exposure, which can be a
concern to some patients.

Similarly, C-MRI has certain advantages over other forms of cardiac imaging
that might have a role in identifying an atrial cardiopathy. Atrial fibrosis is
widely regarded as one of the underlying mechanisms behind the development
of AF (Fig. 1). Delayed enhancement MRI enables assessment of scar burden
and residual fibrosis after AF ablation, but there is also new evidence that atrial
fibrosis is also present in non-AF patients, with a higher percentage of LA
fibrosis found among those with a previous stroke [75, 76]. C-MRI also has
excellent spatial resolution and does not expose the patient to radiation like C-
CTA. However, gating (timing to the ECG) is always required and longer
acquisition time increases susceptibility to patient movement [69]. While the
prospective work in stroke patients with C-MRI is limited, a recent study with 85
consecutive patients found that addition of C-MRI to standard diagnostic
evaluation decreased the percentage of patients classified as cryptogenic or of
unknown etiology, from 27 to 20% [77]. The importance of these technologies
in acute stroke care is becoming increasingly recognized and undoubtedly will
be even more frequently employed in future research efforts [76].
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Emerging therapies
As has been reiterated, stroke subtype is essential in choosing the right treatment
paradigm for secondary stroke prevention. But what is the best approach when
a subtype, despite a thorough workup, cannot be determined? The standard of
care has remained antiplatelet therapy, but are there patients whomight benefit
from more aggressive therapies, such as anticoagulation? Stroke classification
systems (Table 1) frequently include cryptogenic, or etiology unknown, and are
frustrating diagnoses for both the patient to receive as well as the treating
physician to give. The ESUS (Embolic Stroke of Unknown Source) classification
defines ESUS as (1) stroke detected by CT orMRI that is not lacunar, (2) absence
of extracranial or intracranial atherosclerosis causing ≥ 50% luminal stenosis in
arteries supplying the area of ischemia, (3) no other cause of stroke identified,
and (4) no major risk cardioembolic source of embolism [78].

Twenty-five percent of ischemic strokes are classified as cryptogenic, and
ESUS represents a high proportion of these patients. It may be that ESUS
patients would benefit from anticoagulation, since the mechanisms by which
AF leads to embolismmight be similar in patients with ESUS [79]. Three recent

Fig. 1. Assessment of left atrial fibrosis utilizing cardiac MRI (C-MRI). Figure showing late-gadolinium enhancement (LGE) cardiac
magnetic resonance processing for left atrial subtract mapping. A Step 1: LGE cardiac magnetic resonance axial view images are
acquired. B Step 2: epicardial and endocardial contour are manually drawn around the left atrial myocardial wall. C Step 3: the image
intensity ratio is used to delineate myocardial late-gadolinium enhancement (in red). D 3D shell with LGE distribution is generated
for detail characterization of the left atrial arrhythmogenic substrate.
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clinical trials have investigated, or are actively investigating, the use of DOACs
for stroke prevention after ESUS. In one of two recently completed trials,
rivaroxaban (NAVIGATE ESUS) was not found to be superior to aspirin in
preventing recurrent stroke and was associated with a higher risk of bleeding
[23••]. The RE-SPECT ESUS investigators have yet to publish results, but
presented their findings at the World Stroke Congress in Montreal, Canada
(October, 2018). After a mean follow-up of 19 months, the rate of recurrent
stroke was 4.1% per year with dabigatran and 4.8% per year with aspirin, a non-
significant difference (HR 0.85; p = 0.1). There was no difference in major
bleeding between the two groups [80]. The ATTICUS trial is still ongoing and
designed to determine whether apixaban, administered within 7 days after
ESUS, is superior to aspirin for secondary stroke prevention at 12 months [81].

As the risk of recurrent stroke after cryptogenic stroke is at least as high as
stroke from other causes, future research is needed in this area to facilitate the
development of clear, evidenced-based guidelines. Recent initiation of clinical
trials, such as AtRial Cardiopathy and Antithrombotic Drugs in Prevention After
Cryptogenic Stroke (ARCADIA), that use a biomarker-driven approach to define
atrial cardiopathy and randomize treatment are an important first step [82••].
Treatment of all patients with embolic-appearing strokes with anticoagulation
appears to only increase risk of bleeding without any gains in stroke secondary
prevention. However, developing strategies to define atrial pathology outside of
AF will help elucidate the potential cardiac mechanisms contributing to embo-
lism in some cases of ESUS. Such a mechanistic understanding will enable the
clinician to more effectively risk-stratify patients and discover which patients
might benefit from more aggressive therapies.
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