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Abstract

Purpose of Review Cryptogenic stroke represents a heterogenous but clinically important collection of stroke etiologies for
which our understanding continues to grow. Here, we review our current knowledge and most recent recommendations on
secondary prevention for common causes of cryptogenic stroke including paroxysmal atrial fibrillation, atrial cardiopathy,
patent foramen ovale, and substenotic atherosclerotic disease as well as the under-recognized mechanisms of occult malig-
nancy, heart failure, and, most recently, infection with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
Recent Findings The results from recent observational studies and randomized clinical trials have provided greater insight
into the causal relationship and attributable risk of these suspected etiologies and have identified potential strategies to reduce
the rates of recurrence. However, further clinical trials are needed to confirm the benefits of specific stroke prevention strate-
gies, including the patient populations most likely to benefit from anticoagulation.

Summary There is ongoing research aimed at both reducing the proportion of ischemic strokes classified as cryptogenic and
resolving much of the clinical equipoise that still exists. The results of these studies have the potential to provide us with a
better understanding of these occult mechanisms and allow for more targeted interventions.

Keywords Cryptogenic stroke - Atrial fibrillation - Heart failure - Atrial cardiopathy - Malignancy, COVID-19
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Introduction

Ischemic strokes can result from several different mechanisms,
the majority of which can be readily identified following a
standard diagnostic evaluation. However, in about 25% of
cases stroke etiology remains unknown—a clinically important
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point as the effectiveness of secondary prevention strategies
often hinges on accurate and timely identification of the under-
lying cause [1]. Our understanding of cryptogenic stroke has
evolved through the years and depends on the classification
system used. An early and commonly used system arose from
the TOAST (Trial of Org 10,172 in Acute Stroke Treatment)
study which classified ischemic strokes based on five potential
etiologies: [1] large artery atherosclerosis, [2] cardioembolism,
[3] small vessel occlusion, [4] other determined etiology (e.g.,
dissection), or [5] of undetermined source (i.e., cryptogenic)
[2]. According to the TOAST system, strokes could be clas-
sified as cryptogenic [1] after an extensive evaluation, [2]
after an incomplete evaluation, or [3] due to the presence of
multiple competing etiologies. The simplicity of the system
has made it widely popular for use in both clinical practice
and scientific research. However, through the years, as stroke
research has evolved (along with our standards for optimal
care), TOAST’s broad inclusion criteria for cryptogenic stroke
has complicated efforts towards targeted medical management.
Since then additional classification systems have been devel-
oped, emphasizing underlying mechanisms (causative) and/
or disease manifestations (phenotypic) (Table 1) [2—4]. In an
attempt to identify a single and therapeutically distinct subset
of patients with cryptogenic stroke, Hart and colleagues pro-
posed the concept of ESUS, or embolic stroke of undetermined
source, broadly defined as nonlacunar brain infarcts occurring
in the absence of [1]>50% luminal atherosclerotic stenosis
of the supplying extracranial or intracranial arteries, [2] any
major-risk cardioembolic source, and [3] any other specific
cause of stroke (e.g., dissection, vasospasm, drug abuse) [5].
With this distinction, the authors proposed there was likely a
subset of cryptogenic strokes that were more likely embolic
in origin and perhaps more likely to respond to anticoagulant
therapy. However, even with these new constructs, cryptogenic
stroke remains a diagnostic challenge. As the 10-year risk of
recurrence is estimated to be as high as 30%, investigations
into potential sources of cryptogenic stroke should be focused
and deliberate—guided by patient factors and clinical features
aimed at increasing the yield of diagnostic studies and identify-
ing patients who would likely benefit from targeted therapies
[6].

In the last 5 years, several clinical trials have investi-
gated the efficacy of newer therapies for specific conditions
often implicated in cryptogenic stroke. Non-vitamin K oral
antagonists (NOACs), such as dabigatran, rivaroxaban, and
apixaban have been explored in patients with ESUS, heart
failure, and malignancy with varying degrees of success [7,
8ee_ Oe]. The results of these studies have inspired additional
trials using these new agents in more select sub-populations.
In addition, the recent CLOSE, REDUCE, and DEFENSE-
PFO studies identified patients with cryptogenic stroke and
PFO who may benefit most from PFO closure, prompting a
recent update in the recommendations from the American
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Academy of Neurology [10-12]. Although these discoveries
highlight recent progress in the area of cryptogenic stroke,
their gaps and limitations emphasize the need for continued
work into interventions that may further reduce the risk of
recurrence in these special populations.

Paroxysmal Atrial Fibrillation

Atrial fibrillation (AF) is a common cause of stroke, contrib-
uting to stasis and thrombus formation in the left atrium and
appendage. In the diagnostic evaluation of the stroke patient,
early electrocardiography (ECG) and at least 24 h of continu-
ous telemetry to screen for AF are standard recommendations
[13]. However, as patients with paroxysmal AF can remain
in sinus rhythm throughout the length of their hospitaliza-
tion, there is potential for a portion of these strokes to be
misclassified as cryptogenic. Therefore, for patients with
non-lacunar strokes and unrevealing preliminary assessments
(e.g., no large artery stenosis or major cardioembolic source
identified) prolonged cardiac monitoring is frequently uti-
lized to evaluate for occult arrhythmias. Early observational
studies showed that rates of detection for paroxysmal AF
following cryptogenic stroke were directly related to dura-
tion of monitoring, ranging from 3 to 7% on shorter-term
ECG and telemetry, to up to 30% after 3 years of monitoring
with implantable loop recorders—trends later confirmed in
two randomized trials [14—17]. Subsequent studies identi-
fied factors associated with increased likelihood of detection
including older age, cortical appearance of stroke on cer-
ebral imaging, and higher CHA,DS,-VASc score, as well as
markers of left atrial disease including elevated N-terminal

Table 1 Summary of ischemic stroke classification systems

pro-brain natriuretic peptide (NT-pro-BNP), P wave disper-
sion on ECG, and left atrial dilation [18, 19, 20e, 21].
However, a key question that often arises in the evaluation
of cryptogenic stroke is exactly how much atrial fibrilla-
tion is necessary to be considered a risk factor for ischemic
events. Although several studies have shown that the rate of
detection increases with the duration of cardiac monitoring,
the optimal duration of monitoring remains uncertain, as
does the duration of dysrhythmia necessary to significantly
increase the risk of stroke, warranting anticoagulation. In
addition, although previous studies have associated paroxys-
mal AF with increased risk of ischemic stroke, direct causal-
ity has not consistently been established. In the prospective
ASSERT study, over 2500 individuals without history of AF
underwent cardiac pacemaker or defibrillator placement and
were monitored for a mean of 2.5 years. Eventual detection
of subclinical AF was predictive of ischemic stroke or sys-
temic embolism (adjusted hazard ratio (aHR) 2.5; 95% con-
fidence interval (CI): 1.28-4.89)) [22e¢]. However, among
those who developed ischemic stroke or embolization, 51%
(n=26) had subclinical AF> 6 min detected at some point
during monitoring but only 4 patients had an episode within
30 days prior to stroke [15]. Although questions remain
regarding the utility of prolonged cardiac monitoring and the
causal relationship between stroke and paroxysmal AF, cur-
rently the American Heart Association, the American Acad-
emy of Neurology and the European Society of Cardiology
recommend short-term cardiac monitoring (e.g., 24—72 h)
in the evaluation of cryptogenic stroke followed by long-
term outpatient monitoring with either non-invasive ECG
or insertable cardiac monitors for select patients [23, 24].

TOAST [2] CCS [4] ASCO [3]
Year published 1993 2007 2009
Classification type ~ Causative Causative and phenotypic Phenotypic

Subgroups 1) Large artery atherosclerosis
2) Cardioembolic

3) Small vessel occlusion

4) Other determined

5) Undetermined

e Two or more causes identified
e Negative evaluation

e Incomplete evaluation

Sub-categories for
undetermined
cause

Required diagnostics e Not specified
¢ ECG

1) Large artery atherosclerosis
2) Cardio-aortic embolism

3) Small artery occlusion

4) Other determined

5) Undetermined causes

e Cryptogenic embolism

o Other cryptogenic

e Incomplete evaluation

o Unclassified

e Brain CT/MRI

1) Atherothrombosis
2) Small vessel occlusion
3) Cardiac pathology
4) Other determined

oN/A

e Incorporates completeness of the diagnostic
evaluation into subtype assignment

e Echocardiogram
o Extra- and intracranial vessel imaging

Comments e Simple
e Widely used in clinical prac-

tice and medical literature

e Web-based application
e Uses evidence-based criteria
e Validated in multiple studies

o Assigns a level of likelihood to all potential
causes
e Describes multiple phenotypes

ASCO atherosclerosis, small vessel disease, cardiac source, other cause, CCS Causative Classification of Stroke System, CT computed tomogra-
phy, ECG electrocardiogram, MRI magnetic resonance imaging, TOAST Trial of Org 10,172 in Acute Stroke Treatment study
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Atrial Cardiopathy

To implicate occult atrial fibrillation as a mechanism behind
regional stasis and clot formation in patients with crypto-
genic stroke would presumably require that these episodes
occur prior to any ischemic event and within a reasonable
proximity of time. However, as observed in the ASSERT
study, episodes occurring long after an ischemic stroke have
also been associated with increased risk [15]. This lack of a
temporal relationship between the onset of arrhythmia and
incident stroke has given rise to an alternative theory—that
these dysrhythmias, instead of being causal, are simply
markers of more global atrial pathology. Several biomarkers
of atrial disease (or atrial cardiopathy) have been identified
and there is increasing focus on the relationship between
these markers and the risk of stroke and stroke recurrence.
In a subset analysis of the large, prospective Atherosclero-
sis Risk in Communities (ARIC) study, prolonged terminal
force in V1 on ECG (a common marker of atrial abnormal-
ity) was associated with incident non-lacunar ischemic
stroke (HR, 1.49; 95% CI: 1.07-2.07) versus lacunar (HR,
0.89; 95% CI: 0.57-1.40), even after adjustment for vascular
confounders and incident AF [25]. In another population-
based analysis, plasma troponin T (TnT) and NT-pro-BNP
(a marker of atrial stretch and volume overload) were both
positively associated with non-lacunar stroke (particularly
cardioembolic subtypes), as opposed to lacunar, after adjust-
ing for vascular risk factors and cardiac disease [26]. And in
an imaging analysis of the large, multi-ethnic Northern Man-
hattan Study, the presence of left atrial enlargement almost
tripled the risk of recurrent cryptogenic or cardioembolic
stroke even after adjustment for AF and incident heart failure
(aHR 2.83,95% CI: 1.03-7.81) [27].

Considering the effectiveness of anticoagulation in reduc-
ing the risk of recurrent stroke in AF, some have hypoth-
esized that atrial cardiopathy might respond in a similar
fashion. ESUS was conceptualized to identify a subset
of patients with the highest likelihood of having a more
proximal source of stroke, and thus more likely to benefit
from anticoagulation. Two important clinical trials recently
explored this hypothesis. The New Approach Rivaroxaban
Inhibition of Factor Xa in a Global Trial versus ASA to Pre-
vent Embolism in Embolic Stroke of Undetermined Source
(NAVIGATE ESUS) trial compared the oral anticoagulant
rivaroxaban to aspirin therapy in patients diagnosed with
embolic stroke of undetermined source [8ee]. A total of 7213
participants had been followed for a median of 11 months
when the trial was terminated early for medical futility. No
difference was seen in the rate of the primary efficacy out-
come of first recurrent stroke or systemic embolism between
the rivaroxaban and aspirin groups (annualized rate of 5.1%
versus 4.8%; HR, 1.07; 95% CI: 0.87-1.33) though major

@ Springer

bleeding occurred more frequently in the rivaroxaban
group (annualized rate 1.8% versus 0.7%; HR, 2.72; 95%
CI: 1.68-4.39). The following year the Dabigatran Etexilate
for Secondary Stroke Prevention in Patients With Embolic
Stroke of Undetermined Source (RE-SPECT ESUS) Trial
reported results comparing dabigatran to aspirin in patients
with ESUS [7]. After following 5390 participants a median
of 19 months, the rate of recurrent stroke (ischemic, hemor-
rhagic, or unspecified) did not differ between the dabigatran
and aspirin groups (4.1%/year versus 7.7%/year; HR, 0.85;
95% CI: 0.69-1.03) while major bleeding occurred in 2.9%
in the dabigatran group and 2.4% in the aspirin group (HR,
1.19; 95% CI: 0.85-1.66). Although these two clinical tri-
als failed to demonstrate the efficacy of NOACs in patients
with ESUS, in a secondary analysis of patients identified
as having both ESUS and markers of atrial cardiopathy, the
oral anticoagulant rivaroxaban was shown to significantly
reduce the risk of ischemic stroke (1.7% per year) when
compared to aspirin therapy (6.5% per year) (HR:0.26;
95% CI: 0.07-0.94) [7, 8ee, 28]. The AtRial Cardiopathy
and Antithrombotic Drugs In Prevention After Cryptogenic
Stroke (ARCADIA) trial and the Apixaban for Treatment
of Embolic Stroke of Undetermined Source (ATTICUS)
study are two ongoing clinical trials investigating the utility
of apixaban in patients with ESUS and atrial cardiopathy
(NCT03192215, NCT02427126). The results of these stud-
ies may provide evidence for more selective use of these
novel agents in this high-risk population.

Patent Foramen Ovale

Paradoxical embolization through cardiac septal defects, par-
ticularly a patent foramen ovale (PFO), is another potential
mechanism of stroke. However, as these defects are highly
prevalent in the general population (occurring in as many as
25%) the degree to which an ischemic stroke can be attributed
to a PFO in the individual patient can be difficult to ascertain
[29]. PFOs have a reported prevalence of 50% in patients
with cryptogenic stroke and are often accompanied by atrial
septal aneurysms (ASA), redundant mobile interatrial tissue
that periodically bulges into the right and left atria during
the cardiac cycle [30]. While ASA occurs in only 2.2% of
the general population it can be seen in over 30% of patients
with PFO who develop cryptogenic stroke [31].

In an attempt to stratify patients with PFO by the degree
to which their defects are likely causal, as well as stratify by
their risk of stroke recurrence, Kent and colleagues devel-
oped the Risk of Paradoxical Embolism (RoPE) score, a
10-point scoring system attributing points for factors such as
younger age, cortical topography of infarct, and absence of
traditional stroke risk factors [32]. Higher scores (associated
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with younger patients with embolic appearing strokes and
minimal stroke risk factors) correlate with a greater likeli-
hood of a PFO being causal and a lower risk of stroke recur-
rence. Patients with lower scores (e.g., older patients and
those with multiple vascular risk factors) are more likely to
have had a stroke unrelated to their PFO and have an over-
all higher risk of stroke recurrence. In addition, structural
features of the PFO itself have also been used for risk strati-
fication. The size of the defect (inferred from the degree of
right-to-left shunt) as well as the presence of ASA and its
degree of excursion have all been associated with greater
odds of ischemic stroke [31].

Transcranial doppler ultrasonography with agitated
saline is the most sensitive modality for the detection of
PFO and should be performed in patients for whom PFO
is strongly suspected but not seen on initial transthoracic
echocardiogram (TTE) [33, 34e]. This can be followed by
transesophageal echocardiogram (TEE) to evaluate the size
of the defect, degree of shunt, and presence of any associated
ASA—assessments which are necessary in the evaluation
for possible closure. In addition, if a PFO is identified and
determined to likely be causal, ultrasound phlebography is
generally recommended to evaluate for deep venous throm-
bosis (DVT), as the prevalence of DVTs in these patients has
been reported to be as high as 22% [35, 36].

Treatment options for patients with cryptogenic stroke in
the setting of PFO include medical management with either
antiplatelet therapy or anticoagulation and consideration for
PFO closure. The utility of and recommendations for device
closure have evolved over the years in parallel with multiple
clinical trials comparing percutaneous closure to best medi-
cal therapy (see Table 2) [10-12, 37-39]. The results of the
recent CLOSE, REDUCE, and DEFENSE-PFO studies in
particular identified a subset of patients with cryptogenic
stroke and PFO who may benefit most from PFO closure
for secondary prevention [10—12]. And in a recent meta-
analysis of four previous PFO closure trials, device closure
was associated with a significantly lower rate of recurrent
stroke compared to medical therapy 1.2% vs 4.1% (RD,
0.031; CI: 0.051 t0 0.010; >= 61%) [40]. Accordingly, the
most recent guidelines from the AAN recommend consid-
eration of PFO closure (in addition to antiplatelet therapy)
for patients <60 years with embolic-appearing strokes if
a thorough diagnostic evaluation is otherwise unrevealing
[41ee].

Heart Failure

Heart failure affects approximately 6 million Americans
and the prevalence is expected to increase markedly as the
population ages [42]. Previous reports have estimated heart
failure to be present in 10-24% of patients with stroke but is

only attributed as the cause in 9% [43, 44]. This is likely due
to the fact heart failure is often accompanied by more tradi-
tional stroke risk factors such as atrial fibrillation, diabetes,
hypertension, coronary artery disease and obesity. Atrial
fibrillation in particular frequently co-occurs with heart fail-
ure and, when present together, has been associated with a
fivefold increase in risk of stroke compared to the general
population [45]. The presence of AF represents a clear indi-
cation for anticoagulation therapy following ischemic stroke
[13]. However, there is limited evidence regarding the risk
of stroke in patients with heart failure and sinus rhythm and
whether these patients too may benefit from anticoagulation
for stroke risk reduction.

Regional stasis, endothelial dysfunction, hypercoagula-
bility, and impaired forward flow have all been associated
with left ventricular dysfunction and predispose patients
with heart failure to the development of intracardiac thrombi
and systemic embolization, even in the absence of AF [46].
There is, thus, rationale for the use of anticoagulants. In one
of the earliest studies exploring this, over 1500 patients with
LVEF <35% and sinus rhythm were randomly assigned to
warfarin, aspirin, or clopidogrel for primary prevention [47].
Though the study was terminated early due to difficulties
with enrollment, warfarin was found to reduce the incidence
of nonfatal stroke compared to antiplatelets but was accom-
panied by an increased incidence of major hemorrhage.
Similarly, in the larger Warfarin versus Aspirin Treatment
in the Reduced Cardiac Ejection Fraction (WARCEF) study,
over 2300 patients with sinus rhythm and LVEF <35% were
randomized to either warfarin or aspirin therapy for primary
prevention [48]. Warfarin was associated with a significant
reduction in the risk of ischemic stroke (HR: 0.52; 95%
CI: 0.33-0.82). However, these benefits were once again
off-set by significantly higher rates of major hemorrhage
(HR: 1.65; 95% CI: 1.34-2.05). Nevertheless, with the
advent of NOACs and their comparably lower risk of major
bleeding, the potential benefit of anticoagulant therapy in
the heart failure population was re-explored in the recent
COMMANDER-HF study. Here, investigators compared
the safety and efficacy of low dose rivaroxaban vs placebo
added to a background of antiplatelet therapy in patients
with chronic ischemic heart failure (EF <40%) recently
treated for acute decompensation. After a median follow-
up of 21.1 months, the investigators found no difference in
either the primary outcome (of death, myocardial infarc-
tion, or stroke) or the principal safety outcome between the
two groups [49¢]. However, in a separate post hoc analysis,
the addition of rivoraxaban was shown to reduce the risk of
ischemic stroke by 36% (0.86 events vs. 1.34 events per 100
patient-years; HR: 0.64; 95% CI: 0.43-0.95) and the prin-
cipal safety endpoint of major bleeding occurred at similar
rates in the two groups [50e]. Though encouraging, prospec-
tive randomized clinical trials are necessary to confirm these
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results and identify the subset of patients with isolated heart
failure who may benefit most from anticoagulation for stroke
risk reduction.

Substenotic Atherosclerosis

The relevance of substenotic large artery atherosclerotic
lesions in the evaluation for potential causes of stroke is
uncertain as the term “clinically significant” is generally
reserved for lesions causing 50% stenosis or more. How-
ever, there is increasing appreciation of the risk of stroke
associated with “high risk” or “unstable” plaques, irrespec-
tive of their associated degree of luminal narrowing. Along
the carotids, evidence of ulceration, friability, intraplaque
hemorrhage or superimposed thrombus are all suggestive of
lesions with the potential for thromboembolism and distal
occlusion [51]. In one imaging analysis using high-resolution
MRA in a cohort of patients with cryptogenic stroke,
25% of patients had evidence of intraplaque hemorrhage
within substenotic carotid lesions ipsilateral to their stroke,
while no lesions were found on the contralateral side [52].
Similarly, in a smaller study combining the modalities of
MRI with FDG-PET, complex carotid plaques identified on
MRI showed increased tracer uptake on PET and were more
commonly found ipsilateral to regions of ischemic stroke
[53].

Determining which atherosclerotic plaques are prone to
rupture is an important emerging area of stroke research.
Newer high-resolution, multi-contrast MRI techniques have
been able to identify and characterize plaque components
predictive of subsequent stroke (including intraplaque hem-
orrhage, lipid-rich necrotic cores, and thin/ruptured fibrous
caps) with high fidelity [54e]. In addition, ongoing studies
are evaluating the role of high-resolution MRI in the moni-
toring of disease progression and response to therapy [54e,
55]. However, as the WASID trial showed no benefit with
the use of warfarin over aspirin for symptomatic intracranial
disease and NASCET limited the benefits of endarterectomy
to patients with >50% stenosis extracranially, antiplatelet
therapy, high-dose statin, and risk factor modification remain
standard of care for these lesions [13, 56, 57].

Aortic Atheroma

Aortic plaques that are thick (>4 mm), protruding, or feature
mobile components have been associated with stroke and
increased risk of vascular events [58]. These complex lesions
can either have intrinsic atheromatous deposits (which can
rupture and embolize) or feature irregular surfaces where
extrinsic thrombi can accumulate and eventually embolize
as well. In one study plaques >4 mm were associated with

a ninefold increase in odds of ischemic stroke (95% CI:
3.3-25.2) even after adjustment for atherosclerotic risk fac-
tors [59]. And in one autopsy study of patients with ischemic
stroke, ulcerated aortic arch plaques were seen in 61% of
patients with cryptogenic stroke versus only 22% of patients
with known etiologies [60].

In one early, matched analysis examining the effects of
statins, warfarin, and antiplatelet therapy in patients with
severe aortic plaques, statins were found to be the only agent
protective of subsequent embolic events (OR: 0.3; 95% CI:
0.2-0.6; vs warfarin: OR: 0.7; 95% CI: 0.4-1.2 and aspirin:
OR: 1.4;95% CI: 0.8-2.4) [61]. In another study specifically
examining patients with a history of systemic embolism in
the setting of mobile atheroma, warfarin was shown to be
efficacious in reducing the risk of recurrent vascular events
[62]. However in the randomized, open-label Aortic Arch
Related Cerebral Hazard (ARCH) trial comparing dual anti-
platelet therapy to warfarin in patients with plaques >4 mm,
dual antiplatelets were shown to non-significantly reduce
the rates of vascular events compared to anticoagulation
(HR: 0.76; 95% CI: 0.36-1.61) [63]. But the results were
inconclusive as the study was terminated early due to slow
recruitment. Therefore, as with substenotic carotid disease,
the mainstay of secondary prevention for patients with aortic
atheromas continues to be aggressive management of sys-
temic atherosclerosis (e.g., antiplatelet and lipid lowering
therapy, blood pressure and glycemic control, and smoking
cessation) [13].

Occult Malignancy

There are currently over 13 million people in the USA liv-
ing with cancer, and stroke can complicate the course in up
to 15% [64, 65]. Out of all the stroke subtypes, cryptogenic
stroke has been reported to have the strongest association
with malignancy (accounting for nearly half of all cancer-
related strokes) and is associated with increased severity,
increased mortality, and increased rates of recurrence [66,
67]. There is currently no consensus as to when a malig-
nancy evaluation is indicated in cryptogenic stroke or con-
sensus on the extent of the evaluation. However, several
studies have investigated clinical markers associated with
cancer-related stroke that may help with risk stratification.
In 2019, Nouh et al. described the radiographic “three ter-
ritory sign,” suggestive of occult malignancy in patients
presenting with ischemic stroke [68e]. In their report, the
presence of coincident DWI lesions in the bilateral hemi-
spheres and posterior circulation had a specificity of 96.4%
for occult cancer when compared to other stroke etiolo-
gies, including AF. Associations with serological markers
including elevated D-dimer, CRP, fibrinogen, and ESR have
also been described [69]. And in 2014, Guo and colleagues
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correlated the combination of multiple territory infarcts
on imaging along with D-dimer levels > 0.55 mg/L with a
99.7% specificity and 92.9% positive predictive value for
cancer-related stroke [70]. Occult malignancy should there-
fore be considered in the evaluation for cryptogenic stroke
in patients with evidence of infarcts in multiple vascular
territories, abnormal inflammatory markers, and one or
more high-risk patient-related factors (e.g., age > 65 years,
unexplained weight loss, smoking or family history). Initial
testing can begin with age-appropriate cancer screening as
well as CT of the chest, abdomen, and pelvis. However, in
patients with known malignancy, evaluation should include
[1] upper and lower extremity ultrasound phlebography (if
right-to-left shunt is present) to evaluate for possible DVT,
as well as [2] transesophageal echocardiography (if TTE is
unrevealing) to look for evidence of marantic endocarditis,
as the presence of either of these findings would warrant
anticoagulation therapy.

If anticoagulation is indicated, low molecular weight hep-
arin (LMWH) had been the preferred first-line treatment for
cancer-related VTE given reports of improved efficacy and
safety profile compared to warfarin therapy [71]. However,
in recent years, direct oral anticoagulants have been given
considerable attention for their comparable efficacy and
ease-of-use. Early investigations supported the use of agents
like rivaroxaban and edoxaban for cancer-related thrombosis
but have been limited by concerns of major bleeding [72].
However, a recent multi-national randomized trial compar-
ing apixaban to the LMWH, dalteparin, showed noninferi-
ority of the NOAC without increased risk of major bleed-
ing. Apixaban thus may be considered as an alternative to
LMWH for cancer-related thromboembolism [9¢]. However,
in the absence of a clear source of embolism, antiplatelet
therapy remains standard of care for patients with malig-
nancy and ischemic stroke.

CovID-19

In late 2019, a new strain of coronavirus causing a highly
contagious, severe pneumonia was first reported in Wuhan,
China. In the ensuing months the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) spread across the
world, setting off a global pandemic that as of March 1,
2021, infected more than 110 million people and claimed
nearly 2.5 million lives [73]. Though respiratory illness has
been the most common manifestation of coronavirus disease
2019 (COVID-19), increased rates of systemic thromboem-
bolism have also been described, including stroke. Accord-
ing to one meta-analysis of 30 international studies, stroke
had a reported frequency of 1.74% (95% CI: 1.09-2.51%)
in patients hospitalized with COVID-19, compared to the
0.6%-0.8% quoted in the general population [42, 74ee]. The
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relationship between stroke and infection, particularly upper
respiratory illness, has been previously described [75-78].
However, in a recent report comparing rates of ischemic
stroke in patients with SARS-CoV-2 to a historic cohort of
patients with influenza, the odds of stroke were sevenfold
greater in patients infected with COVID-19—an association
that persisted after adjusting for vascular risk factors and
severity of respiratory illness [79e].

Proposed mechanisms of ischemic stroke in patients with
COVID-19 include secondary hypercoagulability, immune-
mediated endothelial injury, and systemic cytokine release
[80]. Despite these theoretical mechanisms, a disproportion-
ate number of these strokes are classified as cryptogenic
(see Fig. 1). In another meta-analysis of 183 patients with
COVID-related stroke, cryptogenic was the most common
subtype, accounting for 50.7% of cases (twice the proportion
of strokes in most population studies) [81]. This appears to
have prognostic import. In a study comparing a cohort of
patients presenting with stroke during the height of the 2020
pandemic to historic controls one year prior, the rate of cryp-
togenic stroke was significantly higher in patients infected
with COVID-19 (42.6% versus 19.6%, p <0.001) and was
associated with higher rates of in-hospital mortality (38.1%
versus 7.8%, p <0.001) [82]. In another report, patients with
COVID-related stroke labeled as cryptogenic had a higher
risk of hemorrhagic transformation (comparable to cardi-
oembolic subtypes) and were possibly more likely to be
discharged with greater disability (p =0.07) despite similar
premorbid functioning [83]. In addition, COVID-19 patients
with cryptogenic stroke had a significantly higher risk of
in-hospital mortality compared to other subtypes (OR 2.27;
95% CI: 1.01-5.08). And COVID-related cryptogenic stroke
remained independently associated with in-hospital mortal-
ity after adjusting for age, sex, and stroke severity (aOR
5.16,95% CI: 1.41-18.87).

Though the theory of an immune-mediated hypercoagu-
lable state in patients with COVID-19 has garnered much
attention as a possible mechanism for ischemic stroke (par-
ticularly strokes that are cryptogenic) the pathophysiological
link between COVID and increased thrombogenesis is still
under investigation [84]. The results of a recent multiplat-
form, randomized clinical trial suggest initial management
with therapeutic unfractionated or low molecular weight
heparin may improve in-hospital survival and reduce the
need for cardiovascular and respiratory organ support in
non-critically ill patients hospitalized with COVID-19 [85].
Two additional trials investigating the efficacy of therapeu-
tic anticoagulation in patients with COVID-19 are ongoing
(NCT04345848, NCT04406389) and the results of these
studies may help determine optimal primary and second-
ary prevention strategies for this emerging subset of stroke
patients.
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Fig. 1 CT head demonstrating left parieto-occipital hypodensity with
localized sulcal effacement and edema (A) along with CTA showing
partial occlusion of the distal left PCA (B, red arrow), consistent with
embolic infarction and partial recanalization, in a 56-year-old man
with poorly controlled diabetes and hypertension who presented with
right hemianopsia and alexia without agraphia. He had a flu-like ill-

Future Directions and Conclusion

Though fundamentally nonspecific, cryptogenic stroke
represents a clinically important stroke subtype that war-
rants a careful and tailored evaluation. The risk of recur-
rence for patients with cryptogenic stroke is not negligible
and further research is necessary to better stratify these
patients and reduce the rates of recurrent events. Accord-
ingly, current research in the area of cryptogenic stroke
is two-pronged, with efforts directed at both [1] reducing
the proportion of ischemic strokes classified as undeter-
mined and [2] resolving much of the clinical equipoise
in medical management that still exists. Promising areas
of research in stroke diagnostics include histopathologic
clot analysis (correlating red cell and platelet composition
to likely sources of embolization) and gene profiling with
RNA expressed in blood cells at the time of stoke onset
[86e, 87, 88]. Both have the potential to serve as new bio-
markers to help delineate stroke subtypes on the cellular
and molecular levels, respectively. In addition, clinical tri-
als evaluating the safety and efficacy of anticoagulation
in select patients with ESUS, COVID-related stroke, and
stroke in the setting of malignancy are all ongoing and the
results may provide additional guidance on optimal man-
agement. Together these efforts and future investigations
will hopefully provide us with a better understanding of
these occult mechanisms and improve secondary preven-
tion strategies.

ness and was diagnosed with COVID-19 approximately three months
before, followed by severe cardiomyopathy with left ventricular ejec-
tion fraction of 15%, unexplained by coronary artery disease. There
was severe left atrial enlargement but no atrial fibrillation. He was
thought to have a viral cardiomyopathy due to SARS-CoV-2, compli-
cated by heart failure and cardioembolic stroke
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