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Abstract

Cardioembolic stroke is caused by embolus 
originating from the heart or aorta. Of all car-
dioembolic stroke cases, about a quarter are 
ischemic stroke cases. The clinical features 
and neuroimaging findings of cardioembolic 
stroke make differences from other stroke 
subtypes due to the peculiarity of pathogene-
sis. Among the causes of cardioembolic 
stroke, atrial fibrillation is the most frequent 
and important disease. Stroke patients with 
atrial fibrillation have severe neurological 
symptoms and should be managed differently 
from patients with other types of ischemic 
stroke. The importance of atrial fibrillation-
related stroke has recently been highlighted 
as the use of newer oral anticoagulants has 
been introduced. In this chapter, recent trends 
of diagnosis and treatment for stroke patients 
with atrial fibrillation, as well as other cardiac 
dysfunctions related to stroke, will be 
discussed.

10.1  Introduction

Stroke is a set of clinical syndromes characterized
by acute or rapidly progressive focal neurological 
symptoms originating from diseases of cerebral 
vessels. Cerebral vascular diseases that cause 
stroke include atherosclerosis, small vessel occlu-
sion, and cardioembolism. Strokes from different 
the etiologies have different clinical features, risk 
factors, and outcomes. In addition, therapeutic
strategies also differ according to etiologic mech-
anism. In that context, cardioembolic stroke has 
peculiar features from other types of stroke.

Cardioembolic stroke is an ischemic stroke sub-
type characterized by cortical infarction, sudden 
onset and rapid regression of symptoms, and simul-
taneous multiple territorial infarctions [1]. It is
responsible for approximately 20% of ischemic 
stroke cases [2]. The proper diagnosis of cardioem-
bolic etiology in acute stroke patients has become a 
pressing issue after the introduction of newer oral 
anticoagulants (NOACs) and with  the advance-
ment of reperfusion therapy using endovascular 
thrombectomy. Unlike other stroke subtypes, the 
potential source of cardioembolism (PSCE), which 
is originated from the outside of the brain, is the 
cause of cerebral arterial occlusion. Among the 
PSCE, atrial fibrillation (AF) is the most frequent 
type, and its importance is increasing with the 
aging of the population [3]. AF accounts for >70% 
of cardioembolic stroke cases [4], and AF patients 
with prior stroke or TIA carry even higher stroke 
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risks [2]. Although NOACs are rapidly replacing 
vitamin K antagonists and reduce the risk of stroke, 
the risk of stroke in patients with AF is still consid-
erably high.

However, the diagnosis of cardioembolic 
stroke is still a matter of concern. Approximately 
one-fourth of those with ischemic stroke is a 
stroke of an undetermined cause despite thor-
ough investigations, including laboratory tests, 
brain imaging (cerebral computed tomography 
[CT]/magnetic resonance imaging [MRI]), MR/
CT angiography, and cardiac workup [5]. 
Considering that the primary etiology of crypto-
genic stroke is thromboembolism [6], “embolic 
strokes of undetermined sources (ESUS)” is a 
more clinically compatible and suitable defini-
tion that imparts a significance to the presence of 
potential embolic sources [7]. Moreover, AF is 
considered the major cause of stroke in ESUS. It 
is important to detect undiagnosed (or paroxys-
mal) AF in patients with ESUS because patients 
with AF are recommended to receive oral antico-
agulant (OAC) treatment, whereas most patients 
with other stroke types are usually treated with 
antiplatelet agents.

Therefore, in this chapter, the clinical impor-
tance of AF in stroke prevention will be discussed 
with an emphasis on the detection of AF in stroke 
patients. In addition, several other cardiac dis-
eases associated with the incidence of stroke will 
be discussed.

10.2  Diagnosis and Treatment 
of Stroke Patients with AF

10.2.1  Stepwise Diagnostic 
Approach to Detect AF 
in Stroke Patients

10.2.1.1  Initial Step: History Taking
A stepwise diagnostic approach for cardioem-
bolic stroke was presented in Fig. 10.1. In stroke 
patients, an essential step is to check for the pres-
ence of AF from the early period after the onset 
of stroke to provide proper management. 
However, the detailed process for the detection of 
AF differs according to the clinical situation and 

pathway in each hospital. In acute stroke patients 
who are candidates for reperfusion therapy, base-
line electrocardiography (ECG) assessment is 
being recommended [8]. However, the more 
important step to obtain information about the 
presence of AF is history taking.

In acute stroke patients who are candidates for 
reperfusion therapy using intravenous tissue 
plasminogen activator (t-PA), previous OAC use 
is an exclusion criterion. Before the era of 
NOACs, the OAC effect of vitamin K antagonists 
was estimated with prothrombin time measure-
ment. However, unfortunately, no reliable and 
clinically applicable measures have been estab-
lished for the anticoagulant activity of NOACs, 
until now. Furthermore, about half of patients 
with AF among those with ischemic stroke have 
paroxysmal AF, which can be omitted from 
detection on baseline ECG in the emergency 
department. Therefore, detailed history taking is 
crucial to avoid the use of t-PA in orally antico-
agulated patients.

10.2.1.2  Second Step: Suspecting 
Stroke with AF

As AF is the most important cause of cardioem-
bolic stroke, AF-related stroke shares clinical 
features and findings on brain imaging with car-
dioembolic stroke. According to the TOAST 
(Trial of Org 10,172 in Acute Stroke Treatment) 
classification, diagnosis of cardioembolic stroke 
is based on cortical or cerebellar dysfunction 
with the exclusion of lacunar syndrome, lesions 
>1.5 cm in size, absence of cerebral arterial ste-
nosis, and presence of a cardiac source of emboli 
[9]. In detail, cerebral dysfunction in cardioem-
bolic stroke includes sudden onset to the maxi-
mal neurological deficit or rapid progression of 
symptoms; frequently accompanying cerebral 
cortical symptoms such as visual-field defects, 
aphasia or neglect, and rapidly improving neuro-
logical deficits related to early spontaneous 
recanalization in some instances; and altered 
consciousness [1]. Wallenberg’s syndrome, cere-
bellar infarct, and top-of-basilar syndrome are 
the common clinical features in cardioembolic 
stroke involving the posterior circulation [1, 10, 
11]. Moreover, when the  lacunar syndrome is 
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present, the possibility of cardioembolic origin is 
low. Besides, seizure or headache at stroke onset, 
which were suggested as unique features of car-
dioembolic stroke, are not specific to cardioem-
bolic stroke [1].

More sophisticated approaches to suspect 
stroke with AF have been made using statistical 
models. Seo et al. reported that they predicted the 
presence of AF among acute stroke patients by 
using a model composed of clinical, neuroimag-
ing, and biomarker variables [12]. The model 
included age, left atrial size, free fatty acid level, 
triglyceride level, susceptibility vessel sign, hem-
orrhagic transformation, and cortical involvement 
as variables and showed a C-statistic value of 
0.908. A similar approach was made to distinguish 
etiologic mechanisms among patients with ESUS 
[13]. In this model, clinical and neuroimaging 
findings were used for the prediction of etiol-
ogy. Stroke caused by paroxysmal AF had a higher 
National Institutes of Health Stroke Scale (NIHSS) 
score at baseline and larger lesion volume.

10.2.1.3  Third Step: Baseline ECG, 
Telemonitoring, 24-h Holter 
Monitoring, and Long-Term 
Monitoring

AF is a supraventricular tachyarrhythmia charac-
terized by uncoordinated atrial activation with 
a resulting deterioration of atrial mechanical func-
tion [14]. ECG diagnosis of AF is based on the dis-
appearance of consistent P waves, which are 
replaced by rapid oscillations or fibrillation waves. 
The diagnosis of AF is based on the findings from 
the documented 12-lead ECG, telemetric, or 
implantable long-term recordings. Current guide-
lines recommend ECG monitoring for at least 24 h 
after a stroke [15]. However, the need for the 
extended periods of monitoring is controversial. In 
a meta-analysis that assessed the stepwise approach 
to detect AF in stroke patients, 23.7% of the patients 
had AF at the final step [16]. In this study, four 
sequential steps were suggested to improve the 
detection of AF in stroke patients as follows: base-
line ECG, in-hospital ECG monitoring, first ambu-
latory Holter monitoring, and additional long-term 
monitoring. Each step improved the detection rate 
of AF. The first step was admission ECG, which 

revealed post-stroke AF in 7.7% of the patients. 
In-hospital ECG tests such as serial ECG, continu-
ous inpatients cardiac telemetry, and in-hospital 
Holter monitoring can increase the detection rate 
by 4.2%. If ambulatory Holter monitoring is added 
to the test, 7.5% of new AF cases can be detected. 
Finally, additional long-term cardiac monitoring, 
including outpatient telemetry, external loop 
recording, and implantable loop recording can 
detect an additional 4.3% of AF patients. This step-
wise approach can improve the detection rate for 
hidden AF in patients with paroxysmal AF.

As described in the earlier section, a consider-
able proportion of stroke patients have no confir-
matory etiology and are often classified as having 
a cryptogenic stroke or stroke of undetermined 
etiology with a negative evaluation result. 
Recently, ESUS is replacing cryptogenic stroke 
[17]. In patients with ESUS, the main etiologic 
disease is speculated to be paroxysmal AF. The 
most promising method for detecting paroxysmal 
AF is long-term ECG monitoring using an 
implantable loop recorder. Its superiority in 
detecting AF in cryptogenic stroke was validated 
in the Cryptogenic Stroke and Underlying AF 
trial [18]. In this randomized controlled trial, 441 
stroke patients without AF on 24-h ECG monitor-
ing were divided into an implantable cardiac 
monitoring group and a conventional evaluation 
group. The implantable cardiac monitoring group 
showed a 6.4-fold improvement in AF detection 
rate as compared with the conventional evalua-
tion group. However, the overall detection rate by 
12 months was only 12.4%, which is unexpect-
edly low. Several case series about long-term 
ECG monitoring using implantable cardiac mon-
itoring devices showed a similar yield [19].

10.2.2  Neuroimage and Blood 
Biomarkers of AF-Related 
Stroke

10.2.2.1  Imaging Biomarkers
Brain images also provide important clues for 
the diagnosis of cardioembolic stroke. Various 
imaging modalities are used to assess the etiol-
ogy of stroke. The most well-known feature of 
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brain images in cardioembolic stroke is bi-
hemispheric involvement or simultaneous mul-
tiple infarcts in multiple territories [1]. In fact, 
many researchers tried to distinguish embolic 
stroke from stroke of other causes. However, a 
simple topographic distribution of infarction 
was insufficient to differentiate cardioembolic 
stroke from stroke associated with atheroscle-
rotic occlusion [20]. However, the recent 
advances in brain imaging technology, such as 
diffusion-weighted imaging (DWI) are useful to 
differentiate stroke etiologies. Kang et al. ana-
lyzed topographic patterns on DWI in acute 
stroke patients and reported that a single cor-
tico-subcortical lesion and multiple lesions in 
multiple territories suggested cardioembolic 
stroke [21]. However, even with DWI, differen-
tiation between AF-related embolic stroke from 
the stroke of other embolic sources is not reli-
able [22].

Noninvasive imaging modalities for evaluat-
ing intracranial cerebral arteries improved our 
understanding of stroke etiology. Early recanali-
zation strongly suggests a cardioembolic stroke.

Another well-known imaging feature of car-
dioembolic stroke is hemorrhagic transforma-
tion [1]. Over 70% of cardioembolic stroke 
patients experienced hemorrhagic transforma-
tion, whereas only 20–40% of all stroke patients 
did [1]. CT is the first classic modality to iden-
tify hemorrhagic transformation. The severity 
and extent of hemorrhagic transformation in 
acute stroke are closely related to the clinical 
outcome and treatment plan for antithrombotics 
(especially in the case of OAC use). Therefore, 
quantitative measurement of the severity of hem-
orrhagic transformation is greatly important, and 
several grading systems have been developed 
and used [23]. Gradient echo (GRE) imaging is a 
new modality that can provide better sensitivity 
for the detection of hemorrhagic transformation 
than CT.

Cardioembolic stroke occurs when an arterial 
embolus originating from the heart or aorta 
occludes the cerebral artery. Sometimes, the 
embolus stuck in the cerebral artery can be visu-
alized on brain imaging. The classic “hyperdense 
middle cerebral artery (MCA) sign” is well 

known to suggest emboli in the MCA.  Red 
thrombi mainly composed of red blood cells (or 
hemoglobin) have a higher Hounsfield unit count 
and appeared as a brighter MCA than the contra-
lateral MCA on cross-sectional non-contrast- 
enhanced CT imaging [24]. The clinical 
significance of this sign is that red clots are read-
ily recanalized by thrombolytic agents [25]. GRE 
imaging is useful for the detection of thrombus as 
a characteristic dark black signal within the arte-
rial lumen with a blooming artifact [26]. This 
sign, so-called “susceptibility vessel sign,” has a 
characteristic larger diameter than the contralat-
eral vessel diameter and a tram-like two-layered 
vessel sign [27].  Figure 10.2 demonstrates the 
image findings of acute cardioembolic stroke.

In addition, many researchers are investigat-
ing the application of artificial intelligence or 
deep learning technique using clinical and imag-
ing data to predict stroke occurrence, diagnose 
etiology, and predict outcomes [28]. For exam-
ple, an artificial intelligence-based approach had 
been made to distinguish clots of AF and non-AF 
causes on the basis of dark signals on GRE imag-
ing in acute stroke patients.

10.2.2.2  Blood Biomarkers 
of Cardioembolic Stroke 
and AF-Related Stroke

Blood biomarkers are also important targets for 
investigation in this field. However, most surro-
gate markers for cardioembolic stroke were non-
specific for cardioembolic or AF-associated 
stroke [29]. In contrast,  biomarkers of AF have 
specific targets, such as altered hemodynamics, 
atrial dilatation, myocyte damage, atrial fibrosis, 
electrical remodeling, prothrombotic state, or 
impaired cardiac function [30].

The most popular biomarker specific to car-
dioembolic stroke or AF-associated stroke is 
brain natriuretic peptide (BNP), an antifibrotic 
cardiac hormone. BNP derives from the cleavage 
of inactive NT-proBNP (N-terminal of proBNP) 
from pro-BNP. Many studies have reported that 
BNP or NT-proBNP level is predictive of cardio-
embolic stroke or AF-associated stroke. A recent 
pooled meta-analysis revealed that the measure-
ment of BNP or NT-proBNP level improved the 
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accuracy of the diagnosis of cardioembolic stroke 
or AF-associated stroke [31]. The  NT-proBNP 
level is also predictive of stroke in patients with 
AF [32]. High-sensitivity troponin, also a marker 
for myocyte damage, is associated with the car-
dioembolic stroke subtype or ESUS [33].

GDF-15, a member of the TFG-β cytokine 
family, is released from macrophages or cardiac 
myocytes as a stress-inducible cytokine. Plasma 
levels of GDF-15 is related to increased risk of 
major bleeding, cardiovascular mortality, and 
stroke or systemic embolic events in patients 
with AF [34]. GDF-15 incorporated in a model 
(ABC score) with age and clinical history, is also 
validated to predict stroke and other cardiovascu-
lar events [35]. The ABC score outperformed 
the CHA2DS2-VASc score in predicting throm-
boembolic events and the HAS-BLED score for 
bleeding complications [34, 36].

Recently, a growing body of evidence shows 
that FFA is an important biomarker of cardioem-
bolic stroke subtype and outcome in embolic 
stroke patients [4, 37–39]. The FFA level mea-
sured in plasma or cerebrospinal fluid was pre-
dictive of the  cardioembolic stroke subtype [4, 
38]. Moreover, elevated FFA level is a predictive 
biomarker of recurrent stroke in cardioembolic or 
AF-associated stroke [37, 39]. All these findings 
imply that FFA could have a close relationship 
with cardioembolic stroke.

Currently, several pathogenetic relationships 
between FFA and cardioembolic stroke have 
been suggested. Free fatty acids (FFAs), in addi-
tion to their role as energy fuel and an important 
metabolite of lipid metabolism [40], have other 
important biological activities such as the regula-
tion of platelet activation and thrombosis [41]. 
The causal relationship between elevated FFA 
level and thrombogenesis was proved in earlier 
animal studies [42, 43], and the factors responsi-
ble for the thrombogenic effect of FFA appear to 
be multiple, including oxidative stress, increased 
inflammation, decreased nitric oxide level with 
reduced vasodilatation, and platelet activation 
associated with the arachidonic acid pathway 
[41]. Another explanation for the association 
between cardioembolic stroke and FFA level is 
the arrhythmogenic effect of FFA, which could 

be supported by the results of the Cardiovascular 
Health Study [44]. In this population-based 
cohort study with long-term follow-up, elevated 
plasma FFA levels at baseline were predictive of 
future AF development in a dose-dependent man-
ner. Clinical studies have also shown that AF 
mediates between FFA level and embolic stroke 
[4, 39]. Finally, elevated FFA levels might be 
associated with atrial cardiomyopathy. FFAs, 
through the mitochondrial fatty acid β-oxidation, 
are the most efficient and predominant substrates 
for energy production in the normal adult human 
heart [45]. However, pathological conditions 
exhibit a “metabolic shift,” where the rate of the 
oxidative metabolism of fatty acids is decreased 
in favor of increased uptake and metabolism of 
glucose. Therefore, elevated FFA levels may 
reflect dysregulated mitochondrial β-oxidation 
and dysfunctional myocardial disease [45].

10.2.3  Risk Assessment 
and Treatment 
of AF-Associated Stroke

10.2.3.1  Risk Assessment
The mainstay of treatment for stroke patients with 
AF is focused on anticoagulant use. For stroke 
patients with AF, treatment with long-term antico-
agulation is recommended to prevent thromboem-
bolic events. The current guidelines recommend 
antithrombotic treatment for AF patients accord-
ing to their risk of thromboembolism, especially 
embolic stroke. The risk of thromboembolism or 
stroke can be easily estimated using risk-estimat-
ing schemes such as the CHADS2, CHA2DS2-
VASc, and ATRIA scores. The CHADS2 score 
includes congestive heart failure, hypertension, 
age of ≥75 years, diabetes mellitus, prior stroke, 
and transient ischemic attack (2 points), with a 
maximum score of 6 points. The CHA2DS2-VASc 
score includes congestive heart failure, hyperten-
sion, age of ≥75 years (2 points), diabetes melli-
tus, previous stroke or transient ischemic attack (2 
points), vascular disease, age of 65–74 years, and 
sex (female), with a maximum score of 9 points. 
The ATRIA score with  the  previous stroke 
includes age of <65  years (8 points), age 
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65–84  years (7 points), age of ≥85  years (9 
points), sex (female), congestive heart failure, 
hypertension, diabetes mellitus, proteinuria, esti-
mated glomerular filtration rate of <45  mL/
(min·1.73 m2), or end-stage renal disease requir-
ing renal replacement therapy, with a maximum 
score of 15 points. However, unfortunately, the 
performances of these risk scoring systems are 
unsatisfactory with low C-statistic values in recent 
meta-analyses [46, 47]. In stroke patients with AF, 
the performances of these scoring systems were 
not systematically evaluated because all AF 
patients with a stroke history are considered a 
high-risk population. Therefore, all stroke patients 
with AF should be treated with long-term oral 
anticoagulation. However, these risk-estimating 
schemes are used as important variables that char-
acterize subjects in clinical studies for AF patients. 
To compare the results between groups or studies, 
risk-estimating schemes such as the CHADS2 or 
CHA2DS2-VASc scores are the most useful and 
reliable explanatory variables that can character-
ize subjects. However, the performances of these 
scoring systems are even lower in stroke patients 
with AF than in non-stroke patients. Therefore, 
newer risk estimators for stroke patients are 
needed.

The risk of bleeding in AF patients is 
assessed using the HAS-BLED score, which is 
composed of hypertension, abnormal renal/
liver function, stroke, bleeding history or pre-
disposition, labile international normalized 
ratio (INR), and advanced age (>65  years, 
frailty). The use of the HEMORR2HAGES 
(hepatic or renal disease, ethanol abuse, malig-
nancy, older age [≥75 years], reduced platelet 
count or function, rebleeding risk, hyperten-
sion, anemia, genetic factors, excessive fall 
risk, and stroke) score, which was suggested 
previously, is not usually recommended because 
of its complexity. Instead, the ORBIT and ABC 
scores are newly suggested as alternatives [48]. 
The current guidelines recommend the more 
convenient and practical HAS- BLED score for 
the assessment of bleeding risk. The predictive 
value of this score in stroke patients has also 
been validated.

10.2.3.2  Antithrombotic Treatment 
for Stroke Patients 
with Atrial Fibrillation

Vitamin K Antagonist Versus NOACs
Currently, vitamin K antagonists and four 
NOACs are available for long-term prevention 
of stroke or embolization in patients with 
AF. The four NOACs include one direct throm-
bin inhibitor (dabigatran) and direct factor Xa 
inhibitors (apixaban, rivaroxaban, and edoxa-
ban). The efficacy and validity of each NOAC 
in comparison with those of vitamin K antago-
nists were validated in pivotal clinical trials 
[49–52]. Subgroup analyses for each trial also 
verified the efficacy and safety of each NOAC 
in stroke populations [53–55]. A meta-analysis 
based on the standard- dose treatment of 
NOACs in comparison with vitamin K antago-
nists evaluated the efficacy and safety of each 
drug in >70,000 patients. As a result, NOACs 
significantly reduced the risk of stroke by 19% 
as compared with vitamin K antagonists, and 
the difference was mainly driven by the reduced 
risk of hemorrhagic stroke (relative risk, 0.49). 
Although the risk of gastrointestinal bleeding 
increased by 1.25-fold with marginal signifi-
cance, mortality decreased by 10%, and the 
risk of intracranial hemorrhage decreased by 
50% [56]. Furthermore, patients treated with 
NOACs feel comfortable because of the 
improved food or drug interaction property and 
the fact that no regular blood testing is required 
for INR measurement. This convenience in 
taking the drug improved drug compliance. 
Real-world data also showed similar results 
from those of clinical trials. On the basis of the 
results of these clinical trials, for stroke 
patients with AF, the current guidelines favor 
the use of NOACs over vitamin K antagonists 
[48]. However, several unsolved issues remain 
regarding the use of OACs in stroke patients 
with AF.

Each NOAC class has its own characteristics, 
and the selection of the appropriate drugs should 
be individualized according to the patient’s 
condition. 
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Timing of OAC Therapy Initiation
The timing of initiating OAC therapy is one of 
the practical issues. Hemorrhagic transformation 
and intracranial hemorrhage complicated by 
acute stroke are important causes of neurological 
deterioration in acute stroke patients. Especially 
cardioembolic stroke due to AF tends to change 
into the  hemorrhagic stroke, and the occluded 
cerebral artery in cardioembolic stroke easily 
recanalizes without reperfusion therapy. 
Therefore, identification of the optimal timing of 
OAC therapy initiation is an important issue. The 
TRIPLE-AXEL trial compared the  early use of 
rivaroxaban and warfarin in mild AF-related 
stroke and showed comparable efficacy and 
safety [57]. However, a limitation of this study 
was that the patients enrolled only had a substan-
tially minor stroke. A recent guideline suggested 
a practical recommendation in that the start of 
(N)OAC can be determined according to stroke 
severity (NIHSS score) and additional factors. 
This recommendation  could be the best way to 
individualize the timing for initiating OAC ther-
apy according to the patient’s condition based on 
the clinical decision of the physician.

In addition, hemorrhagic stroke patients with 
AF is another clinical vignette. Several observa-
tional studies have reported that OAC uses 
4–8 weeks after the onset of hemorrhagic stroke 
is acceptable considering the composite risks of 
ischemic and hemorrhagic stroke [58].

Optimal Dose or Intensity 
of Anticoagulants
When a vitamin K antagonist is used for the pre-
vention of thromboembolic events in AF patients, 
the dose of the drug or intensity of the treatment 
can be estimated by measuring prothrombin time 
(with INR). In AF patients, the recommended 
optimal INR was between 2.0 and 3.0 [48]. On 
the other hand, the anticoagulant effect of NOACs 
is challenging to measure. The recommended 
doses of NOACs on packaging labels were 
decided based on early-phase clinical trials per-
formed in small numbers of subjects. Thus, the 
validity of the dose should be reconfirmed. 
Recently, several real-world data about this issue 
have been reported. However, the results were 

inconsistent and needed to be validated, espe-
cially in Asian populations.

A significant proportion of stroke patients with 
AF have comorbid arterial thrombotic diseases 
and frequently need to be treated with interven-
tions such as percutaneous coronary intervention 
or carotid artery stenting. In these cases, the deci-
sion for the simultaneous use of OACs and anti-
platelets is complex. The patients underwent 
percutaneous coronary intervention and triple 
antithrombotic therapy for one  month, followed 
by dual therapy (OAC plus aspirin or clopidogrel) 
for 1  year. However, no controlled studies have 
been conducted, and no guidelines have been 
established about stroke patients with atheroscle-
rotic disease or patients who had undergone cere-
bral artery intervention. Many neurologists or 
neurosurgeons apply the guideline for PCI in 
stroke patients after the  cerebral vascular inter-
vention, but separate studies are needed.

10.2.3.3  Non-OAC Treatment 
for Stroke with AF

Some patients with AF irrespective of a previous 
stroke are contraindicated for long-term OAC 
use, although NOAC use has become popular. 
These patients include those with cerebral amy-
loid angiopathy, those with esophageal varix, or 
those who need specific drugs that interact with 
(N)OACs. In these cases, exclusion of cardiac 
atrial appendage can be one of the options for the 
prevention of thromboembolic events. Surgical 
occlusion or exclusion of the left atrial append-
age may be considered for stroke prevention in 
patients with AF if long-term OAC use is contra-
indicated. Two clinical trials were conducted to 
compare the efficacy of percutaneous closure of 
the left atrial appendage with that of vitamin K 
antagonist therapy and showed non-inferiority of 
the former, implying that left atrial occlusion 
could be an alternative to vitamin K antagonists. 
The relative efficacy and safety of left atrial 
appendage occlusion in comparison with those of 
NOAC therapy are well studied and should be 
investigated with controlled clinical trials.

In terms of non-OAC treatment, rhythm or rate 
control for AF is usually indicated for symptom 
improvement in patients with AF, but its efficacy has 
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not been validated for stroke patients with AF, espe-
cially for the prevention of thromboembolic events.

10.3  Patent Foramen Ovale 
and Other Stroke-Related 
Cardiac Diseases

Various cardiac or aortic diseases can produce 
embolus, resulting in cardioembolic stroke. 
Because the moment when emboli block the 
cerebral arteries is difficult to determine, etio-
logic conditions, which are presumed to cause 
cardioembolic stroke are called PSCE.  Several 
lists of cardiac or cardio-aortic sources of embo-
lisms exist, with subtle differences among the 
lists. However, recent myocardial infarction, 
mitral valve disease, severe congestive heart fail-
ure, infective endocarditis, intracardiac mass, and 
nonbacterial thrombotic endocarditis are com-
monly considered sources of cardioembolic 
stroke. On the other hand, the thrombogenic 
properties of patent foramen ovale (PFO), mitral 

annular calcification, and aortic arch atheroma 
are controversial. Thus, these conditions are con-
sidered sources of embolism when no cardiac 
source is apparent in patients with a suspected 
embolic stroke.

Among these conditions, PFO is a common 
condition even in the general population and has 
been associated with non-stroke neurological dis-
eases such as migraine. A long-lasting contro-
versy surrounds the usefulness of PFO closure in 
stroke patients. Recently, three clinical trials that 
compared percutaneous closure of PFO with the 
conventional treatment showed the beneficial 
effect of PFO closure in terms of reducing the 
risk of recurrent stroke among cryptogenic stroke 
patients [59–61]. In light of these results, a recent 
guideline recommends percutaneous PFO clo-
sure for cryptogenic stroke patients aged 
18–65  years [62]. Further investigations are 
needed to specify the target population who 
would significantly benefit from the treatment 
and reassess the concern about the new AF devel-
opment (Figs. 10.1 and 10.2).

Acute stroke

Clinical features Imaging findings Biomarkers

Integrated models

Stepwise approach to detect AF Non-AF embolic source work-up

AF related stroke Non-AF cardioembolic stroke ESUS

Sudden onset with rapid progression
Cerebral cortical symptoms including
aphasia, neglect
Top of basilar artery syndrome
Rapid improving neurological symptoms
Non-lacunar syndrome

Bi-hemispheric or multiple infarction on
multiple territories
Hemorrhagic transformation
Visual clot signs (hyperdense MCA sign,
susceptibility vessel sign)
Early recanalization of occluded cerebral
arteries

NT-proBNP
ProBNP
hsTroponin
GDF-15
Free fatty acid, medium-chain
acylcarnitines

Step 1. baseline ECG
Step 2. in-hospital ECG monitoring, Holter monitoring 
Step 3. irst ambulatory Holter monitoring
Step 4. long-term monitoring

Hypercoagulable state work-up
TTE / TEE
TCD with microbubble
Etc.

AF not detected

AF detected
PSCE detected

PSCE not detected

Fig. 10.1 The flow of diagnosis in patients with embolic stroke
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