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Abstract

The clinical characteristics and treatment of stroke caused by dilated cardiomyopathy
(DCM) are not clear, especially in patients with large-artery atherosclerosis (LAA)-
related stenosis, which commonly causes acute ischemic stroke (AIS); therefore, the
diagnosis and treatment of such patients are challenging. Herein, we summarize
the clinical characteristics and suggest clues to guide the diagnosis and treatment
of two cases. Case 1: A 67-year-old woman with a history of DCM presented
with sudden-onset slurred speech and left limb weakness (>2 hours duration), which
worsened after intravenous thrombolysis. Repeated brain computed tomography
showed no hemorrhage; thus, cerebral artery occlusion or embolism was suspected.
Emergency magnetic resonance imaging (MRI) and angiography (MRA) revealed acute
multiple bilateral cerebral infarctions and severe left middle cerebral artery stenosis,
respectively. We considered a DCM-related stroke and administered anticoagulation
therapy. Subsequently, the patient’s symptoms improved significantly, and she was
discharged on day 9, after showing no abnormal neurological signs. Case 2: A 49-
year-old man with a history of DCM presented with acute headache and blurred vision
for 4 days. MRI and MRA revealed multiple acute cerebral infarctions and left vertebral
artery stenosis, respectively. We considered an LAA-related stroke and administered
antiplatelet and cholesterol-lowering drugs. Eventually, the patient was discharged on
day 13, after his right-sided hemianopia improved significantly. Both patients had LAA,
which can be easily misdiagnosed as a stroke. LA A-related and DCM-related stroke need
to be differentiated. DCM-related AIS lesions are often distributed in the areas supplied
by the different cerebral arteries. It is necessary to carefully analyze the shape, location,
and scope of the lesions, and identify the main causes of stroke. Anticoagulant therapy
is preferred for DCM-related AIS.
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1. Introduction

Dilated cardiomyopathy (DCM) is defined by the presence
of left ventricular (LV) dilatation and contractile dysfunction,
manifesting as congestive heart failure, circulatory collapse,
arrhythmias, and thromboembolic events [I]. DCM has a
prevalence and annual incidence of 40 and 7 cases per 100,000
individuals, respectively [2—4]. Cardioembolic strokes lead to
the highest in-hospital mortality rate at approximately around
20%, with poor short-term prognosis for most cases [5]. DCM
is a rare cause of cardiogenic acute ischemic stroke (AIS) [6].
Although DCM increases the risk of stroke, only a few reports
describe such cases. The clinical characteristics and treatment
of stroke caused by DCM are also not clear, especially in
patients with large-artery atherosclerotic stenosis, which com-

monly causes AIS; therefore, the diagnosis and treatment of
such patients are challenging. The cause may be misidentified
as arteriosclerosis and mistreated with antiplatelet agents or
even emergency endovascular therapy. Herein, we summarize
the clinical characteristics and suggest clues to guide the diag-
nosis and treatment of two cases based on our literature review.

2. Case report

2.1 Case 1

A 67-year-old woman was admitted to our hospital with slurred
speech and left limb weakness (>2 hours duration) in March
2019. The patient had left heart failure, DCM, and frequent
ventricular premature beats for several years, with no other
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Age/Sex
Main symptoms

TABLE 1. Comparison of our two patients with similar cases published in the literature.

Jeon et al. [7]
40-year-old/male

Mild hemiparesis on the
right side

Echocardiography Severe global LV EF

Chest
radiography

of 19% systolic dysfunc-
tion, dilatation (LV di-
ameter of 65 cm in sys-
tole) and a large mobile
LV thrombus

Mild cardiomegaly

Electrocardiogram non-specific ST segmen-

MR imaging

MR angiography

Treatment

Outcomes  and
follow-up results

tal change

Spotty ischemic brain le-
sions

LMWH, urgent surgical
removal for thrombus,
and warfarin substituted

At 1-year follow-up, the
patient was well, and his
cardiac function was nor-
malized (LV EF of 59%;
LV diameter of 48 cm)

Ho et al. [¢]
34-year-old/male
Generalized tonic-clonic
seizures

A dilated LV and LA, gener-
alized hypokinesia with poor
LV EF) of 15-20%, and a
mass in the LV apex

Marked LV hypertrophy

Infarctions over the frontal
and temporal lobes; bilateral
parietal and occipital; cere-
bellum

Basilar artery, the flow sig-
nal distal to the left P3 is not
visualized
Unfractionated heparin and
regular warfarin substituted
and aspirin

The 37th hospital day with
retained visual field defect
and ataxia. Follow-up
showed the LV EF increased
to 40% and complete
resolution of the thrombus

Karande et al. [9]
11-year-old/male
Hemiplegia and facial
weakness

Dilatation of all 4 cham-
bers with global LV dys-
function, EF of 15-20%,
with multiple intracar-
diac clots

Cardiomegaly with pul-
monary congestion

Sinus tachycardia and
S-T segment depression
pattern

Infarctions in the area of
caudate nuclei, putamen,
brain stem and cerebel-
lum

Heparin x 7d and oral
warfarin substituted

All thrombi, except one,
disappeared. The patient
died 2.5 months later due
to resistant cardiac fail-
ure

Dogan et al. [10]
8-year-old/female
Left hemiplegia

Dilated
cardiomyopathy
was identified

Infarction (31 mm X
14 mm) at the right
basal ganglia

Occlusion was
detected at the M2 of
the right MCA

Nadroparin calcium

Symptoms resolved
by the following 7th

week. neurologic
examinations  were
normal

Case 1

67-year-old/female

Slurred speech and left limb
weakness

LA and LV enlargement
(Fig. 1e) with moderate reflux
(Fig. 1f); LV wall with diffuse
hypokinesis; LV diastolic and
systolic dysfunction; LVEF
28%, LV diameter of 63 cm
in diastole

Enlargement of  cardiac
shadow (CTR: 0.66, Fig. 1g)
with LV enlargement
Frequent ventricular prema-
ture beats

Acute infarction in the bilat-
eral basal ganglia and right
hippocampus (Fig. 1a,b)

Stenosis of the M2 segment of
the MCA (Fig. lc,d)

Argatroban x6 d and war-
farin substituted; furosemide,
spironolactone and acupunc-
ture

Condition improved on day
2 post-admission (NIHSS: 1).
Patient was discharged on day
9 without abnormal neurolog-
ical signs (NIHSS: 0)

Case 2
49-year-old/male
Headache and blurred vision

LA and LV enlargement
(Fig. 11); LV wall with
diffuse  hypokinesis and
regional ~ wall  motion
abnormality; LV diastolic
and systolic dysfunction;
LVEF 27%, LV diameter of
60 cm in diastole

Cardiac enlargement (CTR:
0.55)

LV hypertrophy with ST-T
changes

Multiple acute infarctions
and softening lesions in the
left cerebellar hemisphere
and occipital lobe (Fig. 1h—
i)

Cerebral arteriosclerosis
with mild left vertebral
artery stenosis (Fig. 1k)
Clopidogrel,  atorvastatin
calcium, valsartan, diuretics,
hypoglycemic drugs for 13
days

Patient was discharged on
day 13 after right-sided
hemianopia improved
significantly (NIHSS: 1)

CTR, cardiothoracic ratio; DCM, dilated cardiomyopathy, EF, ejection fraction; LV, left ventricular, LA, left atrium; LMWH, Low molecular weight heparin; MCA, middle cerebral
artery; MR, Magnetic resonance; NIHSS, National Institutes of Health Stroke Scale; “—"" means not provided.
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relevant medical or family history. Physical and neurological
examination revealed normal mental status, motor aphasia,
muscle strength of 4/5 in the left upper and lower extremities, a
positive left pyramidal sign, and an enlarged cardiac boundary.
Her National Institutes of Health Stroke Scale (NIHSS) score
was 3. Emergency brain computed tomography (CT) revealed
an old lacunar infarction in the left basal ganglia. The pa-
tient immediately underwent intravenous thrombolysis with a
tissue-type plasminogen activator (0.6 mg/kg), and her NIHSS
score dropped to 0 within an hour postoperatively. However,
her condition worsened 1 hour later. Physical examination
revealed lethargy, motor aphasia, muscle strength of 3/5 and
1/5 in the left and right extremities, respectively, and positive
bilateral pyramidal signs. Her NIHSS score was 12. Repeated
brain CT showed no hemorrhage, and cerebral artery reocclu-
sion or cerebral embolism was suspected. Intravenous butylph-
thalide and edaravone were administered. Her red (RBC)
and white (WBC) blood cell counts, and cholesterol, glyco-
sylated hemoglobin, serum creatinine, and troponin T levels
were within normal ranges. The patient’s brain natriuretic
peptide (BNP) level (3565 pg/mL) was increased. Magnetic
resonance imaging (MRI) and angiography (MRA) revealed
acute multiple bilateral cerebral infarctions (Fig. la,b) and
severe left middle cerebral artery (MCA) stenosis (Fig. 1c,d),
respectively. We considered a DCM-related stroke and admin-
istered anticoagulation therapy. Subsequently, her symptoms
significantly improved, and she was discharged on day 9,
after showing no abnormal neurological signs. Other auxiliary
examinations (Fig. le—g) and the specific treatment plan and
outcomes are described in Table | (Ref. [7—10]). The patient
was satisfied with her treatment.

2.2 Case?2

A 49-year-old man was admitted to our hospital in June 2019
for headache and blurred vision for 4 days. His medical history
included hypertension and diabetes, and DCM and chronic
cardiac insufficiency for >8 and >3 years, respectively. He
had smoked for nearly 20 years but denied alcoholism or
intoxication. His family history was unremarkable. Physi-
cal examination revealed a blood pressure of 139/95 mmHg,
an enlarged cardiac boundary, normal mental status, right-
sided hemianopia, and a negative pyramidal sign (NIHSS
score, 2). Laboratory findings showed normal WBC and
RBC counts and elevated glycosylated hemoglobin (11.6%),
serum creatinine (117 pmol/L), troponin T (0.038 ng/mL), and
BNP (2465 pg/mL) levels. MRI revealed multiple acute cere-
bral infarctions in the left cerebellar hemisphere and occipital
lobe (Fig. 1h—j). MRA revealed left vertebral artery stenosis
(Fig. 1k). We considered a large-artery atherosclerosis (LAA)-
related stroke and administered antiplatelet and cholesterol-
lowering drugs. He was eventually discharged on day 13, af-
ter his right-sided hemianopia significantly improved (NIHSS
score, 1). Other auxiliary examinations (Fig. 11), treatment
plan, and outcomes are detailed in Table 1. The patient was
satisfied with his treatment.
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3. Discussion

Cases of DCM-related stroke are rarely reported. AIS and
DCM patients who have LAA can be easily misdiagnosed as
having an LAA-related stroke. Despite our initial considera-
tion, both patients had multiple cerebral infarctions that could
not be attributed to a responsible artery. Hence, we suspected
DCM-related stroke, despite its rarity as a stroke etiology. An
important feature of DCM-related AIS is that the lesions are
distributed in the areas supplied by different cerebral arteries,
as was observed in our patients.

Specifically, in Case 1, the severe stenosis in the M2 seg-
ment of the left MCA was striking and could easily be misdi-
agnosed as a responsible artery. However, multiple acute foci
of AIS were not completely in the area dominated by the MCA,
with some supplied by the posterior cerebral (Fig. 2a,b) and an-
terior choroidal arteries (Fig. 2¢,d). A chronic atherosclerotic
stenosis of the MCA was more likely, because an embolism of
the MCA M2 segment likely caused a large infarction in the
left insula; however, diffusion-weighted imaging only showed
small patchy infarctions, and no previous MRA was available
for comparison. The simultaneous appearance of the new
infarct in both cerebral hemispheres suggested a cardiogenic
stroke, and we speculated that the deterioration following im-
provement with intravenous thrombolysis was probably caused
by disintegration of the intracardiac embolus and formation of
multiple cerebral emboli. In Case 2, the acute infarction focus
was distributed in the cerebellum and occipital lobe, supplied
by the posterior and anterior inferior cerebellar arteries, and
posterior cerebral artery, respectively (Fig. 2e~h). Hence,
the left vertebral artery stenosis was difficult to explain. In
other words, we consider the severe intracranial stenosis as
clinically silent in both cases. Consequently, it was considered
as a cardiogenic embolism secondary to DCM, as related
AIS lesions are distributed in areas supplied by the different
cerebral arteries [7—9].

According to the Chinese guidelines for diagnosing and
treating dilated cardiomyopathy [11], the clinical diagnostic
criteria of DCM are objective evidence of ventricular enlarge-
ment and decreased myocardial systolic function as follows:
LV end-diastolic dimension (LVEDd) of >5.0 cmand >5.5 cm
in females and males, respectively; and LV ejection fraction of
<45%. Both patients (see Table 1) met the above diagnostic
criteria. Echocardiography is important not only for diagnos-
ing DCM but also for detecting intracardiac thrombus and as-
sessing cardiac function. Post-stroke echocardiography for 3—
5 days did not reveal intracardiac emboli in both cases, as was
similar to another report [10], possibly because the thrombi
were autolytic, dissolved by thrombolytics/anticoagulants, or
expelled from the heart after the stroke. If an intracardiac
thrombus had been diagnosed, emergency surgery was re-
quired [7].

Genetic causes, endocrine disorders, collagen vascular dis-
eases, drugs, congenital metabolism diseases, muscular dystro-
phies, structural heart diseases, acute and chronic myocarditis,
and toxins can be considered as etiologic factors of DCM.
However, 50% of the cases are idiopathic, which are sim-
ilar to our cases [10]. Typical DCM includes signs of LV
dilatation and contractile dysfunction. LV thrombus [12],
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FIGURE 1. Imaging and echocardiography results.

Findings from Case 1. Diffusion-weighted magnetic resonance imaging showed acute infarction lesions in the left basal ganglia,
right temporal lobe, right occipital lobe (a, arrows), and right hippocampus (b, arrow). Magnetic resonance angiography (MRA)
revealed severe stenosis or occlusion of the M2 segment of the middle cerebral artery (arrow), with compensatory meningeal
collateral circulation (c,d). Echocardiography showed left atrial and left ventricular (LV) enlargement (e, LV diastolic diameter,
63 cm) with moderate reflux (f). Chest radiography showed cardiac enlargement (cardiothoracic ratio, 0.66), mainly in the left
ventricle (g).

Findings from Case 2. Diffusion-weighted sequence demonstrated multiple acute cerebral infarctions in the left cerebellar
hemisphere (h, arrows) and left occipital lobe (i, arrow). T2-weighted sequence showed multiple softening left cerebellar lesions (j,
arrow). MRA revealed cerebral atherosclerosis with mild left vertebral artery stenosis (k, arrow). Color Doppler echocardiography

showed left atrial and ventricular enlargement (1, LV diastolic diameter, 60 cm).

LV systolic impairment, and heart failure [13] independently
increase stroke risk. A mural thrombus in the enlarged atrium
or ventricle (specifically, the left ventricle) might have been
dislodged and entered the systemic circulation, resulting in a
cerebral embolism (Fig. 3). Clinical features suggestive of car-
dioembolic stroke, including sudden-onset maximum deficits
and decreased levels of consciousness, Wernicke’s aphasia
or global aphasia without hemiparesis, Valsalva maneuver at
stroke onset, and simultaneous cerebral and systemic emboli
[14]. Lacunar clinical presentations, such as single or multiple
infarcts, make cardioembolic origin unlikely [14].

Theoretically, anticoagulant therapy is preferred for car-
dioembolic stroke, as it can not only prevent thromboem-
bolic events but also effectively dissolve an existing cardiac
thrombus and improve cardiac function [7-9]. The timing
of anticoagulant use in AIS patients remains a difficult issue,
needing assessment of a complex benefit-risk balance. The
2016 ESC Guidelines stated that the initiation of anticoagulant
therapy is determined by the NIHSS score, which indicates
severity. Specifically, anticoagulant therapy can be started
after 3 days and after 6-12 days for mild and moderate-to-
severe stroke, respectively [15]. Anticoagulant administration
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., ACA: Anterior cerebral artery;
|| PCA: Posterior cerebral artery;
- MCA: Middle cerebral artery;
., AChA: Anterior choroidal artery;
Fig. a, ¢, e [Tatu, et al.(1998)[2¢]].

., AICA:Anterior inferior cerbellar artery;
| |, Pica: Posterior inferior cerebellar artery;
Fig.g [Tatu, et al.(1996)271].

FIGURE 2. The different territories involved by acute ischemic stroke lesions. Fig. 2a,c,e [26], Fig. 2g [27].
In Case 1, multiple acute foci were supplied by the bilateral middle cerebral (a,b), posterior cerebral (a,b), and anterior choroidal

(c,d) arteries.

In Case 2, the acute infarction lesions were supplied by the posterior cerebral (e,f), and the posterior and anterior inferior cerebellar

(g,h) arteries.

within 72 hours after the stroke is not recommended [16]. If
the patient’s risk of an intracerebral hemorrhage or general
bleeding is transiently increased, waiting for >2 weeks after
the stroke is recommended [16]. If this risk persists, anti-
coagulant administration may be further delayed. Based on
our initial experience, infarct size is also directly proportional
to the risk of hemorrhagic transformation, warranting more
cautious anticoagulant use. After appropriate treatment, the
outcome of DCM-related stroke is good if cardiac function is
stable.

Patient 1 presented with a progressive stroke; therefore,
the treatment is challenging. We used butylphthalide and
edaravone to stabilize the patient. Butylphthalide has im-
proved the symptoms and long-term prognosis of stroke [17],
primarily by improving microcirculation and protecting the
mitochondria, in addition to its antioxidant, anti-apoptotic,
anti-inflammatory, and anti-thrombotic properties [17, 18].
Edaravone, a free radical scavenger, is a potentially useful
addition to thrombolytic therapy in AIS patients [19] as it
improves the recanalization rate, reduces the incidence of

intracranial hemorrhage, and improves prognosis [20]. Edar-
avone can inhibit tissue damage, causing cerebral edema, and
delay neuronal death caused by AIS [21]. It also offers good
neuroprotection against diabetic stroke by interrupting the en-
doplasmic reticulum stress-mediated apoptotic pathways [22].
Other drugs and surgical treatments for progressive stroke
include ezetimibe [23], early superficial temporal artery-MCA
double anastomoses, which result in rapid neurological im-
provement in patients with progressive stroke due to main
trunk artery occlusion [24], and percutaneous transluminal
angioplasty for associated vertebral artery stenosis [25].

A limitation of this study is that it described only two cases.
A large-sample, multi-institution research program is needed
in this respect.

4. Conclusions

Our findings can further reinforce the understanding of the
clinical features of DCM-related stroke for more accurate di-
agnosis and treatment. LAA-related stroke needs to be distin-
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FIGURE 3. Graphical abstract.

Patients with dilated cardiomyopathy can develop hemody-
namic disorders, such as eddy currents in the dilated ventricles,
and hemodynamic disorders can easily result in intracardiac
mural thrombi, especially in the dilated LV. In this case, the
mural thrombus might have become dislodged and entered the
systemic circulation, resulting in a cerebral embolism.

guished from DCM-related stroke. DCM-related AIS lesions
are often distributed in the areas supplied by various arteries.
It is necessary to carefully analyze the shape, location, scope
of the lesions, and identify the main causes of stroke. Anti-
coagulant therapy is preferred for DCM-related AIS. A more
comprehensive understanding of the pathogenesis of DCM-
related AIS is needed.
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