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Objective: This study aimed to explore risk factors, clinical features, and
prognosis of patients with hypertrophic cardiomyopathy (HCM) complicated
by ischemic stroke (IS).

Methods: We conducted a retrospective analysis of all HCM patient data and
a 1-year follow-up study.

Results: Totally, 506 patients with HCM, including 71 with IS, were enrolled.
Older age (=63 years) was associated with an increased risk of IS in HCM
patients (OR = 1.045, 95% CI: 1.018-1.072, p = 0.001). Among 37 patients
complicated by IS, 22 (59.5%, 22/37) manifested as cardioembolism (CE)
subtype, and 13 (35.1%, 3/37) small artery occlusion (SAO) subtype, according
to TOAST classification. In the acute phase, the IS patients presented with
NIHSS 4 (interquartile range: 1, 10). Multi-infarction was more common than
single infarction (72.7 vs. 27.3%), while cortical + subcortical infarction (CE
group: 50%) or subcortical infarction (SAO group: 53.8%) constituted most IS
cases. Additionally, the blood supply areas of anterior circulation (CE group:
45.5%; SAO group: 92.3%) or anterior + posterior circulation (CE group:
50%) were mainly involved. The 1-year survival rate of HCM patients with
concomitant IS was 81.8%, and IS was associated with 1-year all-cause death
in HCM patients (HR = 5.689, 95% ClI: 1.784-18.144, p = 0.003).

Conclusion: Older age is a risk factor for IS occurrence in HCM patients.
Patients with HCM complicated by IS had mild or moderate neurologic
deficits at disease onset. CE and SAO subtypes predominate in patients
with concomitant IS, especially the former. Multiple cortical and subcortical
infarctions are their neuroimaging characteristics, mainly involving the anterior
circulation or anterior + posterior circulation. Is is a risk factor for all-cause
death in HCM patients within 1 year.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a relatively
common, globally distributed, and often hereditary primary
heart disease (1), resulting in left ventricular hypertrophy,
interstitial ~ fibrosis, impaired ventricular filling, and
left ventricular diastolic compliance (2, 3). HCM is a
heterogeneous disease with various clinical manifestations,
including heart failure (HF), arrhythmias, sudden cardiac
death, (4). IS)

is a catastrophic thromboembolic complication of HCM

and thromboembolism Ischemic stroke
with aging (5, 6), as a previous study reported that the
overall incidence of stroke or other vascular events in HCM
patients was 0.8%/year and 1.9% for patients >60 years old
(7). However, the risk factors, clinical characteristics, and
prognosis of HCM complicated with IS remain largely unclear.
Hence, we conducted a single-center retrospective study
to investigate the risk factors, clinical characterizations of
HCM-IS, and a 1-year follow-up to examine the short-term
survival rate.

Materials and methods

Study population

From May 2019 to May 2021, 629 HCM inpatients from
Beijing Anzhen Hospital of Capital Medical University were
selected. The following inclusion criteria were used: (1) >18
years; (2) HCM diagnosis according to the guidelines of the
American College of Cardiology Foundation (ACCF) and the
American Heart Association (AHA) based on hypertrophic and
non-dilated cardiomyopathy confirmed by echocardiography
or cardiac magnetic resonance imaging (MRI), and exclusion
of other cardiac or systemic diseases (8). The exclusion
criteria were (1) life expectancy < 1 vyear, (2) patients
unable to cooperate with follow-up, and (3) patients with
incomplete data. Patients with IS were diagnosed based on
their medical history, clinical examination, and the results
of cranial MRI and magnetic resonance angiography scans
confirmed by two attending neurologists. All participants
signed written informed consent before the start of the study,
which was approved by the Ethical Committee of Beijing
Anzhen Hospital.

Abbreviations:  AF, atrial fibrillation; CE, cardioembolism; HCM,

hypertrophic cardiomyopathy; HCM-IS, HCM complicated with IS;
HF= heart failure; IQR, interquartile range; IS, ischemic stroke; LAA, large
vessel atherosclerosis; MRI, magnetic resonance imaging; SAO, small

artery occlusion.
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Clinical data extraction

All clinical data were collected from the electronic medical
record system at the time of first hospital admission, including
demographics, past medical history, echocardiography and
laboratory examinations, drug use, and treatment.

One-year follow-up

Trained investigators followed up with all patients via face-
to-face interviews or phone calls for at least 1 year. The
main outcome was all-cause death, including cardiogenic death
during hospitalization or 1 year after onset, IS complications, or
death from other causes.

Statistics

Statistical analyses were performed using SPSS (version 26.0;
SPSS, Chicago, IL, USA). Continuous variables are presented
as mean =+ standard deviation or median (interquartile range
[IQR]). Categorical variables were expressed as percentages.
Normally distributed data were analyzed using Student’s ¢-test,
and non-normally distributed data were analyzed using Mann-
Whitney U test. Categorical variables were analyzed using
chi-squared test. Multivariate logistic regression analyses were
utilized to screen out the risk factors associated with HCM
complicated by IS. The groups were compared based on whether
HCM patients had all-cause deaths within 1 year, and then
the statistically different variables in the comparison between
groups were included in the multivariate Cox proportional
hazard model. Survival curves were estimated using the Kaplan-
Meier method and compared with the log-rank test. Statistical
significance was set at p < 0.05.

Results

Patient selection

Among 629 patients with HCM, 506 (298 males and 208
females) were eligible for this study, including 71 with IS and
435 without IS. The flowchart for patients’ selection in the study
is revealed in Figure 1.

Risk factors of HCM complicated with
ischemic stroke
Multiple variables, such as basic characteristics, stroke

risk factors, electrocardiogram, echocardiography (i.e., left
ventricular end-diastolic diameter, left ventricular ejection
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Anzhen Hospital (2019.5-2021.5)

HCM patients hospitalized in Beijing
n=629

HCM patients who meet the exclusion
criteria
n=>54

Exclusion

Missing data
n=69

n =506

‘ Study population ’

HCM without IS
n=435

HCM with IS
n=71

FIGURE 1

Flowchart describing the enrollment of patients with
hypertrophic cardiomyopathy (HCM) complicated by ischemic
stroke (IS).

fraction, left atrial diameter, and intracardiac thrombus), and
laboratory results, were compared between patients with and
without IS (Table 1). As a result, there were marked differences
between these two groups in terms of age (>63 years), type 2
diabetes, estimated glomerular filtration rate (eGFR), and D-
dimer (Table 1). Four significant variables were retained in the
final multivariate logistic regression model, followed by enter
variable selection. Age was associated with an increased risk of IS
in HCM patients (OR = 1.045, 95% CI: 1.018-1.072, p = 0.001)
(Table 2).

Clinical features and brain imaging

Among 37 HCM patients complicated by IS, two (5.4%,
2/37) were categorized as large vessel atherosclerosis (LAA)
subtype, 22 (59.5%, 22/37) as cardioembolism (CE) subtype,
and 13 as small artery occlusion (SAO) subtype (35.1%, 13/37)
according to TOAST classification. In the acute phase, the IS
patients presented with relatively mild or moderate clinical
deficits, as reflected by the NIHSS scores (4, interquartile range:
1, 10). Multi-infarction is more common than single infarction
(72.7 vs. 27.3%). Most cases had cortical + subcortical infarction
(cardiogenic embolism group: 50%) or subcortical infarction
(SAO group: 53.8%) mainly involving anterior circulation (CE
group: 45.5%; SAO group: 92.3%) or anterior 4 posterior
circulation (CE group: 50%) (Table 3).

One-year survival

Among 506 HCM patients, 175 (55 HCM patients with IS
and 120 HCM patients without IS) were followed up for at
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least 1 year, with a median time of 15 (IQR: 12, 20) months.
During the follow-up period, stroke recurred in five patients
with HCM complicated by IS (5/55, 9.1%). Death was recorded
in 14 patients (10 cases of HCM with IS, four cases of HCM
without IS), with overall 1-year survival rates of 81.8% in
HCM patients with IS and 96.7% in HCM patients without IS
(Figure 2). The cumulative survival rate differed significantly
between these two groups (log-rank p = 0.016). Causes of
death included HF (n = 5), acute coronary syndrome (n = 6),
massive cerebral infarction (n = 2), and unknown etiology (n
=1).

In univariate analyses, four baseline variables and
IS were associated with all-cause death, but only IS
(HR = 5.689, 95% CI: 1.784-18.144, p = 0.003) was
retained in the final multivariate Cox proportional hazard

model (Table 4).

Discussion

As a catastrophic adverse event, thromboembolism events
(stroke and systemic embolic events) have a high incidence or
prevalence in HCM patients worldwide, eventually contributing
to increased morbidity and mortality (4, 9-12). To date,
several risk factors for thromboembolism have been confirmed
in HCM patients, including atrial fibrillation (AF), age, left
atrial diameter, and HF. In the present study, we found that
among all HCM patients, there were significant differences
in age (>63 vyears), type 2 diabetes, eGFR, and D-dimer
levels between patients complicated with IS and those without
IS. Furthermore, a multiple regression analysis revealed that
age was an independent risk factor for the occurrence of
IS in HCM. Consistent with the findings of two distinct
retrospective studies (7, 13), our results indicate that a higher
risk of IS is associated with older age in HCM patients.
The explanation for this is that the abnormal morphology
and function of the left atrial appendage render HCM
patients prone to developing thromboembolic events since
elderly patients have a higher incidence of abnormal cardiac
structure and function (14). Additionally, as age increases,
other cardiogenic or non-cardiogenic complications, such as
hypertension, hyperlipidemia, diabetes, deep vein thrombosis,
and AF, may increase the incidence of IS and affect long-term
stroke outcomes in HCM patients (15-18). Hence, risk factor
screening and early intervention should be performed routinely
on elderly patients with HCM to prevent the occurrence
of IS.

AF is the most common arrhythmia in HCM patients and
is associated with a high risk of thromboembolism (19). In a
Korean population-based study, the prevalence of stroke among
HCM patients with AF was 20%, two times higher than the
prevalence in all HCM patients (9). However, our study found
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TABLE 1 Comparison of baseline data in patients with hypertrophic cardiomyopathy (HCM) complicated with or without ischemic stroke (IS).

Category HCM with IS (n = 71) HCM w/o IS (n = 435) p-value
Age 63 (58, 70) 57 (48, 65) <0.001
Male 40 (56.3%) 258 (59.3%) 0.637
Smoking 14 (19.7%) 111 (25.5%) 0.294
Drinking 12 (16.9%) 84 (19.3%) 0.631
Gout 5(7.0%) 27 (6.2%) 0.789
Hypertension 40 (56.3%) 197 (45.3%) 0.084
Hyperlipidemia 32 (45.1%) 153 (35.2%) 0.108
Type 2 diabetes 18 (25.4%) 63 (14.9%) 0.021
AF 21 (29.6%) 106 (24.4%) 0.348
Cardiac function grade III-IV 9 (12.7%) 61 (14.0%) 0.761
Left bundle branch block 11 (15.5%) 85 (19.5%) 0.420
Moderate to severe mitral regurgitation 7 (9.9%) 76 (17.5%) 0.108
Leucocyte (10°/L) 6.4 (5.7,8.4) 6.9 (5.8, 8.4) 0.111
Platelet (10°/L) 202 (148, 232) 198 (156, 236) 0.916
Hemoglobin (g/L) 138 (124, 152) 143 (126,153) 0.223
eGFR (ml/min/1.73 m?) 88.5 (77.5, 98.0) 95.7 (85.2, 104.5) 0.001
Blood sodium (mmol/L) 140.2 (138.3, 141.9) 140.8 (139.2, 142.2) 0.168
BNP 509 (197, 606) 376 (177, 628) 0.152
Hs-CRP (mg/L) 0.95 (0.58, 2.44) 0.98 (0.65, 1.84) 0.813
D-Dimer (ng/ml) 134 (63, 258) 98 (64, 174) 0.015
Echocardiography

LVEDD 45 (41, 48) 45 (41, 48) 0.713
LVEF 61 (56, 66) 64 (58, 68) 0.052
LAD 41 (38, 46) 41 (39, 45) 0.736
Intracardiac thrombus 1(1.4%) 2(0.5%) 0.334

AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; Hs-CRP, hypersensitive C-reactive protein; LVEDD, left ventricular end-diastolic diameter; LVEE, left ventricular ejection

fraction; LAD, left atrial diameter. Bold values indicate p < 0.05.

TABLE 2 Risk factors for ischemic stroke (IS) in patients with hypertrophic cardiomyopathy (HCM).

Group HCM with IS (n =71) HCM w/o IS (n = 435) B SE Wald OR (95% CI) p-value
Type 2 diabetes 18 (25.4%) 63 (14.9%) 0.358 0.313 1.307 1.430 (0.774, 2.642) 0.253
Age (=63 years) 63 (58,70) 57 (48, 65) 0.044 0.013 11.094 1.045 (1.018, 1.072) 0.001
eGFR (ml/min/1.73 m?) 88.5 (77.5, 98.0) 95.7 (85.2, 104.5) —0.009  0.007 1.568 0.991 (0.977, 1.005) 0.210
D-Dimer (ng/ml) 134 (63, 258) 98 (64, 174) 0.000 0.000 0.116 1.000 (1.000, 1.000) 0.733

eGFR, estimated glomerular filtration rate. Bold values indicate p < 0.05.

no obvious association between AF and the risk of IS in HCM
patients, possibly due to the relatively small number of HCM
patients with AF. Interestingly, a recent large-scale study on
HCM patients without AF (n =17,371) found that their risk of IS
was similar to that of controls from the general population with
AF taking oral anticoagulants, indicating that HCM could carry
a similarly high risk of thromboembolism as AF. The plausible
explanation is that aging and other cardiovascular diseases can
cause atrial cardiomyopathy, which in turn causes AF and
thromboembolism (20). Evidently, our study demonstrated a
significant association of older age with the higher risk of IS in
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HCM patients, mainly in the absence of AF. Nevertheless, more
evidence is needed to address this issue in the future.

As one of the common complications of HCM, the risk
of thromboembolism (IS and systemic embolism) is high in
HCM patients mainly due to AFE, as well as older age and
left atrial dilatation (11, 21, 22). In our study, according to
the TOAST classification, CE and SAO stroke constituted
most HCM cases, particularly the former, revalidating that
thromboembolism underlies the pathogenesis of IS. Notably,
for the first time, our study reported brain neuroimaging
characteristics of patients with HCM complicated by IS, such
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as multiple infarcts distributed in the cerebral cortex and
subcortical region, as well as multi-vessel involvement, almost
in line with the neuroimaging profile of cardiogenic stroke (23).

TABLE 3 Brain MRI features of hypertrophic cardiomyopathy with
ischemic stroke (n = 37).

Group CE SAO LAA
(n=22) (n=13) (n=2)

Single infarct

Cortical 1 6 1
Subcortical 3 0 0
brainstem 2 0 1
Multiple infarcts

Cortical 4 0 0
Cortical+subcortical 11 0 0
subcortical 1 7 0
Vessel localization

anterior 10 12 1
Posterior 1 1 1
Anterior+posterior 11 0 0

CE, cardioembolism; LAA, large vessel atherosclerosis; SAO, small artery occlusion.
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FIGURE 2

Kaplan—Meier curves for survival rate in patients with
hypertrophic cardiomyopathy complicated by ischemic stroke
(IS) and HCM complicated without IS. Overall, the 1-year survival
rate was 81.8% in patients with HCM with IS and 96.7% in
patients with HCM without IS.

10.3389/fcvm.2022.1054199

However, considering the small sample size, further studies with
larger sample sizes should be performed to confirm our results.

Previous studies have reported a high annual mortality
rate of 3-6% among HCM patients worldwide (24-27), and
the leading cause of death included sudden death and HF
complications (28, 29). With the advancement of treatment
methods over the past few decades, the prognosis for HCM
has greatly improved, with an overall annual mortality rate of
< 1% (13, 30-34). In the present study, the mortality rate for
HCM patients was 8% during a 1-year follow-up period, and
progressive HF and acute coronary syndrome were the leading
causes of death. Compared to patients without IS, the proportion
of adverse outcomes in patients with IS was relatively higher,
implying that IS is the main cause of the increased mortality rate
of HCM. Furthermore, Cox multivariate analysis revealed that
IS, as a complication of HCM, was an independent risk factor
for all-cause death in HCM patients, thus reconfirming our
viewpoint to a large extent. Consistent with this, several studies
have reported that stroke and peripheral embolism, two severe
complications of HCM, may cause more disability and death in
the elderly, particularly those over the age of 60 (7, 15). Hence,
a detailed clinical evaluation and timely intervention should be
conducted in HCM patients complicated with IS, especially the
elderly, to improve the prognosis of HCM as much as possible.

The role of inflammation in IS has drawn great attention
since neuronal death caused by occlusion of cerebral blood
flow can trigger both local and systemic immune responses
(35, 36). Accordingly, individuals with signs of inflammation or
corresponding biomarkers have an increased risk of stroke (37).
Of them, atherosclerosis, a well-known chronic inflammatory
disease, can cause heart attack and ischemic stroke in the
advanced stage (38). Notably, increased aortic pulse wave
velocity (aPWV), an independent cardiovascular risk factor
representing aortic stiffness, was found to be associated with
inflammation (39), thereby indicating the potential clinical
use of the measure of aPWV in IS. Nevertheless, the exact
relationship between this parameter and HCM complicated with
IS needs to be further ascertained.

In conclusion, we found that in HCM patients with IS, an
older age (=63 years) is a risk factor for the occurrence of
stroke. In the classification of TOAST, CE and SAO subtypes

TABLE 4 Related factors of 1-year all-cause death in patients with hypertrophic cardiomyopathy (n = 175).

Univariate analysis

Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value
IS 5.689 (1.784-18.144) 0.003 5,689 (1.784-18.144) 0.003
eGFR (ml/min/1.73 m?) 0.971 (0.949-0.994) 0.015 0.051
Hemoglobin 0.978 (0.961-0.996) 0.015 0.064
Hs-CRP 1.168 (1.063-1.283) 0.047 0.104
Age 1.058 (1.007-1.112) 0.025 0.157

eGFR, estimated glomerular filtration rate; HR, hazard ratio; Hs-CRP, hypersensitive C-reactive protein; IS, ischemic stroke. Bold values indicate p < 0.05.
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predominate in patients with concomitant IS, especially the
former. The IS patients had mild or moderate neurologic deficit
at disease onset. Multiple, cortical, and subcortical infarctions
are their neuroimaging characteristics, mainly involving the
anterior circulation or anterior + posterior circulation. HCM
patients complicated by IS have good short-term survival, and IS
is a risk factor for all-cause deaths among HCM patients within
1 year. These findings will help neurologists and cardiologists
identify HCM patients at high risk for IS and prevent its
occurrence. However, our study has some limitations. First,
because this was a single-center retrospective study, a significant
bias could be produced by the incomplete clinical and imaging
data (cardiac MRI, clinical evaluation after treatment, etc.);
Second, an obvious limitation of this study is its lack of statistical
power due to the small sample size, so the findings should be
interpreted with high caution. Finally, the follow-up time was
relatively short for most patients. Therefore, future multi-center,
prospective studies using a larger sample size will help validate
our findings’ reliability and provide valuable new evidence for
preventing and treating IS in HCM patients.
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