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tion,3 as well as in patients with HCM and AF.4,5,14,15 
Advancing age, increased left atrial size, impaired left 
atrial function, and the presence of heart failure symptoms 
are suggested risk factors,4,5,15,16 although there are conflict-
ing reports in the HCM population.8,17–19 Therefore, a con-
sensus as to what constitutes an increased risk of embolic 
stroke in the HCM population has yet to be reached. To 
further investigate ways to prevent embolic stroke, we 
assessed the clinical characteristics of HCM patients with 
AF who experienced an embolic stroke.

Methods
Patient Selection
This study consecutively enrolled 141 patients with HCM 
who presented to an emergency department and were hos-
pitalized at Chikamori Hospital between 2000 and 2018. 

A trial fibrillation (AF) is the most common sus-
tained arrhythmia in the general population and is 
associated with a significantly increased risk of 

stroke and heart failure.1–3 AF is also common in patients 
with hypertrophic cardiomyopathy (HCM),4–8 with a prev-
alence reportedly between 9% and 28%.4,7–13 The presence 
of AF can denote a turning point in the progression of 
HCM, with a marked increased risk of embolic stroke, 
heart failure, and overall mortality.4,7,8,14 Compared with 
patients with HCM in sinus rhythm, those in AF were 
shown to have an eightfold increase in embolic stroke risk.4 
However, although the risk of embolic stroke in HCM 
patients with AF is well recognized, there is a paucity of 
information derived from HCM patients who have experi-
enced an embolic stroke.

Several independent risk factors for the development of 
embolic stroke have been reported in the general popula-
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Background:  Although atrial fibrillation (AF) is a well-known risk factor for embolic stroke in hypertrophic cardiomyopathy (HCM), 
there is a paucity of information derived from HCM patients who have experienced embolic stroke.

Methods and Results:  From 141 consecutive HCM patients who had been hospitalized between 2000 and 2018, the clinical char-
acteristics and management of 86 patients with AF were analyzed retrospectively. The incidence of embolic stroke was 36% (n=31 
patients). The median (interquartile range) age of embolic stroke was younger in male than female HCM patients (71 [64–80] vs. 83 
[77–87] years, respectively; P=0.009). The prevalence of paroxysmal AF (74%) was significantly higher than that of chronic AF (26%) 
in 31 patients with embolic stroke (P=0.007). The CHADS2 score in patients with embolic stroke was not particularly useful in predict-
ing the occurrence of embolic stroke.

Conclusions:  One-third of HCM patients with AF developed embolic stroke, and male HCM patients were younger at the time of 
the embolic stroke than female HCM patients. The prevalence of paroxysmal AF was significantly higher than that of chronic AF in 
patients with AF and embolic stroke. Early introduction of anticoagulation therapy is recommended at the first documentation of 
paroxysmal AF.
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flow tract gradient was estimated using continuous-wave 
Doppler ultrasound under basal conditions. An LV out-
flow tract gradient ≥30 mmHg was considered significant.

Statistical Analysis
Categorical variables are reported as frequencies and per-
centages. Continuous variables are reported as the median 
and interquartile range (IQR) for non-normally distrib-
uted values or as the mean ± SD for normally distributed 
values. Data were analyzed using the 2-sample Student’s 
t-test and Chi-squared test, as appropriate. Two-tailed 
P<0.05 was considered significant.

Results
Characteristics of Patients With and Without Embolic 
Stroke
The baseline characteristics of the 86 HCM patients with 
AF, with and without concomitant embolic stroke, are 
presented in the Table. Paroxysmal AF was found more 
frequently than chronic AF in both groups. The rate of 
occurrence of paroxysmal AF did not differ between 
patients with and without embolic stroke (74% vs. 62%; NS). 
Regarding echocardiographic findings, the median LV 
ejection fraction was significantly lower in patients with than 
without embolic stroke (62% vs. 67%; P=0.0086). Maximum 
LV wall thickness was ≥15 mm in both groups as diagnos-
tically defined. The median maximum LV wall thickness 
was slightly thicker in patients with than without embolic 
stroke, but the difference was not statistically significant 
(18 mm vs. 16 mm, respectively; P=0.052). Anticoagulation 
either with warfarin or non-vitamin K anticoagulants 
(NOACs) was less often used in patients with than without 
embolic stroke (64% vs. 84%; P=0.044). The administra-
tion of NOACs was slightly less frequent in patients with 
than without embolic stroke (19% vs. 42%; P=0.034). 
There were no significant differences between the 2 groups 
in terms of sex and laboratory findings, including B-type 
natriuretic peptide (BNP).

Three patients with embolic stroke also had embolic 
events to organs other than the brain. These embolic events 
involved the limbs (n=2) or heart (n=1). None of the 
patients who did not have embolic stroke experienced arte-

The initial evaluation in the present cross-sectional study 
was regarded as the first clinical assessment during which 
an echocardiographic diagnosis of HCM was made at 
Chikamori Hospital. Of the 141 patients with HCM, 55 
without AF were excluded from this study, leaving 86 
HCM patients with AF enrolled in the study (Figure 1). 
The AF patients underwent clinical evaluation at the time 
of admission, which included determining the incidence of 
concomitant embolic stroke, age at embolic stroke, the 
type of AF, anticoagulation therapy, and the significance 
of the CHADS2 score.

Definitions
HCM    The diagnosis of HCM was based on echocardio-

graphic identification of a hypertrophied, non-dilated left 
ventricle (LV) with maximum LV wall thickness ≥15 mm,20 
in the absence of any other cardiac or systemic disease 
capable of producing similar hypertrophy. The diagnosis 
of HCM was made at the time of admission.

AF    The presence of AF was documented by a 12-lead 
resting electrocardiogram (ECG) at the time of admission 
or an ambulatory ECG performed after the acute onset of 
symptoms. AF was defined as paroxysmal when it was self-
terminating and considered chronic when it became estab-
lished.

Embolic Stroke    Embolic stroke was defined as perma-
nent neurological disability and impairment caused by 
ischemic stroke with radiological evidence (computed 
tomography [CT] images) that had been diagnosed as 
embolic stroke by a radiologist. Embolic stroke events 
were also classified by 2 experienced physicians (a neurolo-
gist and cardiologist) at the time of admission. These 
events were ascertained by the study investigators by 
reviewing CT images and patients’ medical records.

Echocardiographic Evaluation
Echocardiographic studies were performed at the time of 
admission using commercially available ultrasound sys-
tems. The dimensions of the LV and left atrium were mea-
sured according to previously published criteria.21 The 
magnitude and distribution of LV hypertrophy were 
assessed using 2-dimensional images and indices, as 
described previously.21 The peak instantaneous LV out-

Figure 1.    Baseline information at the 
time of admission. AF, atrial fibrilla-
tion; HCM, hypertrophic cardiomy-
opathy.
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rial embolization to the non-central nervous system.

Characteristics of HCM Patients With AF and Embolic 
Stroke

Incidence of Embolic Stroke    Of the 86 HCM patients 
with AF, 31 had a concomitant embolic stroke at the time 
of admission (Figure 1). The rate of embolic stroke was 
estimated to be 36% (Figure 2). At the time of the embolic 
stroke, 14 patients (45%) were on warfarin, 6 (19%) were 
on NOACs, and 9 (29 %) were not receiving anticoagula-
tion treatment.

Age at Embolic Stroke    The median age at the event was 
77 years (IQR 69–85 years). A significant difference in age 
at the time of embolic stroke was noted between male and 
female HCM patients (Figure 3). The median (IQR) age at 
the onset of embolic stroke was significantly younger in 
male than female HCM patients (71 [64–80] vs. 83 [77–87 
years] years, respectively; P=0.009).

Type of AF    The prevalence of paroxysmal AF was sig-
nificantly higher than that of chronic AF in the 31 HCM 
patients with embolic stroke; 23 (74%) patients had parox-
ysmal AF and 8 (26%) had chronic AF (P=0.007). 
Comparing the clinical characteristics of the 31 HCM 
patients with embolic stroke between the 2 AF types, there 
were no significant differences with respect to age at 
embolic stroke, echocardiographic findings, features of 
blood tests, and anticoagulation treatment.

Table.  Baseline Characteristics on Admission

ES (n=31) No ES (n=55) P value

Age on admission (years) 77 [69–85] 79 [70–85] 0.815

Male sex 17 (55) 34 (62) 0.527

ECG findings

    Paroxysmal AF 23 (74) 34 (62) 0.243

    Chronic AF   8 (26) 21 (38)

Echocardiographic findings

    Maximum wall thickness (mm) 18 [17–19] 16 [15–19] 0.052

    IVS (mm) 13 [11–15] 12 [11–15] 0.392

    PW (mm) 12 [10–13] 11 [10–12] 0.452

    LVDd (mm) 48 [43–52] 46 [42–51] 0.394

    LVDs (mm) 32 [26–36] 29 [26–3]　　 0.072

    LA (mm) 46 [41–51] 44 [38–48] 0.117

    LVEF (%) 62 [52–68] 67 [63–72]   0.0086

Laboratory findings

    Peak BNP (pg/mL; n=76)      627 [437–1,014]      607 [329–1,486] 0.929

    Hb (g/dL; n=76)    14.2 [12.3–14.9]    12.9 [11.2–14.9] 0.187

    Cr (mg/dL; n=76)  0.9 [0.6–1.1]  1.0 [0.7–1.4] 0.101

    GOT (IU/L; n=76) 27 [23–32] 27 [22–32] 0.597

    GPT (IU/L; n=76) 18 [12–26] 22 [14–30] 0.261

Anticoagulation

    Yes 20 (64) 46 (84) 0.044

        Warfarin 14 (45) 23 (42) 0.764

        NOAC   6 (19) 23 (42) 0.034

    No   9 (30)   9 (16) 0.166

    Undetermined 2 (6) 0 (0) –

Unless indicated otherwise, data are presented as the median [interquartile range] or n (%). Laboratory examina-
tions were performed in the number of patients indicated. AF, atrial fibrillation; BNP, B-type natriuretic peptide; Cr, 
creatinine; ECG, electrocardiography; ES, embolic stroke; GOT, glutamic oxaloacetic transaminase; GPT, glutamic 
pyruvate transaminase; Hb, hemoglobin; IVS, interventricular septum; LA, left atrium; LVDd, left ventricular diastolic 
dimension; LVDs, left ventricular systolic dimension; LVEF, left ventricular ejection fraction; NOAC, non-vitamin K 
oral anticoagulant; PW, posterior wall.

Figure 2.    Incidence of embolic stroke. AF, atrial fibrillation; 
HCM, hypertrophic cardiomyopathy.
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death have been the primary focus of investigations in the 
HCM population, despite the fact that heart failure and 
stroke are also known complications of HCM.22 AF repre-
sents the most common sustained arrhythmia in the HCM 
population,4–8 and is a well-known risk factor for embolic 
stroke in HCM.4,7,8,13 However, there is limited informa-
tion derived from HCM patients who actually experience 
embolic stroke. The present study provides important 
information concerning the occurrence and profile of 
embolic stroke in the HCM population that has significant 
clinical implications.

Incidence of Embolic Stroke
The combination of HCM and AF is associated with a 
significantly increased risk of embolic stroke.4,7,8,13 The rate 
of embolic stroke in HCM patients with AF varies among 
studies, ranging from 7% to 53%.6,15,23–25 The results of the 
present study are consistent with previous reports, demon-
strating that a significant number (36%) of HCM patients 
with AF experienced embolic stroke.

Because of retrospective nature of the present study, it 
may be possible that the incidence of embolic stroke in 
HCM patients with AF had been affected by the use of 
anticoagulation therapy. The prevalence of anticoagula-
tion therapy either with warfarin or NOACs was lower in 
HCM patients with AF who experienced embolic stroke 
than in patients with AF and no embolic stroke. It should 
also be noted that the PT-INR was significantly lower at 
the time of the event, well below the treatment threshold, 
in HCM patients with AF and embolic stroke compared 
with patients with AF and no embolic stroke. These results 
may have contributed to the somewhat higher incidence of 
embolic stroke in the present study compared with that in 
previous large-scale studies (20–27%).4,6,11

Type of AF in HCM Patients With Embolic Stroke
The importance of paroxysmal AF in the prevention of 
embolic stroke needs to be emphasized. To date, the sig-
nificance of the type of AF has not been extensively evalu-
ated in HCM patients who experienced embolic stroke, 
although a study by Olivotto et al indicated that patients 
with chronic AF had a higher combined probability of 
HCM-related death, functional impairment, and stroke.4 
These authors also suggested that the prevalence of stroke 
was independent of whether AF was paroxysmal or 
chronic. However, in the present study, we found that the 
prevalence of paroxysmal AF was significantly higher than 
that of chronic AF in HCM patients who experienced 
embolic stroke. In the retrospective analysis of 1,558 HCM 
patients by Rowin et al, 226 patients (74%) had paroxys-
mal AF and 78 (26%) had persistent AF.26 These findings 
support those of the present study. It is also conceivable 
that this high prevalence of paroxysmal AF is probably 
related to the fact that all our HCM patients with AF had 
been hospitalized through an emergency department 
because of acute and/or a sudden onset of symptoms. 
Given the strong burden of evidence supporting a high risk 
of embolic stroke in HCM patients who develop AF, such 
patients should be identified early and treated early. The 
results of the present study suggest the importance of start-
ing anticoagulation treatment at the first documentation of 
AF, even if only paroxysmal, particularly in patients aged 
>50 years. Our findings, together with those of a previous 
report showing that fatal stroke occurred in patients devel-
oping AF at >50 years of age, indicate that this suggestion 

Severity and Outcomes of Embolic Stroke    Of the 31 
patients with embolic stroke, 3 died and 3 became bed-
ridden as a direct consequence of their events. Of the 
remaining 25 patients who survived, 21 had varying 
degrees of permanent neurologic impairment.

Anticoagulation Therapy
Of the 86 HCM patients with AF, 66 (77%) were antico-
agulated with either warfarin (n=37 patients) or approved 
doses of NOACs (n=29 patients). Eighteen patients (21%) 
were not on anticoagulation treatment. There were slight 
differences in the rate of anticoagulation treatment 
between patients with and without embolic stroke (64.5% 
vs. 83.6%, respectively; P=0.044). The control of pro-
thrombin time-international normalized ratio (PT-INR) 
was not sufficient in patients with embolic stroke who were 
treated with warfarin; the PT-INR was significantly lower 
in patients with than without embolic stroke (1.19±0.10 vs. 
2.01±0.20, respectively; P<0.0001).

CHADS2 Score in Patients With Embolic Stroke
Twelve patients (39%) had a CHADS2 score of 0–1, 6 
(19%) had a CHADS2 score of 2, and 10 (32%) had a 
CHADS2 score of 3–5. The CHADS2 score was not deter-
mined in 3 patients (10%). There was no significant differ-
ence in CHADS2 scores between patients with and without 
embolic stroke.

Discussion
Limited Information Derived From HCM Patients With AF 
and Embolic Stroke
Risk stratification and the prevention of sudden cardiac 

Figure 3.    Age at the onset of embolic stroke in male and 
female patients with hypertrophic cardiomyopathy. The boxes 
show the interquartile range, with the median value indicated 
by the horizontal line; whiskers show the range.
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strated that HCM patients with paroxysmal AF have a 
greater extent of left atrial wall fibrosis on late gadolinium 
enhancement, together with a number of other functional 
and morphological features.36 This association between 
AF and left atrial late gadolinium enhancement indicates 
the importance of assessing not only LV fibrosis,37 but also 
left atrial fibrosis as an important adverse marker in HCM 
patients. In this context, the recently proposed concept of 
atrial failure38 may also be relevant to the HCM popula-
tion, because the presence of atrial failure may predispose 
a patient to new-onset AF. The risk stratification and 
prevention of embolic stroke with anticoagulation in HCM 
patients who have not yet developed AF therefore remains 
an extremely important challenge in clinical practice, as 
well as in future research.

Study Limitations
The limitations of the present study may include its retro-
spective nature with a relatively small sample size. It was 
not possible to collect echocardiographic information 
reportedly predictive of embolic events, such as left atrial 
appendage dysfunction and Doppler flow patterns, in this 
study. Second, because of the cross-sectional study design, 
information was limited to the clinical characteristics at the 
time of admission, and prognostic information was not 
obtained. Third, beyond AF, although the mechanism of 
embolic stroke may include thrombus formation in the left 
atrium, it was not possible to adequately evaluate causes 
of thrombus formation, such as enhancement of the coag-
ulation system and stagnation of blood flow. Fourth, the 
study was a single-center retrospective observational study, 
and the time from AF onset to hospitalization was not 
available.

Conclusions
In conclusion, one-third of HCM patients with AF devel-
oped embolic stroke, and male HCM patients developed 
embolic stroke earlier than female HCM patients. In HCM 
patients with AF and embolic stroke, the prevalence of 
paroxysmal AF was significantly higher than that of 
chronic AF. Therefore, early introduction of anticoagula-
tion treatment is recommended at first documentation of 
AF, even if only paroxysmal. The CHADS2 score was not 
useful in predicting the development of embolic stroke in 
HCM patients with AF.
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