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Abstract

Aims There is limited information about the clinical significance of atrial fibrillation (AF), particularly new-onset AF, in
patients with hypertrophic cardiomyopathy (HCM) in a community-based patient cohort. This study was carried out to clarify
the prevalence and prognostic impact of AF in Japanese HCM patients.

Methods and results In 2004, we established a cardiomyopathy registration network in Kochi Prefecture as a prospective
study, and finally, 293 patients with HCM were followed. In the patients’ cohort, we recently reported the clinical outcomes
including mortality and HCM-related morbid events. HCM-related adverse cardiovascular events were defined in the
following: (i) sudden cardiac death (SCD)-relevant events including SCD, spontaneous sustained ventricular tachycardia, and
appropriate implantable cardioverter defibrillator discharge; (ii) heart failure (HF) events with the composite of HF death
and hospitalization for HF; and (iii) embolic events included embolic stroke-related death and admission for embolic events.
In the present study, we focused on AF and conducted a detailed investigation. At registration, the mean age of the patients
was 63 + 14 years, and 86 patients (29%) had documented AF including paroxysmal AF. Patients with AF at registration were
characterized by worse clinical profiles including more advanced age, more symptomatic, more advanced left ventricular, and
left atrial remodelling at registration. During a mean follow-up period of 6.1 + 3.2 years, a total of 77 HCM-related adverse
events occurred, and the presence of AF at registration was associated with an increased risk of HCM-related adverse events,
particularly heart failure events. During the follow-up period, an additional 31 patients (11%) had documentation of AF for the
first time, defined as new-onset AF, with an annual incidence of approximately 1.8%, and finally, a total of 117 patients (40%)
showed AF. The presence of palpitation and enlarged left atrial diameter, particularly left atrial diameter >50 mm, at
registration were significant predictors of new-onset AF. Importantly, the incidence of overall HCM-related adverse events
was further higher in patients with new-onset AF observed from AF onset than in patients with AF at registration.
Conclusions In our HCM registry in an aged Japanese community, a significant proportion developed AF. The presence of AF,
particularly new-onset AF, was associated with increased incidence of HCM-related events. AF may not be just a marker of
disease stage but an important trigger of adverse events.
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Introduction clinical features.’™ Atrial fibrillation (AF) is the most common

arrhythmia in patients with HCM.*7 AF in HCM has been
Hypertrophic cardiomyopathy (HCM) is a primary myocardial regarded as an important determinant responsible for a
disorder with heterogeneous morphologic, functional, and major impact on clinical outcomes including heart failure
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(HF) and embolic stroke.>™” However, in contrast to previous
reports, a recent study showed a more favourable clinical
course of HCM patients with AF.2 In 2004, we established
Kochi Cardiomyopathy Network, named Kochi RYOMA
(registry of myocardial diseases) study, to provide detailed
information on the clinical features of HCM in a prospectively
assembled regional Japanese patient cohort.’ Regarding the
prognostic factors in this cohort, multivariate analysis
revealed that the presence of AF, severe symptoms judged
by New York Heart Association (NYHA) class, lower left
ventricular (LV) fractional shortening, and the presence of
LV outflow tract obstruction at registration were
independent risk factors for HCM-related adverse events.*®

In this study, we investigated the prevalence and clinical
significance of AF, particularly new-onset AF, in a
prospectively assembled HCM patient cohort in an aged
Japanese community.

Methods
Subjects

In 2004, we established Kochi Cardiomyopathy Network
consisting of 9 hospitals serving as primary, secondary, and
tertiary referral medical centres for cardiovascular patients
in Kochi Prefecture, Japan, with about 800 000 inhabitants.’
Between February 2004 and December 2013, 305 patients
with a diagnosis of HCM were registered. The diagnosis of
HCM was based on echocardiographic demonstration of left
ventricular hypertrophy (LVH), that is, maximum LV wall thick-
ness >15 mm, in the absence of another cardiac or systemic
disease that could cause LVH. Patients with known metabolic
disease or syndromic causes of LVH were excluded from the
study. Shortly afterward, three of the patients were diagnosed
as having specific cardiomyopathy: one patient with cardiac
amyloidosis and two patients with cardiac involvement of
Fabry disease. Finally, 302 patients were registered. In this
longitudinal study, we excluded 9 patients with no follow-up
data and the final study population consisted of 293 patients.

This investigation was performed according to the
Declaration of Helsinki. The study was approved by the Ethics
Committee on Medical Research of Kochi Medical School, and
informed consent was obtained from all patients or their
parents in accordance with the guidelines of the Ethics
Committee.

Clinical evaluation

Evaluation of patients included medical history, clinical exam-
ination, 12-lead electrocardiography (ECG), M-mode, 2D and
Doppler echocardiography, and ambulatory 24 h Holter ECG
analysis. The severity and distribution of LVH were assessed

in the parasternal short axis plane at mitral valve, papillary
muscle, and apical levels. Left ventricular end-diastolic
diameter (LVEDD) and end-systolic diameter (LVESD) were
measured from M-mode and 2-D images obtained from
parasternal long-axis views, and LV fractional shortening
[LVFS = (LVEDD — LVESD)/LVEDD x 100] was calculated. LV
outflow tract gradient was calculated from continuous-wave
Doppler using the simplified Bernoulli equation. Assessment
of mitral regurgitation included a comprehensive evaluation
of 2D and Doppler colour flow echocardiographic images.
We defined mitral regurgitation as significant mitral regurgi-
tation if the degree was moderate or severe. Moderate mitral
regurgitation was defined as a jet penetrating any depth
and encompassing 30% to 50% of the left atrium. Severe
mitral regurgitation was considered present when the a jet
encompassed >50% of the left atrial area.'

Based on morphologic and hemodynamic assessments by
echocardiography, we divided the patients into the following
five groups: (i) hypertrophic obstructive cardiomyopathy
(HOCM), defined as the presence of basal LV outflow tract
obstruction (gradient >30 mmHg at rest); (ii) midventricular
obstruction (MVO), defined as the presence of systolic LV cav-
ity obliteration at the midventricle creating midventricular ob-
struction with a peak systolic gradient >30 mmHg at rest; (iii)
end-stage HCM, defined as LV systolic dysfunction of global
ejection fraction (EF) < 50% (Global EF was determined from
apical two- and four-chamber views by modified Simpson’s
method.); (4) apical HCM, defined as hypertrophy confined
to the LV apex; and (5) hypertrophic non-obstructive cardio-
myopathy (HNCM): HCM without obstruction other than
end-stage HCM and apical HCM.*2

Paroxysmal AF episodes are episodes that terminate spon-
taneously or with intervention that restores sinus rhythm
<7 days after onset.’® AF epidodes lasting >7 days and termi-
nating spontaneously or with interventions (viz. persistent AF)
are included within the paroxysmal AF category. Permanent
AF episodes are episodes that persist until the patient and cli-
nician make a shared decision together to cease further at-
tempts to restore or maintain sinus rhythm.*® Long-standing
persistent AF (continuous AF lasting >12 months in duration)
was considered as permanent AF. The definition of new-onset
AF during the follow-up period was that AF was documented
for the first time under the recommended annual ECG
follow-up situation after the study registration in patients
without documentation of AF before or at registration.?

For prognostic analysis, three modes of HCM-related ad-
verse cardiovascular events were defined: (i) sudden cardiac
death (SCD)-relevant events were the composite of SCD,
spontaneous sustained ventricular tachycardia (VT) associ-
ated with hemodynamic instability, and appropriate implant-
able cardioverter defibrillator (ICD) discharge; (ii) HF events
included HF death and hospitalization for HF; and (iii) embolic
events were the composite of embolic stroke-related death
and admission for arterial thromboembolic events. Data on
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survival and clinical status of patients were obtained during
serial clinic visits or from records in their clinical charts in-
cluding information from other institutes. The study closed
on 31 December 2014.

Data analysis

All data are expressed as mean * SD or frequency (percent-
age). Differences in continuous variables were assessed using
Student’s t test. Pearson’s chi-square test was used for
comparisons between non-continuous variables, and Fisher’s
exact test was used when the expected frequency was lower
than 5. Event-free estimate curves were calculated by the
Kaplan—Meier method, and the log rank test was used for
comparison. Multivariate logistic regression analysis was
performed to estimate the odds ratios for predictors of
new-onset AF during the follow-up period in patients without
AF at registration. The determinants included conventional
factors and some variables with P <0.05 in univariate analysis:
gender, age at registration, LV end-diastolic diameter, left
atrial diameter, and the presence of palpitation at registra-
tion. Regarding left atrial size, receiver-operator characteristic

(ROC) analysis for predicting new-onset AF was performed
and the area under the curve (AUC) for determining the
cut-off value was used. Statistical significance was defined
by P < 0.05. Statistical analysis was performed using SPSS
version 21.0J (IPM Corp., Armonk, NY, USA).

Results

Baseline patient characteristics and factors with
atrial fibrillation at registration

The clinical characteristics of the 293 patients with HCM at
registration are summarized in Table 1.1° The ages at registra-
tion and at diagnosis were 63 + 14 (range: 7 to 88) and 56 + 16
(range: 6 to 87) years, respectively, and 197 patients (67%)
were men. Most of the 293 patients were completely asymp-
tomatic or mildly symptomatic at registration: 163 patients
(56%) were NYHA functional class I, 109 patients (37%) were
NYHA class Il, and only 21 patients (7%) were NYHA class .
At registration, 86 patients (29%) had documentation of AF
(46 patients with paroxysmal AF and 40 patients with

Table 1 Clinical characteristics of the 293 HCM patients with and without AF at registration

Overall cohort (n = 293) AF (+) (n = 86) AF (=) (n = 207) P
Age at registration, years 63 =14 68 £ 9 61 =17 <0.001
Gender: male, n (%) 197 (67%) 58 (67%) 139 (67%) 0.961
Age at diagnosis of HCM, years 56 = 16 58 + 13 55 + 17 0.209
Reason for diagnosis of HCM: symptoms, n (%) 136 (46%) 66 (77%) 70 (34%) <0.001
Family history of HCM, n (%) 76 (26%) 22 (26%) 54 (26%) 0.928
Family history of sudden death, n (%) 52 (18%) 14 (16%) 38 (18%) 0.672
Symptoms at registration, n (%)
NYHA functional class: Ill/IV 21 (7%) 18 (21%) 3 (1%) <0.001
Chest pain 77 (26%) 19 (22%) 58 (28%) 0.294
Palpitation 67 (23%) 29 (34%) 38 (18%) 0.004
Syncope 12 (4%) 4 (5%) 8 (4%) 0.752
Echocardiographic data at registration
Subtype, n (%) 0.011
HOCM 40 (14%) 10 (15%) 30 (14%)
MVO 8 (3%) 2 (2%) 6 (3%)
End-stage 13 (4%) 9 (10%) 4 (2%)
Apical HCM 52 (18%) 10 (12%) 42 (20%)
HNCM 180 (61%) 55 (64%) 125 (60%)
Presence of LV outflow obstruction, n (%) 36 (12%) 9 (10%) 27 (13%) 0.544
Maximum LV wall thickness, mm 19.9 £ 39 18.9 + 3.6 19.1 £ 4.1 0.824
LV end-diastolic diameter, mm 46.3 = 6.0 48.1 = 6.2 456 = 5.8 0.001
LV fractional shortening, % 40.9 £ 8.5 37.5 9.2 423 7.7 <0.001
Left atrial diameter, mm 443 £ 7.5 50.1 +7.3 41.8 £ 6.1 <0.001
Significant mitral regurgitation, n (%) 16 (5%) 7 (8%) 9 (4%) 0.257
Medications at registration, n (%)
Beta-blocker 119 (41%) 49 (57%) 70 (34%) <0.001
Calcium antagonist 79 (27%) 35 (41%) 44 (21%) 0.001
ACEI or ARB 78 (27%) 35 (41%) 43 (21%) <0.001
Diuretic 50 (17%) 38 (4%) 12 (6%) <0.001
Amiodarone 11 (4%) 8 (9%) 3 (1%) 0.003
Anti-coagulation therapy 79 (27%) 73 (85%) 6 (3%) <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; AF, atrial fibrillation; HCM, hypertrophic cardiomy-
opathy; HNCM, hypertrophic non-obstructive cardiomyopathy (HCM without obstruction other than end-stage HCM and apical HCM);
HOCM, hypertrophic obstructive cardiomyopathy; LV, left ventricular; MVO, midventricular obstruction; NYHA, New York Heart
Association.
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permanent AF). ICD implantation had been performed in four
patients.

Clinical characteristics of patients with and those without
AF at registration are shown in Table 1. Patients with AF were
older, were more symptomatic, and had a more advanced
disease stage (larger LV end-diastolic diameter, lower LVFS,
and larger left atrial diameter) than patients without AF. Oc-
currence of significant mitral regurgitation was not different
between the two groups. Regarding the treatments, more
prescriptions including beta-blocker, diuretic, and amioda-
rone were used in patients with AF.

Atrial fibrillation at registration and clinical
outcomes

As we previously reported,’® in this patient cohort, there
were 23 HCM-related deaths during the mean follow-up

period of 6.1 + 3.2 years. The HCM-related annual mortality
rate was 1.3%, and the HCM-related 5-year survival rate was
94%. Regarding overall HCM-related cardiovascular events, a
total of 77 adverse events in 70 patients occurred:
SCD-relevant events in 19 patients including 9 SCDs, HF
events in 35 patients including 11 HF deaths, and embolic
events in 23 patients including 3 embolic stroke deaths. As
we previously reported, the presence of AF, NYHA class I,
lower LVFS, and the presence of LV outflow tract obstruction
at registration were independent predictors of adverse
events.*?

Figure 1 shows HCM-related adverse events in HCM pa-
tients with and those without AF at registration: Figure 1A
for all events, Figure 1B for HF events, Figure 1C for embolic
events, and Figure ID for SCD-relevant events. Patients with
AF had more frequent HCM-related adverse events than did
those without AF. This tendency was remarkable in HF events
(Figure 1B).

Figure 1 HCM-related adverse events in HCM patients with and those without AF at registration: (A) For all events, (B) for HF events, (C) for embolic
events, and (D) for SCD-relevant events. AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy; HF, heart failure; SCD, sudden cardiac death.
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New-onset atrial fibrillation and clinical course

During the follow-up period, an additional 31 patients (11%)
had documentation of AF for the first time, defined as
new-onset AF, with an annual incidence of approximately

Figure 2 Flow diagram showing the timing of detection of AF. AF, atrial
fibrillation; HCM, hypertrophic cardiomyopathy.
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1.8%, and finally, a total of 117 patients (40%) in this
regional cohort showed AF (Figure 2). The median period
between the registration and documentation of new-onset
AF was 4.2 years. We focused on the 31 patients who had
new-onset AF.

Table 2 shows the baseline characteristics of patients with
and those without new-onset AF during the follow-up period
among the 207 patients without AF at registration. The per-
centage of patients complaining of palpitation was higher in
the new-onset AF group, although the presence of AF was
not confirmed at registration in those patients. Patients with
new-onset AF had more enlarged LV end-diastolic diameter
and left atrial diameter. Multivariate logistic regression analy-
sis was performed to clarify the determinants of new-onset
AF. Table 3 shows that the presence of palpitation and en-
larged left atrial diameter were significant predictors among
the five determinants. Regarding left atrial size for predicting
new-onset AF, the AUC value determined by ROC analysis
was 0.669 with the cut-off value of 43 mm. Left atrial diame-
ter >50 mm at registration was significantly associated with
new-onset AF in the univariate analysis (Table 4).

In the 31 patients with new-onset AF, 17 patients (55%) had
the HCM-related adverse events during the follow-up period.
Three patients suffered from the adverse events before

Table 2 Clinical characteristics of patients with and without new-onset AF during the follow-up period among the 207 HCM patients

without AF at registration

New-onset AF (+) (n = 31) New-onset AF (=) (n = 176) P
Age at registration, years 64 =12 60 = 16 0.234
Gender: male, n (%) 24 (77%) 115 (65%) 0.187
Age at diagnosis of HCM, years 57 + 14 55+ 17 0.591
Reason for diagnosis of HCM: symptoms, n (%) 13 (42%) 57 (32%) 0.300
Family history of HCM, n (%) 8 (26%) 46 (26%) 0.969
Family history of sudden death, n (%) 6 (19%) 32 (18%) 0.876
Symptoms at registration, n (%)
NYHA functional class: llI/IV 0 (0%) 3 (2%) 1.000
Palpitation 12 (39%) 26 (15%) 0.002
Echocardiographic data at registration
Subtype, n (%) 0.763
HOCM 5 (16%) 25 (14%)
MVO 0 (0%) 6 (3%)
End-stage 1 (3%) 3 (2%)
Apical HCM 5 (16%) 37 (21%)
HNCM 20 (65%) 105 (60%)
Presence of LV outflow obstruction, n (%) 4 (13%) 23 (13%) 1.000
Maximum LV wall thickness, mm 18.2 £+ 4.4 19.2 =+ 4.0 0.187
LV end-diastolic diameter, mm 47.7 + 6.5 452 + 5.6 0.032
LV Fractional shortening, % 41.4 + 8.7 425+ 7.5 0.465
Left atrial diameter, mm 448 + 55 41.3 £ 6.1 0.003
Significant mitral regurgitation, n (%) 2 (6%) 7 (4%) 0.626
Medications at registration, n (%)
Beta-blocker 15 (48%) 55 (31%) 0.063
Calcium antagonist 6 (19%) 38 (22%) 0.779
ACEI or ARB 7 (23%) 36 (20%) 0.788
Diuretic 2 (6%) 10 (6%) 0.697
Amiodarone 1 (3%) 2 (1%) 0.387
Anti-coagulation therapy 4 (13%) 2 (1%) 0.005

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker; HCM, hypertrophic cardiomy-
opathy; HNCM, hypertrophic non-obstructive cardiomyopathy (HCM without obstruction other than end-stage HCM and apical HCM);
HOCM, hypertrophic obstructive cardiomyopathy; MVO, midventricular obstruction; NYHA, New York Heart Association; LV, left

ventricular.
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Table 3 Predictors of new-onset AF during the follow-up period among the HCM patients without AF at registration (multivariate logistic
regression analysis)

0Odds ratio (95% Cl) P
Gender, male 1.968 (0.701-5.523) 0.199
Age at registration, years 1.019 (0.986-1.053) 0.269
Presence of palpitation at registration 4.811 (1.912-12.102) 0.001
LV end-diastolic diameter, mm 1.040 (0.958-1.128) 0.351
Left atrial diameter, mm 1.089 (1.014-1.171) 0.020

AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy; LV, left ventricular.

Table 4 Left atrial diameter at registration and new-onset AF during the follow-up period among the HCM patients without AF at
registration

Odds ratio (95% Cl) P
Left atrial diameter <43 mm Reference
Left atrial diameter >43 mm, <50 mm 2.273 (0.967-5.343) 0.060
Left atrial diameter >50 mm 3.409 (1.106-10.512) 0.033

AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy.

Figure 3 HCM-related adverse events in HCM patients with AF at registration, those with new-onset AF, and those without detection of AF during the
follow-up period: (A) for all events, (B) for HF events, (C) for embolic events, and (D) for SCD-relevant events. AF, atrial fibrillation; HCM, hypertrophic
cardiomyopathy; HF, heart failure; SCD, sudden cardiac death.
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Figure 4 HCM-related adverse events in HCM patients with new-onset
AF observed from AF onset and those with AF at registration. *In the pa-
tients with AF at registration who had documentation of AF (including
paroxysmal AF) before or at registration, we have set a unified point at
registration as the timing of AF detection in this prospective cohort study.
AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy.
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detection of AF (all had embolic stroke events) and one of the
three patients had HF hospitalization after AF documentation.
In the six of the 17 new-onset AF patients with the adverse
events, AF was detected on the same day as occurring the
HCM-related events: three patients with embolic events,
two patients with HF admission, and one patient with
sustained VT.

Figure 3 shows the HCM-related adverse events in HCM pa-
tients with AF at registration, those with new-onset AF, and
those without detection of AF during the follow-up period:
Figure 3A for all events, Figure 3B for HF events, Figure 3C
for embolic events, and Figure 3D for SCD-relevant events.
The rates of events in patients in the new-onset AF group rap-
idly approached those in patients with AF at registration. We
focused on the period from the detection of AF to the occur-
rence of the HCM-related adverse events in Figure 4. Impor-
tantly, the incidence of all HCM-related adverse events was
further higher in patients with new-onset AF observed from
AF onset compared with those with AF at registration (Figure
4: the three embolic events before detection of AF were not
included in the analysis in patients with new-onset AF). A
certain number of the HCM-related adverse events seemed
to be associated with new occurrence of AF.

Discussion

The major findings of our prospective study were that (i)
about 30% of the HCM patients had a current or past history
of AF at registration; (ii) patients with AF at registration were
characterized by worse clinical profiles including more ad-
vanced age, more symptomatic, more advanced LV and left

atrial remodelling at registration, and AF at registration was
associated with an increased incidence of HCM-related ad-
verse events, particularly HF events; (iii) approximately 1.8%
of the patients without detection of AF at registration
developed new AF annually, and the presence of palpitation
and enlarged left atrial diameter, particularly left atrial diame-
ter >50 mm, at registration were significant predictors of
new-onset AF; and (iv) patients with new-onset AF had a
further higher incidence of HCM-related adverse events ob-
served from AF onset than did patients with AF at registration.

Atrial fibrillation represents the most common arrhythmia
in patients with HCM. Although the reported prevalence of
AF in several HCM populations was around 20%,*” the prev-
alence of AF in our study was 29% at registration and finally
reached 40% during the follow-up period. This relatively high
prevalence of AF is probably due to our aged cohort. Age at
our regional cohort in the Kochi RYOMA study was older than
that of HCM cohorts in previous studies.*” This age distribu-
tion of patients in the present study is probably because of
the fact that Kochi Prefecture, where our study was per-
formed, is located far from urban areas and is one of the
most aged communities in Japan. We think that, at least in
Japanese rural regions, many patients with this disease are
middle-aged or elderly despite the fact that HCM is regarded
as a genetic disorder. Maron et al. reported that the segment
of an HCM cohort with advanced age (>50 years old) was
most vulnerable to stroke and other peripheral vascular
events and that this risk progressed with advance of age,
probably due mainly to the more frequent occurrence of AF
in older patients.®

Regarding HCM-related adverse events, it is well known
that AF is a strong determinant of arterial embolic events.**
Furthermore, there have been several retrospective studies
showing that HCM patients with AF had increased risk for
heart failure-related mortality and severe functional disability
as well as stroke.>™” However, Rowin et al. recently showed in
their retrospective study that AF is associated with a low rate
of cardiovascular mortality and does not appear to be an inde-
pendent determinant of HF morbidity.2 On the other hand, in
our prospective patient cohort, we recently reported that
though mortality was favourable, clinically important morbid
events frequently occurred and AF was an independent pre-
dictor of overall HCM-related adverse events.'® In the present
study, we focused on AF and conducted a detailed investiga-
tion. Patients with AF at registration were characterized by
worse clinical profiles and AF at registration was strongly asso-
ciated with increased incidence of HCM-related adverse
events, particularly HF events. From these results, it is difficult
to determine whether AF is just a marker of advanced stage of
the disease or whether AF itself causes those events. Here, we
further assessed the clinical significance of newly developed
AF. If AF could be just a marker of the disease stage, we ex-
pected that they would be parallel graphs of HCM-related ad-
verse events between in patients with new-onset AF and in
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patients with AF at registration. However, as shown in Figure
3A, the rates of events in patients in the new-onset AF group
rapidly approached those in patients with AF at registration.
Then, we focused on the period from the detection of AF to
the occurrence of the HCM-related adverse events and found
that patients with new-onset AF had a higher incidence of
HCM-related adverse events observed from AF onset com-
pared with patients who had AF at the beginning of the regis-
tration (Figure 4). Based on these findings, we consider that
AF may not be just a marker of disease stage but an important
trigger of HCM-related adverse events although the direct
cause-effect relationship was not provided in our observa-
tional registry study. In general, AF exerts negative hemody-
namic effects by decreasing cardiac output via the loss of
atrial contraction, impaired ventricular rate control and trig-
gering ventricular arrhythmias. Yamauchi et al. found in their
large-scale chronic HF registry (CHART-2) that onset of new
AF, but not a history of AF, was associated with increased
mortality in general chronic HF patients.’® Therefore, more
careful management of HCM patients with AF, particularly
for those with new-onset AF, is needed. Furthermore, pa-
tients with HCM who develop AF even without any symptoms
should be identified early in clinical practice. The results of our
study showed that the presence of palpitation and enlarged
left atrial diameter, particularly left atrial diameter >50 mm,
are simple but useful findings predicting the development of
new AF. The 2014 ESC Guidelines recommended that 48-hour
ambulatory ECG monitoring every 6—12 months to detect AF
should be considered in patients who are in sinus rhythm
and have a left atrial diameter of >45 mm.?

Limitations

There are several limitations to be acknowledged in the pres-
ent study. First, the number of study patients was relatively
small and some of the statistical analyses might have been
affected. In addition, our study cohort differs from tertiary
center cohorts in which referral patterns are skewed toward
patients perceived to be at high risk. The cohort in the present
study was a community-based cohort and included less
high-risk patients for sudden death than those in major refer-
ral centers. Second, only about 70% of the patients had Holter
ECG monitoring during the follow-up period. Due to no
systematic strategy of arrhythmic monitoring in this study,
AF counted as new-onset could represent previously unrecog-
nized arrhythmias and the prevalence of AF might have been

References

1. Gersh BJ, Maron BJ, Bonow RO, Dearani
JA, Fifer MA, Link MS, Naidu SS,

Nishimura RA, Ommen SR, Rakowski ogy

H, Seidman CE, Towbin JA, Udelson JE,
Yancy CW, American College of Cardiol-
Foundation/American

underestimated both at the time of registration and at the
time of last evaluation. Third, in this study, we did not find
any clinical impact of therapeutic interventions for AF. This
can be because even treatments aimed at rhythm control
were not always successful. Given that AF might be a trigger
for worsening disease condition in HCM, aggressive interven-
tions such as AF catheter ablation or the Maze procedure at
surgical myectomy can improve the outcomes.® Recently,
the practice of AF catheter ablation has been increasing in
our area, and it is necessary to investigate the therapeutic
intervention in AF and the effects including maintenance rate
of sinus rhythm and clinical course in our HCM population.

Conclusions

In our unselected registry in an aged Japanese community,
29% of the patients at registration had documentation of
AF and the annual detection rate of new-onset AF was 1.8%
during the follow-up period. Although HCM mortality was
favourable, a considerable number of patients suffered from
HCM-related adverse events. The presence of AF, particularly
new-onset AF, was associated with unfavourable clinical out-
comes. AF may not be just a marker of disease stage but an
important trigger of HCM-related adverse events.

Acknowledgements

Participating investigators from the study hospitals are
Naohisa Hamashige, MD, Masahiko Fukatani, MD, Shoichi
Kubokawa, MD, Yoko Nakaoka, MD (Chikamori Hospital),
Takashi Yamasaki, MD (National Hospital Organization Kochi
National Hospital), Yoko Hirakawa, MD (Tosa Municipal Hos-
pital), Masanori Kuwabara, MD (Kochi Prefectural Aki General
Hospital), Katsutoshi Tanioka, MD, MD, Tatsuya Noguchi, MD,
Kazuya Miyagawa, MD (Kochi Medical School). We would like
to thank the physicians who made this study possible.

Conflict of interest

None of the authors have conflict of interest to disclose in
connection with our manuscript.

Association Task Force on Practice
Guidelines, American Association for

Heart Thoracic Surgery, American Society of

ESC Heart Failure 2021; 8: 5022-5030
DOI: 10.1002/ehf2.13563



5030

T. Kubo et al.

Echocardiography; American Society of
Nuclear Cardiology, Heart Failure Soci-
ety of America, Heart Rhythm Society;
Society for Cardiovascular Angiography
and Interventions, Society of Thoracic
Surgeons. 2011 ACCF/AHA guideline
for the diagnosis and treatment of hyper-
trophic cardiomyopathy: executive sum-
mary: a report of the American College
of Cardiology Foundation/American
Heart Association Task Force on practice
guidelines. Circulation 2011; 124:
2761-2796.

. Elliott PM, Anastasakis A, Borger MA,
Borggrefe M, Cecchi F, Charron P,
Hagege AA, Lafont A, Limongelli G,
Mahrholdt H, McKenna WJ, Mogensen
J, Nihoyannopoulos P, Nistri S, Pieper
PG, Pieske B, Rapezzi C, Rutten FH,
Tillmanns C, Watkins H. 2014 ESC
Guidelines on diagnosis and manage-
ment of hypertrophic cardiomyopathy:
the Task Force for the Diagnosis and
Management of Hypertrophic Cardiomy-
opathy of the European Society of Cardi-
ology (ESC). Eur Heart J 2014; 35:
2733-2779.

. Kitaoka H, Kubo T, Doi YL. Hypertrophic
cardiomyopathy: a heterogeneous and
lifelong disease in real world. Circ J.
2020; 84: 1218-1226.

. Maron BJ, Casey SA, Poliac LC, Gohman
TE, Almquist AK, Aeppli DM. Clinical
course of hypertrophic cardiomyopathy
in a regional United States cohort. JAMA
1999; 281: 650-655.

. Olivotto I, Cecchi F, Casey SA,
Dolara A, Traverse JH, Maron BJ.
Impact of atrial fibrillation on the
clinical course of hypertrophic cardio-
myopathy. Circulation 2001; 104:
2517-2524.

. Maron BJ, Olivotto I, Bellone P, Conte
MR, Cecchi F, Flygenring BP, Casey
SA, Gohman TE, Bongioanni S, Spirito
P. Clinical profile of stroke in 900 pa-
tients with hypertrophic cardiomyopa-
thy. J Am Coll Cardiol 2002; 39:
301-307.

10.

11.

12.

. Siontis KC, Geske JB, Ong K, Nishimura

RA, Ommen SR, Gersh BJ. Atrial fibrilla-
tion in hypertrophic cardiomyopathy:
prevalence, clinical correlations, and
mortality in a large high-risk population.
J Am Heart Assoc 2014;3:e001002.
https://doi.org/10.1161/
JAHA.114.001002

. Rowin EJ, Hausvater A, Link MS, Abt P,

Gionfriddo W, Wang W, Rastegar H,
Estes NAM, Maron MS, Maron BJ.
Clinical profile and consequences of
atrial fibrillation in hypertrophic cardio-
myopathy. Circulation 2017; 136:
2420-2436.

. Kubo T, Kitaoka H, Okawa M, Hirota T,

Hayato K, Yamasaki N, Matsumura Y,
Yabe T, Takata J, Doi YL. Clinical impact
of atrial fibrillation in patients with hy-
pertrophic  cardiomyopathy. Results
from Kochi RYOMA Study. Circ J. 2009;
73: 1599-1605.

Kubo T, Hirota T, Baba Y, Ochi Y,
Takahashi A, Yamasaki N, Hamashige
N, Yamamoto K, Kondo F, Bando K,
Yamada E, Furuno T, Yabe T, Doi YL,
Kitaoka H. Patients’ characteristics and
clinical course of hypertrophic cardio-
myopathy in a regional Japanese cohort
-results from Kochi RYOMA Study. Circ
J 2018; 82: 824-830.

Zoghbi WA, Enriquez-Sarano M, Foster
E, Grayburn PA, Kraft CD, Levine RA,
Nihoyannopoulos P, Otto CM, Quinones
MA, Rakowski H, Stewart WJ, Waggoner
A, Weissman NJ, American Society of
Echocardiography. = Recommendations
for evaluation of the severity of native
valvular  regurgitation ~with  two-
dimensional and Doppler echocardiogra-
phy. J Am Soc Echocardiogr 2013; 16:
777-802.

Kitaoka H, Tsutsui H, Kubo T, Ide T,
Chikamori T, Fukuda K, Fyjino N, Higo
T, Isobe M, Kamiya C, Kato S, Kihara Y,
Kinugawa K, Kinugawa S, Kogaki S,
Komuro I, Hagiwara N, Ono M,
Maekawa Y, Makita S, Matsui Y, Matsu-
shima S, Sakata Y, Sawa Y, Shimizu W,

13.

14.

15.

Teraoka K, Tsuchihashi-Makaya M,
Ishibashi-Ueda H, Watanabe M,
Yoshimura M, Fukusima A, Hida S,
Hikoso S, Imamura T, Ishida H, Kawai
M, Kitagawa T, Kohno T, Kurisu S,
Nagata Y, Nakamura M, Morita H,
Takano H, Shiga T, Takei Y, Yuasa S, Ya-
mamoto T, Watanabe T, Akasaka T, Doi
Y, Kimura T, Kitakaze M, Kosuge M,
Takayama M, Tomoike H, Japanese Cir-
culation Society Joint Working Group.
JCS 2018 Guideline on the diagnosis
and treatment of cardiomyopathy. Circ J
2021 (in press).

Nogami A, Kurita T, Abe H, Ando K,
Ishikawa T, Imai K, Usui A, Okishige K,
Kusano K, Kumagai K, Goya M,
Kobayashi Y, Shimizu A, Shimizu W,
Shoda M, Sumitomo N, Seo Y, Takahashi
A, Tada H, Naito S, Nakazato Y,
Nishimura T, Nitta T, Niwano S,
Hagiwara N, Murakawa Y, Yamane T,
Aiba T, Inoue K, Iwasaki Y, Inden Y, Uno
K, Ogano M, Kimura M, Sakamoto SI,
Sasaki S, Satomi K, Shiga T, Suzuki T,
Sekiguchi Y, Soejima K, Takagi M,
Chinushi M, Nishi N, Noda T, Hachiya
H, Mitsuno M, Mitsuhashi T, Miyauchi
Y, Miyazaki A, Morimoto T, Yamasaki H,
Aizawa Y, Ohe T, Kimura T, Tanemoto
K, Tsutsui H, Mitamura H; Japanese
Circulation Society Joint Working
Group. JCS/JHRS 2019 Guideline on
non-pharmacotherapy of cardia arrhyth-
mias. Circ J. 2021;85:1104-1244.
https://doi.org/10.1253/circj.CJ-20-
0637

MacIntyre C, Lakdawala NK. Manage-
ment of atrial fibrillation in hypertrophic
cardiomyopathy. Circulation 2016; 133:
1901-1905.

Yamauchi T, Sakata Y, Miura M, Tadaki
S, Ushigome R, Sato K, Onose T, Tsuji
K, Abe R, Oikawa T, Kasahara S,
Nochioka K, Takahashi J, Miyata S,
Shimokawa H, CHART-2 Investigators.
Prognostic impact of new-onset atrial fi-
brillation in patients with chronic heart
failure. Circ J 2016; 80: 157-167.

ESC Heart Failure 2021; 8: 5022-5030
DOI: 10.1002/ehf2.13563


https://doi.org/10.1161/JAHA.114.001002
https://doi.org/10.1161/JAHA.114.001002
https://doi.org/10.1253/circj.CJ-20-0637
https://doi.org/10.1253/circj.CJ-20-0637

