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BACKGROUND: Hypertrophic cardiomyopathy (HCM) is a genetic disorder affecting not only the myocardium but also the mitral
valve (MV) and its apparatus. This study aimed to investigate the prognostic implication of MV disease and its progression in
East Asian patients with HCM.

METHODS AND RESULTS: We assessed MV structure and function on the indexed echocardiogram of 1185 patients with HCM
(mean+SD age, 60+14years; men, 67%) in a longitudinal HCM registry, and 667 patients who performed follow-up echocar-
diogram after 3 to Syears were also analyzed. Progression of mitral regurgitation (MR) was defined as the increase of at least
1 grade. Clinical outcomes were defined as a composite of cardiovascular death, heart failure hospitalization, MV surgery or
septal myectomy, and heart transplantation. Most of the entire cohort was nonobstructive type (n=1081 [91.2%]). A total of
278 patients (23.5%) showed at least mild MR on indexed echocardiogram. MR, systolic anterior motion, and mitral annular
calcification were more prevalent in patients with obstructive HCM. During 7.0+4.0years of follow-up, presence of MR was
independently associated with poor clinical outcomes (hazard ratio [HR], 1.60 [95% ClI, 1.07-2.40]; P=0.023). On follow-up
echocardiogram, 67 (10.0%) patients showed MR progression, and it was independently associated with poor prognosis (HR,
2.46 [95% Cl, 1.29-4.71]; P=0.007).

CONCLUSIONS: In East Asian patients with HCM whose major type is nonobstructive, MV disease is common. MR, systolic
anterior motion, and mitral annular calcification are more prevalent in patients with obstructive HCM. The presence and pro-
gression of MR are associated with a poor prognosis in patients with HCM.
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Since mitral regurgitation (MR) in patients with HCM

disorder characterized by asymmetric left ven-

tricular (LV) hypertrophy and a broad clinical and
morphological spectrum.”? The prognosis of HCM has
recently improved in large part because of the devel-
opment of interventional and surgical treatments, such
as implantable cardioverters-defibrillators and septal
myectomy.3* Therefore, the life expectancy of patients
with HCM has increased, and risk factors and out-
comes of heart failure (HF) in patients with HCM have
become important.

Hypertrophio cardiomyopathy (HCM) is a genetic

first was described in the 1960s,%® the diversity of
structural and functional mitral valve (MV) alterations
in HCM has been elucidated.”"" The common struc-
tural abnormalities of MV, which are observed easily
on echocardiogram, include systolic anterior motion
(SAM), MV prolapse, and mitral annular calcification
(MAC), and these can be accompanied by MR or mi-
tral stenosis (MS). Theoretically, these MV diseases
can be a risk factor for HF aggravation through eleva-
tion of LV filling pressure in the hypertrophied and stiff
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CLINICAL PERSPECTIVE

What Is New?

e Mitral valve disease in patients with hypertrophic
cardiomyopathy is common.

e Mitral regurgitation, systolic anterior motion,
and mitral annular calcification are more prev-
alent in patients with obstructive hypertrophic
cardiomyopathy.

e The presence and progression of mitral regur-
gitation are associated with a poor prognosis in
patients with hypertrophic cardiomyopathy.

What Are the Clinical Implications?

e Careful assessment of mitral valve functional
abnormalities and detailed evaluation of mitral
valve anatomical features are needed to predict
subsequent complications in patients with hy-
pertrophic cardiomyopathy.

Nonstandard Abbreviations and Acronyms

HCM hypertrophic cardiomyopathy
MAC mitral annular calcification
MR mitral regurgitation

MV mitral valve

SAM systolic anterior motion

myocardium. However, data about the prognostic im-
plication of MV disease and its progression in patients
with HCM are scarce. Therefore, in the present study,
we sought to investigate the prognostic implication of
representative MV disease and functional changes in
East Asian patients with HCM in a single-center longi-
tudinal HCM regjistry.

METHODS

Anonymized data and materials are available at Yonsei
University College of Medicine (Seoul, Korea). In ad-
dition, researchers who are interested in accessing
the data may request by reasonable contact to Yonsei
University College of Medicine.

Study Population

We identified 1193 patients who were diagnosed as
having HCM in a single-center HCM registry between
January 2005 and December 2016. The diagnosis of
HCM was based on echocardiographic demonstration
of a hypertrophied, nondilated LV in the absence of
another cardiac or systemic disease that could pro-
duce a comparable magnitude of LV hypertrophy.? For
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this study, we excluded patients with previous septal
myectomy and prior MV surgery before the indexed
echocardiogram. Finally, 1185 patients (mean+SD age,
B60+14years; men, 67%) were included in the analy-
sis. Patients were classified into 2 groups based on
presence of LV outflow tract (LVOT) obstruction: ob-
structive (group 1; n=104) and nonobstructive (group
2; n=1081) HCM. LVOT obstruction was defined as
peak pressure gradient of the LVOT >30mmHg on
continuous-wave Doppler echocardiogram at rest or
with physiologic provocation.? Patients’ clinical data,
medications, echocardiographic characteristics, in-
cluding MV structural and functional abnormalities,
and clinical outcomes were reviewed retrospectively.
Among the total study population, 667 patients who
underwent the follow-up echocardiogram between 3
and bSyears after the index echocardiogram without
any clinical outcomes between the index and follow-
up echocardiogram were additionally collected and
analyzed. The study was approved by the Institutional
Review Board of Yonsei University Health System
(Institutional Review Board number: 4-2012-0655) and
conducted according to the Declaration of Helsinki.
The institutional review board waived the need for the
patient’s informed consent because of the retrospec-
tive nature of this study.

Echocardiography

Two-dimensional and Doppler measurements were
performed using a commercially available ultrasound
machine (Vivid E9; GE Health Care, Horten, Norway;
Philips iE33; Philips Medical System, Endover, MA,
USA) with a 2.5- to 3.5-MHz probe, according to the
American Society of Echocardiography guidelines.'?'3
LV ejection fraction was measured using the biplane
Simpson’s method in apical 4- and 2-chamber views.
Left atrial (LA) volume index was measured by the bi-
plane method as the end of ventricular systole and in-
dexed to the body surface area. From the mitral inflow
velocities, we obtained data on peak velocity of early
and late filing and deceleration time of early velocity.
Early diastolic tissue Doppler velocities were measured
at the septal mitral annulus.

The severity and mechanism of MV dysfunction,
including MR and MS, were assessed according to
American Society of Echocardiography guidelines.'41®
The degrees of MR and MS, if present, were graded
as mild, moderate, or severe using an integrated ap-
proach.'*® Significant valvular dysfunction was defined
as at least moderate degree of valvular dysfunction. SAM
was evaluated by both the parasternal long-axis and the
apical 3-chamber views using 2-dimensional echocar-
diogram. SAM was defined as the systolic motion of the
mitral leaflets into the LVOT, resulting in turbulent flow."
MV prolapse was defined as end-systolic displacement
of the MV leaflet at least 2mm above the plane of the
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mitral annulus in the parasternal long-axis view.'® MAC
was defined by an intense echocardiograph-producing
structure at the junction of the atrioventricular groove and
both mitral leaflets in the parasternal long or short axis
or apical 4-chamber view."” Intrinsic MV disease was de-
fined as a structural problem of the MV leaflet or adjacent
structures, represented by MV prolapse or MAC. MR
regression/progression was defined as the decreased/
increased grade by at least 1 grade on follow-up echo-
cardiogram. Echocardiographic variables were reviewed
by 2 expert cardiologists (DY Kim, J Seo, | Cho, GR Hong,
JW Ha, CY Shim) who were blinded to the clinical results.

Clinical Outcomes

Clinical outcomes were defined as a composite of car-
diovascular death, HF hospitalization, MV surgery or
septal myectomy, and heart transplantation. Surgical
treatments, including MV surgery, septal myectomy,
and heart transplantation, were decided at the dis-
cretion of clinicians. If a patient had at least 2 clinical
events, the first event was included for end points.

Statistical Analysis

Continuous variables are presented as mean+SD, and
categorical variables are presented as number and
percentage for each group. Comparisons of base-
line clinical and echocardiographic parameters were
analyzed using Student t-test for continuous variables
and x? test for categorical variables. Clinical outcomes
were constructed using Kaplan-Meier methods, and
comparisons among groups were performed using
a log-rank test. The significance of MV disease or
progression of MV disease on clinical outcomes was
analyzed with univariate and multivariate Cox propor-
tional hazard regression models. P<0.05 was con-
sidered statistically significant. All statistical analyses
were performed using SPSS 25.0 software (IBM Corp,
Armonk, NY).

RESULTS

Baseline Clinical and Echocardiographic
Characteristics

Baseline clinical and echocardiographic characteris-
tics of patients in the 2 groups are shown in Table 1.
Most of the entire cohort was nonobstructive type
(n=1081 [91.2%)]). Compared with obstructive HCM,
patients with nonobstructive HCM were older, and
more were men. There was no difference in the pro-
portion of comorbidities between the 2 groups, except
a history of alcohol septal ablation and implantable
cardioverters-defibrillators. In terms of drug treatment,
B-blockers and calcium channel blockers were pre-
scribed more often in the group with obstructive HCM.
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Renin-angiotensin-aldosterone blockers and diuretics
were prescribed more often in the group with nonob-
structive HCM, but no statistical differences were seen.
As expected, because the classification of both groups
was based on echocardiographic findings, patients
with obstructive HCM had smaller LV chambers and in-
creased LV wall thickness than those with nonobstruc-
tive HCM. In addition, larger mean LA volume index and
higher LV ejection fraction, early diastolic mitral inflow
velocity, and ratio of early diastolic mitral inflow veloc-
ity/early diastolic mitral annular tissue velocity were ob-
served in the group with obstructive HCM compared
with the group with nonobstructive HCM.

MV Functional and Structural
Abnormalities

The functional and structural abnormalities of MV are
presented in Table 2. Of the total 1185 patients, 278
(23.5%) had at least mild MR. The percentage of pa-
tients with MR was high in obstructive HCM, but the
overall number of patients was high in nonobstructive
HCM because of the higher number of nonobstructive
patients in our cohort. A further analysis of 278 patients
with MR is described in Table S1. In this result, patients
with nonobstructive HCM were older (mean+SD age,
63.7+13.6 versus 57.0+15.8years; P=0.001) and had
more prevalent atrial fibrillation (40.2% versus 23.7%;
P=0.020) than those with obstructive HCM. Only 1
patient who had residual LVOT obstruction after alco-
hol septal ablation showed mild MR. Patients with ob-
structive HCM with MR had a significantly higher rate
of MAC than those with nonobstructive HCM with MR
(37.3% versus 16.0%; P<0.001). These findings suggest
that the stiffer myocardium and its consequent hemo-
dynamic load in obstructive HCM might have caused
structural and functional abnormalities of the MV.

There was no MS above moderate in either group,
and mild MS was rare in 19 (1.6%) patients. The inci-
dence of MS tended to be higher in obstructive HCM,
but statistical significance was marginal. In 19 patients
with MS, all had the morphological features of MAC,
and 1 patient (5.2%) had the combined features of
MAC and rheumatic valve disease. On the Doppler as-
sessment of MS, the mean diastolic pressure gradient
was 2.4+1.1 mmHg, and the results showed no differ-
ences between the 2 types of HCM. In terms of the
degree of MR in all patients with MS, 5 patients (26.3%)
had mild MR and 3 patients (15.8%) had significant MR
(moderate MR or higher). However, the presence of
MR in patients with MS did not show the significant
difference of clinical outcomes.

The overall prevalence of SAM, MV prolapse, and
MAC was 12.5%, 2.4%, and 13.0%, respectively.
MAC was more prevalent in obstructive HCM than
in nonobstructive HCM, but there were no significant
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Table 1. Baseline Clinical and Echocardiographic Characteristics
Obstructive Nonobstructive

Characteristic Total (n=1185) HCM (n=104) HCM (n=1081) P value

Clinical variables
Age, y 59.5+13.9 56.1£15.3 59.8+13.7 0.009
Male sex, n (%) 791 (66.8) 60 (57.7) 732 (67.7) 0.038
BMI, kg/m? 24.7+3.8 24.6+3.4 24.8+3.8 0.746
Hypertension, n (%) 606 (51.1) 53 (51.0) 553 (51.2) 0.970
Diabetes, n (%) 199 (16.8) 18 (17.3) 181 (16.7) 0.883
Dyslipidemia, n (%) 248 (20.9) 21(20.2) 227 (21.0) 0.847
CKD, n (%) 56 (4.7) 3(2.9) 53 (4.9) 0.354
Atrial fibrillation, n (%) 258 (21.8) 18 (17.3) 240 (22.2) 0.248
CAD, n (%) 124 (10.5) 12 (11.5) 112 (10.4) 0.708
Prior alcohol ablation, n (%) 3(0.3) 2 (1.9 1(0.9) <0.001
Presence of ICD, n (%) 48 (4.1) 11 (10.6) 37 (3.4) <0.001

Medications, n (%)
RAAS blockers 454 (38.3) 31 (29.8) 423 (39.1) 0.062
B-Blockers 562 (47.4) 65 (62.5) 497 (46.0) 0.001
CCBs 458 (38.6) 54 (51.9) 404 (37.4) 0.004
Diuretics 233 (19.7) 13 (12.5) 220 (20.4) 0.054
Statin 304 (25.7) 27 (26.0) 277 (25.6) 0.940
Antiplatelet agents 466 (39.9) 35 (33.7) 431 (39.9) 0.215
Anticoagulants 144 (12.2) 9 ( 135 (12.5) 0.253

Echocardiographic variables
LVEDD, mm 46.5+6.8 43.9+71 46.8+6.7 <0.001
LVESD, mm 31.6+6.5 28.0+5.1 31.9+6.5 <0.001
LV maximal thickness, mm 18.3+3.7 19.9+51 18.2+3.5 0.001
IVS thickness, mm 14.0+4.3 17.5+5.4 13.7£41 <0.001
PW thickness, mm 10.7+2.0 11.3+2.6 10.6+1.9 0.016
LVEF, % 68.9+8.5 73.7+8.2 68.5+8.4 <0.001
LA volume index, mL/m? 38.3+20.5 42.4+15.4 37.8+20.9 0.041
E velocity, m/s 0.63+0.19 0.70£0.23 0.63+0.19 0.003
E/e’ 151+6.4 18.9+7.6 14.7+6.1 <0.001
RVSP, mmHg 28.3+8.2 29.1+7.7 28.2+8.2 0.346

BMI indicates body mass index; CAD, coronary artery disease; CCB, calcium channel blocker; CKD, chronic kidney disease; E, mitral inflow early diastolic
filling; E/e’, ratio of early diastolic mitral inflow velocity/early diastolic mitral annular tissue velocity; HCM, hypertrophic cardiomyopathy; ICD, implantable
cardioverter-defibrillator; IVS, interventricular septum; LA, left atrial; LV, left ventricular; LVEDD, LV end-diastolic dimension; LVEF, LV ejection fraction; LVESD,
LV end-systolic dimension; PW, posterior wall; RAAS, renin-angiotensin-aldosterone system; and RVSP, right ventricular systolic pressure.

differences in the prevalence of MV prolapse. The rela-
tionship between the structural MV abnormalities and
MR is shown in Table S2. The patients with the pres-
ence of MAC or MV prolapse revealed a significantly
higher incidence of MR and significant MR.

Among 97 patients who had SAM in obstructive HCM,
66 (68.0%) did not have intrinsic MV disease, but 31 (32.0%)
had combined intrinsic MV disease. When we analyzed
the functional characteristics according to the presence of
intrinsic MV disease, patients with combined intrinsic MV
disease showed a higher prevalence of either presence of
MR (P=0.001) or significant MR (P=0.001) (Table S3).

In 1081 patients with nonobstructive HCM, 30 (2.8%)
had significant MR. Among the patients with significant
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MR, more than half of patients (n=16 [563.3%)]) had a
degenerative change of MV: 12 patients with leaflet
thickening and 4 patients with MAC; 8 patients (26.7%)
had MV prolapse, and 4 patients (13.3%) had func-
tional change (3 patients of mitral annular dilation and
1 patient of MV tethering). Two patients (6.7 %) had both
MAC and MV prolapse.

Cardiovascular Outcomes According to
MV Abnormalities in HCM

During 7.0+4.0years of follow-up after the indexed
echocardiogram, total clinical events occurred in 126
patients (10.6%) (Table 3). There was significantly more
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Table 2. MV Functional and Structural Abnormalities

MV function

MR, n (%) 278 (23.5) 59 (56.7) 219 (20.3) <0.001
Mild 232 (19.6) 43 (41.3) 189 (17.5)
Moderate 35 (3.0) 13 (12.5) 22 (2.0)
Severe 11(0.9) 3(2.9) 8(0.7)

MS 19 (1.6) 4(3.8) 15 (1.4) 0.057
Mild, n (%) 19(1.6) 4(3.8) 15 (1.8)
Moderate, n (%) 0(0.0) 0(0.0 0(0.0)
Severe, n (%) 0(0.0) 0(0.0) 0(0.0)
MDPG, mmHg 2.4+1.1 2.4+1.3 2.3+1.1 0.979

MV structure, n (%)

SAM 148 (12.5) 97 (93.3) 51 (4.7) <0.001

MV prolapse 29 (2.4) 3(2.9) 26 (2.4) 0.762
Posterior 8(0.7) 2(1.9) 6 (0.6)
Anterior 16 (1.4) 1(1.0) 15 (1.4)
Both 5(0.4) 0(0.0) 5(0.5)

MAC 154 (138.0) 29 (27.9) 125 (11.6) <0.001
Posterior 151 (12.7) 29 (27.9) 122 (11.3)
Anterior 0(0.0) 0(0.0) 0(0.0)
Both 3(0.3) 0(0.0) 3(0.3)

HCM indicates hypertrophic cardiomyopathy; MAC, mitral annular calcification; MDPG, mean diastolic pressure gradient; MR, mitral regurgitation; MS, mitral

stenosis; MV, mitral valve; and SAM, systolic anterior motion.

MV surgery or septal myectomy events in the group
with obstructive HCM than in the group with nonob-
structive HCM. However, events of cardiovascular
death, HF hospitalization, and heart transplantation
were not significantly different between the 2 groups.
The causes of cardiovascular death were aggravated
HF (n=9), sudden cardiac death (n=9), acute myocar-
dial infarction (n=2), and aortic dissection (n=1), in order

Table 3. Clinical Outcomes

of frequency. When the entire cohort was divided by
the presence of MR, patients with MR had significantly
more events than those without MR, not only in com-
posite clinical outcomes but also in all event catego-
ries, except heart transplantation. In addition, clinical
events were analyzed according to the presence of MR
in each type of HCM. In obstructive HCM, the pres-
ence or absence of MR did not make a difference in all

Composite clinical outcomes 126 (10.6) 24 (23.1) 102 (9.4) <0.001 60 (21.6) 66 (7.3) <0.001
Cardiovascular death 21 (1.8) 1(1.0) 20 (1.9 0.512 10 (3.6) 1(1.2 0.008
HF hospitalization 90 (7.6) 7(6.7) 83 (7.7) 0.728 38 (13.7) 52 (5.7) <0.001
MV surgery/septal myectomy 23 (1.9) 19 (18.3) 4 (0.4) <0.001 17 (6.1) 6(0.7) <0.001
Heart transplantation 6 (0.5) 0(0.0) 6 (0.6) 0.446 2(0.7) 4 (0.4) 0.567

Composite clinical outcomes 16 (27.1) 8 (17.8) 0.263 44 (20.1) 58 (6.7) <0.001
Cardiovascular death 1(1.7) 0(0.0) 0.380 9(4.1) 11(1.3) 0.005
HF hospitalization 4(6.8) 3(6.7) 0.982 34 (15.5) 49 (5.7) <0.001
MV surgery/septal myectomy 13 (22.0) 6 (13.0) 0.255 4 (1.8) 0(0.0) <0.001
Heart transplantation 0(0.0) 0(0.0 2 (0.9 4(0.5) 0.424

Data are given as number (percentage) of each group. HF indicates heart failure; MR, mitral regurgitation; and MV, mitral valve.
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clinical events. However, in the group with nonobstruc-
tive HCM, patients with the presence of MR showed
poorer clinical outcomes, except heart transplantation,
compared with those without MR.

Figures 1 and 2 show event-free survival based on
key patient characteristics. Patients with obstructive
HCM had poorer clinical outcomes than those with non-
obstructive HCM (log-rank P<0.001) (Figure 1A). When
the patients were divided into 4 groups according to
type of HCM and sex, female patients with obstructive
HCM had the worst clinical outcomes compared with
other groups (log-rank P<0.001) (Figure 1B). When the
patients were divided by presence of MR, those with
MR had poorer clinical outcomes than those without
MR (Figure 2A). When the patients with HCM were di-
vided into 4 groups according to types of HCM and
presence of MR, patients with obstructive HCM and
MR had the worst clinical outcomes compared with
other groups (log-rank P<0.001), and the presence of
MR was associated with poorer outcomes regardless
of HCM type (Figure 2B). When the patients with HCM
were divided into 4 groups according to sex and pres-
ence of MR, female patients with MR had worse clinical
outcomes than other groups (log-rank P<0.001). Also
in this subgroup, the presence of MR was associated
with poorer outcomes, regardless of sex (Figure 2C).
Table 4 shows the factors associated with clinical out-
comes in HCM. In multivariate analysis, female sex
(hazard ratio [HR], 2.14 [95% CI, 1.46-3.14]; P<0.001),
chronic kidney disease (HR, 1.97 [95% CI, 1.07-3.65];
P=0.031), atrial fibrillation (HR, 2.23 [95% CI, 1.49-
3.32]; P<0.001), larger LA volume index (HR, 1.01 [95%

Mitral Valve in Hypertrophic Cardiomyopathy

Cl, 1.01-1.02]; P<0.001), higher ratio of early diastolic
mitral inflow velocity/early diastolic mitral annular tissue
velocity (HR, 1.05 [95% ClI, 1.03-1.08]; P<0.001), pres-
ence of MR (HR, 1.60 [95% CI, 1.07-2.40]; P=0.023),
and presence of MAC (HR, 1.74 [95% ClI, 1.12-2.68];
P=0.013) were significant independent predictors for
clinical outcomes.

Changes of MV Abnormalities and Clinical
Outcomes

The changes of echocardiographic variables are
shown in Table 5. The mean follow-up duration be-
tween 2 echocardiograms was 4.3+0.6years. Left
chamber size, LV maximal thickness, and LV dias-
tolic parameters were significantly altered, suggest-
ing disease progression in HCM. Although the total
incidence of MR had a minimal difference of only 1%,
a significant number of patients had MR progression
(n=67 [10.0%]) and MR regression (n=53 [7.9%)]) on
follow-up echocardiogram. The incidence of MS in-
creased significantly (n=19 [2.8%)]) with the increase
of MAC (n=52 [7.8%)]). The patients with MR progres-
sion had poorer clinical outcomes than those with-
out (Figure 3A). When the patients with HCM were
divided into 4 groups according to types of HCM and
progression of MR, patients with obstructive HCM
with MR progression had the worse clinical outcomes
(log-rank P<0.001), and the MR progression was as-
sociated with poorer outcomes regardless of HCM
type (Figure 3B). In the Cox regression analysis that
included the changes of MV abnormalities, including

A B
= 100 o 100 e
£ S % —
E —
2 80 S 80
e 2
3 S
¢ 60 0 60 = Male nonobstructive HCM
g = Nonobstructive HCM 3 Female nonobstructive HCM
': == Obstructive HCM = - Male obstructive HCM
c 'E = Female obstructive HCM
o 40 S 40
- >
w Log rank p < 0.001 w Log-rank p < 0.001
20 20
0 24 48 72 96 0 24 48 72 96
Follow-up (months) Follow-up (months)
No. at risk No. at risk
= 1081 883 781 621 431 —_— 732 602 539 424 295
- 104 84 73 57 33 349 281 242 197 136
- 60 51 44 33 20
- 44 33 29 24 13
Figure 1. Kaplan-Meier analysis of freedom from clinical outcomes, according to type of HCM (A) and sex (B).

HCM indicates hypertrophic cardiomyopathy.
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ﬂ 100 E 100 S 100 ——
3 ﬁ S 8
g g s
2 2 2
3 e NoMR 3 o Nonobstructive HCM without MR ? o Male without MR
2 = MR 3 == Nonobstructive HCM with MR 3 === Female without MR
= & 4 — Obstructive HCM without MR & = Male with MR
g £ — Obstructive HCM with MR £ 49— Female with MR
I.|>J Log rank p < 0.001 I.I>J Log rank p < 0.001 I.I>J Log rank p < 0.001
20 20 20
0 24 48 72 96 0 24 48 72 96 0 24 48 72 96
Follow-up (months) Follow-up (months) Follow-up (months)
No. at risk No. at risk No. at risk
- 907 745 662 524 354 862 7M1 632 498 339 635 524 470 363 248
- 278 222 192 154 109 - 219 172 149 123 91 - 272 221 192 161 107
— 45 34 30 26 15 - 157 129 113 94 67
= 59 50 43 31 18 - 121 93 79 60 42

Figure 2. Kaplan-Meier analysis of freedom from clinical outcomes.
A, Comparison in 2 groups according to presence of MR. B, Comparison in 4 groups classified by type of HCM and presence of
MR. C, Comparison in 4 groups classified by sex and presence of MR. HCM indicates hypertrophic cardiomyopathy; and MR, mitral

regurgitation.

MR and MAC (Table 6), female sex (HR, 2.77 [95% ClI,
1.54-4.97]; P<0.001), atrial fibrillation (HR, 2.11 [95%
Cl, 1.09-4.11]; P=0.028), larger LA volume index (HR,
1.02 [95% ClI, 1.00-1.04]; P=0.034), and MR progres-
sion (HR, 2.46 [95% ClI, 1.29-4.71]; P=0.007), these
factors were independently associated with clinical
outcomes. Furthermore, on the multiple comparisons
in global x? test with post hoc analysis by Bonferroni’s
method (P=0.017), the addition of MR progression
over demographic factors (age, sex, hypertension, di-
abetes, chronic kidney disease, and atrial fibrillation),
obstructive type of HCM, and diastolic parameters,
such as LA volume index and ratio of early diastolic
mitral inflow velocity/early diastolic mitral annular
tissue velocity, significantly improved the model’s

prognostic value for the primary outcomes (P=0.016)
(Figure 4).

DISCUSSION

This study was conducted in East Asian patients with
HCM who were predominantly nonobstructive type,
and the principal findings of this study are as follows.
First, MV disease was common in patients with HCM,
and many types of MV disease were more prevalent
in obstructive HCM. Second, the presence of MR and
MAC in patients with HCM was a significant contributor
to worsening clinical outcomes than other HCM types.
Third, progression of MR was an independent prog-
nostic factor of clinical outcomes, along with female

Table 4. Cox Regression Analysis for Clinical Outcomes in HCM

Univariate analysis Multivariate analysis
Variable HR 95% ClI P value HR 95% ClI P value
Age 1.02 1.01-1.03 0.010 0.99 0.98-1.01 0.391
Female sex 2.41 1.70-3.42 <0.001 214 1.46-3.14 <0.001
Hypertension 1.38 0.97-1.97 0.074 1.25 0.84-1.88 0.275
Diabetes 1.47 0.96-2.24 0.078 1.48 0.93-2.35 0.099
CKD 3.14 1.83-5.39 <0.001 1.97 1.07-3.65 0.031
Atrial fibrillation 3.38 2.39-4.80 <0.001 2.23 1.49-8.32 <0.001
Obstructive type 2.59 1.66-4.04 <0.001 1.59 0.96-2.66 0.073
LA volume index 1.02 1.01-1.02 <0.001 1.01 1.01-1.02 <0.001
E/e’ 1.09 1.06-1.11 <0.001 1.05 1.03-1.08 <0.001
MR 3.08 2.17-4.38 <0.001 1.60 1.07-2.40 0.023
MAC 2.79 1.86-4.18 <0.001 1.74 1.12-2.68 0.013
MV prolapse 1.93 0.85-4.39 0117

CKD indicates chronic kidney disease; E/e’, ratio of early diastolic mitral inflow velocity/early diastolic mitral annular tissue velocity; HCM, hypertrophic
cardiomyopathy; HR, hazard ratio; LA, left atrial; MAC, mitral annular calcification; MR, mitral regurgitation; and MV, mitral valve.
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Table 5. Baseline and Follow-Up Echocardiogram in 667
Patients With HCM

Variable Baseline Follow-up | P value
LVEDD, mm 47.9+4.7 48.4+4.9 0.007
LVESD, mm 30.3+4.4 31.0+4.8 <0.001
LV maximal thickness, mm 18.4+3.9 19.3+4.0 <0.001
IVS thickness, mm 141+4.4 14.5+4.6 <0.001
PW thickness, mm 10.7+£2.0 10.6+1.8 0.199
LVEF, % 69.2+8.1 68.1+7.7 0.001
LA volume index, mL/m? 36.7+14.8 | 43.7+19.6 <0.001
E velocity, m/s 0.63+0.2 0.66+0.2 <0.001
E/e’ 14.7+6.0 15.6+6.3 <0.001
RVSP, mmHg 28.1+7.7 29.3+9.3 0.002
MV abnormalities, n (%)
MR 150 (22.5) | 157 (23.5) 0.649
Mild 128 (19.2) 129 (19.3)
Moderate 19 (2.8) 22 (3.9
Severe 3(0.4) 6(0.9)
MR progression 67 (10.0)
MR regression 53 (7.9)
MS 10(1.5) 29 (4.3) 0.002
MS progression 19 (2.8)
MAC 91 (13.6) 132 (19.8) 0.003
MAC progression 52 (7.8)
SAM 89 (13.3) 91 (13.6) 0.893
MV prolapse 16 (2.4) 18 (2.7) 0.728

Data are given as mean+SD, unless otherwise indicated. E indicates
mitral inflow early diastolic filling; E/e’, ratio of early diastolic mitral inflow
velocity/early diastolic mitral annular tissue velocity; HCM, hypertrophic
cardiomyopathy; IVS, interventricular septum; LA, left atrial; LV, left
ventricular; LVEDD, LV end-diastolic dimension; LVEF, LV ejection fraction;
LVESD, LV end-systolic dimension; MAC, mitral annular calcification; MR,
mitral regurgitation; MS, mitral stenosis; MV, mitral valve; PW posterior wall;
RVSP, right ventricular systolic pressure; and SAM, systolic anterior motion.

sex, atrial fibrillation, and larger LA volume index.
These findings stipulate that patients with HCM should
be evaluated comprehensively for MV abnormalities,
as well as phenotypes associated with the hypertro-
phied myocardium itself.

Prevalence of MV Disease in HCM

Structural abnormalities of the MV and its apparatus,
such as elongated mitral leaflets and displacement and
anomalous insertion of papillary muscle, cause SAM or
MV prolapse and eventually MR.%-8 In addition, MAC is
often observed in patients with HCM and can be the
cause of MV functional abnormalities, such as MS and
MR.-20 In particular, several cases of extensive or pro-
gressive MAC have been reported in obstructive HCM,
perhaps related to elevated peak LV systolic pressure
and excess annular tension leading to subsequent an-
nular degeneration.?%-22 In the present study, we inves-
tigated the prevalence of SAM, MV prolapse, and MAC
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as representative MV structural abnormalities that can
be diagnosed through transthoracic echocardiogram
and evaluated the prevalence and degree of MR and
MS as MV functional abnormalities. In this study, the
overall prevalence of SAM, MV prolapse, and MAC
in collective HCM was 12.5%, 2.4%, and 13.0%, re-
spectively. As expected, SAM and MAC were signifi-
cantly more common in obstructive HCM. However,
there was no difference in the prevalence of MV pro-
lapse between the types of HCM. The reason for the
low prevalence of SAM, a hallmark of HCM, was the
relatively high number of nonobstructive types in our
Korean registry. In East Asia, the proportion of nonob-
structive type HCM, including apical type, is higher in
the entire HCM registry.?® Although the proportion of
SAM in all subjects was 12.5%, the prevalence of SAM
in obstructive HCM was 93.3%.

The prevalence of MAC in the study population
was 13.0% in all patients with HCM. In 1990, Fay et
al studied echocardiographic characteristics in elderly
patients with HCM aged >65 years and found the prev-
alence of MAC to be 36%.%* The lower prevalence of
MAC in our study compared with the previous one
might be explained by a younger population, consider-
ing that the occurrence rate of MAC increases accord-
ing to age and tends to progress over time. That MAC
was more common in the obstructive type (27.9%) than
in the nonobstructive type (11.6%) is consistent with
the mechanism of MAC generation and the results of
previous studies.

Relative to SAM and MAC, the prevalence of MV
prolapse was far less, at 2.4%. MV prolapse is a
common disorder affecting 2% to 3% of the general
population and can coexist with HCM.?> Petrone et al
have reported that the prevalence of MV prolapse in
528 patients with HCM was 3%.° Our results are con-
sistent with the previous study, and the prevalence of
MV prolapse in HCM is similar to that in the general
population. In real clinical practice, superimposed MV
prolapse with severe MR might be a correctable cause
of acute decompensated HF and pulmonary edema in
patients with HCM.2®

Some patients had >1 MV abnormality in obstruc-
tive HCM, and we found that the patients with both
SAM and intrinsic MV disease had more MR and sig-
nificant MR than those who did not.

In terms of functional abnormalities of MV, the inci-
dence of MR was reported as 23.5% of the total pop-
ulation with HCM. Among them, the obstructive HCM
accounted for more than half (56.7%). In our study
cohort with East Asian patients, the nonobstructive
HCM is predominant. However, in Western patients
with HCM, the obstructive type is predominant (about
two-thirds or more),? so the incidence of MR in our
study population is considered to be lower than that in
Western patients with HCM. In patients with MR, atrial
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Figure 3. Kaplan-Meier analysis of freedom from clinical outcomes.
A, Comparison in 2 groups according to the progression of MR. B, Comparison in 4 groups classified by type of hypertrophic
cardiomyopathy and the progression of MR. MR indicates mitral regurgitation.

fibrillation was more prevalent in the population with
nonobstructive HCM. We postulated that the result
was influenced by the higher number of aged popula-
tions in the group with nonobstructive HCM.

As a result of a comprehensive evaluation of the char-
acteristics of MV disease in our study patients, the preva-
lence of MV disease was not low in all patients with HCM
whose major proportion was nonobstructive, at >90%.
Although the prevalence of MV disease was relatively
high in patients with obstructive HCM, the proportion of
them among entire patients with HCM was low (<10%).
In our study of the HCM registry, most of which are

nonobstructive types, it has a significant implication that
we demonstrated the association between the presence
and progression of MR and clinical prognosis using the
characteristics of the East Asian population.

Prognostic Implication of MV Dysfunction
in HCM

Because patients with HCM have underlying diastolic
dysfunction attributable to myocardial fiber disarray
and interstitial fibrosis, MR, which is driven by MV func-
tional abnormalities, leads to conveying a volume load

Table 6. Cox Regression Analysis for Clinical Outcomes in 667 Patients With HCM

Univariate analysis Multivariate analysis

Variable HR 95% ClI P value HR 95% ClI P value
Age 1.02 1.00-1.04 0.039 1.01 0.99-1.03 0.492
Female sex 3.71 2.22-6.19 <0.001 277 1.54-4.97 0.001
Hypertension 1.65 0.93-2.58 0.095 1.01 0.56-1.83 0.974
Diabetes 1.94 1.05-3.58 0.085 1.88 0.93-3.79 0.080
CKD 3.95 1.69-9.24 0.002 2.66 0.95-7.41 0.062
Atrial fibrillation 3.53 2.13-5.83 <0.001 21 1.09-4.11 0.028
Obstructive type 2.04 110-3.78 0.025 1.83 0.92-3.64 0.083
LA volume index 1.04 1.02-1.05 <0.001 1.02 1.00-1.04 0.034
E/e’ 1.07 1.03-1.11 <0.001 1.04 1.00-1.07 0.069
MR progression 4.37 2.51-7.59 <0.001 2.46 1.29-4.71 0.007
MAC progression 3.53 1.82-6.83 <0.001 1.64 0.79-3.40 0.187
MV prolapse 1.00 0.14-7.30 0.999

CKD indicates chronic kidney disease; E/e’, ratio of early diastolic mitral inflow velocity/early diastolic mitral annular tissue velocity; HCM, hypertrophic

cardiomyopathy; HR, hazard ratio; LA, left atrial; MAC, mitral annular calcification; MR, mitral regurgitation; and MV, mitral valve.
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AF indicates atrial fibrillation; CKD, chronic kidney disease; DM, diabetes; E/e’, ratio of early diastolic
mitral inflow velocity/early diastolic mitral annular tissue velocity; HTN, hypertension; LAVI, left atrial

volume index; and MR, mitral regurgitation.

to the heart that increases pressure.?®28 With this theo-
retical background, the various structural abnormalities
in HCM and following MV functional abnormality are
likely to have clinical implications for the occurrence
of HF and cardiovascular outcomes. In this study, pa-
tients with MR had poorer outcomes than those with-
out MR. This finding also was found when the patients
were divided into obstructive and nonobstructive type
HCM and compared. In the subgroup analysis on dif-
ferences in outcomes of HCM in consideration of sex,?’
the presence of MR had an important prognostic im-
plication in both men and women. Moreover, we found
that female patients with HCM with MR had the worst
prognosis, whereas male patients with HCM without
MR had the best prognosis. Our findings are in line with
a recent study that showed the presence of MR in HF
with preserved ejection fraction to be more common
in women and associated with a poorer prognosis.?®
In addition, the clinical significance of MR was more
dominant over the follow-up period. In this study, the
adverse outcomes were predicted more strongly by
increased ratio of early diastolic mitral inflow velocity/
early diastolic mitral annular tissue velocity (P<0.001)
than the presence of MR (P=0.023) in the multivariate
analysis of Table 4. However, on follow-up, MR progres-
sion showed the most predictable values (P=0.007) for
the poor prognosis among hemodynamic parameters
in Table 6. These results suggest that the myocardial

J Am Heart Assoc. 2023;12:e024792. DOI: 10.1161/JAHA.121.024792

disease is the predominant driver of adverse outcomes
in this group of patients with HCM at initial presenta-
tion. Still, worsening MR plays an important role later
in the course.

As described above, most of our cohort has non-
obstructive HCM. Although MR in obstructive HCM
mainly appears as a posteriorly directed jet by SAM,?? it
is postulated that not only SAM but multifactorial com-
ponents, such as MAC, MV prolapse, and degenera-
tion of the mitral annulus and leaflet contributed to MR
generation, even a mild degree of MR as low severity
is associated with structural abnormalities caused by
elevated intracardiac pressure of HCM. Therefore, it
could be considered that mild MR may forewarn pro-
gression and thus poor prognosis of HCM, especially
with the nonobstructive type.

The strength of the present study is that it con-
firmed the clinical implication of MV disease in a large
cohort with HCM that was followed up for a median of
7years. The only study on the prognostic implication of
MR in HCM is that by Feneon et al, who reported the
clinical outcomes of exercise-induced MR assessed
by exercise stress echocardiography.?® At a median
29.83months of follow-up, 18 of 126 patients with HCM
experienced cardiovascular outcomes, and moderate
exercise MR along with an LVOT gradient >50mmHg
were associated with poorer outcomes.?® Although we
did not include changes in MR according to exercise,
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the number of patients was about 10 times higher in
our study, and we obtained outcomes during a long-
term follow-up, which is an advantage. Because MR
quantification is challenging during exercise in HCM,
and exercise echocardiogram is applied in some pa-
tients with HCM, the results of this study using only
resting echocardiogram might be more generally ap-
plicable in patients with overall HCM. These studies
suggest that MR is an important risk factor for poor
clinical outcomes in patients with HCM.

Prognostic Implication of MAC in HCM

As mentioned above, the prevalence of MAC is not un-
common at 13%, and multivariable analysis showed the
prognostic implication (HR, 1.74 [95% ClI, 1.12-2.68];
P=0.013) of MAC. Similar conclusions were reported in
other previous HCM studies. Patlolla et al studied the
clinical impact of MAC in patients with obstructive HCM
who underwent septal myectomy.?? In this article, of the
total of 2113 patients with HCM, MAC was an independ-
ent predictor of worse survival rate (HR, 1.46 [95% CI,
1.08-1.97]; P=0.014) after septal myectomy compared
with those without MAC. Massera et al also showed
the prognostic implication of MAC in a study of a total
304 patients with obstructive HCM.% In this study, 141
(46%) patients had MAC, and its offset distance showed
a significant association with LVOT obstruction (odds
ratio, 1.16 [95% ClI, 1.07-1.28]; P=0.001). The patients
with MAC underwent septal myectomy to relieve LVOT
obstruction, and after the surgery, they showed no
deaths over a median follow-up of 2.7years. In addi-
tion, the higher prevalence of MAC in obstructive HCM
is also associated with a poor prognosis of MAC. The
intraventricular high pressure of LV observed in obstruc-
tive HCM contributes to the formation of calcification of
the annulus. Also, conversely, MAC itself induces an-
terior displacement of the mitral leaflet, causing LVOT
obstruction. These phenomena also support the poor
prognosis of MAC.

Limitations

This study has several limitations. First, this study was a
single-center retrospective study, and there was some
possibility of selection bias. Second, there are some
cases where it is a challenge to quantify MR in patients
with HCM, particularly when there is LVOT obstruction,
and not all the patients had provocation tests for diag-
nosis of HCM, which could make the underdiagnosis
of obstructive HCM. Third, subjects with HCM were
recruited only from a tertiary hospital, and we excluded
patients who had already undergone septal myectomy
or MV surgery, a factor that might be a selection bias.
However, we included >1000 patients with HCM over
10years, and this might compensate for the possibility
of selection bias.
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CONCLUSIONS

MV disease is common in East Asian patients with
HCM whose major type is nonobstructive, and MR,
SAM, and MAC are more prevalent in patients with
obstructive HCM. The presence and progression of
MR is a prognostic factor in the occurrence of poorer
clinical outcomes; therefore, careful assessment of MV
functional abnormalities and detailed evaluation of MV
anatomical features are needed to predict subsequent
complications in patients with HCM.
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Table S1. Baseline and echocardiographic characteristics of patients with presence of
MR.

Obstructive Non-obstructive

Presence of MR Total HCM HCM -
(n=278) value
(n=59) (n=219)
Clinical variables
Age, years 62.3t14.4 57.0£15.8 63.7£13.6 0.001
Male sex, n (%) 121 (43.5) 25 (42.4) 96 (43.8) 0.841
BMI, kg/m?2 24 5+3.7 24.5+3.4 24 5+3.7 0.958
Hypertension, n (%) 129 (46.4) 26 (44.1) 103 (47.0) 0.685
Diabetes mellitus, n (%) 48 (17.3) 8(13.6) 40 (18.3) 0.396
Dyslipidemia, n (%) 59 (21.2) 12 (20.3) 47 (21.5) 0.852
CKD, n (%) 19 (6.8) 1(1.7) 18 (8.2) 0.078
Atrial fibrillation, n (%) 102 (36.7) 14 (23.7) 88 (40.2) 0.020
CAD, n (%) 35(12.6) 4(6.8) 31(14.2) 0.130
Prior alcohol ablation, n (%) 1(0.4) 1(1.7) 0(0.0) 0.054
Medications
RAAS blockers, n (%) 102 (36.7) 17 (28.8) 85 (38.8) 0.157
Beta-blockers, n (%) 151 (54.3) 39 (66.1) 112 (51.1) 0.041
CCBs, n (%) 118 (42.4) 28 (47.5) 90 (41.1) 0.380
Diuretics, n (%) 67 (24.1) 6 (10.2) 61(27.9) 0.005
Statin, n (%) 62 (22.3) 14 (23.7) 48 (21.9) 0.767
Antiplatelet agents, n (%) 111 (39.9) 18 (30.5) 93 (42.5) 0.096
Anticoagulants, n (%) 54 (19.4) 7(11.9) 47 (21.5) 0.098
Echocardiographic variables
LVEDD, mm 48.116.4 44.616.1 49.116.2 <0.001
LVESD, mm 31.616.5 27.4+4.7 32.7+6.4 <0.001
LV maximal thickness, mm  18.714.1 20.3+5.5 18.3+3.6 0.011
IVS thickness, mm 14.7£5.0 17.8+5.7 13.9t4 .4 <0.001
PW thickness, mm 10.7+2.1 11.6+2.8 10.5+1.9 0.007
LVEF, % 68.419.9 74.116.6 66.91£10.1 <0.001
LA volume index, ml/m?2 49.6+31.4 47.4+16.2 50.3£34.8 0.541
E velocity, m/s 72.4+22.9 0.77+0.25 0.71+0.22 0.108
Ele’ 17.5+7.3 20.048.1 16.8+6.9 0.003

RVSP, mmHg 31.849.2 30.6%£7.8 32.0£9.5 0.372



MV abnormalities

SAM, n (%) 78 (28.1) 56 (94.9) 22 (10.0) <0.001
MV prolapse, n (%) 23 (8.3) 3(5.1) 20 (9.1) 0.316
MAGC, n (%) 57 (20.5) 22 (37.3) 35 (16.0) <0.001

HCM, hypertrophic cardiomyopathy; BMI, body mass index; CKD, chronic kidney disease;
CAD, coronary artery disease; RAAS, renin-angiotensin-aldosterone system; CCB, calcium
channel blockers; NOAC, novel oral anticoagulants, LVEDD, left ventricular end-diastolic
dimension; LVESD, left ventricular end-systolic dimension; VS, interventricular septum; PW
posterior wall, LVEF, left ventricular ejection fraction; LA, left atrium; E, mitral inflow early
diastolic filling; E/e’, ratio of early diastolic mitral inflow velocity to early diastolic mitral annular
tissue velocity; RVSP, right ventricular systolic pressure



Table S2. Prevalence of MR according to the MV structural abnormalities.

All MAC (+) MAC (-) MVP (+) MVP (-)
P-value P-value
(n=1185) (n=154) (n=1031) (n=29) (n=1156)
MR, n (%) 278 (23.5) 57 (37.0) 221(21.4) <0.001 23 (79.3) 255 (22.1) <0.001

Significant MR, n (%) 46 (3.9) 15(9.7) 31(3.0) <0.001

12(41.4)  34(2.9) <0.001

MR, mitral regurgitation; MV, mitral valve; MAC, mitral annular calcification, MVP, mitral valve prolapse



Table S3. MV characteristics in patients with obstructive HCM with SAM.

Al No intrinsic Combined intrinsic p.
MV disease MV disease
(n=97) value
(n=66) (n=31)
MV prolapse, n (%) 3(3.1) 0(0.0) 3(9.7) 0.010
MAC, n (%) 28 (28.9) 0(0.0) 28 (90.3) <0.001
MR, n (%) 56 (57.7) 31 (47.0) 25 (80.6) 0.001
Mild 40 (41.2) 26 (39.4) 14 (45.2)
Moderate 13(13.4) 4(6.1) 9(29.0)
Severe 3(3.1) 1(1.5) 2(6.5)
Significant MR, n (%) 16 (16.5) 5(7.6) 11 (35.5) 0.001
Clinical outcome, n (%) 23(23.7) 16 (24.2) 7 (22.6) 0.858

MV, mitral valve; MAC, mitral annular calcification; MR, mitral regurgitation; MS, mitral stenosis
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