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Background: Few studies have focused on the clinical features of hypertrophic cardiomyopathy (HCM)
with enlarged left ventricle (ELV).

Methods: In this study, participants were patients with HCM (n=170), who were divided into two groups
[ELV and normal left ventricle (NLV)] according to left ventricle size. Age at diagnosis, sex, complications,
electrocardiogram (ECG), symptoms, drug treatment, and echocardiographic parameters were compared
between the NLV (n=153) and ELV (n=17) groups.

Results: The incidence of end-stage HCM (ES-HCM) among all HCM patients was 5.29%, while that of
ELV was 10.0%. For all patients with HCM and those with asymmetric septal HCM (ASHCM), there were
more males with ELV than NLV. Of the patients with HCM and ASHCM, left ventricular ejection fraction
(LVEF) was significantly lower in the ELV group than the NLV group; accordingly, the rates of diuretics
use in the ELV group were higher than those in the NLV group. Among apical HCM (ApHCM) patients,
the left atrial diameter (LAd), incidence of atrial fibrillation (Af) or ST-T change, and rate of angiotensin
converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB) use were all higher in the ELV
group compared to the NLV group.

Conclusions: These findings suggest that the prevalence of ES-HCM in HCM patients with ELV
was higher than those with NLV. Additionally, ELV is more common in men than women and there are
differences in the clinical features of different types of HCM with ELV.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a myocardial
disease inherited in an autosomal dominant manner (1).
While most patients remain stable during their daily life,
a small proportion of patients have decreased systolic
function after ventricular remodeling, which will evolve

into end-stage HCM (ES-HCM). Although most HCM
patients have normal life expectancy and controllable
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symptoms, some patients have an increased risk of heart
failure and sudden cardiac death (2). Pharmacological
therapies, surgical interventions including septal reduction
and implantable cardioverter-defibrillators are the main
treatment for HCM at present (3). The most widely used
medicine for HCM include B-adrenergic receptor blockers
and Ca’ channel blockers (4), and the surgical interventions

is only applicable to severe cases.

Ann Palliat Med 2021;10(9):9963-9973 | https://dx.doi.org/10.21037/apm-21-2304


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-2304

9964

The current diagnostic criteria for ES-HCM is HCM
with a left ventricular ejection fraction (LVEF) of <50%
(5-7), and ES-HCM patients with a left ventricular end-
diastolic diameter (LVEDd) of >55 mm are diagnosed
with dilated end-stage of HCM (D-ES). Most HCM
patients have milder symptoms with a mortality rate of
only 1% (8), but as the end-stage of HCM, ES-HCM has a
significantly higher mortality than HCM (1% vs. 9%) (5).
The therapeutic options for ES-HCM are very limited
and patient prognosis is poor, so it is crucial to improve
our understanding of ES-HCM and its early diagnosis.
At present, it is considered that the echocardiographic
manifestations of ES-HCM and dilated cardiomyopathy
(DCM) are similar. The accurate diagnostic method to ES-
HCM is echocardiography combined with other diagnostic
tools such as CMR, radionuclide myocardial scintigraphy,
and myocardial biopsy (1).

HCM with enlarged left ventricle (ELV) accompanied by
reduced LVEF is defined as D-ES, but patients with ELV and
normal LVEF are diagnosed as having HCM (9). Few studies
have focused on whether HCM patients with ELV exhibit
unique clinical features. HCM can be divided into two
types—obstructive [hypertrophic obstructive cardiomyopathy
(HOCM)] and non-obstructive (non-obstructive HCM).
The majority of HCM cases with myocardial hypertrophy
mainly occur in the ventricular septum, namely asymmetric
septal HCM (ASHCM). Apical HCM (ApHCM) is a rare
type of HCM, and its hypertrophy primarily involves the
apex of the left ventricle, usually without left ventricular
outflow tract obstruction and pressure gradient. A previous
study compared the clinical characteristics and prognosis of
patients with ApHCM and ASHCM (10), while none have
reported on the clinical characteristics of patients with ELV.
Thus, the present study aims to analyze and investigate the
clinical features of different types of HCM in ELV patients.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2304).

Methods
Subjects

A retrospective analysis was performed on patients
diagnosed with HCM who visited the outpatient and
inpatient departments of Peking University People’s
Hospital from December 2015 to July 2018. The patients’
study data were collected from medical records and
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echocardiographic data recorded in the electronic medical
record system. All procedures performed in studies
involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee, and with the Helsinki Declaration (as
revised in 2013). The authors confirm that the procedures
followed were assessed by the Ethics Committee of the First
Affiliated Hospital of Hunan Normal University (approval
No. 20160528-1), and informed consent was obtained from
all patients.

Study groups

Subjects with HCM were divided into two groups:
ELV and normal left ventricle (NLV), according to left
ventricle size. An intergroup comparison was performed
in terms of the age at disease diagnosis, sex, complications,
electrocardiogram (ECQG) findings, symptoms, drug
treatment, and echocardiographic parameters of the subjects
in both groups.

Patients with non-obstructive HCM were divided into
ASHCM and ApHCM groups, and both ASHCM and
ApHCM were further subdivided into two subgroups: an
ELV group and an NLV group, and the above indicators
were compared and analyzed (see Figure 1 for specific study
procedure).

Diagnostic criteria

HCM was diagnosed based on the 2014 European Society
of Cardiology guidelines (11). The diagnostic criteria were
mainly based on echocardiographic findings: the presence
of otherwise unexplained increased left ventricular wall and
(or) ventricular septal wall thickness >15 mm.

Diagnostic criteria of ES-HCM

An LVEF <50% in HCM patients as indicated by
echocardiography during the follow-up examination.
The exclusion criteria were as follows: (I) subjects with a
history of septal reduction therapy (including alcohol septal
ablation and septal myectomy); (II) subjects with a history
of coronary heart disease (CHD); and (III) subjects with
coronary stenosis >50% in one or more vessels, as measured
by selective coronary angiography or coronary computed
tomography.

HCM with ELV
Subjects with a clear history of HCM who experienced
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Figure 1 Flowchart of the study protocol. HCM, hypertrophic cardiomyopathy; ELV] enlarged left ventricle; NLV, normal left ventricle;
HOCM, hypertrophic obstructive cardiomyopathy; ASHCM, asymmetric septal HCM; ApHCM, apical HCM.

enlargement in the left heart during disease progression,
with a LVEDd >55 mm measured at the parasternal left
ventricular long-axis view as indicated by a heart color
ultrasound, with or without reduced LVEF.

ApHCM
The site of cardiac hypertrophy, mainly involving the left
ventricular apex, with an end-diastolic apical thickness

>15 mm or a maximum apical thickness/left ventricular

posterior wall thickness (LVPWT) >1.5.

ASHCM
The site of hypertrophy mainly at interventricular septum,
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with a left ventricular end-diastolic septum thickness
>15 mm, or a maximum interventricular septum thickness
(IVST)/LVPWT >1.3. Patients with mixed HCM and
hypertrophic HCM were excluded (12,13).

Echocardiography

Echocardiographic images and data were acquired using
the Vivid 9, GE Vingmed (GE Healthcare, Little Chalfont,
Buckinghamshire, UK) by an experienced physician
employing 2.5- and 3.5-MHz probes. Echocardiographic
images were acquired according to the 2019 American
Society of Echocardiography guidelines (14).
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Statistical analysis

The SPSS17.0 statistical package (IBM, Armonk, NY,
USA) was used for data analysis. Measurement data were
expressed as mean = standard deviation, and enumeration
data were expressed as frequency or percentage (%).
Comparisons between the measurement data groups were
performed using the independent #-test. Enumeration
data were tested using the chi-square method or Fisher’s
exact test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Clinical features and echocardiographic parameters of ELV
and NLV in HCM patients

A total of 170 HCM patients were enrolled, including 40
with HOCM and 130 with non-obstructive HCM. Among
all patients with non-obstructive HCM, 88 cases were
ASHCM and 42 cases were ApHCM. Nine patients had
ES-HCM, representing a morbidity rate of 5.29% in HCM.
A total of 17 patients had ELV; of these, 2 had HOCM, 10
had non-obstructive ASHCM, and 5 had ApHCM. Of the
17 patients with ELV, 3 were accompanied by ES-HCM; of
which, 1 was in the HOCM group (representing a morbidity
rate of 2.5%), 2 were in the non-obstructive ASHCM group
(representing a morbidity rate of 2.27%), and none were
in the AHCM group. The ELV group exhibited a higher
morbidity rate of ES-HCM than the NLV group (17.65%
vs. 3.92%), and the difference was statistically significant
(P=0.048). Compared to the NLV group, the ELV group
exhibited no significant differences in clinical symptoms,
age at disease diagnosis, hospitalization rate, complications,
and ECG changes. The ELV group had a markedly higher
proportion of male patients than the NLV group (94.12%
vs. 60.13%, P=0.006).

As for drug treatment, there were no significant
differences between the two groups with respect to
angiotensin converting enzyme inhibitor (ACEI)/
angiotensin receptor blocker (ARB), B-blocker, calcium
channel blocker (CCB), aspirin/clopidogrel, and statins.
However, diuretics were more frequently used in the
ELV group than in the NLV group (41.18% vs. 10.46%,
P=0.003). The ELV group had a notably higher percentage
of subjects receiving pacemaker placement compared to the
NLV group (41.18% vs. 16.99%, P=0.025) (Tible 1).

The ELV group had significantly lower aortic max
velocity (AoVmax), left ventricular outflow tract pressure
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gradient (LVOT PGQG), and peak end-diastolic mitral flow
velocity (V,) than the NLV group (P=0.014, 0.032, and
0.026, respectively). Moreover, the ELV group also had
markedly larger end-diastolic volume (EDV), end-systolic
volume (ESV), LVEDd, and left ventricular end-systolic
diameter (LVESd) (P=0.000, 0.000, 0.000, and 0.004,
respectively), and significantly smaller LVEF (P=0.000)
than the NLV group. Furthermore, the ELV group had
a notably larger left atrial diameter (LAd) than the NLV
group (43.77+7.23 vs. 39.77+6.32 mm, P=0.016). There
were no significant differences between the two groups with
respect to IVST, LVPWT, ascending aortic diameter, peak
early-diastolic mitral flow velocity (Vg), aortic max pressure
gradient (AomaxPQG), and left ventricular outflow tract

velocity (LVOTV) (Table 2).

Clinical features and echocardiographic parameters of ELV
and NLV in patients with non-obstructive ASHCM

Of the patients with non-obstructive ASHCM, 10 had ELV
and 78 had NLV. The ELV group had a significantly higher
proportion of male patients than the NLV group (100%
vs. 65.38%, P=0.028). There were no notable differences
between the two groups in terms of clinical symptoms, age
at disease diagnosis, hospitalization rate, complications, and
ECG changes.

As for drug treatment, there was no significant differences
between the two groups with respect to ACEI/ARB, B-blocker,
CCB, aspirin/clopidogrel, and statins, but diuretics were more
frequently used in the ELV group than in the NLV group (50%
vs. 11.54%, P=0.008). The ELV group had a markedly higher
percentage of subjects receiving implantable cardioverter
defibrillator (ICD) placement compared to the NLV group
(0% vs. 6.41%, P=0.044) (Tuble 3).

The ELV group had significantly larger EDV,
ESV, LVEDJ, and LVESd (P=0.000, 0.001, 0.000,
0.000, respectively), and considerably smaller LVEF
(56.93%=+13.21% vs. 66.85%=8.55%, P=0.002) than the
NLV group. Moreover, there were no statistically significant
differences between the two groups in AoVmax, AomaxPG,
ascending aorta diameter, LVOTV, LVOT PG, IVST, LAd,
LVPWT, main pulmonary artery diameter (MPAd), Vy;, and
V., (Table 4).

Clinical features and echocardiographic parameters of ELV
and NLV in ApHCM patients

Of the patients with ApHCM, five had ELV and 37 had
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Table 1 Comparison of the clinical features among HCM patients between patients with ELV and those with NLV

Characteristics ELV (n=17) NLV (n=153) P
Male, No. (%) 16 (94.12) 92 (60.13) 0.006
Age at diagnosis, y 49.87+17.606 56.47+18.440 0.194
All-cause hospitalization, No. (%) 12 (70.59) 79 (51.63) 0.200
HCM hospitalization, No. (%) 6 (35.29) 31 (20.26) 0.211
Choking sensation in chest, No. (%) 2 (11.76) 29 (18.95) 0.741
Angina pectoris, No. (%) 1(5.88) 8(5.23) 1.000
Palpitation, No. (%) 0 16 (10.46) NA
Syncope, No. (%) 2 (11.76) 7 (4.78) 0.240

Complication, No. (%)

HTN 5 (29.41) 52 (33.99) 0.793
CHD 2 (11.76) 19 (12.42) 1.000
T2DM 2 (11.76) 18 (11.76) 1.000
Hyperlipemia 4 (23.53) 17 (11.11) 0.233

ECG, No. (%)

Af 3(17.65) 18 (11.76) 0.437
Any negative T wave 7 (41.18) 56 (36.60) 0.793
LVHV 2 (11.76) 19 (12.42) 1.000
Abnormal Q wave 1(5.88) 4 (2.61) 0.413
LBBB 0 3(1.96) NA
RBBB 0 10 (6.53) NA

Medications, No. (%)

ACEI/ARB 8 (47.06) 50 (32.68) 0.283
B-blocker 12 (70.59) 77 (50.33) 0.131
Diuretics 7 (41.18) 16 (10.46) 0.003
CcCB 6 (35.29) 45 (29.41) 0.589
Aspirin/clopidogrel 7(41.18) 40 (26.14) 0.251
Statin 3(17.65) 28 (18.30) 1.000

Procedures, No. (%)

Pacemaker 7(41.18) 26 (16.99) 0.025
ICD 3(17.65) 8 (5.23) 0.083
LVEF <50%, No. (%) 3(17.65) 6 (3.92) 0.048

HCM, hypertrophic cardiomyopathy; ELV, enlarged left ventricle; NLV, normal left ventricle; HTN, hypertension; CHD, coronary heart
disease; T2DM, type 2 diabetes mellitus; ECG, electrocardiogram; Af, atrial fibrillation; LVHV, left ventricular high voltage; LBBB, left
bundle branch block; RBBB, right bundle branch block; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
CCB, calcium channel blocker; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NA, data not available.
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Table 2 Comparison of the echocardiographic parameters among HCM patients between patients with ELV and those with NLV/

Deng et al. Clinical features of LV enlarged HCM

Characteristics ELV (n=17) NLV (n=153) P

AOVmax, cm/s 118.69+54.95 152.67+53.03 0.014
AOmaxPG, mmHg 7.69+3.93 10.48+9.39 0.243
ascAorta, mm 31.00+4.06 30.44+6.23 0.721
LVOTV, cm/s 161.25+95.38 245.76+153.44 0.174
LVOT PG, mmHg 13.21+13.48 35.46+36.81 0.032
EDV, mL 173.85+21.92 97.94+25.74 0.000
ESV, mL 69.13+£24.17 31.23+11.85 0.000
LVEF, % 59.04+12.73 68.14+8.32 0.000
IVST, mm 17.32+10.54 16.25+5.84 0.517
LAd, mm 43.77+7.23 39.77+6.32 0.016
LVEDd, mm 59.20+3.20 45.67+5.52 0.000
LVESd, mm 37.03+£10.82 28.33+4.39 0.004
LVPWT, mm 10.55+1.86 10.64+2.48 0.888
Vg, cm/s 68.28+28.16 78.23+26.79 0.162
V,, cm/s 62.70+22.87 81.34+31.13 0.026

HCM, hypertrophic cardiomyopathy; ELV, enlarged left ventricle; NLV, normal left ventricle; AOVmax, aortic max velocity; AOmaxPG,
aortic max pressure gradient; ascAorta, ascending aorta; LVOTV, left ventricular outflow tract velocity; LVOT PG, left ventricular outflow
tract pressure gradient; EDV, end-diastolic volume; ESV, end-systolic volume; LVEF, left ventricular ejection fraction; IVST, interventricular
septum thickness; LAd, left atrial diameter; LVEDd, left ventricular end-diastolic diameter; LVESd, left ventricular end-systolic diameter;
LVPWT, left ventricular posterior wall thickness; Vg, peak early-diastolic mitral flow velocity; V,, peak end-diastolic mitral flow velocity.

NLV. There were no notable differences between the ELV
and NLV groups in terms of the proportion of male patients
(80% wvs. 59.46%, P=0.633). Also, no significant differences
were observed between the two groups with respect to
clinical symptoms, age at disease diagnosis, hospitalization
rate, and complications. ECG changes mainly included
atrial fibrillation (Af) and ST-T changes. The ELV group
had a markedly higher incidence rate of Af than the NLV
group (60% vs. 13.51%, P=0.04). There was a significant
difference in the incidence rate of ST-T changes between
the ELV and NLV groups (100% vs. 13.51%, P=0.014).

In terms of drug treatment, the ELV group had a
considerably higher rate of ACEI/ARB use than the
NLV group (100% vs. 40.54%, P=0.018). There was no
statistically significant difference between the two groups
in terms of the percentage of subjects receiving pacemaker
placement (7able 3).

For patients with ApHCM, the ELV group had
significantly larger EDV, ESV, LVEDd, and LVESd (all
P=0.000) compared to the NLV group. The ELV group also
had a markedly larger LAd than the NLV group (44.30+5.61
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vs. 37.86+5.46 mm, P=0.018). Furthermore, the ELV group
had a lower LVEF than the NLV group, but the difference
between the groups was not statistically significant
(66.00%+7.72% vs. 70.27%+6.23%, P=0.169). There were
no significant differences between the two groups in terms
of AoVmax, AomaxPG, ascending aortic diameter, IVST,
LVPWT, MPAd, Vy, and V, (Table 4).

Discussion

As is shown in previous studies, the morbidity rate of HCM
in the general population is 1:500; however, thus far, there
have been no reports regarding the morbidity rate of ES-
HCM in the general population. According to previous
reports, the morbidity rate of ES-HCM among patients
with HCM patients is 2.4-15.7% (5,7,15-17). The evolution
from HCM to ES-HCM is gradual. Approximately 75% of
patients with HCM maintain a LVEF of >65% for a longer
period of time, with (mild) or without myocardial fibrosis.
The progression of disease is synchronized with the gradual
occurrence of myocardial remodeling, with LVEF ranging
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Table 3 Comparison of the clinical features among patients with ASHCM or ApHCM between patients with ELV and those with NLV

ASHCM ApHCM
Characteristics
ELV (n=10) NLV (n=78) P ELV (n=5) NLV (n=37) P

Male, no. (%) 10 (100.00) 51 (65.38) 0.028 4 (80.00) 22 (59.46) 0.633
Age at diagnosis, y 50.75+14.695 54.16+18.122 0.616 54.40+12.198 61.14+£18.719  0.453
All-cause hospitalization, no. (%) 6 (60.00) 41 (52.56) 0.745 4 (80.00) 14 (37.84) 0.146
HCM hospitalization, no. (%) 4 (40.00) 13 (16.67) 0.096 1(20.00) 1(2.70) 0.226
Choking sensation in chest, no. (%) 1 (10.00) 14 (17.95) 1.000 1 (20.00) 3(8.11) 0.41
Angina pectoris, no. (%) 0 2 (2.56) NA 0 4(10.81) NA
Palpitation, no. (%) 0 6 (7.69) NA 0 6 (16.22) NA
Syncope, no. (%) 1 (10.00) 5(6.41) 0.526 0 0 NA
Complication, no. (%)

HTN 3 (30.00) 28 (35.90) 1.000 1(20.00) 14 (37.84) 0.639

CHD 1(10.00) 13 (16.67) 1.000 1(20.00) 3(8.11) 0.41

T2DM 1(10.00) 13 (16.67) 1.000 1(20.00) 1(2.70) 0.226

Hyperlipemia 3 (30.00) 9(11.54) 0.134 2 (40.00) 5(13.51) 0.188
ECG, no. (%)

Af 1(10.00) 6 (7.69) 0.584 3 (60.00) 5(13.51) 0.04

Any negative T wave 3 (30.00) 28 (35.90) 1.000 5 (100.00) 14 (37.84) 0.014

LVHV 2 (20.00) 8(10.26) 0.317 0 6 (16.22) NA

Abnormal Q wave 1(10.00) 4(5.13) 0.461 0 0 NA

LBBB 0 0 NA

RBBB 0 5(6.41) NA 1(20.00) 2 (5.41) 0.323
Medications, no. (%)

ACEI/ARB 1(10.00) 30 (38.46) 0.091 5 (100.00) 15 (40.54) 0.018

B-blocker 6 (60.00) 40 (51.28) 0.742 4 (80.00) 16 (43.24) 0.174

Diuretics 5 (50.00) 9(11.54) 0.008 1(20.00) 3(8.10) 0.41

CCB 2 (20.00) 26 (33.33) 0.493 3 (60.00) 11 (29.73) 0.313

Aspirin/clopidogrel 3 (30.00) 18 (23.08) 0.697 3 (60.00) 13 (35.14) 0.352

Statin 1 (10.00) 16 (20.51) 0.679 2 (40.00) 8 (21.62) 0.577
Procedures, no. (%)

Pacemaker 4 (40.00) 18 (23.08) 0.260 2 (40.00) 3(8.10) 0.099

ICD 3 (30.00) 5(6.41) 0.044 0 0 NA

ASHCM, asymmetric septal HCM; ApHCM, apical HCM; HCM, hypertrophic cardiomyopathy; ELV, enlarged left ventricle; NLV, normal left
ventricle; HTN, hypertension; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; ECG, electrocardiogram; Af, atrial fibrillation;
LVHYV, left ventricular high voltage; LBBB, left bundle branch block; RBBB, right bundle branch block; ACEI, angiotensin converting
enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; ICD, implantable cardioverter defibrillator; NA, data

not available.
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Table 4 Comparison of the echocardiographic parameters among patients with ASHCM or ApHCM between patients with ELV and those with

NLV
ASHCM ApHCM

Echo

ELV (n=10) NLV (n=78) P ELV (n=5) NLV (n=37) P
AOVmax, cm/s 122.39+26.61 137.86+32.49 0.154 115.40+67.89 132.49+32.20 0.607
AOmaxPG, mmHg 6.25+2.65 8.024+4.35 0.213 8.40+2.54 7.5757+3.82 0.644
ascAorta, mm 30.31x4.13 29.55+7.37 0.750 32.10x4.21 31.81+4.86 0.899
LVOTV, cm/s 120.33+60.00 116.96+39.32 0.892 NA 153.00+38.18 NA
LVOT PG, mmHg 6.94+6.085 5.90+4.0 0.677 NA 9.50+4.95 NA
EDV, mL 173.44+18.74 96.08+25.93 0.000 178.27+33.20 109.80+21.42 0.000
ESV, mL 75.52+27.26 32.51+12.96 0.001 56.94+9.27 31.77+£10.32 0.000
LVEF, % 56.93+13.21 66.85+8.55 0.002 66.00+7.72 70.27+6.23 0.169
IVST, mm 15.74+3.40 18.08+5.26 0.176 20.94+19.82 10.98+2.38 0.324
LAd, mm 43.10+7.90 39.72+6.27 0.123 44.30+5.61 37.86+5.46 0.018
LVEDd, mm 58.94+2.73 45.30+5.70 0.000 59.20+4.15 48.04+4.26 0.000
LVESd, mm 40.79+6.10 28.79+4.77 0.000 37.14+2.40 28.79+3.27 0.000
LVPWT, mm 10.63+2.20 10.81+2.66 0.835 10.13+1.46 9.77+2.088 0.707
MPAd, mm 19.79+10.68 21.68+6.46 0.596 23.00+3.37 23.22+2.81 0.884
Ve, cm/s 71.45+33.98 74.54+25.63 0.731 65.330+16.36 73.61+£17.61 0.327
V,, cm/s 61.01+20.070 76.11+32.73 0.182 58.81+26.49 82.93+26.25 0.065
LVAT, mm NA NA NA 18.50+6.61 17.98+3.27 0.795

ASHCM, asymmetric septal HCM; ApHCM, apical HCM; HCM, hypertrophic cardiomyopathy; ELV, enlarged left ventricle; NLV, normal
left ventricle; AOVmax, aortic max velocity; AOmaxPG, aortic max pressure gradient; ascAorta, ascending aorta; LVOTV, left ventricular
outflow tract velocity; LVOT PG, left ventricular outflow tract pressure gradient; EDV, end-diastolic volume; ESV, end-systolic volume;
LVEF, left ventricular ejection fraction; IVST, interventricular septum thickness; LAd, left atrial diameter; LVEDd, left ventricular end-diastolic
diameter; LVESd, left ventricular end-systolic diameter; LVPWT, left ventricular posterior wall thickness; MPAd, main pulmonary artery
diameter; Vg, peak early-diastolic mitral flow velocity; V,, peak end-diastolic mitral flow velocity; LVAT, left ventricular apical thickness; NA,

data not available.

from 50% to 65% and increased myocardial fibrosis. At
this stage, the left ventricular wall gradually becomes
thinner (at a rate of approximately 1-2 mm/year), the left
internal diameter gradually increases (at approximately 1-
4 mm/year), and the LVEF decreases (18). Studies have
reported that the lag time between the onset of clinical
symptoms and confirming diagnosis of HCM for the first
time lasts several years, usually 5-6 years, and 5-10% of
patients with HCM will go on to develop ES-HCM (5,7,19).

The morbidity rate of ES-HCM among patients
with HCM in this study was 5.29%, which is similar to
that described in previous studies (20). The morbidity
rates of ES-HCM among patients with HOCM, non-
obstructive ASHCM, and ApHCM were 2.5%, 2.27%,
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and 0, respectively. This result indicated that patients with
ApHCM had relatively mild symptoms and were less likely
to evolve to the ES-HCM stage than those with HOCM
and non-obstructive ASHCM. The morbidity rate of ES-
HCM among ELV patients (17.65%) was significantly
higher than that in the overall HCM population, indicating
that the ELV patients had a higher risk of evolving to ES-
HCM. Tunca Sahin ez al. investigated the morbidity rate
in 152 children patients with HCM, and they found that
three cases (2%) of HCM showed similar manifestations of
dilated heart disease during the course of the disease (21). It
suggested that there are some differences in the prevalence
of ES-HCM between adults and children.

Age and sex affected the left ventricular dimension and
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LVOT PG of patients with HCM, while ELV had a certain
effect on LVEF. Previous studies have shown that patients
with HCM aged <50 years had no significant gender-related
differences in LVOT PG (22). For patients with HOCM
aged >50 years, males had a significantly lower LVOT PG
as well as markedly larger LVEDd and LVESd than females,
but there were no significant differences between male and
female patients with respect to LVEDd/body surface area
(BSA) and LVESd/BSA (19,23).

The results of this study showed that the proportion
of male patients with ELV was notably higher among the
overall HCM population and in those with non-obstructive
ASHCM,; however, this could not completely rule out the
effect of sex-related BSA differences on the results. This
result provided indirect evidence that male patients with
HCM were more prone to ELV; moreover, whether male
patients with HCM are more likely to evolve to ES-HCM
remains to be further studied.

Of the enrolled patients with HCM, the ELV group
had a significantly higher proportion of male patients and
a markedly lower LVOT PG compared to the NLV group,
which was somewhat similar to previous studies (23,24).
Furthermore, Mitra er 4l. conducted a similar study to
determine the prevalence and outcomes in HCM patients
with pulmonary hypertension (PH), and they found that
the prevalence of PH increased progressively in HCM
patients without LVOT obstruction, HCM patients with
LVOT obstruction, HCM patients diagnosed at age
>65 years and ES-HCM patients (25). However, in this
study we didn’t make further comparative analysis due to
the limited samples of different types of HCM combined
with PH.

In addition, this study revealed that patients with non-
obstructive ASHCM with ELV had a significantly decreased
LVEF compared to those with NLV, and the use of
symptom-improving diuretics was significantly increased.
Also, the LVEF decrease in ApHCM patients with ELV
was not notably different to those with NLV, and there was
no significant increase in the use of diuretics. Studies have
demonstrated that ELV has a certain effect on LVEF, but
this effect varies among different variants of HCM (26).

Data has shown that 75-95% of patients with HCM
experience ECG abnormalities, mainly characterized by
ST-segment changes [inverted T wave and abnormal Q
waves (27)] as well as complex arrhythmias such as
ventricular tachycardia, multifocal ventricular premature
beats, and Af (28). The present study revealed that major
ECG changes in HCM patients included Af and ST-T
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changes. Of the patients with AHCM, those with ELV
had significant enlargement in the left atrium, as well as
markedly higher incidence rates of Af and ST-T changes,
and rate of ACEI/ARB use, compared to those with NLV.
Among patients with non-obstructive ASHCM, there were
no notably differences between the ELV and NLV groups in
terms of left atrial size, incidence rates of Af, ST-T change,
and rate of ACEI/ARB use. Studies have shown that ELV
could affect the myocardial electrophysiology of patients
with ApHCM. Since ApHCM patients have relatively
mild clinical symptoms, the main therapeutic measure for
improving myocardial remodeling is ACEI/ARB.

Limitations of the study

HCM diagnosis was only based on clinical phenotypes and
no genetic evidence could be provided. Also, this study was
a single-center retrospective study with a limited sample
size.

Conclusions

The incidence rate of ES-HCM among patients with
ApHCM was lower than that of patients with HOCM and
non-obstructive ASHCM. The prevalence of ES-HCM in
HCM patients with ELV was higher than those with NLV,
and there was a higher proportion of male than female
patients. Therefore, patients with different HCM variants
have different clinical features.
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