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ABSTRACT

Background: Hypertrophic obstructive cardiomyopa-
thy (HOCM) is a genetic cardiomyopathy characterized by
microvascular ischemia and myocardial fibrosis. Microves-
sels play an important role in myocardial fibrosis in HOCM.
However, the changes of myocardial microvessels and myo-
cardial fibrosis in pediatric and adult patients with HOCM
remain unclear. This study was to investigate the changes in
myocardial microvessel density (MVD) and myocardial fibro-
sis in pediatric and adult patients with HOCM.

Methods: We analyzed the changes in MVD and myo-
cardial fibrosis in myectomy left ventricular (LV) septal wall
specimens in 12 adult patients and five pediatric patients with
HOCM. Control myocardium from the LV septal wall was
collected at autopsy of 5 adults and 4 pediatric individuals,
who died of non-cardiac causes.

Results: There was no significant difference in MVD between
pediatric HOCM patients and control subjects (706.4+187.5 vs.
940.2+491.1, P > 0.05), but the myocardial fibrosis area ratio
was significantly increased in HOCM than in control subjects
(10.6£3.5 vs. 4.9+1.2, P < 0.01). MVD was significantly reduced,
and myocardial fibrosis area ratio was significantly higher in
adult HOCM patients than in control subjects (i.e. 523.3+ 209.4
vs. 845.7+260.7, P < 0.05; 12.8+5.1 vs. 4.4x1.3, P < 0.05). There
was no significant difference in MVD and myocardial fibrosis
between pediatric and adult HOCM patients (706.4+187.5 vs.
523.3£209.4, P > 0.05; 10.6+3.5 vs. 12.8+5.1, P > 0.05).

Conclusions: Pediatric and adult patients with HOCM
have high myocardial fibrosis. The present findings suggest
that myocardial microvascular density lesions contribute to
myocardial fibrosis during childhood.

INTRODUCTION

Hypertrophic obstructive cardiomyopathy (HOCM) is
a hereditary cardiomyopathy characterized by asymmetric
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hypertrophy of the myocardium, disarray myocardial cells,
and myocardial fibrosis. The prevalence of hypertrophic car-
diomyopathy is about 0.2% in the population [Maron 2018].
The clinical manifestations of hypertrophic cardiomyopathy
vary widely. Many patients can have no clinical symptoms,
and some patients have angina pectoris symptoms due to
myocardial hypertrophy, insufficient energy supply, or isch-
emia caused by myocardial bridges. Syncope easily occurs
with left ventricular outflow tract obstruction; some patients
have sudden cardiogenic death as the first symptom [Antunes
2020]. Cohort studies have found an annual mortality rate of
1%, with some patients progressing to heart failure or atrial
fibrillation, and an increased risk of secondary embolism
[Weissler-Snir 2019].

The characteristic manifestations of hypertrophic car-
diomyopathy are left ventricular hypertrophy, myocardial
fibrosis, and microvascular ischemia [Aguiar Rosa 2021].
The imbalance between myocardial energy expenditure and
energy supply caused by alterations in the coronary vascular
system is the mechanism of the clinical symptoms of hyper-
trophic cardiomyopathy. Myocardial capillary density is
about 3000-4000/mm?® under normal conditions, and blood
flow increases sixfold in emergencies situations to accommo-
date energy demands [Marszalek 2019]. A study of postopera-
tive myocardial tissue in patients with hypertrophic cardio-
myopathy revealed a significant decrease in cardiac capillary
density, accompanied by an increase in the area of myocardial
fibrosis [Tian 2018]. But it is unclear, however, whether and
to what extent pathological diffuse fibrosis occurs in child-
hood HCOM. The purpose of this study was to determine
whether diffuse myocardial fibrosis and reduced MVD occur
in pediatric and adult patients and further understand the
development and evolutionary mechanisms of hypertrophic
cardiomyopathy.

METHODS

Study population: We studied the pediatric and adult
patients with HOCM who underwent transaortic extended
septal myotomy (Morrow operation) at the Heart Center
of the First Affiliated Hospital of Tsinghua University from
March 2004 to December 2018. Control myocardium from
the LV septal wall was collected at autopsy of adult and pedi-
atric individuals, who died of non-cardiac causes. Hyper-
trophic cardiomyopathy was diagnosed as left ventricular
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thickness or septal thickness 215 mm, or left ventricular
outflow tract pressure difference >30 mmHg at rest, or
>50 mmHg at provocation, without other factors causing
myocardial hypertrophy. In the case of children, increased
LV wall thickness is defined as wall thickness >2 standard
deviations above the mean (z score 22) for age, sex, or body
size [Gersh 2011; Elliott 2014]. Clinical information was
obtained from the hospital's electronic medical record
system, including medical history, physical examination,
electrocardiogram, 24-hour ambulatory electrocardiogram,
echocardiogram, coronary angiography, and myocardial
magnetic resonance examination. Coronary artery disease
(>50% stenosis on coronary angiography), uncontrollable
hypertension (defined as blood pressure above 140/90
mmHg), and renal dysfunction were excluded. The study
was approved by the Ethics Committee of the First Affili-
ated Hospital of Tsinghua University, and written informed
consent was obtained from the participants or their parents
or legal guardians.

Echocardiography: Standard transthoracic M-mode,
2-dimensional, pulsed, or continuous wave Doppler images
were obtained with an IE33 Color Doppler Ultrasound
System (Philips Healthcare, Andover, MA, USA). Parameter
acquisition was performed, according to the American Soci-
ety of Echocardiography guidelines. The detection of peak
velocity and differential pressure across the left ventricular
outflow tract was calculated using the simplified Bernoulli
equation. Left ventricular outflow tract obstruction was
defined as hypertrophic cardiomyopathy diagnosed as left
ventricular thickness or septal thickness 215 mm or left ven-
tricular outflow tract differential pressure >30 mmHg at rest
or >50 mmHg at provocation.

Surgical technique: A modified Morrow procedure is
used, and intraoperative transesophageal ultrasonography
routinely was applied. After median sternotomy, the pressure
gradient between the left ventricle to the ascending aorta was
measured directly. Extracorporeal circulation was established
via aortic and right atrial cannulation, cold blood hyperka-
lemic cardioplegia was infused into the aortic root after the
distal ascending aorta was clamped. A transverse aortotomy
toward the mid-noncoronary sinus and aortic annulus was
performed. The continuous resection was commenced at
the nadir of the right aortic sinus leftward toward the mitral
valve annulus and apically to the base of the papillary muscles,
involving the abnormal tendons and muscle bundles near the
mitral papillary muscle. Transesophageal ultrasound was used
after the patients were weaned from cardiopulmonary bypass.
Individualized administration of B-blocker routinely was used
during postoperative management.

Histological examination: Myocardial tissue samples
were taken from patients with HOCM after septal myectomy.
Control myocardium from the LV septal wall was collected
at autopsy of individuals who died of noncardiac causes. The
samples were fixed in 10% buffered formalin, embedded in
paratfin, and cut into 4 pm thick tissue sections for immunohis-
tochemical staining. Dewaxing and hydration were performed
by a series of applications of xylene and alcohol. Microwave
antigen repair (0.1 M citrate buffer, pH 6.0) for 10 min. Mouse
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anti-human monoclonal antibody CD31 (UMAB30, ZSGB-
BIO, China) was incubated overnight at 4°C, rinsed in buffer,
incubated with rabbit anti-mouse (IgG, PV-6000, ZSGB-BIO,
China) for 30 min at room temperature, and DAB (OriGene
"Technologies, China) stained for 30 min. Finally, after incuba-
tion with diaminobenzidine for 30 min at room temperature,
the slides revealed immunoreactivity for CD31.

MVD evaluation: CD31 immunohistochemically stained
images were acquired by applying light microscopy, and the
images were magnified 200 times with brown staining of vas-
cular endothelial cells. Microvasculature included capillaries
(area 10-78.5 pm?, lumen diameter <10 pm) and precapillary
arteries (area 78.5-314 pm?, lumen diameter <10-20 pm),
microvessels were tagged by the pathologists on the moni-
tor image and counted in 6 fields at x200 magnification using
Image-Pro Plus 6.0 image analysis software (Media Cyber-
netics Inc., Buckinghamshire, UK) to calculate microvessels.
Finally, the mean number of microvessels per square milli-
meter was calculated and expressed as the MVD [Tian 2018].

Masson staining and determination of myocardial
fibrosis: Paraffin sections were dewaxed with xylol and soaked
into a series of a gradient concentrations from 99 to 95% of
alcohol, and distilled water washing in turn. The slices were
put in a solution of hematoxylin for 3 min. Subsequently, a
color change was carried out with lithium carbonate. Slices
were washed in pure water and colored with red Ponceau
staining (oven at 30°C for 20 s at 45 kW). The slice was put
in acid water and phosphomolybdic acid (I min), and then
aniline blue was added and washed with acid water. Six fields
of view randomly were selected at x200 magnification, and
the percentage (%) of the area of fibrosis was calculated after
labeling by a pathologist using Image-Pro Plus 6.0 image
analysis software (Media Cybernetics Inc., Buckinghamshire,
UK) [Tian 2018].

Statistical methods: Statistical data were analyzed
using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Data were
expressed as mean = standard deviation. Continuous variables
were compared between the two groups using an indepen-
dent t-test, while categorical variables were compared using
the chi-square test. P values less than 0.05 were used as a test
for significant differences.

RESULTS

Patient characteristics: In this study, there were 12 adult
patients and five pediatric patients with HOCM. Control
myocardium from the LV septal wall was collected at autopsy
of four adults and five pediatric individuals who died of non-
cardiac causes. Clinical data and echocardiographic param-
eters are shown in Table 1. There were no significant differ-
ences in age or gender between adult patients with HOCM
and control subjects, and with the same results between pedi-
atric patients and control subjects.

Microvessel density and myocardial fibrosis: As shown
in Figure 1, both pathologists showed agreement with respect
to MVD, myocardial fibrosis in the myocardium of pediatric,
adult patients, and control subjects, respectively. (Figure 1)
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Table 1. Summary of clinical and echocardiographic data

Variable Pediatric HOCM (N = 5) Pediatric Control (N = 5) Adult HOCM (N = 12) Adult Control (N = 4)
Ages, years 9.3+4.0 5.2+1.7 47.4+7.9 41.5+£15.4

Male, n (%) 2 (40%) 3 (60%) 1 (92%) 3 (75%)
Symptom, n (%) 1 (20%) - 1 (92%) -

ECG ST-T changes, n (%) 2 (40%) - 7 (58%) -

Septal thickness (mm) 16.2+1.2 - 25.7£9.4 -

Systolic anterior motion 5 (100%) - 10 (83%) -

LVOT PG at rest, mm Hg 89.4+29.4 - 96.8+44.1 -

ECG, electrocardiograph; LVOT PG, left ventricular outflow tract pressure gradient

In Figure 2, MVD was not significantly different between
pediatric patients with HOCM and controls (Figure 2A)
(706.4+187.5 vs. 940.2+491.1, P > 0.05); MVD was signifi-
cantly lower in adult HOCM patients compared with con-
trols (Figure 2B) (523.3+209.4 vs. 845.7+ 260.7, P < 0.05).
(Figure 2) By contrast, the myocardial fibrosis ratio was sig-
nificantly higher in pediatric HOCM patients than in the
controls (Figure 2C) (10.6£3.5 vs. 4.9+1.2, P < 0.01); mean-
while, it was significantly higher in adult HOCM patients
than in the control group (Figure 2D) (12.8+5.1 vs. 4.4x1.3,
P < 0.05). There were no significant differences in MVD
(Figure 2E) (706.4+187.5 vs. 523.3+209.4) and myocardial
fibrosis (Figure 2F) (10.6£3.5 vs. 12.8+5.1) between pediatric
and adult HOCM patients (P > 0.05).

Our study provides evidence that both pediatric and adult
HOCM patients had a higher myocardial fibrosis ratio (%
area), and adult HOCM patients had a lower MVD com-
pared with controls. There were no significant differences in
MVD and myocardial fibrosis in pediatric and adult HOCM
patients. To our knowledge, this is the first report on the
comparison of MVD and myocardial fibrosis in adult versus
pediatric patients with HOCM.

We did not find literature reports on myocardial MVD
changes in children with HOCM. However, it has been
shown that mortality in adolescent patients with hypertro-
phic cardiomyopathy is significantly higher than in adult
patients, and the peak age of death is between 9 and 12 years
[Ostman-Smith 2008]. In the early stages of hypertrophic
cardiomyopathy, there is coronary vascular endothelial cell
dysfunction, vasoconstriction, decreased myocardial perfu-
sion, and myocardial ischemia [Timmer 2013]. Myocardial
ischemia caused by microvascular dysfunction is an impor-
tant pathophysiologic component of hypertrophic car-
diomyopathy, promoting myocardial fibrosis, adverse left
ventricular remodeling, and impacting clinical course and
outcome in HOCM patients [Aguiar Rosa 2021; Raman
2019]. Analysis of patients with childhood hypertrophic
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cardiomyopathy using single-photon emission computed
tomography (SPECT) myocardial perfusion studies have
shown that myocardial perfusion deficit, myocardial ischemia
leads to clinical symptoms, and predicted sudden death and
adverse cardiac events in children hypertrophic cardiomy-
opathy patients [Ziolkowska 2021]. Left ventricular outflow
tract pressure gradients, increased vascular impedance, and
increased vessel wall tension can all contribute to ventricu-
lar diastolic dysfunction and abnormal myocardial perfusion
[Knaapen 2008; Giiglii 2015]. In this study, the left ventricu-
lar outflow tract pressure gradient was 89.4 mmHg at rest
in pediatric HOCM patients, but without a significant dif-
ference in MVD compared with controls. There were 40%
pediatric HOCM patients with preoperative electrocardio-
graph (ECG) ST-segment changes, presumably suggesting
that myocardial perfusion disturbance may be an early patho-
logical change in childhood, and clinical symptoms may be
related to coronary vascular endothelial dysfunction, reduced
myocardial perfusion, and myocardial ischemia.

In this study, we demonstrated that MVD was significantly
lower, and the myocardial fibrosis ratio was higher in adult
patients with HOCM compared with controls. Postmortem
examination of hypertrophic cardiomyopathy heart revealed
increased myocardial fibrosis and reduced capillary density
[Hughes 2004]. Our study is consistent with the findings of
previous studies. In recent years, several authors have used
myocardial perfusion magnetic resonance imaging (MRI)
to evaluate ischemia in adult HOCM patients [lles 2015;
Moravsky 2013]. Matsunaka et al. [Matsunaka 2003] reported
that first-pass MRI with delayed contrast-enhanced MRI is
useful for evaluating the myocardial injury and for predict-
ing left ventricular regional contractile function in patients
with HOCM. MRI perfusion abnormalities at rest are corre-
lated with myocardial fibrosis and risk factors for sudden car-
diac death, and myocardial perfusion MRI scans are of great
value in evaluating microvascular function [Chiribiri 2015].
Reduced myocardial perfusion and coronary flow reserve are
the main factors contributing to myocardial ischemic symp-
toms and affecting long-term prognosis [Giigli 2015]. We
found a left ventricular outflow tract pressure gradient of

96.8 mmHg and significantly reduced MVD in adult HOCM
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Figure 1. MVD and myocardial fibrosis in pediatric, adult HOCM patients compared with control subjects. Microvessels are stained in brown and myocardial
fibrosis is stained in blue. The MVD in pediatric patients (A) and controls (B), adult patients (C), and subjects (D). Myocardial fibrosis area (%) in pediatric
patients (E) and controls (F), in adult patients (G) and controls (H).
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patients, and reduced coronary MVD was found in both
autopsy and surgical tissue specimens from adult patients
with HOCM. Left ventricular outflow tract pressure gradi-
ent has a decisive influence on coronary vascular remodel-
ing and microvascular hypoperfusion, and reduced vascular
density and reduced myocardial perfusion further affect the
myocardial contractile function and lead to adverse cardiac
outcomes. Meanwhile, cardiac vascular impedance can affect
left ventricular wall pressure due to severe diastolic insuffi-
ciency, which causes increased left ventricular end-diastolic
filling pressures [Knaapen 2008; Giigli 2015].

Our study confirmed the finding of significant myocardial
fibrosis in pediatric patients with HOCM, suggesting the
early appearance of vascular endothelial cell lesions, reduced
myocardial perfusion, myocardial interstitial remodeling,
and microstructural fibrosis in pediatric patients. Fernlund
and colleagues [Fernlund 2017] found that serum histone S,
endothelial inhibitor, matrix metalloproteinase-9, vascular
endothelial growth factor receptor, vascular and intercellular
adhesion molecules were significantly elevated and negatively
correlated with myocardial perfusion in pediatric patients
with HOCM. Increased type I collagen synthesis early in
hypertrophic cardiomyopathy was an early manifestation of
myofilament gene mutations [Ho 2010]. Myocardial fibrosis
is progressively aggravated, and abnormal myocardial energy
utilization and perfusion deficits are responsible for myocar-
dial fibrosis, myocardial fibrosis is associated with adverse
myocardial remodeling and adverse cardiac events [Raman
2019]. Left ventricular outflow tract obstruction plays an
important role in myocardial fibrosis and left ventricular dia-
stolic dysfunction in patients with hypertrophic cardiomyop-
athy [Avegliano 2019]. Therefore, early outflow tract sparing
surgery should be performed in patients with left ventricular
outflow tract obstruction.

In this study, the main clinical symptoms of the patients
were chest tightness, breath-holding, decreased activity toler-
ance, and arrhythmias, and seven adult patients (58%) had
ST-T changes on the ECG. Tangwiwat et al. [Tangwiwat
2019] suggested that ECG T-wave inversion was associated
with apical hypertrophic cardiomyopathy, and fragmented
QRS wave clusters were associated with myocardial fibrosis.
Histological studies have found that pediatric patients are
prone to sudden death and older patients are prone to heart
failure [Galati 2016]. Myocardial fibrosis is a characteristic
feature of hypertrophic cardiomyopathy and is a major cause
of sudden death, ventricular arrhythmias, and cardiac failure.
The present study showed five cases of ventricular arrhyth-
mias and one case of atrial fibrillation in the present group
of patients. But today, there is a lack of precise and valid risk
stratification assessment measures [Ariga 2019].

A limitation of this study was its retrospective nature.
While the sample size was small, a larger sample size could
have further investigated the correlation between myocardial
histological changes and left ventricular outflow tract pres-
sure changes, as well as the correlation analysis between his-
tological characters and postoperative long-term outcomes.
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Figure 2. Changes in MVD and myocardial fibrosis area. MVD in pe-
diatric patients  (A), adult patients (B). Myocardial fibrosis area (%)
in pediatric patients (C), adult patients (D). MVD changes in pediatric
patients and adult patients (E), and myocardial fibrosis area (%) in pedi-
atric patients and adult patients (F).

This study concludes that pediatric patients and adult
patients with HOCM present with significant myocardial
fibrosis, suggesting the development of vascular endothelial
cell lesions, reduced myocardial perfusion, myocardial inter-
stitial remodeling, and microstructural fibrosis in childhood.
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