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INTRODUCTION

Sudden cardiac death (SCD) is a leading cause of mortality, accounting for 40 000 deaths
in Canada annually.! It is defined as the sudden and unexpected loss of cardiac function,
breathing, and consciousness.? In individuals less than 40 years of age, hypertrophic
cardiomyopathy (HCM) is the leading cause of SCD.3

HCM is the most common inherited cardiovascular disease in Canada, affecting 1 in every
500 individuals. It is inherited as an autosomal dominant condition primarily caused by mutations
in cardiac sarcomere genes.* HCM is characterized by unexplained and asymmetric wall
thickness >15 mm in at least one myocardial segment of the left ventricle, histological myocyte
disarray, and coronary microvascular dysfunction.® Another characteristic feature is abnormal
myocardial fibrosis, which refers to the excessive deposition of extracellular matrix (ECM)
components within the myocardium. Over time, fibrosis alters the stiffness and compliance of the
heart and disrupts electrical signalling between cells. Consequently, myocardial fibrosis
predisposes HCM patients to arrhythmias, heart failure, and an increased risk of SCD.°

Since the incidence of SCD is known to be higher in individuals with HCM (~1% per year),
studies have focused on identifying risk factors for SCD and producing algorithms for risk
assessment of HCM patients. In 2014, a multi-centre, retrospective, longitudinal cohort study
developed and validated the most recent SCD risk prediction model, called HCM Risk-SCD, which
has since been included in the European Society of Cardiology’s guidelines.” This model
calculates the 5-year risk of SCD for HCM patients by considering several risk factors, including:
age, maximum left ventricular (LV) wall thickness, left atrial (LA) diameter, maximum left
ventricular outflow tract (LVOT) gradient, family history of SCD, non-sustained ventricular
tachycardia, and unexplained syncope. Evaluation of these risk factors is critical for identifying
high-risk HCM patients who require an implantable cardioverter defibrillator (ICD) for primary
prevention of SCD. Based on the HCM Risk-SCD model, individuals with a 5-year SCD risk of: i)
<4% are generally not indicated for an ICD; ii) 4 to 6% may be considered for an ICD; and iii) 26%
are recommended to receive an ICD.’

Multimodality cardiac imaging, including transthoracic echocardiography (TTE) and
cardiac magnetic resonance imaging (CMR), are commonly used in the diagnosis and
management of individuals with HCM. TTE is used to delineate asymmetric left ventricular
hypertrophy (LVH), which preferentially involves the interventricular septum (Figure 1A). TTE can
also identify systolic anterior motion of the mitral valve leaflets, which results in LVOT obstruction
and mitral regurgitation. When LVOT obstruction occurs, TTE can be used to measure the LVOT
gradient at rest and with Valsalva. With intravenous gadolinium administration, contrast CMR can
be used to non-invasively characterize the extent of myocardial fibrosis in HCM patients. In more
than half of the HCM population, late gadolinium enhancement on CMR (LGE-CMR) appears in
a patchy mid-wall pattern on hypertrophic segments (Figure 1B).* The degree of LGE-CMR in
HCM strongly correlates with the risk of SCD.®"® In a multi-centre prospective study, LGE of 215%
of LV mass demonstrated a two-fold increase in SCD risk.'? This supports the role of LGE-CMR
as an additional risk assessment tool for SCD. Although LGE-CMR provides significant prognostic
information for HCM, it cannot be routinely used in the clinical setting due to its high cost and
limited availability throughout Canada.

Development of a serum biomarker for myocardial fibrosis would be highly advantageous,
as it would serve as a cost-effective alternative to LGE-CMR for early risk stratification of HCM
patients for SCD. Previous studies have investigated serum biomarkers of myocardial fibrosis
including type | collagen, matrix metalloproteinase-1 (MMP-1), and tissue inhibitor of
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metalloproteinase-1 (TIMP-1). Type | collagen is a major component of the ECM, which when
excessively accumulated, results in fibrosis. Matrix metalloproteinases (MMPs), including MMP-
1, are proteinases involved in the degradation of ECM components, whereas tissue inhibitors of
metalloproteinases (TIMPs), such as TIMP-1, bind to and inhibit MMPs. When the ratio of
MMPs:TIMPs is low, fibrosis develops. Despite being associated with myocardial fibrosis in HCM,
these biomarkers have not been found to correlate with SCD risk."'® As a result, there remains
a need for a more prognostic biomarker of myocardial fibrosis that is capable of predicting SCD.

Scleraxis, a transcription factor, is a strong candidate for a novel biomarker of myocardial
fibrosis in HCM. Fibrosis occurs when resident cardiac fibroblasts convert to myofibroblasts,
which are pathologic cells that excessively synthesize ECM components including fibrillar
collagens. Scleraxis has been shown to control this conversion process through direct
transcription regulation of genes that encode matrix constituents (collagen and proteoglycans)
and markers of myofibroblasts (a-smooth muscle actin and fibronectin)."'® Furthermore,
scleraxis has been shown to potentiate the TGF/Smad3 signaling pathway, which is a key
regulator of ECM production."” Transforming growth factor B (TGFB) is an important pro-fibrotic
agent involved in chronic fibrotic diseases. It induces expression of ECM genes and depends on
Smad proteins for transduction of its signaling pathway. Scleraxis has been found to be required
for TGFB/Smad3-mediated gene expression, as it facilitates transcription complex formation."” Ex
vivo data demonstrate that addition of scleraxis to rat cardiac fibroblasts induces their conversion
to myofibroblasts, while inhibition of scleraxis expression or activity promotes reversal of the
myofibroblast phenotype.'” In vivo deletion of the scleraxis gene results in significant loss of ECM
in the murine heart."” Altogether, these data implicate scleraxis as a critical regulator of fibrosis.

A preliminary study by Dr. Czubryt’s collaborator, Dr. Moises Selman (Instituto Nacional
de Enfermedades Respiratorias), demonstrated that scleraxis was detectable in the serum
samples of 204 study participants [n=21 with idiopathic pulmonary fibrosis (IPF), n=126 with
scleroderma, and n=57 controls] using an enzyme-linked immunosorbent assay (ELISA).
Furthermore, serum scleraxis was found to differentiate between disease entities, as scleraxis
levels were elevated by 60% in IPF patients and 35% in scleroderma patients in comparison to
controls (p<0.001). However, it is unknown as to whether scleraxis can similarly serve as a serum
biomarker of myocardial fibrosis that correlates with disease severity in HCM patients. This study
is the first to address this significant knowledge gap.

OBJECTIVE

The objective of the study is to determine whether scleraxis can serve as a serum
biomarker of myocardial fibrosis that is detectable and that correlates with disease severity in
individuals with HCM.

METHODS

i. Study population

This is a retrospective study involving a total of 46 individuals with HCM. From June 2017
to July 2018, adults with HCM receiving care at St. Boniface Hospital were recruited for the study.
Study participants must have been identified as having both TTE and CMR performed as part of
routine clinical care (Figure 2). Exclusion criteria included contraindication to CMR and/or
unwillingness to give informed consent. Baseline characteristics, including age, cardiovascular
risk factors, HCM risk factors for SCD, medication use, and prior hospitalization for cardiovascular
events (heart failure or acute coronary syndrome), were obtained through patient interview and
chart review. In addition, each study participant’s most recent 12-lead electrocardiogram (ECG)
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analysis was acquired from the in-hospital Marquette Universal System for Electrocardiology
(MUSE) database or community cardiologists in Winnipeg.

ii. Cardiovascular imaging (TTE and CMR)

All study participants received a TTE study (GE Vivid 7, Milwaukee, WI, USA).
Interventricular septal thickness, posterior wall thickness, left ventricular ejection fraction (LVEF),
and LA diameter were determined from 2-dimensional images.' Using pulsed wave Doppler
echocardiography, transmitral LV filling velocity at the tips of the mitral valve leaflets was obtained
to measure diastolic parameters including E wave and deceleration time. Images were analyzed
offline using GE Echopac (Vivid 7, Version 11.2, GE Medical Systems, Milwaukee, WI, USA) by
one medical trainee and one level 3 TTE expert who were blinded to the clinical data.
Measurements were then averaged for each parameter and verified by another level 3 TTE expert
blinded to the clinical data.

All study participants underwent CMR imaging using a 1.5-T scanner (Avanto or Aera;
Siemens Healthineers, Erlangen, Germany). Breath-hold cine imaging was performed using a
segmented TrueFISP sequence with ECG gating to achieve 25 images covering the entire cardiac
cycle. LGE images were obtained after 10 minutes of 0.2 mmol/kg injection of Gadolinium (Gd-
DTPA, Magnevist, Schering, Germany) using a T1-weighted IR-prepared multislice TurboFLASH
sequence with magnitude and phase sensitive reconstruction. Images were acquired sequentially
in the short axis, followed by horizontal and vertical long axis images (TR 700 ms, TE 3.36 ms,
FA 25°, 8 mm slice thickness, 1.6 mm interslice gap, matrix 256x192). LV cavity dimensions and
systolic function were determined as per standard Society of Cardiovascular MRI criteria.°
Images were analyzed offline using a cardiac 3D workstation, either syngo.via (Siemens
Healthineers, Erlangen, Germany) and/or CMR42 (Circle Cardiovascular Imaging Inc., Calgary,
Alberta). LV internal diameter, LV wall thickness, and LA diameter were analyzed by two medical
trainees. Subsequently, measurements were averaged for each parameter and verified by a level
3 CMR expert blinded to the clinical data. LV cavity dimensions, systolic function, and the degree
of LGE, determined by planimetric assessment of all short axis slices, were determined by two
level 3 CMR experts who were blinded to the clinical data.

iii. Serum biomarker: scleraxis

Blood samples were collected via venipuncture at a single time point in the outpatient
hematology laboratory at St. Boniface Hospital. A total of 4x5 ml blood samples were acquired
from each study participant using BD Vacutainer SST tubes. An ELISA for scleraxis was
performed using a Human Scleraxis Homolog A ELISA Kit (abx571821; abbexa.com). This kit
provided a 96-well strip plate format, which was read on a standard microplate reader (BioTek
Cytation 5 Imaging Reader) in the Institute of Cardiovascular Sciences at St. Boniface Hospital
Albrechtsen Research Centre (SBRC). For comparison with the HCM study population, blood
samples were collected from 20 healthy volunteers at SBRC, who were recruited as controls.

iv. Statistical analysis

The data were summarized as mean + SD or number (percentage). A minimum sample
size of 30 individuals was required to achieve an adequate power of 0.80 with an alpha level of
0.05 to correlate the level of serum scleraxis with the degree of LGE-CMR. A two-tailed p-value
of <0.05 was considered statistically significant. Student’s t-test was used to compare scleraxis
levels of the control and HCM populations. Linear regression analyses were performed to
determine whether there was a correlation between scleraxis levels and disease severity in HCM.
Imaging parameters, including maximum LV wall thickness, LA diameter, and extent of LGE-
CMR, were designated as surrogate markers of disease severity in HCM, given that they have
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each correlated with SCD risk in previous studies. Analyses were performed using the SAS
software 9.4 (SAS Institute).

RESULTS

i. Baseline characteristics and SCD risk factors

Of the 118 HCM patients approached between June 2017 and July 2018, a total of 46
individuals with HCM were enrolled in the study. Baseline characteristics and SCD risk factors
are summarized in Tables 1 and 2, respectively. The mean age of the HCM study cohort was
58114 years (31 males). The most prevalent risk factors for SCD included history of non-sustained
ventricular tachycardia (24%) and enlarged LA (248 mm) diameter (20%). Using the HCM Risk-
SCD prediction model, the mean 5-year SCD risk was 2.3+1.3%, with more than half of the
participants receiving a risk score of <4%. The predominant cardiovascular risk factors included
hypertension (57%), smoking (43%), and hyperlipidemia (37%). At the time of recruitment, the
maijority of the HCM patients (70%) were asymptomatic with a functional capacity of New York
Heart Association (NYHA) Class |I. The most commonly used medications were beta blockers
(46%), angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (41%), and
diuretics (33%). There was a low rate of major cardiovascular events among the study
participants. A total of 7 of the 46 HCM patients experienced a major cardiovascular event in their
lifetime, with stroke being the most common event (7%). In this study cohort, 4 HCM patients (9%)
had a pre-existing ICD. Of these 4 individuals, 2 received an ICD for primary prevention of SCD.
None of these individuals experienced ICD discharges.

The most recent ECG findings for the study population are summarized in Table 3. A large
maijority of the study population (83%) was in sinus rhythm, while only 3 individuals (7%) had
underlying atrial fibrillation. ECG analysis for 5 participants either demonstrated paced rhythms
or had never been performed due to the diagnosis of HCM being rather recent. More than half
(57%) of the study participants demonstrated left ventricular hypertrophy with repolarization
abnormalities, and a total of 5 HCM patients (11%) demonstrated left atrial enlargement.

ii. Cardiovascular imaging (TTE and CMR)

Echocardiographic parameters of the study population are summarized in Table 4. The
LVEF was normal at 60£10%. The mean septal wall thickness was increased (>15 mm) with
asymmetric hypertrophy consistent with the diagnosis of HCM. Systolic anterior motion of the
mitral valve (SAM) was present in 15 (33%) individuals. Of those with SAM, the mean LVOT
gradient was 40+36 mmHg at rest and 68+46 mmHg with Valsalva. The mean E/E’ ratio, which
estimates left ventricular filling pressure, was elevated for both lateral (>6.0) and septal (>7.8)
walls, confirming diastolic dysfunction in the HCM patients.

CMR parameters of the study population are summarized in Table 5. The LVEF was
normal at 68+13%. Similar to TTE, there was asymmetric hypertrophy of the interventricular
septum as compared to the posterior wall, consistent with HCM. In addition, LA diameter was
increased on CMR, suggesting left atrial enlargement. LGE was present in 32 (70%) study
participants, in a distribution of 1 (20%), 2 (13%), or 23 myocardial segments (37%) (Figure 3).

iii. Serum biomarker: scleraxis

The results of the ELISA analysis for serum scleraxis in the HCM patients, compared to
controls, is depicted in Figure 4. The average serum scleraxis level of the HCM patients
(0.0402+0.008 ng/ml) was more than 5-fold greater than that of controls (0.0076+0.004 ng/ml).
Using an unpaired two-tailed t-test, the difference between the scleraxis levels of these two
groups was found to be statistically significant with a p-value of <0.01. Linear regression analyses
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did not identify any correlation between scleraxis levels and markers of disease severity in HCM,
including maximum LV wall thickness, LA diameter, and extent of LGE-CMR.

DISCUSSION

As the rate of SCD remains elevated among individuals with HCM, there continues to be
a need for improvement in the risk stratification of this patient population. In this study, there are
three significant findings to note, including: i) the demographics of the study population were
representative of the overall HCM population; ii) the study population mostly consisted of HCM
patients with a low risk for SCD; and iii) scleraxis levels were significantly elevated in HCM
patients, as compared to healthy individuals.

Our study cohort of Manitobans with HCM was predominantly middle-aged, male, and
Caucasian. These demographics are similar to the general HCM population, which has been
studied comprehensively worldwide. HCM is a common genetic cardiovascular disease that has
been reported in more than 50 countries, with a prevalence of 1 in 500 individuals (0.2%).%"' Due
to the age-dependent expression of HCM mutations and cardiac hypertrophy, the prevalence of
HCM is expected, and has been observed, to be higher (0.29%) in individuals older than 60 years
of age.?? As such, the average age at diagnosis of HCM is typically in the fifth decade of life.?®
Although the average age of the global HCM population has not been established, numerous
studies have characterized cohorts of HCM patients to be between 45 and 50 years of age.
Literature comparing the prevalence and distribution of HCM among various ethnic groups is
limited. However, it has been established that Hutterites and Mennonites are genetically
predisposed to HCM.?* Many studies note a male predominance among individuals diagnosed
with HCM, with a female predominance only being reported among patients over 60 years of
age.?® The mechanism(s) underlying this phenomenon has not yet been elucidated. However, it
has been proposed that gender-related differences in penetrance of HCM mutations and in
hormone levels (e.g. estrogen) may be contributing factors.?®%” A total of 46 of approximately
2500 HCM patients in Manitoba were enrolled in our study. The average age of our HCM cohort
was 58114 years, which is higher than the average age of cohorts in previous studies of HCM
patients (45 to 50 years). The majority of the study participants were male (67%), which is
consistent with previous studies. Of the study participants, 83% were Caucasian, which may
reflect the genetic predisposition in Hutterites and Mennonites as well as the demographics of the
Manitoban population.

In our study, the HCM cohort mainly consisted of individuals with a low risk for SCD. Using
the HCM Risk-SCD prediction model developed by O’Mahony et al.,” we calculated the SCD risk
of each study participant in our HCM cohort. The average 5-year SCD risk for our study population
was 2.311.3%, with more than half of the study participants receiving a risk score of <4%.
According to the aforementioned prediction model, an ICD is generally not indicated in patients
with a 5-year risk of SCD <4%.” While it may be an incidental finding that our study participants
have a lower risk for SCD, it also may be representative of the overall HCM population. A review
of the literature demonstrated that although HCM is the most frequent cause of SCD in young
adults (<40 years), the vast majority of affected individuals remain undiagnosed or are not
substantially impacted by the disease. In addition, SCD risk has been observed to be lower in
individuals beyond 40 years of age, as older patients more frequently experience other cardiac or
non-cardiac comorbidities, as opposed to morbidity or mortality associated with HCM.?’

The results of this study support scleraxis as a potential clinical biomarker of myocardial
fibrosis in individuals with HCM. Previous studies have demonstrated that serum biomarkers of
myocardial fibrosis, including type | collagen, MMP-1, and TIMP-1, are associated with diastolic
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dysfunction in HCM.'*'® The literature also demonstrates that matrix metalloproteinase-9 (MMP-
9) and a precursor of B-type natriuretic peptide (BNP) were increased in HCM patients with
myocardial fibrosis detected by LGE-CMR.?® Furthermore, MMP-9 has been shown to correlate
negatively with exercise capacity, while BNP has been associated with the need for septal
reduction therapy.®? However, no biomarkers have been found to predict the risk of SCD in
HCM patients to date. In this study, scleraxis was significantly elevated in HCM patients as
compared to controls. Scleraxis holds great potential as a biomarker in the HCM population, since
it has been established as a key regulator that controls fibroblast-to-myofibroblast conversion and
therefore the synthesis of cardiac fibrosis."” In contrast to previously studied biomarkers, which
are indicative of existing levels of fibrosis, scleraxis is unique as it may serve as an earlier
biomarker, given its upstream regulation of ECM production. Although scleraxis levels were
increased in HCM patients, they were not shown to correlate with the severity of HCM, as
represented by maximum LV wall thickness, LA diameter, and extent of LGE-CMR, on linear
regression analyses. Previous studies that have investigated correlations between biomarkers
and HCM severity have involved sample sizes of several hundred individuals.?® As a result, it is
likely that the small size of our HCM cohort is not sufficient to determine whether there is a
correlation between scleraxis levels and disease burden detected on imaging. A prospective study
with a larger patient population and several years of follow-up would be required to evaluate
whether scleraxis levels predict the risk of SCD in the HCM population.

Limitations

There are a number of limitations to the current study. First, the imaging tests and blood
draws were not performed at the same time due to the retrospective design of the study. This
difference in time may have interfered with the detection of any correlation between scleraxis and
imaging parameters. Second, serum samples were only obtained at a single time point. A
longitudinal study evaluating serial scleraxis levels could potentially provide more prognostic
information regarding changes in myocardial fibrosis within each study participant. Finally,
although serum scleraxis levels were obtained from both control and HCM populations, imaging
parameters could not be compared. Future studies would incorporate an age- and sex-matched
control population for both imaging and biomarker analyses.

Future directions

This study demonstrated that scleraxis levels are up-regulated in HCM patients as
compared to controls. The diagnostic and prognostic abilities of scleraxis in the HCM setting have
yet to be elucidated. A multi-centre randomized screening trial with a larger sample size may be
conducted to determine whether scleraxis is capable of diagnosing HCM via blood test, which
could then be verified by TTE. Furthermore, a longitudinal and prospective study may be
performed to evaluate scleraxis as a prognostic biomarker that identifies individuals with HCM
who need aggressive therapy and/or ICD implantation for primary SCD prevention.

CONCLUSION

This study supports that scleraxis is a detectable serum biomarker for myocardial fibrosis
in HCM. Future studies are warranted to evaluate scleraxis not only as a diagnostic test, but also
a prognostic biomarker for identifying high-risk HCM patients who require aggressive
management, including ICD insertion, for the prevention of SCD.
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Figure 1. Transthoracic echocardiography (TTE) and cardiac magnetic resonance imaging
(CMR) for a patient with hypertrophic cardiomyopathy. A) A parasternal long axis view on TTE
demonstrating asymmetric hypertrophy of the interventricular septum (arrow) as compared to the
corresponding inferolateral wall. LV, left ventricle; Ao, aortic root; LA, left atrium. B) A short axis
view on CMR, following intravenous gadolinium administration, showing multiple foci of late
gadolinium enhancement (LGE). These foci indicate regions of fibrosis within the mid-myocardium
of the septum (arrows). RV, right ventricle; LV, left ventricle.

Baseline
characteristics
acquisition

TTE and CMR
analysis

Recruit and

Blood draw
consent

Figure 2. Clinical protocol: A total of 46 HCM patients were enrolled in the study between June
2017 and July 2018 inclusive. Following consent, each study participant underwent blood
collection. Participants were subsequently interviewed for baseline characteristics acquisition.
TTE and CMR images were analyzed for each HCM patient. Finally, an enzyme-linked
immunosorbent assay (ELISA) was performed on blood samples from all study participants.

A B

HCM patients (n=46) >3
LGE presenton CMR 32 (70%) Segments
Location of LGE (37%)
1 segment 9 (20%) 1
2 segments 6 (13%) Segment

>3 segments 17 (37%) _Segments  (20%)

Data presented as number (percentage).
HCM (hypertrophic cardiomyopathy); LGE
(late gadolinium enhancement); CMR (cardiac
magnetic resonance).

70% Late Gadolinium
Enhancement

Figure 3. A) Of the 46 HCM patients, 32 (70%) demonstrated LGE on CMR, in a distribution of
1, 2, or 23 myocardial segments. B) The distribution of LGE-CMR among the HCM patients is
depicted in pie chart format.



Table 1. Baseline characteristics of study population
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HCM patients (n=46)

Age (yrs)
Male
Height (cm)
Weight (kg)
Ethnicity
Caucasian
Black
Asian
Other
Positive for HCM genetic marker
Family history of HCM
Cardiovascular risk factors
Diabetes
Hypertension
Smoking
Hyperlipidemia
Family history of CAD
NYHA Functional Class
Class |
Class I
Class llI
Class IV
Blood pressure (mmHgQ)
Systolic
Diastolic
Medications
ACE inhibitors/ARBs
Beta blockers
Calcium channel blockers
Diuretics
Warfarin
Intervention
Alcohol ablation
Myectomy
ICD implantation
Major cardiovascular event
ICD discharge
VT/VF
Hospitalization for HF
ACS
Stroke

5814
31 (67)
17310
88+18

32 (70)
12 (26)
2(4)

Data presented as mean + SD or number (percentage). HCM (hypertrophic cardiomyopathy); yrs
(years); CAD (coronary artery disease); NYHA (New York Heart Association); ACE (angiotensin-

converting enzyme); ARB (angiotensin receptor blocker);

ICD (implantable cardioverter

defibrillator); VT (ventricular tachycardia); VF (ventricular fibrillation); HF (heart failure); ACS

(acute coronary syndrome).



Table 2. Risk factors for sudden cardiac death

Antonia Zhu

HCM patients (n=46)

Age (yrs)
Unexplained syncope
Family history of SCD

History of non-sustained ventricular tachycardia

Maximum LV wall thickness (mm)
Left atrial diameter (mm)
Maximum LVOT gradient (mmHg)

5-year SCD risk as per HCM Risk-SCD model (%)

58114
5 (11)
2 (4)
11 (24)
1745
4247
68146
2.3+1.3

Data presented as mean + SD or number (percentage). HCM (hypertrophic cardiomyopathy); yrs
(years); SCD (sudden cardiac death); LV (left ventricular); LVOT (left ventricular outflow tract).

Table 3. ECG findings of study population

HCM patients (n=46)

Sinus rhythm 38 (83)
Atrial fibrillation 3(7)
Left atrial enlargement 5(11)
Left ventricular hypertrophy 26 (57)

Data presented as number (percentage). HCM (hypertrophic cardiomyopathy)

Table 4. Echocardiographic parameters of study population

HCM patients (n=46)

LV cavity dimensions and systolic function

Wall thickness (mm)
Septal
Posterior
Septal/posterior ratio
LVEDV (ml)
LVESV (ml)
Stroke volume (ml)
LVEDD (mm)
LVESD (mm)
LVOT diameter (mm)
LA diameter (mm)
LVEF (%)
Presence of SAM
LVOT gradient at rest (mmHg)
Basal LVOT gradient >30 mmHg
LVOT gradient provoked (mmHg)
Diastolic parameters

E (m/s)

E’ Lat wall (m/s)

E’ IVS (m/s)

E/E’ Lat wall

E/E’ IVS

E/E’ average

MV Dec Time (ms)

164
122
1.440.4
112457
43125
69+34
4618
2919
2013
4247
60+10
15 (33)
40+36
5/15 (33)
68+46

0.7+0.2
0.09+0.03
0.06+0.02

10+5
1416
1245
234+81
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Data presented as mean + SD or number (percentage). HCM (hypertrophic cardiomyopathy);
LVEDV (left ventricular end-diastolic volume); LVESV (left ventricular end-systolic volume);
LVEDD (left ventricular end-diastolic diameter); LVESD (left ventricular end-systolic diameter);
LVOT (left ventricular outflow tract); LA (left atrium); LVEF (left ventricular ejection fraction); SAM
(systolic anterior motion); E (peak transmitral LV filling velocity during early diastole); E’ (peak
velocity of mitral annulus in diastole); Lat (lateral); IVS (interventricular septum); MV (mitral valve);
Dec (deceleration).

Table 5. CMR parameters of study population

HCM patients (n=46)

Wall thickness

Septal (mm) 20+4

Posterior (mm) 134
LVEDV (ml) 136144
LVEDV indexed to BSA (ml/m?) 6820
LVESV (ml) 46134
LVESV indexed to BSA (ml/m?) 23+16
LVSV (ml) 89+24
LVSV indexed to BSA (ml/m?) 44112
LVEDD (mm) 4618
LVESD (mm) 317
LVEF (%) 68+13
LA diameter (mm) 52+11

Data presented as mean + SD or number (percentage). HCM (hypertrophic cardiomyopathy);
LVEDV (left ventricular end-diastolic volume); BSA (body surface area); LVESV (left ventricular
end-systolic volume); LVSV (left ventricular stroke volume); LVEDD (left ventricular end-diastolic
diameter); LVESD (left ventricular end-systolic diameter); LVEF (left ventricular ejection fraction);
LA (left atrium).

Scleraxis
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Control HCM
n=20 n=46

Figure 4. ELISA analysis: The average serum scleraxis level of the HCM patients was more
than 5-fold greater than that of controls. *p <0.01.
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