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Abstract: Background: Hypertrophic Cardiomyopathy (HCM) is the most common inherited
Cardiomyopathy. The hallmark of HCM is myocardial fibrosis which contributes to heart failure,
arrhythmias, and sudden cardiac death (SCD). Objective: To identify the factors implicated in heart
failure symptoms and functional capacity of patients with HCM. Methods: In this cohort study, 43
patients with HCM were recruited. According to functional capacity and symptoms presentation,
patients were categorized according to New York Heart Association (NYHA) classification, and
echocardiographic measurements of left ventricle systolic and diastolic function were conducted.
The echocardiographic assessment of right vetriculo-arterial coupling (RVAC) has been made by
calculating the tricuspid annular peak systolic tissue Doppler velocity (TASV)/estimated RV systolic
pressure (RVSP) ratio. Results: Almost half, 22 (51%) of our study population present symptoms of
heart failure and were categorized as the symptomatic group - NYHA 2 or higher. Maximum LVOT
gradient, RVSP, and the ratio of E/e’ were higher in the “symptomatic” compared to the
“asymptomatic” group. TASV was lower in the “symptomatic” compared to the asymptomatic
group (11xlcm/sex vs. 13+2cm/sec, p=0.04). However, there was no difference in other potentially
influential factors, such as heart rate or systemic blood pressure. The SCD risk score does not differ
between the two studied groups. The RVAC (estimated with the TASV/RVSP ratio) was lower in
the “symptomatic” compared with the “asymptomatic” group (0.32+0.09 vs. 0.46+0.11, p<0.001).
Conclusion: A low RVAC (as estimated with TASV/RVSP ratio) value could represent an
echocardiographic marker of right ventricular-arterial uncoupling in patients with HCM and may
impaired functional status.

Keywords: hypertrophic cardiomyopathy; cardiomyopathies; heart failure

1. Introduction

Hypertrophic Cardiomyopathy (HCM) is the most common heritable cardiomyopathy, with a
prevalence of 1:500 in the general population (1, 2). Diagnosis of the disease can be challenging given
its phenotypic heterogeneity and is based on the identification of a left ventricle (LV) wall thickness
of >15mm by echocardiography, computed tomography, or cardiac magnetic resonance (CMR) in the
absence of secondary causes (3). One of the hallmarks of HCM is myocardial remodeling,
characterized by cardiomyocyte hypertrophy, sarcomeric disarray, and fibrosis (4, 5). Hypertrophied
cardiac muscle cells in both the ventricular septum and LV free wall exhibit bizarre shapes, often
maintaining intercellular connections with several adjacent cells (4, 6). Many myocytes are arranged
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in chaotic and disorganized architectural patterns. Myocardial fibrosis contributes to heart failure,
arrhythmias, and sudden cardiac death (7-9).

Concerning the clinical course of the disease, HCM is generally characterized by sudden death
risk due to fatal ventricular arrythmias, and LV outflow tract obstruction causing heart failure due to
diastolic dysfunction as a consequence of LV hypertrophy, fibrosis, and stiffness (10, 11). Another
aspect of diastolic dysfunction contributing to functional impairment in patients with HCM is left
atrium (LA) enlargement, stiffening, and atrial fibrillation (12). It is of interest that the clinical
presentation of patients with HCM varies widely from completely asymptomatic, including patients
identified incidentally, to end-stage heart failure. A large proportion of patients with HCM have mild
to severe functional status impairment, which is often expressed as dyspnea in exertion and fatigue
(13).

For most of the patients with chronic disability from heart failure, the primary cause is left
ventricular outflow obstruction, which leads to markedly elevated left ventricular pressures and
secondary mitral regurgitation (14). Heart failure symptoms may occur or increase in severity at any
age, most frequently in mid-life due to LV outflow obstruction (15). Heart failure symptoms due to
subaortic obstruction represent a treatable consequence of the disease (15). Additionally, heart failure
in patients with HCM is often accompanied by pulmonary hypertension (PH), diastolic dysfunction,
and the absence of an increase in stroke volume with exercise (16). Moreover, it is known that the
ability of the right ventricle (RV) to compensate with the preserved systolic function in the face of an
increasing afterload is referred to as maintaining RV-pulmonary artery (PA) coupling (17).
Echocardiographic measures of RV-PA coupling include the ratio of RV longitudinal motion
(tricuspid annular plane systolic excursion-TAPSE or tricuspid annular peak systolic tissue Doppler
velocity-TASV) to the RV systolic pressure (RVSP) or to the PA systolic pressure (17, 18). Studies
evaluating the TAPSE/RVSP ratio in patients with cardiovascular disease have shown associations
between a lower TAPSE/RVSP ratio (reflecting worse RV-PA coupling) and adverse outcomes (19,
20). The role of right ventricular function and RV-PA coupling in the prognosis and prediction of
clinical outcomes concerning the broad spectrum of cardiovascular diseases needs to be established
through current and future studies. Impaired RV-PA coupling was highlighted as a prognostic factor
of poor outcomes and increased mortality in critically ill patients hospitalized in a cardiac intensive
care unit (21).

Therefore, in this study, we evaluate the role of right ventricular arterial coupling (RVAC) in
heart failure symptoms and the functional capacity of patients with HCM.

2. Materials and Methods

2.1. Study population

In this cohort study, we included 43 subjects with HCM. The patients we recruited have been
evaluated in the Unit for Inherited and Rare Cardiovascular Diseases of the 1t Cardiology
Department in Hippokration Hospital between January 1, 2019, and December 31, 2021. We excluded
patients who did not have available data to calculate the TASV/RVSP ratio. According to functional
capacity and symptoms presentation, patients were categorized according to New York Heart
Association (NYHA) classification (22, 23). Patients with normal functional capacity and presentation
of shortness of breath at only vigorous activity (NYHA I) were categorized in the “asymptomatic”
group in regard of functional capacity and shortness of breath and the rest to the “symptomatic”
group. At the time of the examination, vital signs have been obtained, including heart rate, systolic
and diastolic blood pressure, and also sudden cardiac death (SCD) risk score has been evaluated with
the European Society of Cardiology SCD risk score incorporating data regarding age, maximum LV
wall thickness, left atrial size, maximum left ventricular outflow tract gradient, family history of
sudden cardiac death, recorded non-sustained ventricular tachycardia and unexplained syncope (24).
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2.2. Functional capacity assessment

The functional capacity of the enrolled subjects was assessed additionally to NYHA functional
classification by means of the six-minute walk test (6MWT). The test was performed according to the
American Thoracic Society guidelines in an indoor flat corridor (25). During the test, subjects were
verbally enforced to cover the longest possible distance. For the purpose of this study, the distance
in meters covered by each subject during the 6 minutes period was used as a surrogate measure of
its functional status and cardiorespiratory fitness. Based on the median value of the 6 MWT distance,
the study population was arbitrarily divided in two groups. Those with a 6MWT distance above the
median value were characterized as “the group of higher 6 MWT performance” and the rest as “the
group of lower 6tMWT performance”.

2.3. Echocardiography

Transthoracic echocardiography with the standard protocol was performed. The extent of LV
hypertrophy has been assessed by measuring the LV wall with the maximum thickness (in mm)
measured at any echocardiographic view. The LV ejection fraction (LVEF) was calculated using the
Simpson biplane method. LA diameter was measured in the parasternal long axis (PLAX) view. LA
dilatation was considered if the LA diameter index to body surface area (BSA) was higher than
2.3cm/m? (26). The left ventricular outflow tract (LVOT) maximum gradient has been evaluated in
the four-chamber echocardiographic view using the pulse wave velocity Doppler at rest and during
the Valsalva maneuver. Diastolic function was assessed by a combination of mitral inflow pattern (E
to A ratio and deceleration time) and mitral annular velocities (e’, measured at the septal and lateral
aspects of the mitral annulus in the apical four chamber view). Additionally, as an index of LV filling
pressure, the mitral E/e’ (septal, lateral, and mean) was calculated. The right atrial pressure (RAP)
was estimated on the basis of the size and collapsibility of the inferior vena cava. The RVSP was
estimated as follows: RAP+[4x(peak TR velocity)2], based on spectral Doppler. The
echocardiographic assessment of the right ventricular arterial coupling (RVAC) was made using the
TASV/RVSP ratio, which was calculated as the ratio of TASV by tissue Doppler imaging (in cm/s)/the
RVSP (in mm Hg).

2.3. Statistical analysis

Continuous variables were tested with the Kolmogorov—Smirnov test and visual inspection of
P-P plots for normality of distribution. Accordingly, they were presented as mean with standard
deviation or median with 25th and 75th quartile as appropriate. Percentages were used to present
categorical variables. Continuous variables were tested for differences between studied groups
according to the t-test or the Mann-Whitney U test, depending on the normality of their distribution.
Differences in categorical variables across the groups were calculated by the formation of contingency
tables and the performance of the x2 test. To examine how the examined variables impact the
functional classification independently of other possible confounders, we proceed to a backward
logistic regression model. Pearson correlation coefficient was applied to test how RVAC was
associated with several parameters. All reported p values were based on two-sided hypotheses.
When the p value was less than 0.05, differences were considered statistically significant. All
statistical calculations were performed in SPSS software (version 27.0; SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Characteristics of the study population

The mean age of the study population was 54+14 years, and 40% were female. In most of the
study population, the LVEF was > 50%. The LA was dilated in 44% of the study population. Almost
half 22 (51%) of our study population present symptoms of heart failure and were categorized in the
symptomatic group - NYHA 2 or higher.
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3.2. Characteristics of the study population according to NYHA classification

The characteristics of our study population according to functional classification are presented
in Table 1. “Symptomatic” patients were at a mean of 13 years older than the “asymptomatic” group.
The representation of the female gender was greater in the “symptomatic” compared to the
“asymptomatic” group (54% vs 24%, p=0.04). Maximum LVOT gradient (46 + 45 mmHg vs. 17 + 16
mmHg, p=0.03), RVSP (38 + 13 mmHg vs. 28 + 5 mmHg, p = 0.02), and the ratio of E/e’ (15 + 6 vs. 11
+ 4, p=0.03) were higher in the “symptomatic” compared to the “asymptomatic” group. TASV (11 +
1 cm/sec vs. 13 + 2 cm/sec, p = 0.04) and the RVAC (0.32 +0.09 vs. 0.46 + 0.11, p < 0.001) was lower in
the “symptomatic” compared to the “asymptomatic” group. However, there was no difference in
other potentially influential factors, such as heart rate or systemic blood pressure. Moreover, the
sudden cardiac death (SCD) risk score does not differ between the two studied groups.

Table 1. Clinical and demographic characteristics of the study population.

“Symptomatic” /

Study “Asymptomatic” / .
Population NYHA 1 Group NYHA 2 or higher p-value
43) @1) Group
(22)
Age (years) 54+15 47+16 60+12 0.005
Female gender (%) 40 24 54 0.04
LVEEF (%) 5945 60+5 5816 0.10
LA diam (mm) 44+6 43+7 4616 0.14
Index LA diam (mm/m?) 23+3 22+3 23+3 0.11
Dilated LA 44 38 50 0.44
LV wall maximum 18+4 1742 1846 0.23
thickness (mm)
EVOT maximum Gradient 5,5, 17+16 46445 0.03
(mmHg)
LVOT maximum
gradient >30mmHg (%) 42 28 6 0.02
RVSP (mmHg) 3311 28+5 38+13 0.02
TASV (cm/sec) 12+2 13+2 11+1 0.04
E/e’ 13+6 11+4 15+6 0.03
RVAC 0.40+0.12 0.46+0.11 0.32+0.09 <0.001
SCD risk score (%) 2.74(1.67,4.28)  1.79 (1.40, 2.86) 3.67 (2.56, 4.47) 0.09
Heart rate (bpm) 68+12 65+10 72413 0.11
Systolic blood pressure 122415 12014 124215 0.36
(mmHg)
Diastolic blood pressure 7948 79410 7945 0.90
(mmHg)
6MWT (m) 507112 567+62 427+120 <0.001

LVEE: left ventricle ejection fraction; LA diam: left atrium diameter; LVOT: left ventricular outflow
tract; RVSP: Right ventricular systolic pressure; TASV: tricuspid annular peak systolic tissue Doppler
velocity; RVAC: right ventricular arterial coupling; SCD: sudden cardiac death; 6MWT: Six minute
walk test.

To examine which of the factors revealed significant at first were determinants of impaired
NYHA classification independently of the impact of other significant covariates, we proceeded to a
backward logistic regression analysis which revealed that only age and RVAC were associated with
functional capacity, as shown in Table 2.
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Table 2. Backward Binary logistic regression analysis with NYHA status as the dependent variable.

Odds Ratio 95% Confidence Interval p-value
Age (years) 1.09 1.007, 1.185 0.03
RVAC (ratio) 3.00e5 3.29e19,0.27 0.006

Initial variables inserted in the model: Age, gender, LVOT maximum gradient, RVSP, TASV, E/e’ ratio,
RVAC. LVOT: left ventricular outflow tract; RVSP: Right ventricular systolic pressure; TASV:
tricuspid annular peak systolic tissue Doppler velocity; RVAC: right ventricular arterial
coupling.

3.3. Characteristics of the study population according to 6MWT

The median value of the 6 MWT distance was 550 m, and accordingly, subjects were categorized
into “the group of higher tMWT performance” and “the group of lower 6MWT performance” (Table
3). Those with higher 6MWT performance were younger, with higher prevalence of male sex, lower
LVOT maximum gradient, lower RVSP, and higher RVAC.

Table 3. Clinical and demographic characteristics of the study population according to 6MWT

performance.
“Group of Higher  “Group of Lower 6t MWT
Y ,, p-value
6MWT performance performance
Age (years) 47+16 5911 0.01
Female gender (%) 16 67 0.02
LVEF (%) 605 5915 0.73
LA diam (mm) 44+7 4345 0.71
Index LA diam (mm/m?) 22+4 23+3 0.49
Dilated LA 42 48 0.63
LV wall maximum thickness 1744 1745 0.95
(mm)
LVOT maximum Gradient 18418 37404 0.02
(mmHg)
LVOT maximum
gradient >30mmHg (%) 2 6> 0.03
RVSP (mmHg) 2945 35£10 0.02
TASV (cm/sec) 12+2 12+2 0.9
E/e’ 11+4 14+6 0.09
RVAC 0.45+0.08 0.37+0.13 0.05
SCD risk score (%) 2.62 (148, 4.76) 2.62 (1.60, 3.21) 0.43
Heart rate (bpm) 64+10 73+£13 0.10
Systolic blood pressure (mmHg) 122+15 121+13 0.81
Diastolic blood pressure (mmHg) 79+10 79+7 0.96

6MWT: Six minute walk test; LVEF: left ventricle ejection fraction; LA diam: left atrium diameter;
LVOT: left ventricular outflow tract; RVSP: Right ventricular systolic pressure; TASV: tricuspid
annular peak systolic tissue Doppler velocity; RVAC: right ventricular arterial coupling; SCD: sudden
cardiac death;.

3.4. Parameters associated with Right Ventriculoarterial Coupling

To examine which parameters were associated with RVAC, we proceeded to correlations with
several variables. It was found that RVAC was positively associated with 6t MWT distance and TASV,
while it was negatively associated with RVSP, LVOT maximum gradient, and the ratio of e to e prime
(Figure 1, Table 4).
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Figure 1. Correlogram expressing the association of RVAC with several variables. The size of the circle
is expressing the correlation coefficient and the color of the circle the direction of the correlation with
scales of red expressing negative association and with scales of blue expressing positive associations.
X represents correlations with no statistical significance. Abbreviations: LVEF: left ventricular ejection
fraction, LA: left atrial, LVW: left ventricular wall, 6MWT: six-minute walk test, RVSP: right
ventricular systolic pressure, TASV: tricuspid annular peak systolic tissue Doppler velocity, LVOT:
left ventricular outflow tract, Gr: gradient, RVAC: right ventriculo-arterial coupling.

Table 4. Correlation of RVAC with other examined variables.

LV

i LA  IndexLA
Age LVEF mamumo ndexLA (o /WT RVSP TASV LVOTmaxGr Efe

wall diameter diameter

thickness
Rcorrelation /- 179 27 -0.17 027 035 077 -0.63 053 -038
coefficient

Pvalue 065 008 0.09 0.29 0.11 0.04 <0.001 <0.001 0.001 0.02

RVAC: right ventriculo-arterial coupling, LVEF: left ventricular ejection fraction, LA: left atrium,
6MWT: six-minute walk test, RVSP: right ventricular systolic pressure, TASV: tricuspid annular peak
systolic tissue Doppler velocity, LVOT: left ventricular outflow tract, Gr: gradient.

4. Discussion

To our knowledge this is the first study examining the role of RVAC, estimated by transthoracic
echocardiography (TTE), in symptoms of patients with HCM independently of LVOT obstruction. In
our study, it was shown that the female gender was highly represented in the “symptomatic” HCM
group. Concerning the relationship between the factor of age in patients” symptoms, “symptomatic”
patients were a mean of 13 years older than the “asymptomatic” group. Moreover, the
echocardiographic measurements of maximum LVOT gradient, RVSP, and the ratio of E/e” were
higher in the “symptomatic” compared to the “asymptomatic” group. Inversely, TASV and RVAC
(as TASV/RVSP ratio) had lower values in the “symptomatic” group, while from the backward
logistic regression analysis, it was revealed that age and RVAC were associated with functional


https://doi.org/10.20944/preprints202306.0800.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 doi:10.20944/preprints202306.0800.v1

capacity independently of the impact of other significant covariates. Concerning the impact of several
factors in RVAC in patients with HCM we found that there was association with E/e’ ratio and LVOT
maximum gradient but not with age, sex or LVEF.

The role of RVAC and its prognostic significance has been already indicated in PH (27, 28), heart
failure (29), and dilated cardiomyopathy (30). Research in patients with heart failure with preserved
EF (HFpEF) indicated that TAPSE/RVSP ratio was inversely correlated with NYHA functional class
and could also have a role as an independent predictor of adverse outcomes (20). In HCM, the non-
invasive marker of TAPSE/RVSP measured during exercise stress echocardiography in patients
without LVOT obstruction was shown to have a significant role in the risk stratification of non-
obstructive HCM (31). The impairment of TAPSE and TAPSE/RVSP ratio during exercise stress
echocardiography was correlated with cardiovascular events in these patients (31). Understanding
the role and possible prognostic implications of RV-PA coupling in the clinical entity of HCM, may
help clinicians to understand the complex interactions between the ventricles and the arterial system
in HCM and optimize management strategies accordingly.

It is known that patients with HCM have a clinical presentation within a broad spectrum from
being asymptomatic to severely symptomatic requiring hospitalization and sometimes septal
reduction therapies (32). HCM is classified in the two known variants according to the presence of
LVOT obstruction as obstructive and non-obstructive. The severity of HCM is conventionally
determined either by the degree of LVOT obstruction, generally a consequence of interventricular
septum thickening and mitral valve apparatus involvement, or LV aneurysm formation, or the
burden of myocardial fibrosis and the sequential myocardial stiffening and diastolic dysfunction (32).
As a disease that mainly affects the LV, we could generally mention that the right ventricle and its
function is the neglected one. PH is defined in the recently published ESC guidelines as mean
pulmonary artery pressure (mPAP) > 20 mmHg (28). PH, isolated post-capillary or combined with a
pre-capillary component, is a frequent consequence of heart failure with preserved EF (HFpEF),
affecting at least 50% of these patients (33). The presence of severe LVOT obstruction, LV myocardial
fibrosis, and LV diastolic dysfunction can lead to the increase of pressures of the pulmonary
vasculature and, as a consequence, can cause pulmonary arterial remodeling with an increase in RV
afterload (34). The existence of PH in HCM patients is already known, but its clinical significance,
pathophysiology, and its impact on the progression of the disease has been recently uncovered (34).
The RV, although not primarily affected in HCM, can also undergo changes. The altered geometry
and function of the LV can indirectly influence the right ventricular performance. In HCM, the RV
may experience increased afterload due to elevated pulmonary pressures or impaired relaxation of
the LV, leading to increased filling pressures and reduced compliance of the RV. The RV-PA
coupling, therefore, plays a role in HCM by influencing the overall cardiac function. A disrupted
coupling between the RV and the arterial system can further impair ventricular function and lead to
symptoms such as exercise intolerance, dyspnea (shortness of breath), and decreased exercise
capacity in HCM patients. Examining the prognostic significance of the RV function in patients with
HCM, previous research has reported the effect of abnormal RV function on poor outcomes in these
patients (35). In particular, researchers, among other parameters, examined the RV function in HCM
patients through measuring the RV 4-chamber longitudinal strain via speckle tracking
echocardiography (35). It was shown that RV dysfunction with impaired RV 4-chamber longitudinal
strain was associated with adverse outcome (all-cause mortality and heart failure development) (35).
The role of RV function in prognosis of poor outcome, and thus in risk stratification, in patients with
HCM needs to be better clarified and established by future research (36). Furthermore, the RV
ventriculo-arterial coupling describes the transfer of energy, via forward blood motion, between the
RV and the pulmonary circulation (37). When afterload increases, pulmonary arterial, and then RV
elastance must increase to preserve energy transfer through the circulation. If afterload continues to
increase, then the stiffening of the ventricle can lead to reduced RV function. As a result, the RV
elastance fails to match increased pulmonary arterial elastance, and thus the RV uncouples from the
pulmonary vascular system. Echocardiographic measures of RV function include TAPSE, RV
fractional area change (RV-FAC), RV free-wall strain, and TSV. On the recent ESC Guidelines on PH,
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the TAPSE/RVSP ratio has been offered as a non-invasive measure of RV-PA coupling (28). In a
recently published study, the TASV was measured instead of TAPSE for the calculation of RVAC in
patients hospitalized in the cardiac intensive care unit, because TASV is potentially less load-
dependent than TAPSE (21). In our study, we tried to identify the special characteristics of patients
with HCM that are identified in symptomatic vs. asymptomatic patients. Concerning patients’
characteristics that have been studied, emphasis was given to echocardiographic, demographic, and
general features such as resting heart rate and blood pressure values. As far as we are concerned, our
study is the first that has evaluated RVAC, using the measurement of TASV/RVSP, in patients with
HCM and correlated these echocardiographic markers with patients’ functional status. Our results
demonstrate that TASV/RVSP ratio is an independent determinant of the functional status of HCM
patients.

5. Conclusions

This cohort study has pointed out the role of right ventricular function and right ventriculo-
arterial coupling in the functional capacity of patients with hypertrophic cardiomyopathy. It is the
first study in which the non-invasive echocardiography measurement of TASV/RVSP ratio was
evaluated as an indicator of right ventriculo-arterial coupling in patients with hypertrophic
cardiomyopathy and was independently associated with the functional status of these patients.
Moreover, right ventriculo-arterial coupling was found to be associated with E/e’ ratio and left
ventricular outflow tract maximum gradient but not with age, sex or left ventricular ejection fraction.
Further study is required aiming to examine the possible role of right ventriculo-arterial coupling in
risk stratification of patients with hypertrophic cardiomyopathy.

Author Contributions: Conceptualization, A.A., E.O., D.T. and C.V.; methodology, A.A.; formal analysis, A.A.;
investigation, A.A.; data curation, A.A.; writing—original draft preparation, A.A and E.O..; writing—review and
editing, E.O., AS.A,, P.T, KK, P.P, G.L, GS, D.T.,, K.T. and C.V,; supervision, D.T. and C.V. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Review Board of the Hippokration Hospital (protocol code: 67, date
of approval: 04/07/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Maron BJ, Ommen SR, Semsarian C, Spirito P, Olivotto I, Maron MS. Hypertrophic cardiomyopathy:
present and future, with translation into contemporary cardiovascular medicine. ] Am Coll Cardiol.
2014;64(1):83-99.

2. Gersh BJ, Maron BJ, Bonow RO, Dearani JA, Fifer MA, Link MS, et al. 2011 ACCF/AHA Guideline for the
Diagnosis and Treatment of Hypertrophic Cardiomyopathy: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Developed in
collaboration with the American Association for Thoracic Surgery, American Society of Echocardiography,
American Society of Nuclear Cardiology, Heart Failure Society of America, Heart Rhythm Society, Society
for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons. ] Am Coll Cardiol.
2011;58(25):€212-60.

3. Gersh BJ, Maron BJ, Bonow RO, Dearani JA, Fifer MA, Link MS, et al. 2011 ACCF/AHA guideline for the
diagnosis and treatment of hypertrophic cardiomyopathy: executive summary: a report of the American
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. ] Am
Coll Cardiol. 2011;58(25):2703-38.


https://doi.org/10.20944/preprints202306.0800.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 doi:10.20944/preprints202306.0800.v1

4. Maron BJ, Maron MS. Hypertrophic cardiomyopathy. Lancet. 2013;381(9862):242-55.

5.  Seidman CE, Seidman JG. Identifying sarcomere gene mutations in hypertrophic cardiomyopathy: a
personal history. Circ Res. 2011;108(6):743-50.

6. Kocovski L, Fernandes J. Sudden cardiac death: a modern pathology approach to hypertrophic
cardiomyopathy. Arch Pathol Lab Med. 2015;139(3):413-6.

7. Zile MR, Brutsaert DL. New concepts in diastolic dysfunction and diastolic heart failure: Part II: causal
mechanisms and treatment. Circulation. 2002;105(12):1503-8.

8.  Sabbah HN, Sharov VG, Lesch M, Goldstein S. Progression of heart failure: a role for interstitial fibrosis.
Mol Cell Biochem. 1995;147(1-2):29-34.

9. Varnava AM, Elliott PM, Sharma S, McKenna W], Davies M]. Hypertrophic cardiomyopathy: the
interrelation of disarray, fibrosis, and small vessel disease. Heart. 2000;84(5):476-82.

10. Maron BJ, Rowin EJ, Maron MS. Hypertrophic Cardiomyopathy: New Concepts and Therapies. Annu Rev
Med. 2022;73:363-75.

11. Geske JB, Ommen SR, Gersh BJ. Hypertrophic Cardiomyopathy: Clinical Update. JACC Heart Fail.
2018;6(5):364-75.

12.  Gartzonikas IK, Naka KK, Anastasakis A. Current and emerging perspectives on pathophysiology,
diagnosis, and management of hypertrophic cardiomyopathy. Hellenic J Cardiol. 2023;70:65-74.

13. Maron BJ, Rowin EJ, Udelson JE, Maron MS. Clinical Spectrum and Management of Heart Failure in
Hypertrophic Cardiomyopathy. JACC Heart Fail. 2018;6(5):353-63.

14. Maron MS, Olivotto I, Betocchi S, Casey SA, Lesser JR, Losi MA, et al. Effect of left ventricular outflow tract
obstruction on clinical outcome in hypertrophic cardiomyopathy. N Engl ] Med. 2003;348(4):295-303.

15. Maron MS, Olivotto I, Zenovich AG, Link MS, Pandian NG, Kuvin JT, et al. Hypertrophic cardiomyopathy
is predominantly a disease of left ventricular outflow tract obstruction. Circulation. 2006;114(21):2232-9.

16. Covella M, Rowin EJ, Hill NS, Preston IR, Milan A, Opotowsky AR, et al. Mechanism of Progressive Heart
Failure and Significance of Pulmonary Hypertension in Obstructive Hypertrophic Cardiomyopathy. Circ
Heart Fail. 2017;10(4):e003689.

17.  Amsallem M, Mercier O, Kobayashi Y, Moneghetti K, Haddad F. Forgotten No More: A Focused Update
on the Right Ventricle in Cardiovascular Disease. JACC Heart Fail. 2018;6(11):891-903.

18. Guazzi M, Bandera F, Pelissero G, Castelvecchio S, Menicanti L, Ghio S, et al. Tricuspid annular plane
systolic excursion and pulmonary arterial systolic pressure relationship in heart failure: an index of right
ventricular contractile function and prognosis. Am J Physiol Heart Circ Physiol. 2013;305(9):H1373-81.

19. Braganca B, Trepa M, Santos R, Silveira I, Fontes-Oliveira M, Sousa M]J, et al. Echocardiographic
Assessment of Right Ventriculo-arterial Coupling: Clinical Correlates and Prognostic Impact in Heart
Failure Patients Undergoing Cardiac Resynchronization Therapy. ] Cardiovasc Imaging. 2020;28(2):109-20.

20. Guazzi M, Dixon D, Labate V, Beussink-Nelson L, Bandera F, Cuttica MJ, et al. RV Contractile Function
and its Coupling to Pulmonary Circulation in Heart Failure With Preserved Ejection Fraction: Stratification
of Clinical Phenotypes and Outcomes. JACC Cardiovasc Imaging. 2017;10(10 Pt B):1211-21.

21. Jentzer JC, Anavekar NS, Reddy YNV, Murphree DH, Wiley BM, Oh JK, et al. Right Ventricular Pulmonary
Artery Coupling and Mortality in Cardiac Intensive Care Unit Patients. ] Am Heart Assoc.
2021;10(7):e019015.

22.  Yancy CW, Jessup M, Bozkurt B, Butler ], Casey DE, Jr., Drazner MH, et al. 2013 ACCF/AHA guideline for
the management of heart failure: a report of the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines. ] Am Coll Cardiol. 2013;62(16):e147-239.

23. Olivotto I, Cecchi F, Poggesi C, Yacoub MH. Patterns of disease progression in hypertrophic
cardiomyopathy: an individualized approach to clinical staging. Circ Heart Fail. 2012;5(4):535-46.

24. Vriesendorp PA, Schinkel AF, Liebregts M, Theuns DA, van Cleemput ], Ten Cate F], et al. Validation of
the 2014 European Society of Cardiology guidelines risk prediction model for the primary prevention of
sudden cardiac death in hypertrophic cardiomyopathy. Circ Arrhythm Electrophysiol. 2015;8(4):829-35.

25. Laboratories ATSCoPSfCPF. ATS statement: guidelines for the six-minute walk test. Am ] Respir Crit Care
Med. 2002;166(1):111-7.

26. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac
chamber quantification by echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging. ] Am Soc Echocardiogr.
2015;28(1):1-39 el4.


https://doi.org/10.20944/preprints202306.0800.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 doi:10.20944/preprints202306.0800.v1

10

27. Bellettini M, Frea S, Pidello S, Boffini M, Boretto P, Gallone G, et al. Pretransplant Right Ventricular
Dysfunction Is Associated With Increased Mortality After Heart Transplantation: A Hard Inheritance to
Overcome. ] Card Fail. 2022;28(2):259-69.

28. Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, Brida M, et al. 2022 ESC/ERS Guidelines
for the diagnosis and treatment of pulmonary hypertension. Eur Heart J. 2022;43(38):3618-731.

29. Ghio S, Guazzi M, Scardovi AB, Klersy C, Clemenza F, Carluccio E, et al. Different correlates but similar
prognostic implications for right ventricular dysfunction in heart failure patients with reduced or
preserved ejection fraction. Eur ] Heart Fail. 2017;19(7):873-9.

30. Vijilac A, Onciul S, Deaconu S, Vatasescu R, Guzu C, Verinceanu V, et al. Three-dimensional right
ventriculo-arterial coupling as an independent determinant of severe heart failure symptoms in patients
with dilated cardiomyopathy. Echocardiography. 2022;39(2):194-203.

31. Hirasawa K, Izumo M, Mizukoshi K, Nishikawa H, Sato Y, Watanabe M, et al. Prognostic significance of
right ventricular function during exercise in asymptomatic/minimally symptomatic patients with
nonobstructive hypertrophic cardiomyopathy. Echocardiography. 2021;38(6):916-23.

32. Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, et al. 2020 AHA/ACC Guideline for the
Diagnosis and Treatment of Patients With Hypertrophic Cardiomyopathy: A Report of the American
College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. ] Am
Coll Cardiol. 2020;76(25):e159-e240.

33. Rosenkranz S, Gibbs JS, Wachter R, De Marco T, Vonk-Noordegraaf A, Vachiery JL. Left ventricular heart
failure and pulmonary hypertension. Eur Heart ]. 2016;37(12):942-54.

34. Musumeci MB, Mastromarino V, Casenghi M, Tini G, Francia P, Maruotti A, et al. Pulmonary hypertension
and clinical correlates in hypertrophic cardiomyopathy. Int ] Cardiol. 2017;248:326-32.

35. Hiemstra YL, Debonnaire P, Bootsma M, Schalij M], Bax J], Delgado V, et al. Prevalence and Prognostic
Implications of Right Ventricular Dysfunction in Patients With Hypertrophic Cardiomyopathy. Am ]
Cardiol. 2019;124(4):604-12.

36. Sanders JL, Koestenberger M, Rosenkranz S, Maron BA. Right ventricular dysfunction and long-term risk
of death. Cardiovasc Diagn Ther. 2020;10(5):1646-58.

37. Vonk Noordegraaf A, Westerhof BE, Westerhof N. The Relationship Between the Right Ventricle and its
Load in Pulmonary Hypertension. ] Am Coll Cardiol. 2017;69(2):236-43.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202306.0800.v1

