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Background: This study aims to evaluate the progression of morphological and functional alterations over time in
patients with hypertrophic cardiomyopathy (HCM) using Cardiac Magnetic Resonance (CMR).

Methods: A retrospective analysis was conducted on patients with HCM who underwent serial CMR at 1.5 Tesla.
Left ventricular (LV) mass was measured during diastole, including papillary muscles and trabeculae assessment.
Appearance of Late Gadolinium Enhancement (LGE) was volumetrically quantified using a 5-standard-deviation
(SD) threshold.

Results: Thirty-two patients, with a mean age of 44 + 16 years (range: 11-70 years), were evaluated after an
average follow-up period of 5.2 + 2.4 years (range: 0.8-9.1 years). Significant increases were observed in LV
mass (from 194 + 56 g to 217 + 60 g; p = 0.0001), septal wall thickness (from 18 + 4 mm to 19 + 4 mm; p =
0.01), LGE mass (from 6 & 17 g to 8 + 18 g; p = 0.006), and left atrial volume (from 109 + 41 ml to 129 + 40
ml; p = 0.0001). Both left and right ventricular ejection fractions (LVEF and RVEF) significantly decreased over
time (LVEF: from 70 + 9 % to 66 + 9 %; p = 0.04 and RVEF: from 70 + 7 % to 67 + 9 %; p = 0.02). Multivariate
regression analysis revealed that HCM mass gain was independently associated with age (B = -0.43; p = 0.02)
and LGE mass (B = -0.46; p = 0.02). The median LV mass gain rate in adults was 1.7 g per year/BSA (IQR,
0.6-2.7) compared to 6.0 g per year/BSA (IQR, 0.5-11.6) in adolescents (mean age: 16 years; range: 11-20
years). A positive correlation was found between LV mass and LGE mass (B = 0.55; p = 0.001), while an inverse
relationship was observed between LV mass gain and LGE mass gain rates (—0.37; p = 0.03).

Conclusion: The range of morphological changes in HCM seems to reflect an age-related equilibrium between
hypertrophy and fibrosis. The extent of changes in LV mass, fibrosis, and functional decline in HCM may help
identify patients at risk, emphasizing the importance of ongoing follow-up studies.

1. Introduction

Hypertrophic Cardiomyopathy (HCM) is characterized by unex-
plained hypertrophy in at least one segment of the myocardial wall
[1,2], and it can result from a variety of genetic mutations [3,4]. The
phenotypic expression of HCM is highly variable, and the underlying
genetic mutations do not reliably predict this variability [5-8]. Macro-
scopic presentations differ widely in terms of myocardial hypertrophy
severity, the extent and regional distribution of myocardial fibrosis, and
the presence or absence of left or, more rarely, right ventricular

obstruction. Despite the strong association between the extent of
myocardial fibrosis and clinical outcomes in hypertrophic cardiomy-
opathy, the relationship is not yet fully defined by a single MRI marker
or threshold, and the underlying mechanisms, particularly in relation to
sudden cardiac death, remain incompletely understood. Additionally,
abnormalities in the mitral valve apparatus, left atrial enlargement,
myocardial recesses, or apical aneurysms may be observed [1-3]. The
clinical course of HCM is influenced by the timing and progression of
these abnormalities, potentially leading to exercise intolerance, sudden
cardiac death, or significant functional impairment in a subset of

Abbreviations: CMR, Cardiac Magnetic Resonance; HCM, Hypertrophic Cardiomyopathy; IQR, Interquartile Range; LA, Left Atrium; LGE, Late gadolinium
enhancement; LVOT, Left Ventricular Outflow Tract; NT-proBNP, N-terminal prohormone of Brain Natriuretic Peptide; TnT, high-sensitive cardiac Troponin-T.
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patients [8,9].

Septal wall thickness, the presence of LGE, left atrial (LA) size, and
left ventricular outflow tract (LVOT) obstruction are recognized risk
factors for sudden cardiac death in patients with HCM [4-10]. However,
predicting the phenotypic evolution of HCM is clinically challenging due
to the reliance on cross-sectional studies [9]. These studies have high-
lighted an age-related manifestation of the HCM phenotype, typically
appearing during the second decade of life, although in some cases it
may emerge as late as the sixth or seventh decade [7,8]. Historical
longitudinal data from serial echocardiographic studies have docu-
mented significant myocardial growth, including a doubling of
myocardial wall thickness in pediatric populations, while hypertrophy
remains stable in adults [17]. More recent investigations have shown
progressive LGE development in HCM [11]. Nonetheless, detailed in-
formation on the age-related progression of the HCM phenotype remains
limited.

Cardiovascular magnetic resonance (CMR) imaging is the established
gold standard for functional assessment in HCM, offering non-invasive
quantification of fibrosis and providing critical insights for differenti-
ating myocardial pathologies [12]. The exceptional reproducibility of
quantitative CMR measurements makes it particularly valuable for
tracking changes in LV volumes, function, and mass in patients with
cardiomyopathies [13]. However, data on age-dependent myocardial
mass development and its association with changes in interstitial fibrotic
burden are still incomplete [11]. This study aims to evaluate the natural
progression of morphological and functional changes in HCM by con-
ducting serial CMR assessments in both adolescent and adult pop-
ulations, utilizing state-of-the-art quantitative methods.

2. Methods
2.1. Study population and design

Patients with HCM, who had undergone a series of at least two CMR
examinations in our institution between 2006 and 2016, with an interval
of one year between the examinations, were enrolled for a retrospective
analysis. HCM was diagnosed in patients with an otherwise unexplained
myocardial wall thickness > 15 mm, or > 13 mm in first degree relatives
of patients with HCM, according to European Society of Cardiology
(ESC) guidelines [2]. The study population was initially referred to us
for a cardiologic work-up of suspected HCM. Clinical data was obtained
from patients’ records. Blood samples were drawn on each day of every
CMR examination. N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) and cardiac troponin T (TnT) were obtained using a
commercially available, fully automated analyzer method based on a
sandwich immunoassay (ELECSYS, Roche Diagnostics, Mannheim,
Germany). The use of de-identified patient data for research purposes
was approved by the institution’s ethics committee. The study proced-
ures were in accordance to the Declaration of Helsinki.

2.2. CMR acquisition protocol and image analysis

CMR examinations were performed on a 1.5 Tesla clinical scanner
(Achieva, Philips Healthcare, Best, The Netherlands) equipped with a
32-channel cardiac phased array receiver coil. Cine images were ob-
tained using a breath-hold segmented-k-space balanced fast-field echo
sequence (steady-state free precession, SSFP), employing retrospective
ECG- or pulse oximetric gating with 35 phases per cardiac cycle. Typical
CMR imaging parameters were the following: field of view 350 x 350
mm2, repetition time/echo time 2.8/1.4 ms, acquired voxel size 2.2 x
2.2 x 8 mm3, flip angle 60°, reconstructed voxel size 1.3 x 1.2 x 8 mm3.
Slice thickness for LGE imaging was 6 to 8 mm. Data were analyzed by a
single examiner blinded to the patients’ clinical status. Image analysis
was performed with commercially available post-processing software
(cvi42™ 5.5, Circle Cardiovascular Imaging, Calgary, Canada). Ven-
tricular volumes and LV mass were derived from measurements in cine
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images from contiguous SSFP short axis stacks. Endocardial contours
were detected by a semi-automatic threshold selection including
trabecular tissue and papillary muscles in the LV mass. LV epicardial
contours were traced manually in enddiastole for calculation of LV mass.
Left atrial volumetry was acquired by area-length method. Absolute and
relative LGE mass were measured using a 5-standard-deviation (SD)
threshold in reference to visually unenhanced myocardium [14].

2.3. Statistical methods

Statistical analyses were performed with MedCalc™(MedCalc Soft-
ware version 17, Ostend, Belgium). Normal distribution was assessed
using the Kolmogorow-Smirnow-Test. Continuous variables were
expressed as mean =+ standard deviation. Group differences for normal
distributed continuous variables were tested using the paired t-test.
Continuous variables without normal distribution were tested for group
differences using the nonparametric Wilcoxon test. The association of
clinical, imaging and serological parameters was analyzed by methods
of linear regression. Differences were considered statistically significant
at p < 0.05.

3. Results
3.1. Study population

A total of 32 patients with HCM were included in the study, with a
predominance of males (n = 26; 81 %) aged between 11 and 70 years
(mean age: 44 + 16 years). These patients underwent serial CMR ex-
aminations over an average follow-up period of 5.2 + 2.4 years. A subset
of these patients presented with left ventricular outflow tract (LVOT)
obstruction (n = 3) or midventricular obstruction (n = 1). The peak
pressure gradients in these obstructive cases were measured at 100 + 16
mmHg via echocardiography. The distribution of myocardial hypertro-
phy was predominantly septal (n = 26), with some cases being diffuse (n
= 5) or apical (n = 1). Baseline characteristics of the study population
are detailed in Table 1.

3.2. Phenotypic changes in HCM

Over the follow-up period, the functional status of patients, as
measured by the New York Heart Association (NYHA) class, showed a
slight but statistically significant worsening (p = 0.02), though this did
not coincide with significant alterations in TNT or NT-proBNP levels.
Morphological and functional changes observed between baseline and
follow-up CMR are summarized in Table 2. Most patients (78 %; n = 25)
exhibited an increase in left ventricular (LV) mass, while the remaining
patients (22 %; n = 7) either showed no change or a reduction, as
depicted in Fig. 1A. The mean LV mass demonstrated a 12 % increase,

Table 1
Baseline characteristics of study population.

Parameter (n = 32)

44 + 16 (range, 11-70)
5.2 + 2.4 (range, 0.8-9.1)
27 + 4 (range, 19-37)

Age [yrs]
Follow Up [yrs]
BMI [kg/m?]

BSA [m?] 2.0 + 0.2 (range, 1.6-2.5)
Male [n] 26 (81 %)
HOCM [n (%)] 4 (13 %)

HOCM Apgest, [mmHg]
HOCM Apvalsalva, [mmHg]

39 + 21 (range, 16-60)
100 =+ 16 (range, 72-110)

Values are presented as mean + standard deviation with minimum to maximum
range.

BMI = body mass index; BSA = body surface area; HOCM = hypertrophic
obstructive cardiomyopathy; Aprest/APvaisalva = Peak intraventricular pressure
gradient at rest / Valsalva maneuver measured by continuous wave Doppler
echocardiography.
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Table 2

Changes of Morphology and Function over time in Hypertrophic Cardio-
myopathy. The study cohort presented with a significant gain of left ventricular
mass, fibrosis and left atrial volume after a mean follow up duration of 5.2 + 2.4
years. These findings were accompanied by a decrease of left and right ven-
tricular ejection fraction and an impact on NYHA functional class.

Parameter (n = 32) Baseline Follow Achange p
Up
Heart rate [bpm] 60 + 8 62 + 10 ns.
NYHA class 1(1-1) 1(1-2) +0.3 0.02
hs-TNT [ng/1] 11+8 19 +£11 n.s.
NT-proBNP [ng/1] 861 + 563 + ns.
1332 720
LV septal wall thickness 18 +4 19+ 4 + 1.0 0.01
[mm]
LV posterior wall thickness 8+3 9+3 +0.8 0.02
[mm]
LV Mass [gr] 194 + 56 217 + 60 + 23 0.0001
LV papillary muscle mass 4+2 5+2 +0.9 0.03
[gr]
LVEDV [ml] 156 + 36 152 + 34 ns.
LVESV [ml] 46 £ 14 51 +£16 ns.
LVEF [%] 70+ 9 66 +9 - 37 0.04
MAPSE [mm] 11+3 12+3 n.s.
LA volume [ml] 109 £+ 41 129 + 40 + 20 0.0001
LGE mass [gr] 6.0 +£17 7.8 +£18 + 1.8 0.006
RVEDV [ml] 152 + 42 146 + 42 n.s.
RVESV [ml] 47 £20 49 £ 21 ns.
RVEF [%] 70 £7 67 +£9 -32 0.02
TAPSE [mm] 22+5 22+5 n.s.

Values are presented as mean =+ standard deviation or median with interquartile
range.

NYHA class = New York Heart Association functional class; hs-TNT = high
sensitive Troponin T; NT-proBNP = N-terminal pro brain natriuretic peptide; LV
= left ventricle; LVEDV/LVESV = left ventricular enddiastolic/ —systolic vol-
ume; LVEF = left ventricular ejection fraction; MAPSE = mitral annular plane
systolic excursion; LA = left atrium; LGE = late gadolinium enhancement;
RVEDV/RVESV = right ventricular enddiastolic/ —systolic volume; RVEF =
right ventricular ejection fraction; TAPSE = tricuspid annular plane systolic
excursion.

rising from 194 + 56 g at baseline to 217 + 60 g at follow-up (p =

0.0001). This increase was paralleled by a significant rise in LV papillary
muscle mass, from 4 £ 2 gto5 + 2 g (p = 0.03), and an increase in the
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wall thickness of both the septum (from 18 + 4 mm to 19 + 4 mm; p =
0.01) and posterior wall (from 8 + 3 mm to 9 + 3 mm; p = 0.02). The
median LV mass gain rate in adults (mean age: 51 + 9 years; range:
34-70) was 1.7 g per year/BSA (IQR, 0.6-2.7), which was significantly
lower compared to the rate observed in adolescents (mean age: 16 + 3
years; range: 11-20), where the gain was 6.0 g per year/BSA (IQR,
0.5-11.6) (p < 0.01). The age-related trend in LV mass gain is illustrated
in Fig. 2A. Additionally, a significant increase in left atrial (LA) end-
systolic volume was observed, from 109 + 41 ml to 129 + 40 ml (p <
0.01).

3.3. Changes in LGE mass

LGE mass remained stable or decreased in 17 patients (53 %)
(Fig. 1B). However, when analyzing the entire cohort, a significant in-
crease in LGE mass was observed, from 6 & 17 g at baselineto 8 + 18 g
at follow-up (p = 0.006). There was no statistically significant difference
in the median LGE mass gain rate between adults (0.1 g per year, IQR
0-0.4) and adolescents (0 g per year, IQR —0.5-0) (p = 0.10). The
relationship between LGE mass gain rate and age is depicted in Fig. 2B.
Both LV ejection fraction (EF) and right ventricular ejection fraction
(RVEF) showed a decline over the follow-up period, with LVEF
decreasing from 70 + 9 % to 66 + 9 % (p = 0.04) and RVEF from 70 + 7
% to 67 £ 9 % (p = 0.02).

3.4. Predictors of LV mass gain

As shown in Table 3, univariate linear regression analysis identified
several clinical imaging and biochemical parameters at baseline CMR as
predictors of LV mass gain rate, including age (B =-0.43; p = 0.02), BMI
(B =-0.43; p = 0.01), LA diameter (B = -0.37; p = 0.04), and LGE mass
(B =-0.39; p = 0.04). However, when these parameters were assessed in
a multivariate regression model, only age (B = -0.44; p = 0.02) and LGE
mass (B = -0.46; p = 0.02) remained significant predictors.

3.5. Relationship between LV mass and LGE

A significant positive correlation was found between LV mass and
LGE mass (B = 0.55; p = 0.001). However, the rates of mass gain for LV
and LGE were negatively correlated (—0.37; p = 0.03).(See Fig. 3). Fig. 4
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Fig. 1. Development of LV mass (A) and LGE (B) between baseline and follow-up CMR examination.
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Fig. 2. Age-dependency of LV mass gain rate (A) and LGE mass gain rate (B).

Table 3

LVmass(gr)
BSA(m?)year
trophic cardiomyopathy. Univariate linear regression analysis suggested age,
BMI, LGE and LA diameter to be predictive for LV mass gain rate. A multivariate
regression model revealed, age and LGE mass at the time of baseline CMR as the
only independent predictors of LV mass gain rate (R? = 0.48; p = 0.002).

Predictors of annual left ventricular mass gain ( ) in hyper-

A)Univariate linear regression analysis.

Parameter (n = 32) Beta R2 B P

Age [yrs] —0.43 0.18 —0.16 0.02
BMI [m?] —0.45 0.20 —0.61 0.01
LV mass [gr] -0.33 0.11 —0.04 0.06
LGE mass [gr] —0.39 0.15 —0.14 0.03
LA diameter [mm] -0.37 0.14 —-0.30 0.04
NT-proBNP [ng/1] 0.39 0.15 0.002 0.08

B)Multivariate linear regression model.

Parameter (n=32) Beta B P

Age [yrs] —0.44 -0.17 0.02
BMI [m?] -0.26 -0.35 0.20
LGE mass [gr] —0.46 —0.14 0.02
LA diameter [mm] -0.15 -0.11 0.45

Beta = standardized regression coefficient; B = non-standardized regression
coefficient; CI: confidence interval.

BMI = body mass index; LV mass = left ventricular mass; LGE = late gadolinium
enhancement; LA = left atrium; NT-proBNP = N-terminal pro brain natriuretic
peptide.

illustrates the range of temporal changes observed in HCM, from cases of
substantial LV mass gain without LGE (Fig. 4A) to cases where LV mass
reduction coincided with increasing LGE mass (Fig. 4B).

3.6. Subgroup analysis regarding functional status

A subgroup analysis based on NYHA class provided further insight
into the relationship between functional status and the progression of
both left ventricular (LV) mass and late gadolinium enhancement (LGE)
mass in hypertrophic cardiomyopathy (HCM) patients. Our findings
revealed that patients in Subgroup A2 (NYHA 2-4) exhibited a signifi-
cantly greater increase in LGE mass compared to those in Subgroup Al
(NYHA 0-1), with LGE mass increasing by 4.6 g per year in Subgroup A2
versus 0.9 g per year in Subgroup Al (p < 0.01). Conversely, LV mass
increase was more pronounced in Subgroup A1, with a gain of 36.7 g per
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Fig. 3. Relation of LV mass gain rate and LGE mass gain rate.

year compared to 22.2 g per year in Subgroup A2, although this dif-
ference was not statistically significant (p = 0.32).

3.7. Subgroup analysis regarding LGE mass progression

The subgroup analysis of patients with stable or decreasing LGE mass
(Subgroup B1) compared to those with increasing LGE mass (Subgroup
B2) provides important context for hypertrophic cardiomyopathy
(HCM) progression, suggesting that fibrosis development might be age-
related. Although the mean age of patients in Subgroup B1 was lower
(42.0 years) than in Subgroup B2 (49.7 years), this difference did not
reach statistical significance (p = 0.16), nor did gender distribution vary
significantly between the groups. However, we observed a striking in-
verse relationship between LV mass and LGE mass changes. Patients in
Subgroup B1, despite exhibiting stable or decreasing LGE mass, showed
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Fig. 4. Spectrum of morphological Development in HCM. A 18-year-old female with non-obstructive HCM presenting with LV mass gain from 146 gr to 306 gr
after an interval of 3.8 years without LGE. B 53-year-old male with non-obstructive HCM showed a loss of LV mass from 220 gr to 199 gr within 5.8 years whereas
LGE mass increased in that time interval from 5.7 gr to 16.7 gr. C Illustration of the suggested spectrum of development in HCM. Predominantly young patients
presented with extensive LV mass gain with low or non-evident LGE progression, whereas mainly older patients showed sustained LV mass with increasing LGE mass.
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a greater increase in LV mass (31.6 g per year) compared to Subgroup B2
(20.6 g per year, p = 0.12).

4. Discussion

This study provides an in-depth analysis of the morphological and
functional progression of HCM over time using CMR. The findings
include (1) growth rates of left ventricular (LV) mass and LGE mass
across adolescents and adults, (2) identification of age and LGE mass as
independent predictors of LV mass increase, and (3) an observed inverse
relationship between changes in LV mass and LGE mass. To our
knowledge, this study is the first to evaluate these relationships in a
longitudinal follow-up of HCM, employing a precise quantitative
method that incorporates trabecular tissue and papillary muscles in the
assessment of LV mass. Including these structures is essential for an
accurate quantification of LV hypertrophy, because these structures
contribute significantly to the overall myocardial mass and can impact
the quantification of hypertrophy and fibrosis, particularly in HCM [21].
This technique therefore improves upon prior studies, which often
excluded or inconsistently included trabecular tissue and papillary
muscles, leading to variability in results; by incorporating these struc-
tures, our study offers a more holistic and anatomically accurate
assessment.

The morphological changes observed in septal wall thickness, LV
mass, LGE, and left atrial (LA) enlargement during the natural course of
HCM have significant implications for individual risk stratification
concerning life-threatening arrhythmic events [4-10]. Although mean
LV and LGE masses increased over time, a subset of patients exhibited
either a reduction or no change in these parameters, highlighting the
heterogeneous nature of HCM. This variation underscores the need for
future research to determine whether serial CMR examinations can
enhance risk stratification. Additionally, the observed increase in LV
mass may correlate with a heightened risk of LV outflow tract (LVOT)
obstruction and subsequent congestive heart failure [18,19]. Conse-
quently, the prediction of disease progression, particularly the expected
rate of change, should inform the clinical scheduling of follow-up visits
and imaging studies.

The significant LV mass gain noted in adolescents aligns with pre-
vious findings from serial M—mode echocardiography studies [17].
However, a novel finding of this study is that LV mass increased in most
cases, regardless of age. The underlying pathophysiology remains
speculative, but factors such as fluctuating growth hormone levels
during adolescence and gene-dosage effects have been implicated in the
severity and timing of disease onset [20].

Our study further suggests that higher LV mass is associated with an
increased burden of regional myocardial fibrosis [11]. Intriguingly, the
rate of LV mass gain appears to inversely correlate with changes in
myocardial fibrotic burden. This observation supports a spectrum of
HCM progression, ranging from substantial LV mass growth without
evident fibrosis to the development of extensive collagen deposits and a
subsequent decline in LV mass (Fig. 4C). These findings reinforce a
model of continuous stages in HCM progression, previously proposed in
cross-sectional studies but not yet confirmed by longitudinal data [19].
According to this model, HCM may evolve from a non-hypertrophic or
classic phenotype (Stage I and II) to adverse remodeling and overt
dysfunction (Stage III and IV), where myocardial hypertrophy is pre-
dominant in the earlier stages, and progressive fibrosis and functional
impairment characterize the later stages. Microvascular dysfunction and
consequent ischemia are believed to play a crucial role in myocardial
fibrosis pathogenesis [20]. Histological evidence of flow-limiting
microvascular remodeling and perfusion deficits has been found in
areas of myocardial fibrosis, independent of the extent of regional hy-
pertrophy [15,16]. Whether these findings represent triggers or conse-
quences of fibrosis remains unclear. However, ischemic injury due to
relative coronary insufficiency, followed by replacement fibrosis, aligns
with our observations of an inverse progression between LV mass and
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fibrosis. These results contrast with a previous study that reported a
positive correlation between LV mass and fibrotic burden [11]. The
differences between these studies may be attributed to varying follow-up
periods or the exclusion of papillary muscles and trabecular tissue in LV
mass assessment in the earlier research.

The subgroup analysis regarding functional status underscores the
distinct pathophysiological processes occurring in HCM: while early-
stage patients (NYHA 0-1) may exhibit more pronounced LV hypertro-
phy, advanced-stage patients (NYHA 2-4) tend to develop greater
myocardial fibrosis, as reflected by LGE accumulation. This aligns with
previous studies, including the work by Todiere et al. 2012, which
demonstrated that patients with worsened functional status tend to
accumulate more myocardial fibrosis, as indicated by LGE [11]. The
pattern highlights the dynamic relationship between hypertrophy and
fibrosis in HCM progression. The inverse relationship between LV mass
increase and LGE mass increase may suggest that, as the disease ad-
vances and fibrosis becomes more prominent, the capacity for further
hypertrophic growth diminishes. Our findings are consistent with pre-
vious literature suggesting that LGE serves as a critical marker of adverse
myocardial remodeling and is associated with worse clinical outcomes.
Thus, both LV mass and LGE should be considered important parameters
in the clinical assessment of HCM patients, offering valuable prognostic
information to guide treatment and monitoring strategies. These ob-
servations emphasize the importance of integrating serial imaging
studies, particularly CMR, to monitor changes in LV mass and LGE over
time.

The findings regarding LGE mass progression suggest that in younger
patients, hypertrophic remodeling may occur without a concurrent in-
crease in fibrosis, as measured by LGE. This challenges the notion that
fibrosis and hypertrophy progress in parallel and highlights that the
relationship between these two processes may vary depending on pa-
tient age and disease stage. The observation that significant LV mass
growth can occur in the absence of substantial LGE accumulation sug-
gests that fibrosis may not always develop linearly with hypertrophy,
particularly in the early stages of the disease [15,16]. This adds nuance
to our model of HCM progression, underscoring the complex and non-
linear interplay between hypertrophy and fibrosis [20]. As such, our
findings emphasize the importance of considering both LV mass and LGE
dynamics over time in the clinical assessment of HCM, as younger pa-
tients may experience marked hypertrophic growth without a corre-
sponding increase in fibrosis, which may influence their long-term
prognosis and management [19].

This study has some limitations. (1) The study cohort may be subject
to selection bias, as most patients were referred for diagnostic evaluation
of symptomatic HCM, potentially leading to an overrepresentation of
severe disease cases, particularly among younger patients. (2) The small
cohort size may limit the statistical power to detect other significant
relationships between imaging-derived parameters and serum or clinical
biomarkers. (3) We did not evaluate changes using recently introduced
cardiac mapping techniques, including extracellular volume measure-
ments, to maintain a short examination time and ensure patient
compliance. Although they could have provided additional insights into
diffuse myocardial structural changes, particularly related to diffuse
fibrosis, maintaining a short protocol was critical to ensure the feasi-
bility of longitudinal patient follow-up. (4) The small sample size and
limited observation window prevent us from drawing statistically sig-
nificant conclusions about the association between left ventricular (LV)
mass gain, late gadolinium enhancement (LGE) mass increase, and
mortality in hypertrophic cardiomyopathy (HCM). Larger studies, such
as the one conducted by Green et al. (2012) are necessary to establish
robust mortality data in this population [10].

5. Conclusions

In patients with HCM, the phenotypic changes in adolescents are
predominantly characterized by significant myocardial mass gain,
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whereas older patients exhibit more adverse remodeling, with increased
myocardial fibrosis and, in some cases, a reduction in myocardial mass.
These data suggest an age-related inverse relationship between
myocardial mass gain and the progression of replacement fibrosis. They
were made possible by the use of advanced techniques for LV mass
assessment, which allowed us to gain novel insights that, in part, chal-
lenge previous observations. We recommend including the papillary
muscles in future assessments, as this approach proved essential for
obtaining these innovative findings.
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