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Hypertrophic cardiomyopathy (HCM) is the most common inherited heart disease and is characterized by a variety
of manifestations: from morphological features and disease progression to clinical presentation and hemodynamic
parameters. Management of HCM should be strictly individualized, considering not only hemodynamic parameters
but also anatomical features. Classification based on the presence or absence of left ventricular outflow tract obs-
truction, as well as the location of interventricular septal hypertrophy (basal, midventricular, and apical), largely
determines the optimal management strategy. Drug therapy, surgical myectomy, and alcohol septal ablation are
the main treatment options for obstructive HCM, whereas management of the non-obstructive form focuses on
symptom control and prevention of complications. Given the risk of sudden cardiac death, timely implantation
of an implantable cardioverter-defibrillator in high-risk patients is of paramount importance.
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INTRODUCTION

HCM is the most common inherited heart disease,
with an estimated prevalence of approximately 1 in
500 individuals [1].

It is defined by increased left ventricular (LV) wall
thickness (=15 mm in at least one myocardial segment
in adults) that cannot be explained by abnormal loading
conditions such as systemic hypertension [2]. HCM
exhibits marked heterogeneity, encompassing a wide
spectrum of morphological features, disease progressi-
on patterns, clinical manifestations, and hemodynamic
profiles [3, 4].

Management strategies for HCM include both con-
servative and surgical approaches. Surgical options com-
prise septal myectomy, alcohol septal ablation, and, in
advanced cases, heart transplantation (HT). HCM ac-
counts for approximately 1-5% of all heart transplant
indications, with post-transplant survival comparable to
that observed in other forms of cardiomyopathy [5-7].

The selection of the most appropriate treatment stra-
tegy is largely determined by the specific anatomical
variant of the disease. This article aims to discuss which
treatment is preferable for various forms of this disease.

HCM CLASSIFICATION

Yifan Wang et al. conducted a comprehensive lite-
rature review and, drawing on multiple classification
systems, systematically outlined the current criteria and
distinguishing features of the various HCM subtypes
(Table 1) [8].

NON-OBSTRUCTIVE
AND OBSTRUCTIVE HCM

A key determinant in the diagnosis and risk strati-
fication of HCM patients is the presence or absence of
left ventricular outflow tract (LVOT) obstruction. Un-
derstanding the pathophysiological differences between
obstructive and non-obstructive forms is critical for se-
lecting the optimal treatment strategy.

Non-obstructive HCM

Historically, HCM was primarily viewed as a condi-
tion characterized by dynamic LVOT obstruction. It was
this feature that defined its early names: idiopathic hyper-
trophic subaortic stenosis, hypertrophic obstructive car-
diomyopathy, and muscular subaortic stenosis [15, 16].

It is noteworthy that, in recent years, comparatively
less attention has been devoted to investigating the natu-
ral course of HCM in patients who do not develop LVOT
obstruction under any circumstances, including during
physical exertion [17-20].

Evidence from a large cohort study (n =573) demons-
trated that patients with non-obstructive HCM (unlike
those with obstruction) generally exhibit a stable clinical
course, often remaining asymptomatic or experiencing
only mild manifestations over extended periods. Favo-
rable outcomes in this group were frequently achieved
with medical therapy [17].
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Medical Management of Patients
with Non-obstructive HCM

The management of heart failure in patients with non-
obstructive HCM largely aligns with established heart
failure treatment guidelines. The primary objective of
drug therapy is to reduce LV diastolic pressure and im-
prove ventricular filling. This is typically accomplished
through heart rate control using beta blockers, verapa-
mil and diltiazem, alongside the judicious use of loop
diuretics. In the absence of LVOT obstruction, cautious
administration of nitrates and ranolazine may also be
considered to alleviate symptoms in patients complaining
of chest pain [3].

Targeted modulation of the renin-angiotensin-al-
dosterone system (RAAS) using antifibrotic and anti-
hypertrophic agents represents a promising adjunctive
strategy in the management of HCM. Evidence from
a small randomized, double-blind, placebo-controlled
trial suggests that losartan may slow the progression
of myocardial hypertrophy and fibrosis in patients with
non-obstructive HCM [21].

Surgical Treatment of Patients
with Non-obstructive HCM
However, there is an important exception to this rela-

tively favorable course of non-obstructive HCM. A small
group of patients (estimated at less than 10%) develops

progressive heart failure that is refractory to optimal
medical therapy and is associated with severe symptoms
(New York Heart Association Class III/IV). This occurs
in so-called burned-out HCM, which is characterized
by impaired LV contractile function, although in some
cases systolic function may initially remain preserved.
In such cases, heart transplantation (HT) remains the
only definitive treatment option [6, 22, 23].

HT in patients with HCM is associated with favorable
outcomes, with survival rates reported to be comparable
to — and in some studies exceeding — those observed in
other cardiac conditions. Reported post-transplant sur-
vival rates for HCM are approximately 85% at 1 year,
75% at 5 years, and 61% at 10 years [6].

Patients with non-obstructive HCM remain at risk for
disease-related complications, such as sudden arrhyth-
mic death, thromboembolic stroke, and atrial fibrillation.
However, these complications are relatively rare in this
patient group. It is emphasized that disease-related mor-
tality in patients with non-obstructive HCM remains low,
estimated at approximately 0.5% per year, with excellent
long-term survival rates of 99% at 5 years and 97% at
10 years [17, 19, 24-26].

Obstructive HCM

Systolic anterior motion (SAM) of the mitral valve
(MV) leaflet is a common echocardiographic finding in
HCM, occurring in up to 95% of cases. Its clinical mani-

Table 1

HCM classification (adapted from [8])

Sign

Types

— Obstructive HCM

Presence of LVOT obstruction _ Non-obstructive [9]

Types of non-obstructive HCM _ Restrictive type

— Standard/most common variant
— With dilational transformation

— With reduced LV contractile function [10]

— Septal hypertrophy

— Apical LVH [11]

— Basal septal hypertrophy

— Septal hypertrophy with anterior and anteroseptal walls

— S-shaped septum

Morphological features of the heart | Apical LVH

— Septum curved into the LV cavity, forming a crescent-shaped LV cavity
— Septal hypertrophy with a smooth contour

— Mid-septal hypertrophy [12]

and type of LVH

— Isolated septal hypertrophy

— Hypertrophy of the septum and adjacent sections (except the apex)

— Hypertrophy of the apex in combination with hypertrophy of other walls
— Apical hypertrophy [13]

— Apical LVH

— Basal septal LVH
— Diffuse LVH [14]

— Mid-septal hypertrophy

Abbreviations: LVOT, left ventricular outflow tract; HCM, hypertrophic cardiomyopathy; LVH, left ventricular hypertrophy;

LV, left ventricular.
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festations varies widely, ranging from an incidental ima-
ging observation to severe dynamic LVOT obstruction
associated with significant hemodynamic compromise.
Approximately 60-70% of patients with HCM exhibit
either resting or provocable LVOT obstruction [27].
The severity of SAM is graded as follows:

Mild: transient SAM without contact with the MV;
Moderate: SAM with leaflet—septal contact lasting
less than one-third of systole;

Severe: SAM with persistent leaflet—septal contact
exceeding one-third of systole [28].

Factors predisposing patients to dynamic LVOT obst-
ruction and the SAM effect in HCM have been identified
(Table 2) [27].

Interventricular Septum

It has been established that S-shaped deformation
of the thickened interventricular septum (IVS) is an in-
dependent risk factor for the development of the SAM
effect. This effect is attributed to vortex-induced redirec-
tion of early, low-velocity systolic blood flow beneath
the MV, resulting in anterior displacement of the valve
leaflets toward the IVS [27].

Mitral Valve

Normal MV leaflet lengths, as assessed by echocar-
diography (ECHO), are generally reported as 18-24 mm
for the anterior mitral valve leaflet (AMVL) and 11—
14 mm for the posterior mitral valve leaflet (PMVL)
[29]. In HCM patients, transesophageal ECHO has
demonstrated significant elongation of the MV leaflets
compared with control subjects. Reported measurements
show leaflet lengths of 31 =4 mm versus 22 + 3 mm for
the anterior leaflet, and 20 + 2 mm versus 15 £ 3 mm for
the posterior leaflet (p < 0.00001 for both cases) [30].

Similarly, a magnetic resonance imaging (MRI) study
involving 172 HCM patients and 15 HCM gene carriers

without disease manifestations revealed consistent MV
leaflet elongation. The mean anterior leaflet length was
26 + 5 mm, significantly greater than that observed in
controls (19 £ 5 mm, p < 0.001). The posterior leaf-
let was also significantly longer in patients with HCM
(14 =4 mm versus 10 =3 mm, p <0.001) [31].

Excess MV leaflet tissue often extends beyond the
zone of coaptation and is referred to as the “residual
leaflet”, which contributes to increased leaflet length and
surface area. This redundant tissue is typically the first
to make contact with the IVS. In HCM, altered intraven-
tricular hemodynamics resulting from abnormal cardiac
geometry facilitate the displacement of this residual MV
leaflet, thereby promoting LVOT obstruction [32].

Comparative analyses of MV and ventricular dimen-
sions in patients with HCM and the SAM effect with data
from the control group showed that in HCM patients,
the distance from the MV leaflet closure site to the IVS
(C-sept distance) was significantly reduced (12 £ 4 mm
vs. 21 £3 mm, p <0.001) [33].

Mitral regurgitation in HCM most commonly arises
from incomplete closure of MV leaflets. This typically
occurs when the PMVL fails to move anteriorly in coor-
dination with the AMVL, either due to reduced length or
limited mobility [34]. Accurate differentiation between
SAM-related mitral regurgitation and primary MV regur-
gitation is essential for selecting an appropriate treatment
strategy. Assessment of the regurgitant jet direction can
aid in this distinction: a posteriorly directed jet is gene-
rally indicative of SAM-related regurgitation, whereas
a centrally or anteriorly directed jet more often suggests
intrinsic MV disease [35, 36].

Earlier theories attributed SAM to the Venturi effect,
whereby IVS hypertrophy narrows the LVOT, reducing
the cross-sectional increasing and thereby increasing
blood flow velocity. The accelerated blood flow displaces

Table 2

Causes of systolic anterior motion (SAM) in HCM (adapted from [27])

Area of pathology

Features

Interventricular septum (IVS) | S-shaped septum

Elongation of the Mitral valve leaflets (both anterior and posterior)

Increased distance from the leaflet coaptation point to the apex of the anterior mitral leaflet
(the area referred to as the “residual leaflet”)

Mitral valve
(C—sept distance)

Reduced distance between the leaflet coaptation point and the mitral annulus

Venturi effect

Anterior diastolic motion of the mitral leaflets

Papillary hypertrophy

Increased number of papillary muscles

Papillary muscles

Displacement and abnormal attachment of the papillary muscles

Reduced distance between the papillary muscles

Chordal apparatus

Shortening and chordal fibrosis
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the MV leaflets toward the IVS and LVOT, creating a
“suction” effect [37].

Currently, a phenomenon known as “diastolic anterior
motion” of the MV has been described and considered
a precursor to SAM. During late diastole, mitral inflow
generates a posteriorly directed vortex that propels the
MYV leafiets forward even before the onset of systole [38].

Papillary Muscles

Echocardiographic studies have shown that papillary
muscle hypertrophy — defined as a short-axis thickness
greater than 11 mm at end-diastole — occurs in more than
50% of patients. Cardiac MRI further demonstrates an
increased number (2.5 vs. 2.1, p < 0.001) and total mass
of papillary muscles in individuals with HCM [27, 39].

Displacement of the papillary muscles — whether an-
terior displacement, basal shift, or apical relocation — can
disrupt LV hemodynamics. These alterations may lead to
overlap between the LV inflow and outflow tracts [40].

An abnormal attachment of a papillary muscle direct-
ly to the AMVL poses a particular risk, as this causes a
SAM effect and LVOT obstruction, which worsens the
prognosis in HCM [41].

Papillary muscle anomalies have been shown to
correlate with higher resting LVOT pressure gradients,
independent of IVS thickness or baseline heart rate. Ex-
perimental in vitro models further suggest that such ab-
normalities can induce SAM in HCM even in the absence
of septal hypertrophy. These variants are estimated to be
present in up to 20% of patients with HCM [39, 40, 42].

MORPHOLOGICAL VARIANTS
OF INTERVENTRICULAR SEPTAL HYPERTROPHY
IN HCM AND TREATMENT STRATEGIES

The clinical course and choice of treatment for HCM
are determined not only by the presence or absence of
LVOT obstruction but also by underlying morphologi-
cal features. In particular, the pattern and distribution
of IVS hypertrophy is an important factor that must be
considered in clinical decision-making. Based on the pre-
dominant location of maximal septal thickening, several
morphological variants of HCM can be identified, with
the basal, mid-ventricular, and apical forms being the
most common. These anatomical subtypes carry distinct
prognostic implications and play an important role in
guiding treatment strategies [43].

HCM with Basal Hypertrophy

Basal IVS hypertrophy is confined to the subaortic
region and extends directly to the point where the chords
attach to the apex of the AMVL [43].

Focal thickening of the IVS in the subaortic region,
which causes the SAM effect and LVOT obstruction,
makes this anatomical subtype the most promising can-
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didate for various treatment methods aimed at reducing
IVS thickness [43].

Pharmacological Treatment of Patients
with HCM and Basal Hypertrophy

A meta-analysis of 37 studies involving 1,898 pati-
ents showed that, in obstructive HCM, various medi-
cations reduce the LVOT pressure gradient to varying
degrees [44].

The most pronounced reductions were observed with
disopyramide (—43.5 mmHg [95% CI, —51.6 to —35.3])
and cardiac myosin inhibitors (CMIs) (—34.8 mmHg
[95% CI, —40.6 to —29.0]). In contrast, beta blockers
(=20.7 mmHg [95% CI, —29.4 to —12.0]) and calcium
channel blockers (—14.7 mmHg [95% CI, -23.3 to—6.1])
were associated with more modest reductions. An inter-
action p-value <0.01 indicates a statistically significant
difference between groups.

Within the class of CMIs, mavacamten demonstrated
a greater reduction in LVOT gradient compared with
aficamten. Among beta blockers, metoprolol was associ-
ated with the largest gradient reduction, while verapamil
showed the greatest efficacy among calcium channel
blockers (p for interaction <0.01). These findings are
consistent with results observed for provocable LVOT
gradients [44].

Surgical Treatment of Patients with HCM
and Basal Hypertrophy

According to the generally accepted definition, LVOT
obstruction in HCM is defined as a peak LVOT pressure
gradient of >30 mmHg, as measured by Doppler echocar-
diography. However, a higher threshold of >50 mmHg is
generally used to guide consideration of invasive treat-
ment [3].

According to European clinical guidelines [3], inva-
sive treatment is indicated to reduce LVOT obstruction
in the presence of the following criteria:

— A resting gradient or maximum induced gradient
>50 mmHg (e.g., during exercise or Valsalva maneu-
ver),

Moderate to severe mitral regurgitation associated
with SAM;

Presence of symptoms, typically New York Heart
Association (NYHA) functional class [I-1V;
Syncope during physical exertion or unexplained re-
current syncope despite optimal medical therapy;
Atrial fibrillation or moderate to severe left atrial
dilatation.

In patients with obstructive HCM who remain re-
sistant to medical therapy, septal myectomy (Morrow
procedure) is an effective surgical option. This procedure
involves resection of the basal portion of the VS (tran-
saortic [45] or transmucosal [46] approach), resulting in
enlargement of the LVOT lumen and elimination of the
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cause of SAM [47]. In cases of severe septal hypertrophy,
a more extensive resection may be required, extending
the myectomy into the mid-ventricular region beyond the
point of mitral leaflet—septal contact (modified Morrow
procedure) [48].

For patients at elevated surgical risk or those who
are not suitable candidates for surgery, percutaneous
alcohol septal ablation may be performed [49, 50]. This
procedure involves injecting a small amount of 96%
ethanol into the first septal branch of the left anterior
descending artery. This induces a controlled localized
infarction of the basal IVS, which subsequently leads
to LVOT remodeling [51].

In pediatric patients, LVOT obstruction often requires
arepeat septal myectomy. This may be due to various re-
asons, including inadequate myocardial resection during
the initial procedure, the presence of a mid-ventricular
component of obstruction, papillary muscle anomalies,
and postoperative LV remodeling, including regrowth
of septal myocardium. Notably, Osiev et al. reported a
case of successful alcohol septal ablation in a 6-year-old
patient [52].

Table 3 provides a comparative overview of surgical
and endovascular approaches for reducing I'VS thickness
[3, 53].

HCM with Midventricular Hypertrophic
Cardiomyopathy

Midventricular hypertrophic cardiomyopathy (MV-
HCM) is defined as a pattern of [VS thickening that ex-
tends from the MV chordae to the septal region opposite
the papillary muscle heads [43].

Isolated MVHCM occurs in less than 10% of patients
with obstructive HCM, but it may present with clinical

manifestations similar to those observed in subaortic
LVOT obstruction [54-56].

About 25% of these patients have an LV apical an-
eurysm, and in some of them, a thrombus forms within
this aneurysm [3, 57].

Medical Management of Patients with HCM
and MVHCM

The main medications used in such cases (beta blo-
ckers, calcium channel blockers, and disopyramide) are
aimed at reducing LV contractile function and increasing
its filling time [58]. These drugs help reduce the pressure
gradient in the mid-ventricular region and improve dias-
tolic function in patients with HCM and mid-ventricular
obstruction [57, 59].

Two recently published studies, based on analyses of
three clinical cases, reported favorable clinical and mor-
phological effects of mavacamten administered at doses
of 5-10 mg in patients with HCM and midventricular
obstruction. Over a follow-up period of 1624 weeks,
patients demonstrated a reduction in symptom seve-
rity, accompanied by a marked decrease in peak mid-
ventricular pressure gradient — from 50-77 mmHg to
8—11 mmHg — as well as a 5- to 7-fold reduction in
N-terminal pro—B-type natriuretic peptide (NT-proBNP)
levels [60, 61]. Additionally, evidence of reverse LV re-
modeling was observed, including expansion of the LV
cavity, reduction in IVS thickness and left atrial size, and
improvement in LV diastolic function, while preserving
systolic performance [60].

In rare cases, thrombi are found within the aneurysm,
which should be treated with long-term oral anticoagu-
lant therapy [57].

Table 3

Comparison of surgical and endovascular treatment methods in terms of reducing septal thickness [3, 53]

Myectomy | Alcohol septal ablation
Perioperative mortality
Higher | Lower
Surgical complications
- . : : 00 :
Higher risk of VSD Higher risk of atrioventricular block (7-20% of patients),

requiring implantation of a permanent pacemaker

Higher incidence of postoperative bleeding (OR 0.18; 95%
CI0.11-0.32; p < 0.0001)

Higher residual LVOT gradient

Higher risk of the need for intra-aortic balloon
counterpulsation

Higher likelihood of repeat intervention (7—20% of patients)

Surgical limitations

Although the overall risk of VSD after septal myectomy
is low, it may be increased in patients with moderate left
ventricular hypertrophy (wall thickness <16 mm)

May be less effective in patients with severe LVH (>30 mm)

Total adjusted treatment cost and hospital length of stay

Higher

Lower

Abbreviations: VSD, ventricular septal defect; LVOT, left ventricular outflow tract; LVH, left ventricular hypertrophy; LV, left

ventricular.
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Surgical Treatment of Patients with HCM
and MVHCM

In patients with HCM and MVHCM whose symp-
toms remain refractory to medical therapy, treatment
options are more limited than in cases of HCM with
basal hypertrophy.

Recent Russian study suggests that extended septal
myectomy, combined with interventions on subvalvular
structures, can effectively relieve obstruction in both
the mid- and basal segments of the left ventricle, while
also increasing LV cavity size [62]. When performing
myectomy in patients with obstructive HCM in whom
subaortic hypertrophy extends into the midventricular
region, careful control of the volume of resected IVS
tissue is crucial. Transesophageal echocardiography is
routinely used to visualize anatomical landmarks within
the left ventricle.

In cases with severe basal IVS hypertrophy, septal
myectomy via a subaortic (transaortic) approach can be
technically demanding. When obstruction involves the
midventricular segment, the procedure is typically initi-
ated through a transaortic myectomy, removing the IVS
muscle as close as possible to the apex of the heart [43].

In cases of isolated MVHCM, septal myectomy via
a transapical approach is generally considered the pre-
ferred surgical strategy. Transapical access provides a
wide field of view and access to the (IVS and papillary
muscles [54].

It is generally accepted that, in the absence of LVOT
obstruction, alcohol septal ablation is not indicated for
HCM. However, some clinical studies demonstrate that
it may be useful for symptom relief and reduction of
intraventricular gradients in patients with symptomatic
midventricular obstruction [63, 64].

Some studies suggest that cardiac pacing may reduce
obstruction and alleviate symptoms in patients with mid-
ventricular obstruction [65, 66]. A randomized, placebo-
controlled trial involving 17 patients with midventri-
cular obstruction and a mean NYHA functional class
IIT despite optimal medical therapy demonstrated that
individualized optimization of pacing parameters can
reduce intraventricular obstruction and improve exercise
tolerance in patients with severemid-ventricular obstruc-
tion symptoms.

In this study, the mean pressure gradient decreased
from 80 + 29 mmHg prior to pacing to 31 £ 21 mmHg
at the optimal pacing configuration, representing an ap-
proximate 60% reduction (p < 0.0001). Personalized
pacemaker programming was associated with an impro-
vement in exercise tolerance, as evidenced by an increase
in the distance covered during the 6-minute walk test
(328.5+£99.9 m vs. 285.8 £ 105.5 m; p = 0.018) [58].
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Apical HCM

Apical hypertrophy with obliteration of the LV apex
is confined to the apex and the distal portion of the IVS
[43].

Morphologically, apical HCM can be classified into
three subtypes:

— Isolated type: hypertrophy confined to the apical re-
gion;

— Mixed type: combined apical and septal hypertrophy,
with maximal wall thickness at the apex;

— Relative type: considered an early or less pronounced

phenotypic expression of apical HCM [67].

In most cases, apical HCM is asymptomatic [68]
and is generally associated with a favorable prognosis
[69, 70].

However, extensive hypertrophy in this region can
reduce LV end-diastolic volume, contributing to the de-
velopment of diastolic heart failure [71].

Pharmacological Treatment of Patients
with HCM and Apical Hypertrophy

In patients with apical HCM, treatment typically be-
gins with beta blockers. These agents are commonly
prescribed in part to reduce the frequency of unstable
ventricular arrhythmias. The therapeutic benefits of beta
blockers include:

Reduction of heart rate, particularly during physical
exertion;

Improvement in diastolic heart function;
Alleviation of symptoms such as chest pain and dys-
pnea through decreased myocardial oxygen demand,
Reduction of the mid-ventricular pressure gradient
in patients with concomitant mid-ventricular obst-
ruction [68].

The beneficial effects of Verapamil and Diltiazem
are attributed to their negative inotropic and chronotro-
pic properties, which lead to a reduction in chest pain,
an increase in LV diastolic filling time, and improved
myocardial perfusion [72].

Low-dose loop and thiazide diuretics may be used to
reduce dyspnea and manage volume overload in patients
with apical HCM [68].

RAAS inhibitors are prescribed to slow the progres-
sion of myocardial hypertrophy and fibrosis, alleviate
symptoms, and reduce mortality [21].

In patients with symptomatic non-obstructive HCM,
treatment with Mavacamten has been associated with
a significant, dose-dependent reduction in NT-proBNP
levels. However, it has not demonstrated a significant
effect on symptom relief or improvement in exercise
capacity [73].
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Surgical Treatment of Patients with HCM
and Apical Hypertrophy

Transapical myectomy, aimed at enlarging the LV
cavity, is effective in improving diastolic function, redu-
cing symptoms, and potentially delaying or preventing
the need for heart transplantation in patients with heart
failure secondary to apical HCM [71, 74, 75].

HCM with Hypertrophy of the Entire IVS

Although this variant is rare, patients with obstructive
HCM sometimes present with hypertrophy extending to
all three zones of the IVS [43]. This phenotype is asso-
ciated with a less favorable surgical prognosis.

A study published in 2018 evaluated 469 patients
with obstructive HCM who underwent surgical myecto-
my. The cohort included patients with basal hypertrophy
(n = 248), hypertrophy of the entire [VS (n = 141), and
diffuse LV hypertrophy (n = 80). The mean follow-up
period was 2.5 + 1.4 years. Postoperative assessment
showed that patients with basal septal hypertrophy expe-
rienced a thinner IVS, lower LV mass, and reduced ga-
dolinium uptake on MRI. This group also demonstrated
higher survival rates following myectomy. In contrast,
patients with hypertrophy involving the entire IVS and
those with diffuse LV hypertrophy exhibited poorer sur-
vival outcomes after surgical myectomy [14].

Preclinical HCM

A distinct subgroup among HCM patients consists of
genotype-positive but phenotype-negative individuals,
commonly referred to as having preclinical HCM [31,
76, 77].

In this group, LV structure and dimensions are typi-
cally within normal limits. However, they exhibit struc-
tural abnormalities of the MV compared with healthy
individuals. These include a longer AMVL (17.1 £0.4

vs. 16.0 £ 0.4 mm/m?, p = 0.006), a thicker PMVL
(1.79 £ 0.008 vs. 1.62 = 0.007 cm, p = 0.06), and a re-
duced distance between the papillary muscles (31.1£0.7
vs. 34.2 £ 0.9 mm, p =0.007).

The prevalence of SAM is also significantly higher in
preclinical HCM compared with healthy controls (15.2%
vs. 1.6%, p=0.006). These changes are more pronounced
in HCM with a distinct phenotype and the presence of
genetic markers. Therefore, early diagnosis supported
by comprehensive imaging is essential for timely iden-
tification, accurate risk stratification, and appropriate
selection of management strategies [78].

PREVENTION OF SUDDEN CARDIAC DEATH
(SCD) IN PATIENTS WITH HCM

Despite advances in medical and interventional the-
rapies, SCD remains a major clinical concern in patients
with HCM. The implantable cardioverter defibrillator
(ICD) is an established and effective strategy for both
primary and secondary prevention of SCD in this popu-
lation [3, 4].

Secondary prevention involves ICD implantation in
patients who have survived cardiac arrest due to ventri-
cular tachycardia (VT) or ventricular fibrillation, or in
those with a documented history of sustained, hemody-
namically significant VT [3].

For primary prevention, ICD implantation is recom-
mended in patients with HCM who present with at least
one major risk factor for SCD [4] and a calculated 5-year
SCD risk 0of>4% (Class 1Ib) to >6% (Class Ila) according
to the HCM Risk-SCD model [3].

Guidelines from both American and European cardi-
ology societies largely overlap in identifying SCD risk
factors in HCM, although certain differences remain
(Tables 4 and 5) [3, 4].

Table 4

Risk factors for sudden cardiac death (SCD) in patients with hypertrophic cardiomyopathy (HCM)
according to the American Heart Association [4]

SCD risk factors Description
Family history of SCD Family history of SCD, judged definitively or likely attributable to HCM in >1 first-degree
from HCM or close relatives who are <50 years of age.
Massi Maximum wall thickness >28-30 mm in any segment within the chamber according
assive LVH

to echocardiography or cardiovascular magnetic resonance (CMR) imaging

Unexplained syncope
the last 6 months

>1 unexplained episodes involving acute transient loss of consciousness, judged by history
unlikely to be of neurocardiogenic (vasovagal) etiology, especially when occurring within

Nonsustained ventricular
tachycardia (NSVT)

A significant risk marker is frequent (>3) and prolonged (>10 beats) episodes of NSVT with
a high ventricular rate (VR) (>200 beats per minute), as determined by Holter monitoring.

LV systolic dysfunction

Ejection fraction <50% by echocardiography or CMR imaging.

LV apical aneurysm

Independent of the size of the aneurysm

Extensive late gadolinium
enhancement

Diffuse and extensive late gadolinium enhancement on CMR imaging, representing
myocardial fibrosis comprising >15% of LV mass.

Abbreviations: LVH, left ventricular hypertrophy; LV, left ventricular.
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Table 5

Risk factors for sudden cardiac death (SCD) in patients with hypertrophic cardiomyopathy (HCM)

according to the European Society of Cardiology [3]

SCD risk factors Description
Family history — SCD 1in a first-degree relative <40 years of age, irrespective of a confirmed diagnosis of HCM
of SCD from HCM |— SCD in a first-degree relative of any age with a confirmed diagnosis of HCM
Massive LVH Maximum wall thickness >30-35 mm according to echocardiography
Syncope Unexplaiqed, non- neurocardiogenic syncope, particularly episodes, occurring within 6 months prior
to evaluation
Nonsustained A consecutive series of >3 ventricular contractions with a frequency of >120 beats per minute, lasting
ventricular <30 seconds, regardless of the number and duration of NSVT episodes per day, as well as ventricular
tachycardia rate (VR) during paroxysm. The occurrence of NSVT during or immediately after physical exertion
(NSVT) may indicate an increased risk of SCD.
SCD risk is higher in younger patients.
Age In this population, major risk factors, such as NSVT, severe LVH, and unexplained syncope, carry
greater adverse prognostic significance.
L R, However, current evidence is insufficient to establish a clear association between SCD and specific
eft atrial dilation .
parameters such as left atrial area or volume.
LVOT . However, the prognostic significance of provoked LVOT obstruction and the effectiveness of different
obstruction . . . A . .
treatment strategies (conservative and invasive) in preventing SCD remain poorly understood.

Abbreviations: LVOT, left ventricular outflow tract; LVH, left ventricular hypertrophy; LV, left ventricular.

CONCLUSION

The treatment strategy for HCM should be strictly
individualized, taking into account not only hemodyna-
mic status but also detailed anatomical features. HCM
classification based on the presence or absence of LVOT
obstruction, as well as the localization of IVS hypertro-
phy, is essential for selecting the optimal management

approach.

Medical therapy, surgical septal myectomy, and alco-
hol septal ablation are the main treatments for obstructive
HCM, whereas management of the non-obstructive form 6
primarily focuses on symptom control and prevention of

complications.

Given the risk of SCD, timely implantation of an
ICD in high-risk patients remain critical components of
comprehensive care.

The authors declare no conflict of interest.

REFERENCES

1. Elliott P. Andersson B, Arbustini E, Bilinska Z, Cecchi F,
Charron P et al. Classification of the cardiomyopathies:
a position statement from the European Society Of Car- 9,
diology Working Group on Myocardial and Pericardial
Diseases. Eur Heart J. 2008 Jan; 29 (2): 270-276. doi:
10.1093/eurheartj/ehm342.

4. Ommen SR, Ho CY, Asif IM, Balaji S, Burke MA,
Day SM et al. 2024 AHA/ACC/AMSSM/HRS/PACES/
SCMR Guideline for the Management of Hypertro-
phic Cardiomyopathy: A Report of the American Heart
Association/American College of Cardiology Joint
Committee on Clinical Practice Guidelines. Circulati-
on. 2024 Jun 4; 149 (23): e1239—1311. doi: 10.1161/
CIR.0000000000001250.

5. Antunes M de O, Scudeler TL. Hypertrophic cardio-

myopathy. Int J Cardiol Heart Vasc. 2020 Mar 25; 27:

100503. doi: 10.1016/j.ijcha.2020.100503.

Maron MS, Kalsmith BM, Udelson JE, Li W, DeNof-

rio D. Survival after cardiac transplantation in patients

with hypertrophic cardiomyopathy. Circ Heart Fail.

2010 Sep; 3 (5): 574-579. doi: 10.1161/CIRCHEART-

FAILURE.109.922872.

7. Rowin EJ, Maron BJ, Abt P, Kiernan MS, Vest A, Cos-
tantino F et al. Impact of Advanced Therapies for Impro-
ving Survival to Heart Transplant in Patients with Hy-
pertrophic Cardiomyopathy. Am J Cardiol. 2018 Apr 15;
121 (8): 986-996. doi: 10.1016/j.amjcard.2017.12.044.

8. Wang Y, Jia H, Song J. Accurate Classification of Non-

ischemic Cardiomyopathy. Curr Cardiol Rep. 2023 Oct;

25 (10): 1299-1317. doi: 10.1007/s11886-023-01944-0.

Sherrid MV, Massera D. Risk Stratification and Hyper-

trophic Cardiomyopathy Subtypes. J Am Coll Cardi-

ol. 2019 Nov 12; 74 (19): 2346-2349. doi: 10.1016/.

jacc.2019.09.020.

2. Firth J. Cardiology: hypertrophic cardiomyopathy. Clin ~ 10. Glavaski M, Preveden A, Jakovljevi¢ D, Filipovi¢ N,
Med (Lond). 2019 Jan; 19 (1): 61-63. doi: 10.7861/clin- Velicki L. Subtypes and Mechanisms of Hypertrophic
medicine.19-1-61. Cardiomyopathy Proposed by Machine Learning Al-

3. Arbelo E, Protonotarios A, Gimeno JR, Arbustini E, gorithms. Life (Basel). 2022 Oct 9; 12 (10): 1566. doi:
Barriales-Villa R, Basso C et al. 2023 ESC Guidelines 10.3390/1ife12101566.
for the management of cardiomyopathies. Eur Heart J.  11. Syed IS, Ommen SR, Breen JF, Tajik AJ. Hypertrophic

2023 Oct 1; 44 (37): 3503-3626. doi: 10.1093/eurheart)/

ehad194.

cardiomyopathy: identification of morphological sub-
types by echocardiography and cardiac magnetic reso-

82



HEART TRANSPLANTATION AND ASSISTED CIRCULATION

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

nance imaging. JACC Cardiovasc Imaging. 2008 May; 1
(3): 377-379. doi: 10.1016/j.jemg.2008.02.008.

Helmy SM, Maauof GF, Shaaban AA, Elmaghraby AM,
Anilkumar S, Shawky AHH et al. Hypertrophic Cardio-
myopathy: Prevalence, Hypertrophy Patterns, and Their
Clinical and ECG Findings in a Hospital at Qatar. Heart
Views. 2011 Oct; 12 (4): 143-149. doi: 10.4103/1995-
705X.90900.

Said SM, Schaff HV. Surgical treatment of hypertrophic
cardiomyopathy. Semin Thorac Cardiovasc Surg. 2013;
25 (4): 300-309. doi: 10.1053/j.semtcvs.2014.01.001.
Tang B, Song Y, Cui H, Ji K, Yu Q, Zhu C et al. Prog-
nosis of adult obstructive hypertrophic cardiomyopathy
patients with different morphological types after surgical
myectomy. Eur J Cardiothorac Surg. 2018 Aug 1; 54
(2): 310-317. doi: 10.1093/ejcts/ezy037.

Maron MS, Olivotto I, Zenovich AG, Link MS, Pandi-
an NG, Kuvin JT et al. Hypertrophic cardiomyopathy is
predominantly a disease of left ventricular outflow tract
obstruction. Circulation. 2006 Nov 21; 114 (21): 2232—
2239. doi: 10.1161/CIRCULATIONAHA.106.644682.
Geske JB, Sorajja P, Ommen SR, Nishimura RA. Vari-
ability of left ventricular outflow tract gradient during
cardiac catheterization in patients with hypertrophic car-
diomyopathy. JACC Cardiovasc Interv. 2011 Jun; 4 (6):
704-709. doi: 10.1016/j.jcin.2011.02.014.

Maron MS, Rowin EJ, Olivotto I, Casey SA, Arretini A,
Tomberli B et al. Contemporary Natural History and
Management of Nonobstructive Hypertrophic Cardio-
myopathy. J Am Coll Cardiol. 2016 Mar 29; 67 (12):
1399-1409. doi: 10.1016/j.jacc.2016.01.023.

Maron BJ, Maron MS. Nonobstructive Hypertrophic
Cardiomyopathy: Overlooked But Not Forgotten. Mayo
Clin Proc. 2016 Mar; 91 (3): 277-278. doi: 10.1016/.
mayocp.2016.01.004.

Hebl VB, Miranda WR, Ong KC, Hodge DO, Bos JM,
Gentile F et al. The Natural History of Nonobst-
ructive Hypertrophic Cardiomyopathy. Mayo Clin
Proc. 2016 Mar; 91 (3): 279-287. doi: 10.1016/j.ma-
yocp.2016.01.002.

Maron BJ, Maron MS. The Remarkable 50 Years of
Imaging in HCM and How it Has Changed Diagnosis
and Management: From M-Mode Echocardiography to
CMR. JACC Cardiovasc Imaging. 2016 Jul; 9 (7): 858—
872. doi: 10.1016/j.jemg.2016.05.003.

Shimada YJ, Passeri JJ, Baggish AL, O’Callaghan C,
Lowry PA, Yannekis G et al. Effects of losartan on left
ventricular hypertrophy and fibrosis in patients with
nonobstructive hypertrophic cardiomyopathy. J4CC
Heart Fail. 2013 Dec; 1 (6): 480—487. doi: 10.1016/j.
jchf.2013.09.001.

Rowin EJ, Maron BJ, Kiernan MS, Casey SA, Feld-
man DS, Hryniewicz KM et al. Advanced heart failure
with preserved systolic function in nonobstructive hy-
pertrophic cardiomyopathy: under-recognized subset of
candidates for heart transplant. Circ Heart Fail. 2014
Nov; 7 (6): 967-975. doi: 10.1161/CIRCHEARTFAI-
LURE.114.001435.

Pasqualucci D, Fornaro A, Castelli G, Rossi A, Arreti-
ni A, Chiriatti C et al. Clinical Spectrum, Therapeutic
Options, and Outcome of Advanced Heart Failure in Hy-

83

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

pertrophic Cardiomyopathy. Circ Heart Fail. 2015 Nov;
8 (6): 1014-1021. doi: 10.1161/CIRCHEARTFAILU-
RE.114.001843.

Maron BJ, Ommen SR, Semsarian C, Spirito P, Olivot-
to I, Maron MS. Hypertrophic cardiomyopathy: present
and future, with translation into contemporary cardiova-
scular medicine. J Am Coll Cardiol. 2014 July §; 64 (1):
83-99. doi: 10.1016/j.jacc.2014.05.003.

Maron BJ, Rowin EJ, Casey SA, Maron MS. How Hy-
pertrophic Cardiomyopathy Became a Contemporary
Treatable Genetic Disease With Low Mortality: Shaped
by 50 Years of Clinical Research and Practice. JAMA
Cardiol. 2016 Apr 1; 1 (1): 98-105. doi: 10.1001/jama-
cardio.2015.0354.

Maron BJ, Rowin EJ, Maron MS, Braunwald E. Non-
obstructive Hypertrophic Cardiomyopathy Out of the
Shadows: Known from the Beginning but Largely Igno-
red ... Until Now. Am J Med. 2017 Feb; 130 (2): 119-
123. doi: 10.1016/j.amjmed.2016.09.015.

Guigui SA, Torres C, Escolar E, Mihos CG. Systolic an-
terior motion of the mitral valve in hypertrophic cardio-
myopathy: a narrative review. J Thorac Dis. 2022 Jun;
14 (6): 2309-2325. doi: 10.21037/jtd-22-182.

Pollick C, Rakowski H, Wigle ED. Muscular subaortic
stenosis: the quantitative relationship between systolic
anterior motion and the pressure gradient. Circulation.
1984 Jan; 69 (1): 43-49. doi: 10.1161/01.cir.69.1.43.
Dal-Bianco JP, Levine RA. Anatomy of the mitral valve
apparatus: role of 2D and 3D echocardiography. Car-
diol Clin. 2013 May; 31 (2): 151-164. doi: 10.1016/].
¢ccl.2013.03.001.

Grigg LE, Wigle ED, Williams WG, Daniel LB, Rakows-
ki H. Transesophageal Doppler echocardiography in ob-
structive hypertrophic cardiomyopathy: clarification of
pathophysiology and importance in intraoperative decis-
ion making. J Am Coll Cardiol. 1992 Jul; 20 (1): 42-52.
doi: 10.1016/0735-1097(92)90135-a.

Maron MS, Olivotto I, Harrigan C, Appelbaum E,
Gibson CM, Lesser JR et al. Mitral valve abnormalities
identified by cardiovascular magnetic resonance repre-
sent a primary phenotypic expression of hypertrophic
cardiomyopathy. Circulation. 2011 Jul 5; 124 (1): 40—47.
doi: 10.1161/CIRCULATIONAHA.110.985812.
Sherrid MV, Chu CK, Delia E, Mogtader A, Dwyer EM.
An echocardiographic study of the fluid mechanics of
obstruction in hypertrophic cardiomyopathy. J Am Coll
Cardiol. 1993 Sep; 22 (3): 816-825. doi: 10.1016/0735-
1097(93)90196-8.

Hwang HJ, Choi EY, Kwan J, Kim SA, Shim CY, Ha JW
et al. Dynamic change of mitral apparatus as potential
cause of left ventricular outflow tract obstruction in hy-
pertrophic cardiomyopathy. Eur J Echocardiogr. 2011
Jan; 12 (1): 19-25. doi: 10.1093/ejechocard/jeq092.
Schwammenthal E, Nakatani S, He S, Hopmeyer J, Sa-
gie A, Weyman AE et al. Mechanism of mitral regurgi-
tation in hypertrophic cardiomyopathy: mismatch of
posterior to anterior leaflet length and mobility. Circu-
lation. 1998 Sep 1; 98 (9): 856-865. doi: 10.1161/01.
¢ir.98.9.856.

Yeo TC, Miller FA, Oh JK, Schaff HV, Weissler AM, Se-
ward JB. Hypertrophic cardiomyopathy with obstruc-



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXVIII - N2 1-2026

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

tion: important diagnostic clue provided by the direction
of the mitral regurgitation jet. J Am Soc Echocardiogr.
1998 Jan; 11 (1): 61-65. doi: 10.1016/s0894-
7317(98)70121-x.

Hang D, Schaff HV, Nishimura RA, Lahr BD, Abel MD,
Dearani JA et al. Accuracy of Jet Direction on Doppler
Echocardiography in Identifying the Etiology of Mitral
Regurgitation in Obstructive Hypertrophic Cardiomyo-
pathy. J Am Soc Echocardiogr. 2019 Mar; 32 (3): 333—
340. doi: 10.1016/j.ech0.2018.10.011.

Jiang L, Levine RA, King ME, Weyman AE. An integra-
ted mechanism for systolic anterior motion of the mitral
valve in hypertrophic cardiomyopathy based on echocar-
diographic observations. Am Heart J. 1987 Mar; 113 (3):
633-644. doi: 10.1016/0002-8703(87)90701-0.

Ro R, Halpern D, Sahn DJ, Homel P, Arabadjian M,
Lopresto C et al. Vector flow mapping in obstructive hy-
pertrophic cardiomyopathy to assess the relationship of
early systolic left ventricular flow and the mitral valve.
J Am Coll Cardiol. 2014 Nov 11; 64 (19): 1984-1995.
doi: 10.1016/j.jacc.2014.04.090.

Harrigan CJ, Appelbaum E, Maron BJ, Buros JL,
Gibson CM, Lesser JR et al. Significance of papillary
muscle abnormalities identified by cardiovascular mag-
netic resonance in hypertrophic cardiomyopathy. Am J
Cardiol. 2008 Mar 1; 101 (5): 668-673. doi: 10.1016/j.
amjcard.2007.10.032.

Kwon DH, Setser RM, Thamilarasan M, Popovic ZV,
Smedira NG, Schoenhagen P et al. Abnormal papillary
muscle morphology is independently associated with
increased left ventricular outflow tract obstruction in
hypertrophic cardiomyopathy. Heart. 2008 Oct; 94 (10):
1295-1301. doi: 10.1136/hrt.2007.118018.

Lentz Carvalho J, Schaff HV, Morris CS, Nishimura RA,
Ommen SR, Maleszewski JJ et al. Anomalous papillary
muscles-Implications in the surgical treatment of hyper-
trophic obstructive cardiomyopathy. J Thorac Cardio-
vasc Surg. 2022 Jan; 163 (1): 83-89.el. doi: 10.1016/].
jtcvs.2020.04.007.

Lefebvre XP, He S, Levine RA, Yoganathan AP. Systo-
lic anterior motion of the mitral valve in hypertrophic
cardiomyopathy: an in vitro pulsatile flow study. J Heart
Valve Dis. 1995 Jul; 4 (4): 422-438.

Robich MP, Schaff HV, Ortoleva J, Patlolla SH, Zaky MH,
Cobey FC et al. Understanding septal morphology in hy-
pertrophic cardiomyopathy-implications for the surgeon.
J Thorac Cardiovasc Surg. 2023 Aug; 166 (2): 514-518.
doi: 10.1016/j.jtcvs.2022.09.059.

Awad K, Pereyra Pietri M, Farina JM, Pathangey G,
Abbas MT, Scalia IG et al. Efficacy of Pharmacological
Therapies in Reducing Outflow Tract Obstruction in Pa-
tients with Obstructive Hypertrophic Cardiomyopathy:
A Systematic Review and Meta-Analysis. Eur Heart J
Cardiovasc Pharmacother. 2025 Aug 12; 11 (5): 469—
482. doi: 10.1093/ehjcvp/pvat036.

Kozhanov RS, Egunov OA, Yanulevich OS, Sokolov A4,
Krivoshchekov EV. Immediate results of transaortic ex-
tended septal myectomy in children with obstructive
hypertrophic cardiomyopathy. Clinical and Experimen-
tal Surgery. Petrovsky Journal. 2023; 11 (2): 93-100.

84

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

https://doi.org/10.33029/2308-1198-2023-11-2-93-100.
(in Russ).

Zemlyannikov ID, Tsaregorodtsev AV, Nguyen HN,
Ferzalieva ZR, Drozhdina AA. Mini-invasive transmit-
ral myectomy and mitral valve replacement in obstruc-
tive hypertrophic cardiomyopathy case. Extreme Medi-
cine. 2023; 25 (2): 112-116. https://doi.org/10.47183/
mes.2023.012.

Morrow AG, Reitz BA, Epstein SE, Henry WL, Conk-
le DM, lItscoitz SB et al. Operative treatment in hyper-
trophic subaortic stenosis. Techniques, and the results
of pre and postoperative assessments in 83 patients.
Circulation. 1975 Jul; 52 (1): 88-102. doi: 10.1161/01.
cir.52.1.88.

Nguyen A, Schaff HV. Transaortic Septal Myectomy for
Obstructive Hypertrophic Cardiomyopathy. Operative
Techniques in Thoracic and Cardiovascular Surgery.
2017 Dec 1; 22 (4): 200-215. doi: 10.1053/j.optechst-
¢vs.2018.06.001.

Dzhordzhikiia RK, Volodiukhin MYu, Safarova DEF,
Khayrullin RN, Velieva LM. Comparative assessment
of different surgical treatment methods in obstructive
hypertrophic cardiomyopathy. Clinical and Experi-
mental Surgery. Petrovsky Journal. 2020; 8 (3): 51-58.
https://doi.org/10.33029/2308-1198-2020-8-3-51-58. (in
Russ.).

Dzemeshkevich SL, Motreva AP, Korzh DA, Martya-
nova YuB, Sadekova MA, Balashova MS, Zaklyazmin-
skaya EV. Hypertrophic cardiomyopathy: septal myecto-
my and alcohol ablation should be personalized. Clinical
and Experimental Surgery. Petrovsky Journal. 2025; 13
(1): 105-111. https://doi.org/10.33029/2308-1198-2025-
13-1-105-111. (in Russ.).

Sigwart U. Non-surgical myocardial reduction for hy-
pertrophic obstructive cardiomyopathy. Lancet. 1995
Jul 22; 346 (8969): 211-214. doi: 10.1016/s0140-
6736(95)91267-3.

Grigorievich OA, Pavlovna MS, Yuryevna MO, Ivano-
vich KE, Biryukov AV, Zubarev DD, Maletina IV. A cli-
nical case of successful transcoronary septal ablation in
a pediatric patient with hypertrophic obstructive cardio-
myopathy. Circulatory Pathology and Cardiac Surgery.
2010; (1): 81-83. https://sciup.org/142140323.

Ullah W, Warner E, Khandait H, Sachdeva S, Abdal-
la AS, Shafique M et al. Septal Myectomy or Alcohol Ab-
lation for Hypertrophic Cardiomyopathy: A Nationwide
Inpatient Sample (NIS) Database Analysis. Cardiovasc
Revasc Med. 2023 May; 50: 54-58. doi: 10.1016/j.car-
rev.2023.01.013.

Sun D, Schaff HV, Nishimura RA, Geske JB, Dearani JA,
Ommen SR. Transapical Septal Myectomy for Hyper-
trophic Cardiomyopathy With Midventricular Obstruc-
tion. Ann Thorac Surg. 2021 Mar; 111 (3): 836-844. doi:
10.1016/j.athoracsur.2020.05.182.

Kunkala MR, Schaff HV, Nishimura RA, Abel MD, So-
rajja P, Dearani JA et al. Transapical approach to my-
ectomy for midventricular obstruction in hypertrophic
cardiomyopathy. Ann Thorac Surg. 2013 Aug; 96 (2):
564-570. doi: 10.1016/j.athoracsur.2013.04.073.
Minami Y, Kajimoto K, Terajima Y, Yashiro B, Okaya-
ma D, Haruki S et al. Clinical implications of midven-



HEART TRANSPLANTATION AND ASSISTED CIRCULATION

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

tricular obstruction in patients with hypertrophic car-
diomyopathy. J Am Coll Cardiol. 2011 Jun 7; 57 (23):
2346-2355. doi: 10.1016/j.jacc.2011.02.033.

Minami Y, Hagiwara N. Pharmacological Strategies for
Midventricular Obstruction in Patients with Hypertro-
phic Cardiomyopathy. Intern Med. 2019 Feb 15; 58 (4):
463-464. doi: 10.2169/internalmedicine.1668-18.
Malcolmson JW, Hughes RK, Husselbury T, Khan K,
Learoyd AE, Lees M et al. Distal Ventricular Pacing for
Drug-Refractory Mid-Cavity Obstructive Hypertrophic
Cardiomyopathy: A Randomized, Placebo-Controlled
Trial of Personalized Pacing. Circ Arrhythm Electro-
physiol. 2024 Jul; 17 (7): €012570. doi: 10.1161/CIR-
CEP.123.012570.

Hamada M, Shigematsu Y, Inaba S, Aono J, lkeda S,
Watanabe K et al. Antiarrhythmic drug cibenzoline at-
tenuates left ventricular pressure gradient and improves
transmitral Doppler flow pattern in patients with hyper-
trophic obstructive cardiomyopathy caused by midven-
tricular obstruction. Circ J. 2005 Aug; 69 (8): 940-945.
doi: 10.1253/circj.69.940.

Nazziconi M, Signore G, Capodaglio I, Patani F, Be-
nedetti M, Brugiatelli L et al. Mavacamten, a real game
changer in a case of hypertrophic cardiomyopathy with
both midventricular and left ventricular outflow tract ob-
struction. European Heart Journal Supplements. 2025
May 1; 27 (Supplement 5): suaf076.217. doi: 10.1093/
eurheartjsupp/suaf076.217.

Rella V, Muraru D, Crotti L. Efficacy of mavacamten
in patients with hypertrophic cardiomyopathy and mid-
ventricular obstruction: case series. Eur Heart J Case
Rep. 2025 May 8; 9 (5): ytaf229. doi: 10.1093/ehjcr/
ytaf229.

Zainetdinov MR, Dzhordzhikiya RK, Mukharyamov MN.
Surgical treatment of the midventricular form of obstruc-
tive hypertrophic cardiomyopathy. Clinical and Experi-
mental Surgery. Petrovsky Journal. 2024; 12 (1): 15-22.
https://doi.org/10.33029/2308-1198-2024-12-1-15-22.
(in Russ.).

Tengiz I, Ercan E, Alioglu E, Turk UO. Percutaneous
septal ablation for left mid-ventricular obstructive hy-
pertrophic cardiomyopathy: a case report. BMC Cardi-
ovasc Disord. 2006 Apr 10; 6: 15. doi: 10.1186/1471-
2261-6-15.

Sato R, Satoh T, Iguchi K, Suwa K, Maekawa Y. Alcohol
Septal Ablation for Hypertrophic Obstructive Cardio-
myopathy With Midventricular Obstruction and Papilla-
ry Muscle Abnormalities. JACC Case Rep. 2025 Apr 16;
30 (8): 103183. doi: 10.1016/j.jaccas.2024.103183.
Shah A, Duncan K, Winson G, Chaudhry FA, Sher-
rid MV. Severe symptoms in mid and apical hypertro-
phic cardiomyopathy. Echocardiography. 2009 Sep; 26
(8): 922-933. doi: 10.1111/j.1540-8175.2009.00905 .x.
Begley D, Mohiddin S, Fananapazir L. Dual chamber
pacemaker therapy for mid-cavity obstructive hyper-
trophic cardiomyopathy. Pacing Clin Electrophysiol.
2001 Nov; 24 (11): 1639-1644. doi: 10.1046/j.1460-
9592.2001.01639.x.

Hughes RK, Knott KD, Malcolmson J, Augusto JB, Mo-
hiddin SA, Kellman P et al. Apical Hypertrophic Car-
diomyopathy: The Variant Less Known. J Am Heart

85

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Assoc. 2020 Mar 3; 9 (5): e015294. doi: 10.1161/
JAHA.119.015294.

Li J, Fang J, Liu Y, Wei X. Apical hypertrophic cardio-
myopathy: pathophysiology, diagnosis and management.
Clin Res Cardiol. 2024 May; 113 (5): 680-693. doi:
10.1007/s00392-023-02328-8.

Eriksson MJ, Sonnenberg B, Woo A, Rakowski P, Par-
ker TG, Wigle ED et al. Long-term outcome in patients
with apical hypertrophic cardiomyopathy. J Am Coll
Cardiol. 2002 Feb 20; 39 (4): 638-645. doi: 10.1016/
s0735-1097(01)01778-8.

Kubo T, Kitaoka H, Okawa M, Hirota T, Hoshikawa E,
Hayato K et al. Clinical profiles of hypertrophic cardio-
myopathy with apical phenotype — comparison of pure-
apical form and distal-dominant form. Circ J. 2009 Dec;
73 (12): 2330-2336. doi: 10.1253/circj.cj-09-0438.
Nguyen A, Schaff HV, Nishimura RA, Geske JB, Dea-
rani JA, King KS et al. Apical myectomy for patients
with hypertrophic cardiomyopathy and advanced heart
failure. J Thorac Cardiovasc Surg. 2020 Jan; 159 (1):
145-152. doi: 10.1016/j.jtcvs.2019.03.088.

Maron BJ. Clinical Course and Management of Hyper-
trophic Cardiomyopathy. N Engl J Med. 2018 Aug 16;
379 (7): 655-668. doi: 10.1056/NEJMral710575.

Ho CY, Mealiffe ME, Bach RG, Bhattacharya M, Choud-
hury L, Edelberg JM et al. Evaluation of Mavacamten
in Symptomatic Patients With Nonobstructive Hypertro-
phic Cardiomyopathy. J Am Coll Cardiol. 2020 Jun 2; 75
(21): 2649-2660. doi: 10.1016/j.jacc.2020.03.064.
Schaff HV, Brown ML, Dearani JA, Abel MD, Om-
men SR, Sorajja P et al. Apical myectomy: a new sur-
gical technique for management of severely symptoma-
tic patients with apical hypertrophic cardiomyopathy.
J Thorac Cardiovasc Surg. 2010 Mar; 139 (3): 634—640.
doi: 10.1016/j.jtcvs.2009.07.079.

Afanasyev AV, Bogachev-Prokophiev AV, Kirilova VS,
Volkova II, Kashapov RI, Shajahmetova SV et al. Transa-
pical myectomy as an alternative to heart transplantati-
on in patient with apical hypertrophic cardiomyopathy.
Clinical and Experimental Surgery. Petrovsky Journal.
2024; 12 (1): 127-134. https://doi.org/10.33029/2308-
1198-2024-12-1-127-134. (in Russ.).

Peyrou J, Réant P, Reynaud A, Cornolle C, Dijos M,
Rooryck-Thambo C et al. Morphological and functional
abnormalities pattern in hypertrophy-free HCM mutati-
on carriers detected with echocardiography. Int J Car-
diovasc Imaging. 2016 Sep; 32 (9): 1379-1389. doi:
10.1007/s10554-016-0929-6.

Captur G, Lopes LR, Mohun TJ, Patel V, Li C, Bassett P
et al. Prediction of sarcomere mutations in subclinical
hypertrophic cardiomyopathy. Circ Cardiovasc Imaging.
2014 Nov; 7 (6): 863-871. doi: 10.1161/CIRCIMA-
GING.114.002411.

Groarke JD, Galazka PZ, Cirino AL, Lakdawala NK,
Thune JJ, Bundgaard H et al. Intrinsic mitral valve alte-
rations in hypertrophic cardiomyopathy sarcomere mu-
tation carriers. Eur Heart J Cardiovasc Imaging. 2018
Oct 1; 19 (10): 1109—-1116. doi: 10.1093/ehjci/jey095.

The article was submitted to the journal on 6.09.2025



