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Abstract Elongation and pathological thickening of the
mitral valve (MV) is commonly seen in hypertrophic
cardiomyopathy (HCM), and its pathogenic basis is poorly
understood. Associated features include mal-positioning of
the papillary muscles and MV, as well as systolic anterior
motion (SAM) of the MV leaflets, which can worsen the
turbulence and dynamic left ventricular outflow tract

(LVOT) gradient. Coaptation of the MV leaflets depends
on both anterior and posterior leaflet length and position,
and failure of either to optimally adapt in this setting can
result in mitral regurgitation or worsened LVOT obstruction.
The cause of MV enlargement in HCM is not currently
understood, and several different hypotheses may be
relevant. The lack of correlation between MV size and the
severity of left ventricular hypertrophy, as well as the early
findings in genetically predisposed individuals with sarco-
mere mutations, suggest that it may be an intrinsic aspect of
HCM in certain individuals. Other evidence points to a
reactive process in the setting of excess production of
paracrine growth factors in diseased myocardium that may
influence valve overgrowth. Improved understanding of the
responsible adaptive mechanisms will pave the way for
studies targeted on the prevention and treatment of MV
disease in HCM.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a genetic disorder
typically caused by heterozygous mutations in a gene
encoding an element of the cardiac sarcomere [1]. Unex-
plained thickening of the left ventricular (LV) walls is
present among 1:500 individuals [2]. Phenotypic presenta-
tions range from asymptomatic to early sudden death or
heart failure. Impaired diastolic LV filling and left ventric-
ular outflow tract (LVOT) obstruction contribute to symp-
toms in HCM. LVOT obstruction is dynamic and
multifactorial, including narrowing of the LVOT due to
septal hypertrophy as well as further obstruction frequently

A. A. Hagège :M. Desnos :H. Neamatalla
Assistance Publique-Hôpitaux de Paris, Hôpital Européen
Georges Pompidou, Department of Cardiology,
Paris, France

A. A. Hagège :M. Desnos :H. Neamatalla
INSERM U 633, Paris Cardiovascular Research Center (PARCC),
Paris, France

A. A. Hagège : P. Bruneval :M. Desnos :D. P. Judge
Université Paris Descartes, Sorbonne Paris Cité,
Faculté de médecine,
Paris, France

P. Bruneval
Assistance Publique-Hôpitaux de Paris, Hôpital Européen
Georges Pompidou, Department of Pathology,
Paris, France

R. A. Levine
Cardiac Ultrasound Laboratory, Harvard Medical School,
Massachusetts General Hospital,
Boston, MA, USA

D. P. Judge
Johns Hopkins University, Center for Inherited Heart Disease,
Baltimore, MD, USA

A. A. Hagège (*)
Department of Cardiology, Hôpital Européen Georges Pompidou,
20 Rue Leblanc,
75015 Paris, France
e-mail: albert.hagege@egp.aphp.fr

J. of Cardiovasc. Trans. Res. (2011) 4:757–766
DOI 10.1007/s12265-011-9319-6



mediated by systolic anterior motion (SAM) of the anterior
and/or posterior leaflet of the mitral valve (MV) [3].
Optimal treatment strategies for these different aspects of
HCM require attention to their individual cause and impact.
Most human and murine studies to date have focused on the
LV wall with particular attention to the subaortic septum,
yet abnormal MV morphology and function are widely
prevalent in HCM [4, 5]. The largest pathology-based
investigation of MV disease in HCM investigated 94 MV
from people with HCM and 45 MV from people without
structural heart disease [4]. Structural MV abnormalities
were present in 66% of those with HCM, as compared
with only 2% of the normal controls [4]. Although limited
data have been published to address the specificity of MV
enlargement in HCM versus other causes of LV hypertro-
phy, one study compared MV size among people with
aortic valve stenosis or regurgitation, with or without LV
dilation, to MV size in HCM and controls [6]. In this
study, MV size was increased in the setting of LV dilation,
but not when aortic stenosis occurred without LV dilation
despite LVH [6].

The Mitral Valve Contributes to Obstruction
and Symptoms

Catheterization, echo-Doppler, and simultaneous Doppler-
catheterization evaluations have demonstrated that the
gradient observed in HCM represents an obstacle to systolic
ventricular flow [7–9]. This acceleration of the systolic
flow within the LVOT is generally due to SAM of the MV
towards the upper septum. The combination of septal
hypertrophy and SAM may produce an intraventricular
pressure gradient measured non-invasively by continuous
wave Doppler echocardiography.

The hemodynamic consequences of SAM include not
only creation of a dynamic LVOT obstruction (defined as a
peak instantaneous LVOT pressure gradient ≥30 mmHg),
but also prolongation of ejection time and a reduction in

stroke volume, while systolic coaptation of the mitral
leaflets may be disrupted resulting in frequent mitral
regurgitation (MR). The presence of such a resting
obstruction is an important cause of symptoms and disease
progression, but it also has prognostic significance in HCM
as a predictor of progression to heart failure and sudden
cardiac death [10]. Recently, the presence of structural
MV abnormalities has been highlighted in HCM, and its
importance in generating SAM and obstruction has been
emphasized, while the pathogenesis of such changes
begins to be elucidated. Observations regarding the
functional and structural characteristics of the MV in
HCM are presented in the next sections, and they are
summarized in Table 1.

SAM Is a Functional Abnormality

Abnormalities of the MV in HCM have long been thought
to be limited to SAM, which was first described as a
diagnostic feature of obstructive HCM, but has now also
been demonstrated in the absence of HCM [11]. Roughly
30 to 60% of patients with HCM demonstrate SAM, with
approximately one-third demonstrating LVOT obstruction at
rest [12]. Moreover, around one-third of patients with
symptomatic non-obstructive HCM at rest have latent
LVOT obstruction revealed by echocardiographic examina-
tion during or in the minutes following upright cardiopul-
monary exercise testing; the resulting pressure gradient is
highly variable and strongly influenced by central blood
volume and contractile state [13]. All symptomatic patients
without evidence of a resting gradient should be investi-
gated for dynamic LVOT obstruction using exercise or the
Valsalva maneuver if the patient is unable to perform an
adequate exercise test. Thus, SAM with obstruction is
present in approximately two-thirds of all patients with
HCM, either at rest or exercise, and there is a consensus to
state that in HCM, a rough correlation exists between heart
failure symptoms (dyspnea, asthenia) and the presence and

Table 1 MV abnormalities
known to occur in HCM and
their consequences

Structure Abnormality Consequence

MV leaflets Anterior mal-positioning SAM, MR

AML is too long SAM, MR, MVP?

PML is too long SAM, MR, MVP?

PML is too short in relation to AML MR

Infective endocarditis MR

Thickened MV leaflets MR?

Chordae tendinae Slack/Elongation Chordal SAM, SAM?, MR?

Rupture MR, MVP, ±loss of SAM

Papillary muscle Direct insertion into AML with absence of chordae SAM, MR

Anterior mal-positioning SAM, MR
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importance of obstruction, and that its reduction improves
functional status [14].

For years, it has been recognized that the simple
attraction of the MV towards the interventricular septum
due to high systolic velocities in the vicinity of the
leaflets contributes to SAM (Venturi effect). These
increased velocities are created by the increase in left
ventricular pump function in a tight outflow tract (due to
predominant upper septal hypertrophy), explaining the
triggering role of exercise in obstruction and its relief or
reduction by negative inotropic drugs or procedures
(surgical and nonsurgical) that reduce the thickness the
subaortic septum. While the Venturi effect likely contrib-
utes to the propagation and worsening of SAM, it is not
adequate to initiate SAM.

SAM Is a Structural Abnormality

In vivo echocardiographic observations that the beginning
of SAM occurs before outflow tract acceleration at normal
LVOT velocity have highlighted complementary mecha-
nisms centered on structural MV abnormalities [15].

Experimental Data

Experimental in vitro studies as computational works have
indeed demonstrated that isolated anterior and internal dis-
placement of the papillary muscles (PM) combined with leaflet
elongation (especially of the posterior leaflet) is able to create
SAM, the degree of which is related to leaflet length, even in
the absence of septal hypertrophy [15–18]. Such a displace-
ment creates a long distal residual leaflet portion interposed in
the pathway of outflow. Chordal and leaflet slack is further
facilitated by the presence of enlarged MV leaflets, which
allows interposition of the valve within the outflow tract flow
at the beginning of ejection, a prerequisite for SAM, while
secondary systolic acceleration further increases obstruction
due to the Venturi effect. These findings indicate that drag, the
pushing force of flow, contributes to SAM, which is generated
only if structural abnormalities of the MV are present [19].
Leaflet elongation promotes the development of SAM in
response to PM displacement by creating long overlapping
residual leaflets capable of moving anteriorly, as demonstrated
by prospectively altering leaflet length. Posterior leaflet
elongation also promotes SAM by shifting leaflet coaptation
anteriorly, with progressive increases in SAM. Basal and mid-
anterior leaflet elongation causes SAM with prolapse, while
distal anterior leaflet elongation creates SAM with a mobile
flap. Leaflet elongation without PM displacement creates
prolapse. Residual leaflet length correlates well with total
leaflet length, and the degree of SAM in turn correlates well
with residual leaflet length [20].

Imaging Data

A large diversity of structural abnormalities of the MV
apparatus has been demonstrated non-invasively by echo-
cardiography in HCM patients with or without obstruction.
These include: (1) malposition with anterior displacement
of the MVoccurring with anterior and internal displacement
of the PM (Fig. 1) [21]; (2) redundant elongation of MV
leaflet(s) occurring with hypertrophied PM (Fig. 2) [20]; (3)
direct insertion of the anterior PM onto the anterior leaflet
without interposition of chordae or accessory MV tissue
(Fig. 3) [22, 23]; and (4) signs of degeneration with increased
leaflet and/or chordal thicknesses, ruptured chordae, and
prolapsed MV [24, 25]. These associated findings do not
prove causation, but there is a recurrent theme of abnormal
PM or chordae occurring in HCM in these reports.

In a pioneering study, structural abnormalities unique to
HCM patients with SAM were demonstrated, including
anterior and inward displacement of the PM and anterior
displacement with elongation of the mitral leaflets, which
were on average 1.5–1.7 cm longer compared to that in
other subjects [21]. This suggests a mechanism for SAM,
which combines the effects of LVOT narrowing with those
of PM displacement. Thus, displacement of the PM alters
the effectiveness of chordal support so that the central
leaflet portions become relatively slack and more readily
displaced anteriorly. Altered distribution of chordal tension
orients the distal leaflets upward into the LVOT at the onset
of systole, prior to aortic valve opening, so that ventricular
ejection will actually drag the interposed leaflets anteriorly.
The resolution of SAM can be understood in terms of a
reverse Venturi effect created by MR, as well as continued
traction of the centrally displaced PM on the lateral leaflet
margins. Intraoperative transesophageal Doppler echocardi-
ography in a small group of HCM patients undergoing
myectomy found similarly longer anterior and posterior
leaflets as compared to controls (31±4 vs. 22±3 mm and
20±2 vs. 15±3 mm, respectively) [26]. Transthoracic
echocardiography was also able to demonstrate frequently
such elongated leaflets in HCM with or without SAM and
obstruction [27]. Mitral redundancy in HCM may also lead
to MV prolapse instead of SAM as demonstrated by
echocardiographic coexistence of prolapse and HCM in a
few patients [25]. The MV opening area on a parasternal
diastolic short-axis view of the left ventricle seems the best
single predictor of actual mitral leaflet area measured from
specimen [28].

The spectrum of morphologic variations seen echocar-
diographically in patients relates similarly to MV structure
and, for example, posterior leaflet SAM can be related to a
long scallop of the posterior leaflet moving anteriorly
between the chordal connections to the anterior leaflet.
These findings are consistent with recent observations that
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Fig. 1 Typical two-dimensional
echocardiographic views in a
normal (A) and HCM (B–F)
heart; parasternal long-axis (A,
B) and parasternal short-axis
views (C–F). Note in B the
anterior position within the LVof
both papillary muscles and of
the coaptation point (solid
arrow) of the mitral valve; the
dotted line connects the annular
hinge points. Thus, at beginning
of systole, the MV leaflets and
chordae are interposed within
ejection flow (B, transparent
arrow), which then may push
the leaflets and facilitate SAM at
relatively low velocities. a
Anterolateral papillary muscle, b
posterior papillary muscle, AO
aortic valve, LA left atrium, LV
left ventricle, RV right ventricle.
Note the anterior malposition of
the anterior (APM) and posterior
(PPM) papillary muscles (white
arrows, C) as well as of the
mitral valve in diastole (D), all
essentials to the genesis of SAM
of the anterior leaflet in early
systole (E, F)
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reducing leaflet redundancy and posterior leaflet height can
reduce obstructive SAM following MV repair in patients
with MV prolapse and can help to relieve obstruction in
patients with HCM and enlarged leaflets [20]. Similarly,
clinical examples abound in which obstructive SAM
accompanies comparatively modest septal hypertrophy
due to excessive or segmental leaflet elongation and PM
malposition that fails in its basic design to restrain the
leaflets posteriorly. Finally, relief of obstruction using
ventricular septal ablation may not eliminate SAM of the
MV and MR in patients with HCM due to anterior PM
displacement and malcoaptation of MV leaflets [29].

Great inter-individual differences in MR can occur for
comparable degrees of SAM. These differences relate to
variations in posterior leaflet length and mobility, restricting
its ability to follow the anterior leaflet and to coapt
effectively. As shown in vitro and in patients studied by
intraoperative transesophageal echocardiography, MR cor-
relates inversely with the length over which the leaflets
coapt. The most severe regurgitation occurs when there is a
visible gap. Regurgitation worsens with increasing mis-
match of anterior to posterior leaflet length and reduced
posterior leaflet mobility. Thus, SAM produces greater MR
if the posterior leaflet is limited in its ability to move
anteriorly to coapt effectively [3].

In a large cohort of HCM patients who underwent
surgery with concomitant MV procedures (48% with

repair and 42% with replacement), detailed analysis of
the intra- and post-operatively echocardiograms showed
that valve abnormalities as assessed by echocardiography
or the surgeon evoked diverse MV alterations: degener-
ative (31%), myxomatous (20%), PM (20%), restrictive
chordal (19%), restrictive leaflet (70%) and long leaflet
(56%) [30]. However, no systematic histologic examina-
tion was available.

Recently, cardiac magnetic resonance (CMR) imaging of
the MV in HCM was published, and the findings parallel
data acquired from prior echocardiographic imaging reports
[31, 32]. A cohort of 172 individuals with HCM was
compared to 172 controls, and both the AML and PML
were longer in HCM (26±5 vs. 19±5 mm for AML, 14±4
vs. 10±3 mm for PML; P<0.001 for each) [31]. There was
no relationship between leaflet length and LV wall thickness
or LVOT gradient.

Anatomical Data

Anatomic examination of the MV has clearly demonstrated
the high frequency of such intrinsic abnormalities of the
MV. In a group of highly symptomatic HCM patients who
underwent surgery for relief of severe obstruction, 66%
presented with significant structural MV abnormalities:
increased valve area (12.9±3.7 and >12 cm2 in 58% of
the cases vs. 8.7±2 cm2 and 1% in control subjects,

Fig. 2 Two-dimensional echocardiographic apical long-axis views of
the left ventricle in an HCM patient. Note the markedly elongated
posterior leaflet (PL) and moderately elongated anterior leaflet (AL) on

the end-diastolic frame (a). The posterior leaflet causes SAM (b) and
outflow tract obstruction (OTO) seen using the color Doppler (c)
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respectively) largely caused by an increase in anterior
leaflet length (2.2±.5 vs. 1.8±3 cm in controls), increased
scallop number of the posterior leaflet (36%), increased
leaflet thickness and valve weight (around twice of the
controls), and direct insertion of one PM onto the leaflet
without interposition of chordae (10%) [4]. In some
instances, either both leaflets or only a portion of posterior
leaflet were enlarged. These abnormalities were not directly
linked to left ventricular size, degree of obstruction or
importance of hypertrophy [4].

Histological Data

Influence of histological changes on leaflet motion is
underlined by sequential ultrasonic/histologic examina-
tions in HCM patients [28]. As compared with normal-
sized MV, the enlarged valves are situated more posteriorly
in a larger LVOT and also had greater systolic excursion of
the anterior leaflet with typical SAM. This pattern of SAM
is possible because the central and distal portions of the
leaflet are relatively free of fibrous thickening. In contrast,
normal-sized MV are situated more anteriorally in a smaller
LVOT and frequently show a different mechanism of SAM
and LVOT obstruction with relatively limited leaflet
motion, absence of a sharp bend, and septal contact
involving more substantial portions of the anterior leaflet
and contiguous chordae [28]. Mitral–septal apposition is
facilitated by posterior ventricular septal motion, and this
pattern of SAM is associated with a diffuse pattern of
fibrous thickening [28].

Moreover, histological description of the MV in HCM is
scarce and undeveloped. Large studies with systematic
examination of excised MV in HCM patients have not been
previously reported. In the study by Klues et al. [4], only
22 MV out of 94 were submitted to histological analysis.
Surprisingly, they reported no myxomatous changes in the
spongiosa of the MV or fibrous thickening of the fibrosa.

A major gross pathologic feature of MV disease in HCM
is the change in MV geometry: the length and the surface
area of both anterior and posterior leaflets are increased [4,
30]. Contrasting with this homogeneous pattern of gross
pathologic abnormalities, the histological changes are
highly variable in their descriptions, including plain fibrosis
[4], myxomatous valves, chordae tendinae elongation or
rupture leading to MV prolapse [30].

Pathogenesis of MV Disease in HCM

Several theories exist regarding the pathogenesis of MV
disease in HCM, and very little experimental data have
been published to address this topic. These hypotheses are
outlined in the sections below.

The Genetic Hypothesis: Elongation Depends on the Gene
Defect

Within the same families, posterior leaflet length is
increased in healthy carriers of a morbid mutation
(>14 mm in 37% of patients with left ventricular hypertro-
phy, 9.5% of patients without hypertrophy and less than 2%
of normal relatives without the mutation) [32]. Similarly, in
an MRI study, the AML was longer among 15 individuals
with a sarcomere gene mutation but without LVH (geno-
type-positive, phenotype-negative) [31]. The presence of
such an elongated valve in HCM patients without hyper-
trophy and obstruction suggests that this phenomenon is not
adaptive to changes in ventricular geometry or consecutive
to leaflet stress. Finally, observations that MYBPC3 knock-
out mice, which model HCM, express MV elongation
despite the absence of obstruction also support that
hypothesis [33].

How a mutation in a sarcomere gene can lead to
pathologic changes in the growth and structure of MV is
unclear as such proteins are not abundant within the MV
apparatus (except for the PMs). Cultured valvular intersti-
tial cells express certain sarcomere genes, and their role in
valvular formation, development, homeostasis, and function
is currently not well understood [34]. Thus, alternative
mechanisms for the observed leaflet and chordal abnormal-
ities have been hypothesized.

The Adaptative Hypothesis: Elongation is due to a Stretch
Effect

The original observations of enlarged but non-myxomatous
leaflets led to the suggestion that leaflet stretching through
repeated episodes of SAM was responsible. Experimentally
in animals, MV area increases with mechanical stretch
created by PM displacement through cell activation [35].
Thus, mechanical stresses imposed by PM tethering
increase over time MV leaflet area and thickness, with
cellular changes suggesting reactivated embryonic devel-
opmental pathways with endothelial–mesenchymal trans-
differentiation (EMT) [35]. α-Smooth muscle actin-positive
cells appear in the atrial endothelium, penetrating into the
interstitium, with increased collagen deposition. Thickened
chordae showed endothelial and subendothelial α-smooth
muscle actin. EMT capacity was also demonstrated in
cultured MV endothelial cells [35].

However, many of the patients with leaflet enlargement
do not have SAM, presumably lacking other preconditions
of septal and PM geometry and furthermore, anatomic
studies failed to demonstrate a correlation between the
degree of SAM and obstruction and the existence or
importance of leaflet elongation [28]. Thus, even if present,
this hypothesis fails to explain alone the changes observed.
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The Concurrent Disease Hypothesis: Elongation Is a Separate
Disorder

Another possibility is that MV disease concomitantly
occurs in some people with HCM, resulting in abnormal
MV leaflets that arise independently from the HCM. The
most common MV abnormality in population studies is
prolapse, and its prevalence has been variably assessed in
echocardiographic studies, but recognition of the saddle
shape of the MVannulus has led to more accurate diagnosis
and improved ascertainment of MV disease prevalence
[36]. Echocardiograms in participants in the Framingham
studies indicate that the prevalence of MV prolapse is
approximately 2% in controls [37]. The largest study
addressing MV prolapse in HCM found it in 3% of 528
people with HCM, which might suggest that HCM and
MVP are two separate concurrent diseases in some cases
[25]. Yet the incidence of other MV disease is much higher
in HCM, as high as 66% in one study [4]. This suggests
that the MV abnormalities in HCM are intrinsic to HCM,
either as a primary trait or a secondary consequence of
hypertrophy and its physiologic adaptation.

The Developmental Hypothesis: Elongation is due to Paracrine
Effects from the Myocardium

Valvulogenesis involves a series of cellular transformations
under the influence of a family of molecular signals
generated by the valve itself as well as by the surrounding

myocardium [38]. That some of these same signals can
affect adult valves is indicated by reactivation of EMT in
adult valve endocardial cells during degenerative (myxo-
matous) diseases and when the valve leaflets are stretched
using a surgical model of MR due to leaflet stretch and
tethering [35, 39]. Thus, valve plasticity persists in adult
life and it can be postulated that in HCM, the mutated
myocardium may provide abnormal developmental, bio-
chemical, and mechanical clues that alter both MV biology
and PM position.

Moreover, to explain the large variety of phenotypic data
observed in HCM (involving the myocardium, the MV and
PM, the intramural coronary arteries, and the collagen
matrix) by mutations on sarcomeric proteins, a unifying
hypothesis has been recently proposed that is based on the
abnormal differentiation of a subset of extracardiac mesen-
chymal cells that are derived from coelomic mesothelium
and called epicardial-derived cells (EPDCs) [40, 41].
EPDCs migrate from the surface of the heart into the
ventricular and atrial walls and normally differentiate into
fibroblasts. EPDCs that migrate into the muscular interven-
tricular septum and around the mitral–aortic continuity
region, uniquely differentiate into cardiomyocytes, not
fibroblasts [42, 43]. One hypothesis posits that a mutation
in sarcomeric proteins can affect valve development if
EPDCs — rather than becoming hypertrophic like other
cardiomyocytes — differentiate or revert into fibroblast-like
cells, with consecutively increased levels of periostin
production. Consistent with this hypothesis, (1) markedly
elevated levels of periostin are indeed expressed in HCM
mice [44, 45] and (2) periostin might be part of a nodal
molecular switch that determines whether a mesodermal
progenitor cell becomes a cardiomyocyte or fibroblast [46].
Specifically, it has been demonstrated that blocking
expression of the serum response factor (SRF) transcription
factor, which is required for initiating contractile protein
synthesis, causes up-regulation of periostin expression, with
diminished differentiation of cardiac mesoderm into myo-
cytes [47]. Consistent with this hypothesis, preliminary
evidence exists that the pattern of periostin expression in
HCM mice exactly correlates with the hypothesis that
EPDC-derived cardiomyocytes become fibroblasts when a
gene encoding a contractile protein is mutated [48]. One
effect of elevated levels of periostin in close proximity to
the MV could be to increase production of collagen, which
may result in elongation of the leaflets. New valve tissue
might also be added to existing valves through reawakening
of the embryonic process of EMT. The potential of adult
MV endocardium to rekindle its potential for EMT after
TGF-β stimulation has in fact been recently shown both in
vitro and in vivo [35, 49]. These findings as a whole
suggest that adult heart valves can adapt to changes in their
environment through either abnormal development (as with

Fig. 3 Parasternal long-axis echocardiographic view of an HCM
patient with marked structural mitral valve apparatus abnormalities.
Note the elongated antero-lateral papillary muscle and its direct
insertion (arrow) into the AL of the MV. LA left atrium, LV left
ventricle, AO aorta, RV right ventricle
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EPDCs in mice with sarcomeric protein mutations) or
reactivation of embryonic valvulogenic processes (EMT).

Thus, the available evidence suggests at least four theories
for MV elongation and thickening in HCM. The associated
MV disease may be due to the sarcomere gene mutation, to
stretch induced by turbulence in the LVOT, to concomitant
familial MV disease, or to paracrine effects arising in the
adjacent hypertrophic ventricle. Each of these theories appears
inadequate to explain the breadth and prevalence of MV
disease in HCM. Since they are not mutually exclusive,
several or all of them may simultaneously or additively
contribute to the MV leaflet pathology observed in HCM. The
timeframe between the development of MVabnormalities and
the development of obstructive physiology is also not well
characterized, and longitudinal studies in people or animal
models of HCM with MV disease would help to define their
temporal association.

Consequences for Management

Diagnosis

In familial HCM, leaflet SAM and chordal SAM are more
frequent in mutation carriers and elongation of the mitral
leaflets is an indication of possible HCM in children without
left ventricular hypertrophy [50]. Mitral redundancy by
echocardiography is now considered as a minor criterion
for HCM according to European recommendations [51].

Therapeutics

Symptomatic LVOT obstruction is often relieved by
interventions that reduce the systolic thickness of the upper
septum, which decrease leaflet interposition into the
outflow stream and cause a posterior realignment of the
PM that restrains the leaflets posteriorly. When severe
symptoms are refractory to maximal drug therapy and
LVOT gradient ≥50 mmHg either at rest or exercise,
invasive therapies (and particularly septal reduction) may
be proposed to reduce SAM and obstruction [52]. Important
structural MV abnormalities (marked elongation, abnormal
PM insertion) represent however contraindications to
alcohol septal ablation, due to the risk of persistence of
SAM and obstruction.

Surgical data suggest that concomitant MV surgery is
required in 11% to 20% of patients operated on for HCM
[53]. Particularly in patients with prominent leaflet enlarge-
ment or MR, adjunctive procedures have been shown to
reduce the risk of persistent SAM and MR. Thus, septal
myectomy can be performed with one of several different
MV procedures: MV replacement, posterior–superior PM
realignment, partial excision and mobilization of PM,

anterior mitral leaflet plication, or anterior leaflet extension
through insertion of a glutaraldehyde-treated pericardial
patch (with stiffening of the mid-portion of the leaflet to
prevent the bending motion required for SAM to obstruct)
[54–57]. An elongated anterior mitral leaflet should
influence the surgical procedure in favor of MV repair
instead of replacement [30].

Although infective valve endocarditis is uncommon,
individuals with HCM are at increased risk of this
condition, and the risk is greater among those with LVOT
obstruction in HCM [58]. Due to recent changes in the
ACC/AHA guidelines for prevention of endocarditis,
prophylactic antibiotic use in people with HCM is no
longer recommended [59]. However, there is disagreement
in the field, and some continue to advocate for the use of
antibiotic prophylaxis in HCM, particularly with LVOT
obstruction [60].

Conclusions

HCM commonly involves the MV. Excessive leaflet tissue,
anterior displacement of the mitral apparatus, and chordal
abnormalities play a primary role in obstruction. Further-
more, the MV demonstrates diverse histological features of
degenerative disease, and either this or a combination of
inherited and acquired factors may lead to the development
of significant LVOT obstruction and MR. A thorough
assessment of the MV should be performed in all patients,
particularly if a septal reduction procedure is being
considered. Several mechanisms may contribute to MV
disease in HCM, including a primary sarcomere gene
abnormality, response to shear stress in a turbulent LVOT,
concomitant but unrelated MV disease, and response to
paracrine factors arising from adjacent hypertrophic myo-
cardium. Investigations that focus on animal models of
HCM, as well as human studies with longitudinal follow-up
and comparisons with other forms of cardiomyopathy or
pressure-overload hypertrophy, should help to clarify the
etiology of MV disease in HCM. Improved understanding
of the responsible adaptive mechanisms will pave the way
for studies targeted on the prevention and treatment of MV
disease in HCM.
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