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ABSTRACT

Hypertrophic cardiomyopathy (HCM) is a genetic disease and the most frequent primary cardiomyopathy,
affecting 1:500 of the general population. Integrated multimodality imaging, including transthoracic
echocardiography, 2- and 3-dimensional transesophageal echocardiography, stress echocardiography,
and cardiac magnetic resonance, has provided answers to questions on the management of HCM, leading
to standardized protocols.

The late 1990s brought the news of a nonsurgical treatment of obstruction in HCM. It is now increasingly
evident that septal ablation cannot address all the mechanisms of the left ventricular outflow tract (LVOT)
gradient, especially mitral valve involvement. According to American and European guidelines, surgical
septal myectomy is the current gold standard treatment. However, deep septal myectomy requires specific
operator and institutional experience; therefore, it should not be performed in small community hospitals
but only in centers of excellence for HCM treatment.

The so-called Ferrazzi technique involves cutting the fibrotic secondary chordae of the mitral valve (MV)
and thus helps avoid a deep myectomy by moving the anterior mitral leaflet and the coaptation point
of the MV posteriorly away from the septum. This technique, together with careful mobilization of the
papillary muscles, helped us achieve excellent results since November 2015, with no mortality, resolution
of the LVOT gradient, and MV preservation in all 72 patients.

Owing to recent advances in the surgical treatment of hypertrophic obstructive cardiomyopathy, addressing
not only the septum but also the MV, the procedure of a deep myectomy has been simplified and mitral
regurgitation adequately corrected.

Introduction Hypertrophic cardiomyopa- Pathophysiology and clinical presentation In

thy (HCM) is a genetic disease with a domi-
nant autosomal transmission and an incom-
plete penetration. It is the most frequent
primary cardiomyopathy, affecting 1:500 of
the general population.' The classic definition
of HCM refers to a specific phenotype of in-
creased wall thickness and left ventricular (LV)
mass, whereas the sarcomeric HCM is known
to be the major cause of unexplained LV hy-
pertrophy. Nowadays, HCM is considered to
represent an extremely heterogeneous pathol-
ogy that determines a wide spectrum of phe-
notypic expression.
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the last years, there have been sustained efforts
in the genetic field to elucidate the continuum
between the genotype and phenotype of HCM as
well as a treatment approach. To confirm a sus-
picion of HCM and a genotypic diagnosis, a ge-
netic analysis is recommended (class of recom-
mendation I, level of evidence B).2 In an over-
whelming percentage of cases, the disease is
caused by a single heterozygous mutation. In
up to 75% of patients, the mutation appears in
genes encoding myosin-binding protein C and
B-myosin heavy chain.? The molecular and cellu-
lar mechanisms are not completely understood,
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but the disarray of the fibers, intercellular junc-
tion impairment, and replacement of cardiomy-
ocytes with fibrotic tissue seem to be the main
determinants of the pathogenesis. Thus, the clin-
ical manifestation of HCM involves a wide spec-
trum of symptoms and severities, from asymp-
tomatic or light effort dyspnea to syncope or sud-
den cardiac death, the latter being sometimes
a single expression of the disease.

The new genetic data, suggesting such a great
variation in disease expression, have provid-
ed a different perspective on the management
of patients with HCM. The phenotypes of HCM
(LV hypertrophy, LV outflow tract obstruction
[LVOTOQ], fibrosis, myocardial ischemia, mitral
regurgitation, and diastolic dysfunction) should
be correlated with their clinical presentations
heart failure, atrial fibrillation or stroke, angi-
na, and sudden cardiac death.

In addition to the classic expression of HCM as
LVOTO, a smaller proportion of patients will pres-
ent atypical morphological patterns such as apical
HCM, mid-cavity obstruction, or right ventricu-
lar hypertrophy. It is also clinically important to
distinguish the minority of patients with signifi-
cant LVOT obstruction but with a relatively mild
septal hypertrophy (defined as a wall thickness
exceeding 14 mm but lower than 18 mm). This
phenotype is very difficult to treat by invasive
methods, and in 2015, Ferrazzi et al* described
a totally innovative approach to treatment.

Role of multimodality imaging in surgical de-
cision making Integrated multimodality im-
aging, including transthoracic echocardiography

(TTE), 2- or 3-dimensional transesophageal
echocardiography (TEE), stress echocardiogra-
phy, and cardiac magnetic resonance (CMR), has
helped identify multiple aspects of the various
clinical presentations of HCM and has provid-
ed answers to management questions.

In 2015, the European Association of Car-
diovascular Imaging expert consensus empha-
sized the important role of imaging in evaluat-
ing the risk of sudden cardiac death at 5 years,
showing that half of the 8 criteria were based
on a multi-imaging protocol.' Integrated peri-
operative multimodality imaging techniques
are crucial in surgical decision making. Com-
prehensive data such as the mechanism of
LVOTO, the amount (extension, width, and
depth) of the myocardium to be excised, and
the anatomy and function of the mitral appara-
tus (and therefore the mechanism of mitral re-
gurgitation) can all be assessed using standard-
ized protocols for TTE, TEE, and CMR. In the re-
cent years, preoperative CMR has played an in-
creasing role in guiding the surgical planning.

Transthoracic echocardiography is recom-
mended by consensus in all patients with HCM,
and it should be done every 1 to 2 years in
patients in stable condition. A TTE report in pa-
tients with HCM should contain standardized
data about the LV diameter, thickness of the in-
terventricular septum (IVS) and LV posterior
wall in all segments, as well as the anterior-

-posterior diameter of the left atrium. Left ven-
tricular volumes and ejection fraction should be
calculated using the Simpson biplane method,
and the LV mass, using the Devereux formula.

FIGURE 1

Results of transesophageal echocardiography: preoperative images showing left ventricular obstruction (A and D); postoperative images in patient 1
(Band C) and patient 2 (E and F) showing resolution of the obstruction as a result of myectomy and cutting of fibrotic secondary chordae
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Peak systolic and peak early diastolic mitral an-
nular velocities should be assessed from septal
and lateral sites in order to estimate the fill-
ing pressures. The systolic anterior motion of
the mitral valve (MV) is a hallmark of LVOTO,
and its severity should be recorded. The anteri-
or leaflet elongation and its mobility sometime
determine mitral regurgitation, resulting in
aposterior and lateral mitral regurgitation jet.

Color Doppler echocardiography is recom-
mended for the semiquantitative evaluation
of mitral regurgitation severity.>® If a central
mitral regurgitation jet or multiple jets are ob-
served, TEE should be performed to assess a par-
ticular mechanism of the mitral regurgitation.
In HCM patients presenting with atrial fibrilla-
tion, the assessment of left atrial dysfunction
(left atrial dimensions, volume, and remodeling)
has shown to predict the clinical course of atri-
al fibrillation.!

Obstruction is evaluated by measuring the
LVOT gradient at rest or during stress conditions.
Resting LVOT obstruction is defined as a peak
gradient exceeding 30 mm Hg, and it is observed
in up to one-third of patients with HCM. Anoth-
er one-third of patients develop this gradient
through Valsalva maneuvers or during stress.
Stress echocardiography is used when a higher
gradient is suspected, and it is assessed using
an exercise protocol to decide on optimal man-
agement. Intraoperative TEE is performed to vi-
sualize the ventricular septum and MV appara-
tus. It is also used to accurately assess the maxi-
mal thickness septum for the myectomy, the api-
cal extent of the septal excision, and MV abnor-
malities (such as annular calcifications, slack
chordae, abnormal papillary muscle insertion, or
fibrotic secondary chordae). Finally, it is the main
modality used in the operating room to evalu-
ate the early postprocedural outcome in order
to confirm the absence LVOT obstruction, nor-
mal MV function, and the absence of iatrogenic
complications (mainly an IVS defect) (FIGURE1A-1F).

Cardiac magnetic resonance emerges as a
unique method of tomographic reconstruction
of the LV septum, due to its excellent spatial res-
olution. It offers a reliable quantification of LV
ejection fraction in HCM and may aid the assess-
ment of LV function in cases when the quality of
an echocardiographic image is suboptimal or in
the presence of atypical patterns. Moreover, cur-

FIGURE2 Cardiac magnetic resonance: mild septal hypertrophy seen in a short-axis view —
an obstructive gradient, proved by a turbulent flow (red circle) in the left ventricular outflow tract
in a 3-chamber view, and no fibrosis seen on late gadolinium enhancement images

rent CMR techniques provide detailed anatomi-
cal and functional data for determining LVOTO,
such as IVS geometry, flow direction,” and the el-
ements of the MV apparatus that may contrib-
ute to obstruction. Therefore, owing to its high-
er spatial resolution, CMR may improve the di-
agnosis of HCM by providing additional infor-
mation when echocardiography is suboptimal
or nondiagnostic (FIGURE2).

The late gadolinium enhancement (LGE) tech-
nique is based on the concept that tissue with
an increased extracellular space will show a larg-
er amount of a contrast agent, which is an extra-
vascular substance. The current LGE algorithms
provide such a high contrast-to-noise ratio that
even small amounts of myocardial fibrosis can
be visualized. Myocardial fibrosis is shown to
be a strong independent predictor of cardiac
outcome and evolution of the systolic function
in patients with HCM. However, several studies
have revealed that the adverse outcome is affect-
ed not by the pattern of distribution but rath-
er by the total amount of LGE #° (FicUres3 and 4).
T1 mapping is emerging as a promising method
for the direct quantification of even very small
or diffuse amounts of fibrosis, but research is
ongoing on the use of T1 mapping in patients
with HCM with no firm evidence yet.

Preoperative CMR has become increasing-
ly used to guide surgical planning and to mon-
itor invasive treatment procedures in HCM. It is

FIGURE 3  Cardiac magnetic resonance images showing obstructive hypertrophic
cardiomyopathy: a 4-chamber and 2-chamber view showing extreme hypertrophy,
predominantly of the septum; late gadolinium enhancement images showing myocardial fibrosis
at the level of the anteroseptal wall

FIGURE4 Cardiac magnetic resonance of a patient with evident obstructive hypertrophic
cardiomyopathy: a 3-chamber and short-axis view showing significant fibrosis with diffuse
distribution at the level of the entire interventricular septum
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already used in some centers as part of a stan-
dardized protocol to obtain a preoperative re-
construction of the septal anatomy in order to
plan a strategy for septal myectomy. A limita-
tion to the use of CMR, however, is the presence
of a nonconditional cardiac implantable elec-
tronic device. Spirito et al'’ described in detail
the protocol of image acquisition and the con-
cept of subsequent measurements at different
levels of the ventricular wall (FIGURES5).

In patients in whom CMR identifies myocardi-
al crypts (narrow invaginations exceeding 30%
of the wall thickness of the adjacent myocardium
with end-systolic collapse), the risk of iatrogenic
septal defect at this level could be easily avoided.
The prognostic relevance of CMR for this unique
morphological variant of HCM is unknown, but
the high-resolution capacity of CMR could help
identify it also in family members of patients with
HCM." The high spatial resolution of CMR also al-
lows an assessment of anomalous muscle bundles,
which are often located in the area of the septum
where the wall thickness starts to decrease and
connect the basal segment of the septum to its
distal segment or to the free wall, potentially de-
creasing the mid-ventricular dimension. Under-
standing the anatomy of these aberrant muscle
bundles could define a determinant of the obstruc-
tion itself, by displacing the papillary muscles in
an anterior direction, towards the LV outflow tract.

Medical treatment The first-line treatment
in symptomatic patients with LVOT obstruction
is the use of classic nonvasodilating f3-blockers,
with the dosage titrated to the maximal tolerat-
ed dose. There was one study which showed that
sotalol improved exercise tolerance in symptom-
atic patients with HCM."" If the therapy is inef-
fective or not tolerated, disopyramide (when

FIGURE5 Preoperative cardiac magnetic resonance reconstruction of septal morphology,
showing the measurements of the maximal septal thickness at different ventricular levels, using
short-axis contiguous slices in a step-by-step process of reconstruction of thickness and length
of the hypertrophied portion of the septum to be excised
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available) should be used, with special atten-
tion to patients with atrial fibrillation in whom
disopyramide can enhance the ventricular rate.
Another treatment option if 3-blockers are not
tolerated is nondihydropyridine calcium chan-
nel blockers. Verapamil and diltiazem should
be carefully titrated, starting with low doses.
However, despite improvement in symptoms,
this therapy can result in pulmonary edema in
patients with elevated systolic pulmonary ar-
tery pressure. Dihydropyridine calcium channel
blockers are not recommended in the treatment
of LVOTO.? In patients with increased systolic
pulmonary artery pressure, a diuretic therapy
should be attempted. However, the use of diuret-
ics is limited in HCM patients owing to the risk of
reduction in the LV filling pressure and diastol-
ic volume, which leads to an increase in the out-
flow gradient. In patients with atrial fibrillation,
guideline recommendations should be followed,
including the evaluation of the CHA, DS -VASc
score (congestive heart failure, hypertension, age
>75 years, diabetes mellitus, history of stroke or
thromboembolism, vascular disease, age 65 to
74 years, female sex) and then adjusting antico-
agulant therapy accordingly.’

Dual-chamber pacing remains a controversial
indication in the current guidelines (class of rec-
ommendation IIb, level of evidence B),’ the cur-
rent literature being inconsistent.

Invasive treatment of the left ventricular
gradient in hypertrophic obstructive car-
diomyopathy There are 2 options for invasive
therapy in patients with hypertrophic obstruc-
tive cardiomyopathy (HOCM): septal myectomy
and catheter-based alcohol septal ablation. Both
methods can be performed to relieve heart fail-
ure in patients with HCM with LV outflow ob-
struction and symptoms unresponsive to medi-
cal therapy.'”" Both procedures require specific
operator and institutional experience because
HCM is seen relatively rarely in general cardiol-
ogy practice.'”"® Therefore, to achieve successful
outcomes with a low complication rate, the pro-
cedures must be performed by highly trained
cardiac surgeons and cardiologists.

For a long time, alcohol septal ablation was
the treatment of choice for HOCM. This tech-
nique uses transcoronary ethanol administration
via a percutaneous approach to reduce the out-
flow tract gradient by causing a localized sep-
tal infarction with septal thinning. However,
the procedure has some limitations, most im-
portantly the fact that it cannot repair MV ab-
normalities that contribute to outflow obstruc-
tion. It is also associated with numerous poten-
tial complications, including an increased risk
of ventricular tachyarrhythmia due to septal
scarring or a reduction in the septal thickness
that cannot be predicted beforehand. Therefore,
this procedure is indicated only in carefully



selected patients with HCM, mainly those who
are inoperable.

In the last years, the guidelines of American
College and American Heart Association as well
as those of the European Society of Cardiology
have indicated septal myectomy as the gold stan-
dard treatment (ie, class I recommendation) for
relief of LVOTO and severe heart failure symp-
toms in patients with HCM with marked gradi-
ents (>50 mm Hg) at rest or with provocation and
significant symptoms unresponsive to medica-
tions.""" More importantly, myectomy remains
the only option in patients with outflow obstruc-
tion and associated abnormalities of the MV ap-
paratus that require surgical correction.” 71

Due to the excellent results of the surgical

treatment, Maron et al” have recently suggested
that despite the 2011 guidelines on HCM, myec-
tomy should not be considered as the last ther-
apeutic option for patients with severe symp-
toms, and, given the highly favorable benefit-
-to-risk ratio, providing a prolonged lifespan
and a better quality of life, should be performed
even in patients in the New York Heart Associ-
ation functional class II.

Despite recommendations on surgical thera-
Py, in Europe, the invasive treatment of LVOTO
was mainly represented by alcohol septal abla-
tion, including some countries, such as Germany
and Switzerland, with previous important myec-
tomy programs.” During the last years, the sur-
gical therapy of HCM in Europe has shown an in-
creasing trend, mainly due to 2 reasons: the evi-
dence of frequent failures of alcohol septal abla-
tion as well as the abnormalities of the MV leaf-
lets which contribute importantly to LVOTO in
many (probably most) patients with HCM and
can be resolved only by surgery.?0-2¢

The most experienced European surgical cen-
ters are in Monza (Italy)?*?' and in Rotterdam
(the Netherlands).?’ They have developed major
myectomy programs with results that are sim-
ilar, in terms of operative mortality (<1%) and
long-term clinical improvement and survival, to
those of some of the most qualified centers in
the United States, such as the Mayo Clinic and
the Cleveland Clinic.'"*"

In Bucharest, Romania, we started a myecto-
my program in 2015, and we have operated 72
patients so far, with no mortality and resolution
of the LV gradient in all cases.

Evolution of surgical treatment: not only my-
ectomy The first myectomy for obstructive
HCM was performed in 1950 by Cleland et al.?®
In the 1960s, Morrow et al?”® proposed the trans-
aortic resection of a small amount of muscle
from the proximal ventricular septum, a tech-
nique generally described as classic myectomy.
For a short time, in the late 1970s, replace-
ment of the MV with prosthesis was proposed as
an alternative to septal myectomy.?® Nowadays,
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MV replacement is reserved for highly selected
HCM patients with primary MV abnormalities
not amenable to repair,?®?° due to significant
risks associated with prosthetic valves, such as
limited durability, infection, thromboembolism,
and anticoagulation.

Over the past 30 years, myectomy has evolved
from the classic Morrow operation to a more ex-
tended septal myectomy guided by preopera-
tive cardiovascular magnetic resonance and in-
traoperative TEE.>'03031 Extending the myecto-
my beyond the point of mitral-septal contact is
important to obtain relief of the outflow gradi-
ent because failure to achieve this surgical tar-
get is routinely associated with a persistent gra-
dient.’?33 Therefore, the “classic” myectomy re-
quires relevant operator and institutional expe-
rience.???3* As mentioned above, there are only
a few myectomy centers in the world, mainly in
the United States. In Europe, experienced cen-
ters are located in Italy, Belgium, the Nether-
lands, England, and Israel.*'*?" This is mainly
because it is difficult to develop standard sur-
gical approaches to the treatment of this dis-
ease, as it requires a deep septal myectomy and
exposes patients to serious complications, such
as postoperative ventricular septal defect or free
wall rupture. Therefore, the current view is that
myectomy should be discouraged in small com-
munity hospitals and should be performed only
in”centers of excellence” for HCM treatment.®"

On the other hand, there are no data
on the learning curve for the operator. In 2017,
7 of the most experienced myectomy sur-
geons in the world published an expert opin-
ion in which they stated that the number of sep-
tal myectomy surgeons is too low for the great
number of patients who need this procedure.?

In recent years, various surgical approaches
have been developed to correct MV abnormali-
ties, including transaortic extension or plication
of the anterior mitral leaflet.??22* This was due
to a wide range of MV abnormalities present in
patients with obstructive HCM, such as elongat-
ed or calcified MV leaflets and fibrotic and/ or
retracted secondary chordae. All these abnor-
malities were demonstrated to be involved in
the pathophysiology of the systolic anterior mo-
tion of the MV and outflow obstruction.'?20:3137

In 2015, transaortic cutting of fibrotic sec-
ondary chordae, in combination with a shal-
low septal myectomy, was shown by Ferrazzi
et al* to move the MV apparatus to a more pos-
terior position away from the septum, thereby
augmenting the anterior MV surface, enlarg-
ing the outflow tract, preventing displacement
of the MV into the LV outflow tract, and abol-
ishing the outflow gradient. Such an approach
was reported to improve outcomes in patients
with obstructive HCM and severe heart fail-
ure. When we started a myectomy program in
our center, we decided to use this technique in
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FIGURE6 One-piece myectomy
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all patients, regardless of the septal thickness.
It allowed us to perform a relatively shallow
myectomy in all patients. The exact dimension
of the septal myectomy (FIGURES 6 and 7) was cal-
culated using multimodal imaging and consti-
tuted one-third of the septal thickness, as pro-
posed by the same team of Professor Ferrazzi."’
In our opinion, the surgical comfort of the oper-
ator is essential for an inexperienced myectomy

FIGURE7 Result of postoperative transesophageal
echocardiography after myectomy (arrow)

surgeon. This is another reason why we start-
ed the myectomy program in Romania using
the technique by Ferrazzi et al.* In all 72 pa-
tients operated at our institution, we used a “one
piece” myectomy tailored at exactly one-third
of the initial septal thickness, with particular
attention to pass the equator of the LV whenev-
er possible. The precise dimensions of the seg-
ment undergoing myectomy was selected based

FIGURE 8 Intraoperative image showing a resected fibrotic secondary chordae
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on CMR, TEE, and TTE measurements. A careful
mobilization of the papillary muscles and cut-
ting of all fibrotic secondary chordae (FiGure8) al-
lowed us to abolish the LV outflow gradient and
preserve the MV in all patients, with no mortal-
ity and major complications.

Our experience and that of Dr. Ferrazzi with
cutting secondary chordae in combination with
a shallow septal myectomy show that this novel
approach to surgical treatment of HOCM, which
reduces the technical challenges of this proce-
dure as well as the need for deep septal resection
and/or MV replacement, could improve the ac-
cess of patients with HOCM to septal myectomy.

Final remarks This review is an update
on the management of patients with HOCM, with
particular focus on recent advances in surgical
treatment. As we acknowledge the complexity of
data regarding the pathophysiology and pheno-
typic expression of this entity, we were unable
to mention all the aspects of HCM management.
New genetic data shed light on the heterogeneity
of the disease variants even in the same family.
The improvement in the understanding of its patho-
physiology made it possible to correlate the pheno-
types with their clinical presentations, which led
to the development of standardized protocols in-
cluding multimodality imaging techniques.

It is increasingly evident today that septal ab-
lation is not able to address all the mechanisms
of the LVOT gradient, especially MV involve-
ment. Therefore, septal myectomy is the meth-
od of choice, with very good and reproducible re-
sults. As a result of recent advances in the com-
plex surgical treatment of HOCM, addressing
not only the septum but also the MV, the pro-
cedure of deep myectomy could be simplified
and the mitral regurgitation properly corrected.
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