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We welcome with great satisfaction the news of the publication, in the prestigious journal "The American 

Journal of Cardiology", of the scientific work on hypertrophic cardiomyopathy written by the Director of the 

IHS, Prof. Paolo Ferrazzi, in collaboration with Prof. Paolo Spirito. 

It is a collaborative study with the most prestigious centers in the world that are involved in the surgical 

treatment of obstructive hypertrophic cardiomyopathy. 

From the tables reported in the magazine, it can be seen that the cardiac surgery activity for the treatment 

of the disease carried out by Prof. Paolo Ferrazzi, initially at the Papa Giovanni XXIII Hospital in Bergamo 

and for several years now at the Policlinico di Monza, ranks 6th in the international ranking and, in terms of 

number of interventions performed, 1st in Europe. 

Furthermore, the low percentage of mortality places it at the top of the specific ranking, confirming its very 

high quality. 

The publication also highlights that the Cox-Maze procedure, developed by Prof. Ferrazzi starting in 2010 

and published in 2015, has been included in the decision-making flowchart for management and it is part of 

the guidelines for the surgical treatment of the disease. 

The training activity carried out by the International Heart School, which Prof. Ferrazzi has directed since 

2008, has allowed the transfer of knowledge, favoring the professional growth of many students. This 

contributed to the creation of 7 new centers for the treatment of hypertrophic cardiomyopathies in 

Romania, Ukraine, Kazakhstan, Russia, Uzbekistan. 

In the attachment the complete text of the publication. 
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Surgical myectomy remains the time-honored primary treatment for hypertrophic cardio-
myopathy patients with drug refractory limiting symptoms due to LV outflow obstruction.
Based on >50 years experience, surgery reliably reverses disabling heart failure by per-
manently abolishing mechanical outflow impedance and mitral regurgitation, with nor-
malization of LV pressures and preserved systolic function. A consortium of 10
international currently active myectomy centers report about 11,000 operations, increas-
ing significantly in number over the most recent 15 years. Performed in experienced multi-
disciplinary institutions, perioperative mortality for myectomy has declined to 0.6%,
becoming one of the safest currently performed open-heart procedures. Extended myec-
tomy relieves symptoms in >90% of patients by ≥ 1 NYHA functional class, returning
most to normal daily activity, and also with a long-term survival benefit; concomitant
Cox-Maze procedure can reduce the number of atrial fibrillation episodes. Surgery, pref-
erably performed in high volume clinical environments, continues to flourish as a guide-
line-based and preferred high benefit: low treatment risk option for adults and children
with drug refractory disabling symptoms from obstruction, despite prior challenges:
higher operative mortality/skepticism in 1960s/1970s; dual-chamber pacing in 1990s, alco-
hol ablation in 2000s, and now introduction of novel negative inotropic drugs potentially
useful for symptom management. © 2022 The Authors. Published by Elsevier Inc. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) (Am J Cardiol 2022;180:124−139)

Introduction

The septal myectomy operation for symptomatic
obstructive hypertrophic cardiomyopathy (HCM) is now
60 years old having stood the test of time based on its effec-
tiveness in relieving marked LV outflow gradients and
disabling drug-refractory symptoms with functional limita-
tion.1-11 Myectomy has not been immune from controversy,
and has resisted periodic challenges and obstacles over 6

decades, including proclamations of its eminent demise on
at least two occasions,12-14 skepticism regarding even the
existence of mechanical impedance to LV outflow,7,12,13 an
early period of excessive operative mortality that clouded
its initial reputation,15 brief promotion of mitral valve
replacement16 or dual chamber pacing as alternatives,17-19

and the interventional cardiology community promoting
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alcohol septal ablation as a primary treatment for symptom-
atic obstruction.20-22

Nevertheless, septal myectomy operation has evolved
technically and flourished, achieving global reach with an
increasing case volume shaped by the experience of multi-
ple specialized centers in thousands of patients. With
emerging interest in new medical therapies (e.g., novel neg-
ative inotropic drugs)23 for obstructive HCM patients who
are otherwise candidates for invasive procedures such as
myectomy, we believe that it is an opportune time to under-
score and place in perspective the important continuing role
of surgery in the management armamentarium of this com-
plex often inherited disease. Myectomy surgery for obstruc-
tion is viewed comprehensively past, present and future
through the prism of an extensive literature and cumulative
clinical experience acquired over several decades by a
broad range of experts including cardiologists and dedi-
cated myectomy surgeons.

Historical Perspectives (Figure 1)

Sixty years ago when surgical myectomy was first intro-
duced for symptomatic patients with obstructive HCM, it
was viewed as a revolutionary strategy for a new disease, as
part of the first comprehensive disease description by the
Braunwald group at the National Institutes of Health
(NIH).24 The earliest surgical pioneer was Andrew Glenn
Morrow who performed the myectomy operation from the
early 1960s on 310 patients at NIH,10 remarkably while
himself symptomatically affected by the same disease.25

One of the oldest open-heart procedures, septal myec-
tomy has evolved from the classic “Morrow procedure”
with removal of muscle from the proximal anterior ventric-
ular septum, to the widely adopted more extended resection
distally first described by Messmer26,27 and now frequently
associated with remodeling and repair of the mitral valve
by some surgeons.3,6,28-30

Initially, myectomy operations were infrequent as car-
diac surgeons were hesitant to adopt this new procedure in
which exposure of the operative field is restricted by the
small operative window permitted by the aortotomy
approach. Also, several misconceptions became early
obstacles to acceptance of surgery for HCM in the 1960s
even before myectomy could achieve a clinical foothold.
For example, a small series of unsuccessful operations per-
formed in the U.K. (Hammersmith Hospital; London),31

caused surgery to fall out of favor there, as early investiga-
tors came to regard myectomy as a damaging and high-risk
procedure that did not resolve LV filling abnormalities. In

addition, skepticism and highly visible but now long forgot-
ten debates arose in the mid-1960s12 (and once again
20 years later)13 questioning the very legitimacy and clini-
cal significance of outflow gradients, and therefore the
value of surgery13 (Figure 1). Nevertheless, septal myec-
tomy (or myotomy in some early cases) was soon adopted
in a growing number of centers by other pioneers of the
operation i.e, Mayo Clinic (Kirklin)32; Toronto (Bigelow;
Williams),33,34 New Zealand (Barrat-Boyes)35; Germany
(Shulte; Messmer; Schoendube)26,27,36; and Switzerland
(Senning; Turina).37

However, some resistance to surgical myectomy re-
emerged, based on 3 developments:1 transient enthusiasm
for dual-chamber pacing as an alternative approach (1992-
1994)17 albeit highly controversial38 with clinical effects
ultimately explained largely as a placebo effect18,19,2; rec-
ognition of early and relatively high postoperative mortality
(up to 8%)15, which has been reduced dramatically (to
0.6%)8; and introduction in 1995 of a percutaneous alterna-
tive to surgery (alcohol septal ablation; ASA) to relieve out-
flow obstruction and symptoms.20-22,39

An undesirable consequence of the competitive ASA era
has been virtual abandonment of surgical myectomy in
much of Europe, albeit with some recent revival in Italy,6

essentially creating a lost generation of surgeons with myec-
tomy expertise and also mentoring necessary to perpetuate
the operation. This potentially deprives patients of access to
treatment options they deserve and the opportunity to sub-
stantially improve their quality of life and prognosis.40

As an example, while the current German experience
with myectomy is negligible, it was once one of the largest
in the world when Hagen Shulte operated successfully on
>500 patients in Dusseldorf until the late 1990s.36 Indeed,
by year 2000, many other productive myectomy centers
had virtually disappeared or were greatly reduced both in
Europe: Switzerland (Zurich)37; Netherlands (Rotterdam;
ThoraxCenter)41, but also in some U.S. institutions:
Stanford, Brigham and Women’s, and Vanderbilt,42-44 and
termination of the NIH myectomy program abandoned by
U.S. government in 1993.

Principles of septal myectomy

Pathophysiology and mechanisms of obstruction

The mitral valve is the fundamental element in generat-
ing dynamic LV outflow gradients in most patients with the
obstructive form of HCM, by virtue of systolic anterior
motion (SAM) and prolonged septal contact,30 first

Figure 1. Evolution of the septal myectomy operation in hypertrophic cardiomyopathy. Timeline of relevant and key clinical events and landmarks.

ACC = American College of Cardiology; AHA =American Heart Association; HCM = hypertrophic cardiomyopathy; NIH = National Institutes of Health;

MV =mitral valve; SAM = systolic anterior motion.
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demonstrated by Shah et al. in 1969 with M-mode echocar-
diography.45 Contemporary imaging with advanced echo-
cardiography and CMR46 has detailed mitral valve
morphology as well as the mechanisms by which the leaf-
lets produce dynamic obstruction47 (Figure 2). For example,
relevant to surgery: echocardiography,48 CMR46,47 and
pathology49 have defined abnormal mitral valve structure
as a primary phenotypic disease expression characterized
by elongation of anterior and/or posterior leaflets up to 30-
40 mm in length, most marked with obstruction.47,49

The rationale for myectomy is to relieve mechanical
subaortic obstruction and normalize LV pressures by
enlarging the small cross-sectional area of the outflow
tract50 and abolishing or minimizing SAM. In the vast
majority of instances, it is the anterior leaflet that makes
septal contact, but occasionally preferential posterior leaflet
apposition with the septum is responsible for subaortic
obstruction.29,51,52

Mechanical outflow obstruction occurs when the ejection
stream exerts a pushing force of flow drag on the mitral
valve causing the leaflets to move forward (anteriorly)
toward ventricular septum, thereby elevating LV systolic
pressure associated with a mild-to-moderate posteriorly
directed mitral regurgitation jet caused by incomplete leaf-
let coaptation (Figure 2).30 Myectomy re-directs the blood
stream away from the anteriorly positioned mitral leaflets
to effectively eliminate flow drag directly on the valve miti-
gating SAM and mitral regurgitation. SAM and mitral- sep-
tal contact must be present before recommending
myectomy in the vast majority of cases since small

hyperdynamic LV with cavity obliteration can be associated
with false positive Doppler velocities that do not necessar-
ily represent true mechanical obstruction.

Diverse patterns of SAM have been recognized49,51,52 as
mechanisms for LV outflow obstruction, i.e., in younger
patients with greatly elongated anterior mitral leaflets dem-
onstrating the classic acute-angled bend with septal contact,
or in older patients when anteriorly displaced mitral valve
leaflets of normal length with flat excursion produce sys-
tolic septal contact which is facilitated by posterior excur-
sion of septum. Recently, a shift of the anterior mitral
leaflet toward the distal LV has been identified as a conse-
quence of post-natal persistence of muscular mitral-
aortic discontinuity, potentially contributing to outflow
gradients.53

Selection of patients

Surgical myectomy is recommended as the primary and
preferred treatment option to relieve LV outflow tract
obstruction, consistent with the 2020 AHA/ACC and other
management guidelines.54-57 Indications for the myectomy
operation have been consistent in practice through the
years, i.e., progressive heart failure disabling symptoms of
exertional dyspnea (with or without chest pain) that inter-
feres with a patient’s desired lifestyle (usually NYHA class
III/IV), refractory to maximum medical management and
due to LV outflow gradient ≥ 50 mmHg at rest and/or with
physiologic exercise provocation.1,7,54-59

Figure 2. Mechanisms of outflow obstruction pre and post-myectomy with imaging. A-D, H. preoperative; E-G. postoperative. A. typical mechanism of out-

flow obstruction due to mitral valve systolic anterior motion (SAM) and anterior leaflet-septal contact (red arrow); B. Posteriorly directed mitral regurgitation

jet (white arrow), secondary to outflow gradient with incomplete mitral leaflet cooptation; C. Greatly elongated anterior mitral leaflet almost 4 cm in length,

responsible for subaortic obstruction; D. Anomalous insertion of anterolateral papillary muscle (small arrows) directly into anterior mitral leaflet (larger

arrow) producing muscular mid-cavity obstruction; E. margins of myectomy resection (orange arrowheads), with typical marked reduction in anterior septal

thickness; F. absence of mitral regurgitation after myectomy; G. plication suture in anterior mitral leaflet to restrict systolic motion (bright image; red arrow);

H. apical-basal muscle bundle that can contribute to outflow obstruction.

Abbreviations: AO = aorta; LA = left atrium; LV = left ventricle; VS = ventricular septum.
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This functional assessment is usually made reliably by
conventional targeted history-taking, although some inves-
tigators favor supplementation with objective exercise
testing.1,9,54,55 In those occasional patients unable to exer-
cise maximally for a variety of reasons, gradients estimated
by Valsalva maneuver or occasionally by infusion of sym-
pathomimetic drugs (isoproterenol or dobutamine), can be
considered clinically relevant and actionable.60

Myectomy has been under-utilized or delayed in minori-
ties and women, who often come to surgery with more
advanced heart failure (HF) symptoms at older ages.61,62

Recently, some experienced centers have offered earlier
surgical intervention to selected patients with less symp-
tomatic limitation (consistent with NYHA class II) to avoid
future adverse consequences of chronically elevated LV
pressures and wall stress, such as diminishing functional
capacity and quality of life.63,64 This consideration may
apply to patients with unexplained syncope, or frequent par-
oxysmal atrial fibrillation (AF) episodes who are eligible
for the Maze procedure.63,64

Surgical strategies (Figure 3). The septal myectomy
operation to relieve LV outflow obstruction and restore nor-
mal intracavitary pressures is performed through a trans-
aortic (aortotomy) exposure, although very occasionally
with combined transapical and transaortic approaches when
mid-ventricular anatomy is particularly complex.65 A wide
muscular excision and trough is extended longitudinally
from just below aortic anulus to mid-ventricle at papillary
muscle level well beyond the site of mitral-septal contact,

and often laterally; the myectomy resection does not pro-
duce intra-myocardial scarring (Figure 3).

Surgery has the distinct advantage of affording direct
visualization of the uniquely complex and heterogeneous
LV chamber morphology and primary mechanisms
responsible for subaortic gradients, some of which may
not be anticipated by preoperative imaging, including tai-
loring the muscular resection and addressing mitral valve
structure and function.30,46 In this regard, myectomy is
usually accompanied by intra-operative real time transe-
sophageal echocardiography11,48,66,67 performed immedi-
ately before and again after the operative procedure and
re-institution of cardiopulmonary bypass. At this time,
the heart is interrogated for mitral regurgitation and
residual obstruction either under basal conditions or after
provocation with dobutamine or isoproterenol infusion.
Persistent gradients due to mitral-septal contact evident
by Doppler echocardiography and/or direct hemodynamic
measurements are usually due to failure to adequately
extend the myectomy resection distally. In such instances
(<5% of operations) it is necessary to re-institute cardio-
pulmonary bypass to rectify persistent obstruction, usu-
ally with a more extensive myectomy.66 CMR is also
useful for preoperative planning before invasive septal
reduction to define outflow tract functional anatomy.68

Mitral valve replacement, although briefly popular many
years ago,69 is now largely avoided in the management of
symptomatic obstructive HCM, given long-term morbidity
associated with implanted prosthetic valves (including late

Figure 3. LV anatomy and the myectomy operation. Top. Prior to muscular resection showing hypertrophied anterior septum bulging characteristically into

LV outflow tract. Anomalous fibrous attachments are evident between side of anterior mitral leaflet and basal LV free wall; A. (bottom left) classic Morrow

procedure trough after muscular resection; B. (bottom center) wide and more distal myectomy, extends past the base of papillary muscles, as currently prac-

ticed (arrows). C. Muscle sample removed from ventricular septum at myectomy (weight about 6 grams). Reproduced with permission of authors.2
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degeneration) and chronic anticoagulation.69 However,
valve replacement can be appropriate in selected patients
with primary intrinsic mitral valve pathology when standard
repair techniques are unsuccessful70 e.g., degeneration or
excessive calcification of the leaflets and/or mitral annulus
producing rare mixed mitral stenosis/regurgitation, severe
myxomatous disease with prolapse or segmental flail, and
in some unusual patients when basal septal thickness is par-
ticularly mild.70

Some expert surgeons regard valve morphology encoun-
tered in HCM (e.g., anterior leaflet elongation) as an impor-
tant contributor to outflow obstruction in some patients,
justifying selective remodeling,4,28-30,71-75 particularly
when associated with mild anterior septal thickness
(<18 mm).75 Other highly successful surgeons do not favor
repair of mitral valves without intrinsic valve pathology.2,71

Cleveland Clinic surgeons have been aggressive (with valve
repair in 25% of myectomy patients), and with 4% receiv-
ing a mitral prosthesis.71,72 In contrast, Mayo Clinic sur-
geons uncommonly repair the mitral valve (in <4%), and
reserve value replacement for intrinsic valve disease.2,71

Such differences in myectomy strategy and the heterogene-
ity of LV outflow anatomy underscore the principle that dif-
ferent operative approaches can nevertheless achieve the
same desired hemodynamic and clinical result, dispelling
the notion that there is a single “standard” myectomy
operation.

One specific concern is when a flexible and elongated
anterior mitral leaflet >30 mm has the potential for systolic
septal contact and obstruction, even after an apparently ade-
quate muscular resection widening the outflow tract
(Figure 2). Strategies designed and used to restrict valvular
mobility for this purpose (since 1992)73 have included: a
horizontal central suture plication in the A2 segment of
elongated anterior leaflet (or occasionally within the poste-
rior leaflet)11,29,30,72-76; excision of a residual leaflet seg-
ment to shorten length76; or anterior leaflet stiffening by
insertion of an extending pericardial patch.74

A variety of sub-mitral intraventricular structures identi-
fiable with echocardiography and/or CMR can contribute
importantly to LV outflow obstruction and therefore are
explored at operation for possible intervention: mobiliza-
tion, thinning or resection of anomalous/accessory papillary
muscles; excision of fibrous and muscular attachments
between mitral apparatus/anterior leaflet and head of papil-
lary muscles, LV free wall and ventricular septum; cutting
fibrotic/retracted secondary chordae of anterior mitral
leaflet2,3,4,6,11,30,71,75 (Figure 2). Particularly relevant hemo-
dynamically is congenital anomalous insertion of anterolat-
eral papillary muscle directly into body or free edge
of anterior leaflet (in absence of interpositioned chordae
tendineae) the predominant mechanism of mid-ventricular
muscular obstruction,77-79 usually managed by extended
myectomy (Figure 2).

Surgical myectomy has the flexibility to effectively
address variability in phenotypic expression with a wide
range of septal thicknesses including at the extremes of the
morphologic spectrum i.e., massive (≥ 30 mm) to mild (≤
15 mm).46,75,80 Notably, as the demographics of HCM
change with an increasing proportion of patients showing
more modest septal thickness (avg 17 mm, compared to 21-

22 mm previously),75 a novel patient subset has emerged
characterized by minimal anterior basal hypertrophy but
with progressive refractory HF due to typical dynamic sub-
aortic obstruction. In this subgroup, obstruction and symp-
toms are reversible without valve replacement by: shallow
muscular resection with remodeling/repair of mitral valve
and submitral structures.76

Biventricular obstruction, occasionally encountered in
symptomatic children is amendable to surgery. Standard
surgical myectomy relieves obstruction due to SAM, while
right ventricular outflow obstruction due to excessive
hypertrophy can be managed by selective resection of mus-
cle bundles and patch enlargement of the right ventricular
outflow tract.81,82 A distal “LV debulking” operation via
apical ventriculotomy has been performed by a few experi-
enced surgeons in selected highly symptomatic nonobstruc-
tive patients with apical/mid-ventricular hypertrophy and
small distal LV chamber, i.e., to improve filling and stroke
volume by enlarging LV cavity, albeit with little long-term
data,83 or the opportunity to resect small apical
aneurysms.84

Arrhythmia surgery at myectomy

In those HCM patients with a history of paroxysmal AF,
some surgeons have combined myectomy with operative
ablation procedures (Cox-Maze III or IV, or pulmonary
vein isolation)85-87 (Figure 4). In one center, an adjunctive
bi-atrial Cox-Maze IV procedure was performed with
myectomy in 100 patients,85 resulting in effective relief of
outflow obstruction and refractory HF symptoms, as well as
providing freedom from AF episodes: 91%, 73%, 49% at 1,
5, and 10 years postoperatively, including 55% of patients
without symptomatic AF for up to 8 years (Figure 4). Since
the Cox-Maze IV is performed only in patients undergoing
myectomy for relief of outflow obstruction and normaliza-
tion of LV pressures, it is difficult to definitively attribute
the reduction in AF episodes solely to the Maze procedure.
Long-term clinical significance of relatively brief AF epi-
sodes during the first 2-3 months after myectomy, remain
incompletely resolved.88,89

Clinical Results of Surgical Myectomy

Over the last >50 years substantial data has been assem-
bled from high volume centers governing all aspects of sur-
gical myectomy, including clinical outcome in thousands of
patients of all ages from >25 centers in many parts of the
world.1-11,36,39-44,71,72,75,80,90-99 This experience extends
over several clinical eras incorporating a maturing under-
standing of the heterogeneous disease expression and
diverse LV outflow tract anatomy, and aided by major
advances in cardiac imaging, expertise in surgical techni-
ques, intraoperative myocardial preservation, and postoper-
ative care.

Much of contemporary myectomy experience and accu-
mulated data come from established high volume North
American and consortium centers that have been the largest
and most consistent proponents of surgical management
for obstructive disease over many years: Mayo Clinic
(Dearani; Schaff; Danielson)2,9,61; Cleveland Clinic (Lytle;
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Figure 4. Cox-Maze IV procedure for surgical treatment of atrial fibrillation. Top panels. Schematic representation depicting the location of radiofrequency

energy (white line) and cryoablation (purple lines) applied during Cox-Maze IV: A. showing epicardial surface of the posterior portion of the heart; B. endo-

cardial surface of the left atrium; C. endocardial surface of right atrium. Ao = aorta; IV = inferior vena cava; LPV = left pulmonary veins; PA = pulmonary

artery; RPV = right pulmonary veins; SVC = superior vena cava. Bottom panel Kaplan-Meier survival free from symptomatic atrial fibrillation after Cox-

Maze IV combined with myectomy in 62 obstructive hypertrophic cardiomyopathy patients; Reproduced with permission of authors.85
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Smedira)3,72,90; New York University (Swistel; previously
Roosevelt-St. Lukes Hospitals)76; Toronto General Hospital
(Williams; Ralph-Edwards)4,92,94; Tufts Medical Center
(Boston from 2003 until its closing in 2021; Rastegar)11;
Policlinico di Monza (Monza, Italy from 1996; Ferrazzi)6;
Fuwai Hospital (Beijing from 2009; S. Wang)97; Sweden
(from 1998; Ragnarsson)98; Barcelona (from 2015; Quin-
tana)81; Kiev, Ukraine (from 2016; Rudenko); Bucharest,
Romania (from 2015; Dorobantu) and Lahey Hospital and
Medical Center, Burlington MA (Shekar).

Data from these centers is replete with evidence of salu-
tary short-term and long-term benefit following myectomy
in adults of all ages including the elderly100-102 and also
children103-105 i.e., abolition of SAM and relief of peak rest-
ing or provocable outflow obstruction and mitral regurgita-
tion that is immediate, complete and permanent (non-
recurring) with preoperative gradients reduced from ≥50
mmHg (and up to ≥ 100mmHg) to zero or negligible (<10
mmHg) post-operatively2-9,11,72,90,97,98,106 (Figure 5). Sig-
nificant residual gradients requiring reoperation are rare
(about 2% in experienced centers),107 usually attributable
to inadequate length of muscular septal excision.

Amelioration of HF symptoms is evident with improve-
ment by ≥1 NYHA functional class in >90% of patients
with 75% becoming asymptomatic (i.e., strikingly from
NYHA functional class III/IV to class I) without outcome
differences evident between men and women and with con-
tinued postoperative drug treatment unnecessary1-9,11,41-
44,61,107,108 This is judged by personal and targeted history-

taking, and also supported by objective measures i.e.,
increased treadmill exercise duration and markers of ische-
mia e.g., workload coronary flow and myocardial metabo-
lism, and oxygen consumption (peak VO2 to 3-7mL/kg/
min).19,109 There is also evidence for myectomy-related
reversed remodeling of left atrium with potential for reduc-
ing left atrial size and AF episodes,110 as well as possible
mild regression of LV hypertrophy related to relief of load-
ing conditions.111

In addition to improved quality of life, there is also evi-
dence that surgery reduces frequency of AF and favorably
impacts longevity,9,91,97,108,112,113 with a long-term survival
benefit, indistinguishable from that expected in the general
population over 1, 5 and 10 years (and unrelated to gender)
(Figure 5): freedom from all-cause mortality 98%, 96% and
83%, and freedom from HCM-related mortality 99%, 98%,
95%9,94; these data are similar to the limited number of
long-term follow-up analyses ≥10 years after myectomy108

(Figure 6).
Although myectomy is highly effective for relief of

symptoms in the vast majority of patients, about 5%
nevertheless experience persistent functional limitation,
remaining in or returning to NYHA class III despite suc-
cessful relief of gradient. Myectomy non-responders (either
with or without systolic dysfunction) require consideration
for advanced heart failure management, including cardiac
resynchronization therapy in appropriate candidates with
left bundle branch block, or ultimately heart transplant.
Most common determinants of failure to respond to

Figure 5. Hemodynamic improvement post-myectomy in symptomatic obstructive hypertrophic cardiomyopathy patients and followed for 10 years (N=118).

Comparison of LV outflow gradients at rest: preoperative, 2 months postoperative, and postoperatively at last follow-up (8 § 3 years). Tufts Medical Center,

Boston (2003-2010) (H. Rastegar, surgeon).
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myectomy appear to be co-morbidities113,114 (prominently
obesity),114 massive LV hypertrophy, or in some patients
pulmonary hypertension. There is no definitive evidence,
however, that myectomy per se causes or predisposes to
development of the end-stage.115

The vast majority of patients incur left bundle branch as
a result of the operative resection which does not influence
later clinical course.112 Surgeons performing myectomy
after an unsuccessful ASA report less consistent operative
results and a higher rate of complete heart block,116-118

underscoring that myectomy is the preferred initial proce-
dure to avoid myocardial scarring, heart block and other
potential adverse consequences of ASA.

Sudden death events remote from myectomy are
uncommon119,120 and there is some evidence that surgery
offers a measure of protection from arrhythmic events, pre-
sumably by normalizing LV pressures. However, in one
study, >10% of patients with successful myectomy
implanted with primary prevention ICDs (based on AHA/
ACC risk markers)57 experienced appropriate device ther-
apy postoperatively (4%/year).119 These observations
underscore the principle that in HCM sudden death risk can
represent an adverse disease pathway separate from pro-
gressive HF, and emphasizing the prudence of risk stratifi-
cation even in a surgical population.108,119

Pulmonary hypertension is not uncommon in obstructive
patients referred for surgical myectomy (50% of patients in
one study),121 and can contribute to symptoms. In one
report, pulmonary hypertension was associated with all-
cause mortality although myectomy appeared to reduce the
adverse effect of elevated pulmonary arterial pressures.122

Experience of Consortium Centers (Tables 1 and 2)

To characterize the major cardiac surgeons currently
practicing myectomy internationally, survey data were
systematically collected and assembled from a cadre of
10 multi-disciplinary HCM centers in 6 countries over
the last 15 years. Together, this group has performed
almost 11,000 largely isolated myectomy operations
(average, 800/year), with some programs now reporting
>200 procedures annually (Tables 1 and 2). Average age
at surgery was 54 years, reflecting the cumulative effect
of the LV pressure load over time leading to the myec-
tomy decision; men were predominant (55:45). Pace-
maker implantation for heart block was 4%,112 iatrogenic
ventricular septal defect was 0.3% and mitral valve
replacement was 1.8%. Unsuccessful ASA preceded
myectomy in 1-2% with generally less satisfactory surgi-
cal results including increased arrhythmic and operative

Figure 6. Demographics and outcome after surgical myectomy. A. Change in annual rate of myectomy operations (blue bars) compared to alcohol septal

ablation procedures (red bars) 2003-2019 inclusive, assembled from 5 major North American HCM centers: Mayo Clinic; Cleveland Clinic; Tufts; Toronto

General; NYU. B. Survival free from all-cause mortality after surgical myectomy compared to age and sex-matched general US population9; C. Low opera-

tive mortality for septal myectomy (red) compared to other common cardiac operations. AV = aortic valve; MV =mitral valve; TV = tricuspid valve;

CABG = coronary artery bypass grafting; D. HCM-related survival free from all-cause mortality in 3 patient subgroups in a non-randomized study: Surgical

myectomy (n=289); nonoperated with obstruction (n=228) and nonobstructive (n=820). Overall log-rank, p<0.001.9
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risk and likelihood of pacemaker implantation. Notably,
much of the experience with myectomy in lower volume
centers remains largely undocumented.

Accessing data from 5 selected high volume North Ameri-
can HCM centers, surgical myectomy procedures performed
over the last 15 years have progressively increased by almost
300% in a steep linear fashion (Figure 6). This trend is in
sharp contrast to the volume of ASA procedures at the same
institutions which have remained essentially unchanged over
the same 15 year period; the ratio of myectomy to ASA is
9:1.

Increase in referrals for myectomy in the U.S. probably
reflects enhanced clinical awareness regarding the conse-
quences of outflow obstruction, and growing acceptance of
myectomy, paradoxically stimulated by introduction and
interest in ASA. Notably, the number of myectomy (and
ASA) procedures currently performed probably under-rep-
resents the potential patient pool, given the proportion of

patients who would be expected to have obstruction to LV
outflow (i.e., 70%).59

Operative (30 day) mortality rate is low (0.6%), consis-
tent with prior reports8 and not significantly different with
respect to gender or age (including children or the elderly)
and remarkably similar among major high volume centers.8

Of note, myectomy-related operative mortality is now >10-
fold less than that experienced 30 years ago, 5-fold less
than for other open-heart procedures, including coronary
artery bypass grafting (2.5%) and/or valve replacement
(i.e., 3%)123 and arguably one of the safest current open
heart procedures (Figure 6).

In addition, when performed in high volume dedicated
HCM center environments, in-hospital operative mortality
for myectomy (0.5%) is 12-fold less in experienced centers
compared to surgery performed largely for convenience in
community hospitals by surgeons much less familiar with
myectomy (i.e., 6% and up to 15%).124,125

Table 1

Tabulated data for surgical myectomy at 10 consortium HCM centers

Variable Total

number

myectomy

Age at

myectomy

(years)

Male VSD PPMy MVR as

sole operative

strategy

Operative

(30-day)

mortality, n

Operative

mortality

Clevland Clinic 2851 56 § 14 53% 0.1% 4.1% 153* 21 0.7%

Mayo Clinic 2782 57 § 16 54% 0.1% 6.6% 0 14 0.5%

Fuwai 2220 47 § 15 60% 0.5% 0.9% 0 11 0.5%

Tufts 825 54 § 15 54% 0.7% 6.0% 0 5 0.6%

Toronto 740 55 § 14 61% 0.3% 6.6% 14 7 0.9%

Monza/Bergamo 665 53 § 16 55% 0.2% 3.2% 0 3 0.4%

NYU 515 57 § 13 51% 0.6% 2.7% 3 4 0.8%

UCLA 171 41 § 29 50% 0 8.8% 24 1 0.6%

Barcelona 144 61 § 14 45% 1% 4.8% 8 1 0.6%

Sydney 60 52 § 18 46% 5% 15.0% 0 0 0

Total 10,973 54 55% 0.3% 4% 202 (1.8%) 67 0.6%

Abbreviations: MVR =mitral valve replacement; NYU: New York University; PPM= permanent pacemaker; UCLA: University of California Los

Angeles; VSD: (iatrogenic) ventricular septal defect; Y: years

* predominantly in patients with mild anterior septal thickness (<18 mm) and LV outflow tract obstruction, usually after mitral valve repair unsuccessful in

satisfactorily relieving outflow gradient with or without papillary muscle reorientation.
y can include patients with preoperative conduction disease.

Table 2

NYHA functional class and LV outflow gradient before and after surgical myectomy in obstructive HCM patients reported in the literature from major cen-

ters, 1972-2017.

Center Year NYHA III/IV:

preoperative

NYHA III/IV:

postoperative

Peak LVOT

gradient: preop

(mmHg)

Peak LVOT

gradient: postop

(mmHg)

Mayo Clinic2,9 1983-2001 89% 6% 67 § 41 3 § 8

Tufts11 2003-2016 98% 6% 56 § 42 1.2 § 6.8

Cleveland Clinic3,90 1997-2007 61% 5% 61 § 4 11 § 7

Netherlandsy 1981-2010 76% 18% 50 10

Toronto4,94 2001-2011 79% 16% 64 § 36 5 § 5

Stanford42 1972-1994 72% 5% 67 § 39 8 § 14

NYU76 1985-2011 96% 2% 65 § 42 3 § 9

Bergamo40 1996-2010 78% 3% 95 § 36 12 § 6

Monza6 2011-2013 82% 0 82 § 43 9 § 5

Fuwai97 2009-2011 86% 0 92 § 25 14 § 13

Sweden98 1998-2017 45% 65 80 15

Abbreviations: NYHA= New York Heart Association functional class; NYU: New York University; LVOT: left ventricular outflow tract
yRC Steggerda et al., JACC Cardiovasc Interventions 2014; 7: 1227-34
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Non-surgical alternatives to myectomy

Alcohol septal ablation

Recognizing that some patients with HCM are not
optimal surgical candidates, percutaneous ASA was first
introduced in 1995, 25 years ago,21 and now has become
accepted by numerous societal guidelines54-57 as a selec-
tive therapeutic alternative to surgery to reduce gradients
and drug-refractory symptoms. ASA is usually reserved
for older patients and/or those with significant co-morbid-
ities, or when myectomy is judged to present an unac-
ceptable risk, or is not available.124 Unlike myectomy,
which can be performed at virtually any age or LV wall
thickness,75,80,100-105 ASA is discouraged <40 years of
age, <18mm wall thickness, and excluded in patients
<20 years.

ASA is now practiced in a multitude of clinical laborato-
ries, and differs from surgical myectomy in a number of
respects20-22,55-57,126,127: 1) highly dependent on technical
expertise and an adequately-sized septal perforator coronary
artery that supplies the appropriate region of anterior ventric-
ular septum; 2) gradient reduction may require 3-6 months of
remodeling to evolve; 3) is less consistent than surgery in
abolishing outflow obstruction (and related symptoms),
achieving optimal hemodynamic result in 80%; 4) not
uncommonly requires repeat ablations (15-20%), particularly
in patients with high pre-procedural gradients ≥ 80 mmHg;
5) persistent concern for proarrhythmia − i.e., ventricular
tachyarrhythmias that could derive from sizeable alcohol-
induced transmural scars, in contrast to myectomy for which
muscular resection is not associated with intramyocardial
scarring127 nor excessive ventricular tachyarrhythmias20,22; 6)
notably does not address potential contributions of the mitral
valve or submitral structures to outflow obstruction or allow
for other relevant operative procedures e.g., coronary artery
bypass grafting, valvular repair and replacement including
for aortic stenosis, or resection of subaortic membranes; 7)
higher rate of permanent pacemakers for heart block (≥10%)
vs. myectomy (<5%).

Nevertheless, ASA has advantages over surgery, ie.,
faster recovery with much shorter hospital stay and avoid-
ance of sternotomy, general anesthesia, and cardiopulmo-
nary bypass. Cohort data in non-randomized studies from
the interventional cardiology community has reported sur-
vival similar to myectomy with 80% free of all-cause
mortality.20,22,126 However, these data may not be
completely representative of the collective ASA experi-
ence, as suggested by a recent large multi-center study
reporting all-cause mortality higher after alcohol ablation
than after myectomy.128 Randomized trials to directly com-
pare myectomy with ASA are considered logistically
impractical and probably precluded on an ethical basis.129

Medical management

Historically based on practice and guidelines,54-57 maxi-
mal medical management has been the initial palliative
strategy used to control symptoms of HF due to obstruction
before proceeding with myectomy surgery as the definitive
option,54-57,130 more successful in patients with mild-mod-
erate functional limitation than in those who have already

progressed to severe symptoms.1,130 Traditionally, the
drugs most widely administered in this setting have been
beta-blockers or calcium channel blockers (verapamil),
albeit not based on randomized clinical trials data. While
neither drug has negative inotropic properties strong
enough to consistently mitigate resting outflow gradients,
beta-blockers have proved capable of blunting physiologi-
cally provoked obstruction.24

Disopyramide

Disopyramide acts clinically as a negative ionotropic
agent by reducing LV contractility and outflow ejection
acceleration, thereby suppressing SAM and subaortic obstruc-
tion.131 Disopryamide is also a multiple ion channel inhibitor
that decreases cytosolic calcium and a type IA anti-arrhyth-
mic agent, albeit without evidence of significant proarrhyth-
mia. By inhibiting the late sodium channel it decreases early
and late ventricular after-depolarizations. For 40 years, diso-
pyramide has been used in HCM to relieve obstructive symp-
toms as a second line agent after beta-blockers and
verapamil. Disopyramide is a potent negative inotropic drug,
alleviating resting outflow gradient by >50% (with preserva-
tion of LV function), permitting a delay of surgical myec-
tomy in two-thirds of patients.131

Available pharmcotherapies for HCM have variable thera-
peutic effects, often with limits to tolerability, patient benefit
and/or safety concerns. Prior studies have yielded disappoint-
ing results using a variety of agents: ranolazine, angiotensin
receptor blockers, spironolactone and trimetazidine. Accord-
ingly, developing more precisely targeted therapies for such
symptomatic patients has been regarded as an unmet need.

Mavacamten

More recently, mavacamten (MyoKardia; Bristol-Myers
Squibb) has received Food and Drug Administration (FDA)
approval in the United States for treatment of heart failure
symptoms in obstructive HCM.

Mavacamten is a small molecule selective allosteric
inhibitor of cardiac myosin ATPase designed to inhibit
excessive actin-myosin cross-bridge interaction at the myo-
filament level, thereby reducing LV contractility. Despite
clinical efficacy that is not greatly dissimilar to disopyra-
mide, mavacamten has nevertheless attracted considerable
preliminary interest and enthusiasm, but also with balanced
perspectives.132-135

Effects

This drug has been studied in a small short-term 30-week
phase 3 cohort trial (EXPLORER-HCM)23: multicenter,
randomized, double-blind and placebo-controlled, predomi-
nantly in patients with relatively mild symptoms, and has
shown capability to reduce LV outflow gradient and
improve HF symptoms in some patients. At the conclusion
of EXPLORER-HCM, one-third of trial participants (37%)
had achieved the primary end-point of subjective symptom
benefit by ≥ 1 NYHA functional class combined with a
modest improvement in peak oxygen consumption (pV02),
compared to placebo; P<0.001.
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Therefore, two-thirds of the study group could be con-
sidered suboptimal-responders to mavacamten with 43%
remaining with residual outflow gradients (>50 mmHg in
25%, the traditional operative threshold), and 50%
experiencing persistent symptoms. In follow-up analysis,
36% of patients on mavacamten had significant KCCQ
global health status symptom score improvement, although
30% reported worsening or no change clinically.23

Of note, however, complete clinical response to mava-
camten, similar to that expected with myectomy1-11,55,57

was achieved pharmacologically in 27% of patients (e.g.,
defined as a gradient <30mmHg with restoration to NYHA
class I). Given that 70% of patients in EXPLORER-HCM
were only mildly symptomatic in NYHA class II the
observed improvement attributable to the drug was largely
due to reduction from class II to class I.

To address uncertainty regarding the efficacy of mava-
camten in more symptomatic obstructive patients, a multi-
center phase 3 trial (VALOR-HCM) evaluated whether
mavacamten could delay surgical septal myectomy or alco-
hol septal ablation.137 Over a particularly short duration of
6-weeks, 63% of patients on mavacamten demonstrated
symptomatic benefit with improvement of ≥1 in NYHA
class (as compared to 90-95% with benefit expected after
myectomy). In addition, there was no difference in number
of patients who ultimately underwent myectomy or alcohol
ablation between placebo or mavacamten (3.6% in both
arms). An additional caveat of both VALOR and
EXPLORER is the predominance of older patients
>50 years. Therefore, it is uncertain whether the reported
efficacy of mavacamten in EXPLORER-HCM could be
effectively translated to younger symptomatic myectomy
candidates.

Safety

Safety concerns occurred in both the EXPLORER and
VALOR trials resulting in the FDA issuing a “black box”
warning on potential HF development secondary to mava-
camten use.23,134,135,137 This issue lies with the capability
of a negative inotropic drug like mavacamten to excessively
reduce LV contractility, and result in systolic dysfunction
with abnormally reduced ejection fraction (<50% down to
35%), occurring in 8% of EXPLORER-HCM and 4% of
VALOR-HCM patients, which could be associated with HF
although reversible with cessation of the drug. Notably, this
risk appears to be increased in obstructive patients with AF,
relevant given the high frequency of this arrhythmia in
HCM (25% of patients).

Based on concerns for safety from the FDA, mava-
camten is available only through a restricted program under
a Risk Evaluation and Mitigation Strategy (REMS) requir-
ing potential providers to obtain special certification to pre-
scribe the drug. In addition, the FDA requires strict patient
monitoring including frequent echocardiograms (every 4
weeks for first 3 months and every 3 months thereafter inde-
finately), in order to balance outflow gradient vs. ejection
fraction, a challenging consideration in the post-marketing
“real world” practice environment.

In EXPLORER-HCM, remodeling was evident over
only 30 weeks as regression of hypertrophy (25% reduction

in mass and up to 8 mm in wall thickness).136 It is unre-
solved whether this decrease in LV wall thickness is a salu-
tary effect or a form of potentially adverse remodeling.115

If unrecognized in clinical practice (and not reversed),
unpredictable systolic dysfunction could potentially lead to
the unintended consequence of heart failure.115,134,135

Cost

Cost-effectiveness of mavacamten is also highly relevant
given the annual expense of $90,000 that would be required
throughout an extended treatment period, and uncertainty
associated with insurance coverage. There is no evidence
that this high cost medicine will improve long-term clinical
course of obstructive HCM patients, nor replace the future
need for surgical myectomy or alcohol septal ablation. In
addition, the cost-effectiveness ratio for improvement in
symptoms with mavacamten is well below standard thresh-
olds as reported by the Institute for Clinical and Economic
Review,138 in which mavacamten was found not to be cost-
effective compared to the one-time expense for surgical
myectomy (»$135,000; an established treatment covered
by health insurance).

Conclusions

Even after 6 decades,139 surgical septal myectomy has
stood the test of time and continues to be the preferred and
mainstay primary treatment option for highly symptomatic
drug-refractory patients with HCM to immediately and per-
manently abolish mechanical obstruction to LV outflow, a
status substantiated by a vast literature including all guide-
lines54-57 and current expert State-of-the-Art reviews
(Figure 7).140 Myectomy is preferably performed in high
volume experienced multidisciplinary centers dedicated to
HCM, and there is a need to establish additional such pro-
grams to expand surgical expertise and patient access to
this important treatment option.140-146

By relieving symptoms and reversing HF, and conse-
quently returning the overwhelming majority of patients to
an unrestricted normal lifestyle, myectomy can provide one
of the most striking clinical benefits achievable in cardio-
vascular medicine. This is particularly notable given the rel-
atively young age of patients in mid-life often at the time
of operation (average, early 50s), with decades of life
remaining during which the impact of myectomy can be
realized.

Over the years, the myectomy operation has evolved
substantially to an extended muscular resection amendable
to a wide range of septal thicknesses, often with repair/
remodeling of mitral valve and revision of submitral struc-
tures, and in selected patients surgical AF ablation (Cox-
Maze IV). Based on clinical experience and evidence
assembled for >50 years in thousands of patients of all
ages, myectomy continues to be positioned as a the durable
low risk:high benefit treatment option (when performed in
experienced high volume centers), and one of the safest of
current open heart procedures, responsible for reversal of
HF symptoms, as well as providing a long-term survival
benefit similar to the general population.
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Figure 7. Surgical septal myectomy. Graphic illustration of indications, management and outcome related to operation. AML = anterior mitral leaflet; 

ASA = alcohol septal ablation; HF = heart failure; LV = left ventricle; NYHA = New York Heart Association; PAF = paroxysmal atrial fibrillation; PM = pap- 

illary muscle. *Most patients are in NYHA III/IV, but selected patients in NYHA class II are operated on at experienced centers. 

 
A particularly important future challenge is to dissemi- 

nate and enhance surgical experience in the U.S. and glob- 
ally,140-146 including in Europe143,144 and those after 
populous regions and countries where substantial numbers 
of HCM patients reside (e.g., China and India).97,144-146 
Without access to myectomy many such symptomatic 
patients will unavoidably experience progressive disability 
and possibly shortened life expectancy. 

Although surgery provides more complete and defini- 
tive relief of limiting symptoms in most patients, negative 
inotropic drugs can be useful as an alternative strategy to 
provide short-term palliation of HF-related symptoms and 
potentially delay myectomy at the request of surgically- 
reluctant patients. However, myectomy is a one-time only 
treatment producing permanent abolition of outflow gradi- 
ent and symptom relief without the necessity of continued 
drug therapy. This contrasts with years of medical therapy 
and surveillance with expensive drugs for which long-term 
reduction in outflow gradient and improvement in symp- 
toms is unknown. There is little evidence that drug therapy 
alone will ultimately replace surgical myectomy within the 
HCM therapeutic armamentarium. 

Surgical myectomy will play a major continuing role in 
the treatment armamentarium of obstructive HCM patients 
because of its capability to permanently and completely 
relieve outflow gradient, associated with long-term symp- 
tom benefit. The myectomy option is particularly relevant 
to specific patient subgroups with obstruction such as those 

with co-existent valvular heart disease and coronary artery 
disease requiring bypass surgery, young patients with par- 
ticularly marked resting gradients and/or massive hypertro- 
phy, as well as those with mild basal septal hypertrophy 
to avoid mitral valve replacement. 

As new medical initiatives emerge, it is particularly 
important to underscore the effectiveness of septal myec- 
tomy in the State-of-the-Art management of severely symp- 
tomatic obstructive HCM patients, careful to avoid delay or 
under-utilization of operative intervention.140 
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