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Review Article

The left ventricular outflow tract —
How  surgery for hypertrophic
cardiomyopathy is changing?

Abstract

The gold standard in the treatment of hypertrophic obstructive cardiomyopathy is
transaortic surgical myectomy, a technique with a proven 60-year track record, which
eliminates obstruction and improves symptoms and, therefore, functional capacity
and with established cost-effectiveness. Newer pharmacological agents such as
myosin inhibitors are now being tested in clinical practice. A surgical alternative has
recently been introduced, transapical beating-heart septal myectomy. This approach
has the same goals as transaortic myectomy and offers additional advantages such
as its minimally invasive nature, as no cardiopulmonary bypass and cardiac arrest
are needed, together with a real-time assessment of resection with intraoperative
transoesophageal echocardiography. Patients with an appropriate indication for
septal myectomy will benefit from this newly introduced procedure.

Keywords: Hypertrophic obstructive cardiomyopathy, septal reduction therapy,
transaortic septal myectomy, transapical beating heart septal myectomy

INTRODUCTION

There is general agreement that surgery is the gold standard of
therapy in patients with symptomatic left ventricular outflow
obstruction (LVOTO) (1). Surgical myectomy (SM) is an old
operation with a proven six-decade track record of improvement
in the quality of life in patients in the setting of hypertrophic
cardiomyopathy (HOCM) (2-5).

Having said that, there are still in 2025 some gaps in knowledge
and practice that need to be addressed. There are no randomized
controlled trials (RCT) between SM and other established and
developing septal reduction therapies (SRT) such as alcohol
septal ablation (ASA) and, more recently, cardiac myosin
inhibitors (CMI) (6-10). Furthermore, there are many practices
of SRT including SM around the world (11). Scientific evidence
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on SM comes from a few high-volume centres (12-14) and it is
also clear that there are biased practices, with specific preference
to less invasive SRTs over SM (15,16).

This contribution aims at producing an overview of the situation
of SRT including SM in current times, to highlight the prominent
role of SM considering its excellent long-term outcomes in
patients with LVOTO and to identify future directions in the
surgical treatment of HOCM.

Methods
Study design

This is a narrative review summarizing essential aspects of the
surgery for HOCM, with focus on the evolution of therapy over
time and identifying future alternative surgical approaches. It is
structured in a way that they are all individually identified.
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Ethics

This is a literature review with no direct information retrieved
from actual patients; therefore, it does not need ethical clearance
from the Ethics Committee/Institutional Review Board. In this
line, no written informed consent is necessary as no patients or
hospital files have been individually addressed.

Literature search

The following terms were used to interrogate the free engine
search PubMed that primarily accesses the MEDLINE database
[Medline access]: “Hypertrophic obstructive cardiomyopathy”
“Surgery” “Septal reduction therapy” and “Follow-up”. Articles
were selected based on its relevance to the topic regardless of
the year of publication but with focus on those published in the
past 5 years.

Lines of Treatment in HCOM (Until now)

Since the initial description of the disease (17,18) and the first
attempts to perform SM (2,19), the initial line of treatment for
patients with HCM with and without LVOT is medical treatment
(20). Septal myectomys is considered the best treatment in HOCM
(21) and ASA is the currently accepted major alternative to surgery.
Very recently, myosin modulation has emerged as an expected
efficient therapy that might improve or even cure a large proportion
of patients suffering of HCM including those with LVOTO (22).
Two molecules, mavacamten and aficamten -the latter commercially
available in the USA- are, at the time of writing, approved for
clinical use and are expected to have a bright commercial future
despite the extremely associated high costs (10,23,24). Finally, heart
transplantation is the last resort in patients with HOCM deemed not
amenable or unfit for classical SM (25).

Factors Influencing the Choice of Therapy

There are multiple factors which have an impact on therapy
will be delivered. The balance between a given SRT, be ASA
or SM is frequently not easy or is simply biased in the case of
patients with LVOTO. Age, symptoms, septal anatomy, the first
septal perforator artery, comorbidity and frailty, pre-existing
conduction abnormalities, concomitant coronary artery disease
are to be considered. The same applies to the experience in
the catheterization laboratory or that of the surgical team.
Medication, expected lifesyle and patient preference also play a
role in the dcision-making process.

The Gold Standard

As consistently repeated in the literature and as said above,
SM is the gold standard due to its very long track record of
efficacy and efficiency. It is a one-time low operative risk,
has a low risk of permanent pacemaker implantation and
reoperation, can be offered at all ages and disease phenotypes
(26) and provides maximum improvement in the quality of
life (QOL) and exercise capacity, allowing for the removal
of negative inotropic agents. With regards to anatomy, it is
of utmost importance to understand the specifics of every
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phenotype that can benefit from surgery. The sketches show
the obstructive basal phenotype, Zone I, that is accompanied
by mitral regurgitation (Figure la, b). The second major
phenotype, the midventricular, Zone II, phenotype is also
related to mitral regurgitation (Figure 2a, b). Furthermore, it
is a very cheap cardiac operation among other reasons because
no intracardiac foreign material is required and left inside a
heart chamber (21,22).
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Obstructive basal phenotype

Figure 1. A. Sketches shows the basal obstructive phenotype; B. Mitral
regurgitation due to systolic anterior motion of the mitral valve

2A 2B
Figure 2. A. Pure midventricular obstruction without systolic anterior motion of
the mitral valve (SAM); B. Combined basal and midventricular obstruction with
SAM and secondary mitral regurgitation

Septal Reduction Therapy
Alcohol septal ablation

Over the past 25 years, ASA has been increasingly used to treat
HOCM patients and has become the primary SRT in Europe (6,7).
When using ASA there is no discrimination across the board
although some indications seem to prevail (21). Today, a quarter
of century later, there is also agreement within the community
that SM is superior although some may argue outcomes and
mortality rates were similar (4,5).

A key question when ASA is discussed, is that tissue reaction to
alcohol is simply random (27). When injecting alcohol there is no
discrimination and the target tissue may be larger than expected
with unknown consequences despite some may confirm that the
outcomes are appropriate. Further, there are no randomized trials
comparing ASA and SM and it is doubtful that there will ever be
as it has been addressed in the past (9).
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The LVOT gradient and LA pressures improve acutely with seems to be superior to ASA due to its immediate polymerization
ASA. However, for an effective ASA there are strict criteria such  preventing the leak into the left anterior descending coronary
as advanced NYHA class (III-IV) with refractory symptoms and  artery (39,40). All such studies claim effectiveness and safety of
LVOTO>50 mmHg, absence of mitral valve disease and suitable the technique without significant procedural complications.
coronary arteries (28) maeaning favorable anatomy without
coexisting surgically amenable disease. Septal thickness might
have negative input on follow-up survival (29).

More recently the feasibility and safety of the emerging
percutaneous intramyocardial septal radiofrequency ablation
(PIMSRA) has been described in a large patient cohort with drug-
Residual obstruction after ASA must be taken seriously as it is  refractory HOCM. A single-arm, open-label study from China
associated with cardiovascular mortality events (30). Temporal in 200 young patients (46.9+14.0 years), confirmed reduction
conduction disturbances are the most common complications of maximum septal thickness and left ventricular outflow tract
after ASA and atrioventricular block and the need for permanent  gradients and 96% of them were in New York Heart Association
pacemaker implantation after ASA may average up to 18% in  functional class I or II at last follow-up. This procedure may be
the first 72 hours after the procedure (31,32). And up to 10-20% effective for relief of LVOTO with acceptable complication rates
may present also on a delayed basis. On the other hand, SM for  (41,42) and it is being currently expanded to non-obstructive
LVOTO with symptoms is associated with a marked reduction in ~ forms of HOCM (43). It may represent an alternative to ASA but
the incidence of appropriate ICD discharge and risk for SCD (33).  comparative studies are lacking.

Alcohol septal ablation and SM have different survival. Data  Where are We? Surgical Myectomy
from large-volume centres confirm that the 10-year all-cause
mortality was higher in ASA than in SM patients before and
after adjustment for age, sex, and comorbidities (5). The key
issue, in any case, is the appropriate selection of patiens for
each SRT option.

Although SM and ASA evolved head-to-head, after the introduction
in clinical practice of the latter, collected data confirmed that SM
has more anatomic and clinical advantages than ASA that include
immediate relief of obstruction, the ability to address abnormalities
of the mitral valve and other lesions requiring surgical treatment.
Challenging alternatives to ASA Septal myectomy can address the extremely thick septum. It has a

Although ASA has been in clinical practice for three decades 10ng-proven efficacy, can be performed in adults and children and

now (34) and has specific restrictive indications, there are some ~1€aves no myocardial scar. All this has been confirmed on meta-
percutaneous alternatives that aimed at challenging this approach, ~analysis (44). Data from this meta-analysis incorporating 2791

Coil embolization of septal artery was attempted, and its clinical SM and 201'3 ASA patients confirmed statistically significant
efficacy and safety assessed in small series but without actual differences with higher PPM, total adverse arrhythmic events and

follow-up (35,36). reoperation rates in the ASA patients.

Non-alcohol agents are supposed to have advantages over alcohol The selection criteria for both SRT are not the same. The main
and copolymers have been used for septal ablation. The scanty ~differences are outlined in Table 1 (41). The patient profile is
experience reported included the lack of reduction in LVOT restricted in the case of ASA and SM, regardless of its beneficial
gradient in 10-15%. Follow-up was restricted to 12 months effects over time, is a more versatile therapy as this operation
in small series (37). The same can be said about microsphere addresses all septal thicknesses and the surgeon will be able to
embolization of septal artery, as there is little experience with ~tackle mitral valve complex abnormalities and LVH from the

very short follow-up shorter than 6 months (38). Cyanoacrylate  basal to the apical segments.

Table 1. Selection criteria in hypertrophic cardiomyopathy
Alcohol septal ablation Septal myectomy
LV wall thickness <25 <18

Basal, midventricular

E fh h ¢

xtent of hypertrophy Basal only Apical, right ventricular
Mitral valve Normal Abnormalities present
Septal branch Required Not critical

Adapted from Mestres et al. (Ref 21)

The effectiveness and risks of SM have been well established the HCM Consortium data from 10 Institutions worldwide
in the literature. The regression of the LV thickness and the (45,46). Even in the controversial population of those aged
peak LVOT gradients are persistently low over the first 10 >65 years, surgical outcomes including all major SM-
years after surgery and beyond. In-hospital mortality in large- related complications are low and persistently good at five
volume centres is very low <1% as has been confirmed by postoperative years (47,48).
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What Comes Next?

The discussion will go on. As discussed, SM is the gold
standard and ASA has been predominantly spread as a primary
SRT especially in Europe, which leaves a proportion of
patients untreated or receiving suboptimal therapy according
to the intrinsic characteristics of the patient. Medical therapy
has received a boost with the introduction of cardiac myosin
inhibitors as a novel treatment option (49). Currently, the two
accepted drugs, mavacamten and aficamten are competing for
the huge market that can easily be estimated in USD. A variety
of clinical trials mavacamten-based (50-52) or aficamten-
based (53,54) exploring diverse endpoints like clinical and
hemodynamic improvement or cardiac remodeling with still
very short follow-up are being completed but no current
comparisons with the gold standard SM are to be performed for
a variety of reasons.

Despite all these recent trials, the community should not
forget that SM produces an unmatched gain in Kansas City
Cardiomyopathy Questionnaire (KCCQ) and quality of life
(QoL) as perfectly documented in the literature (55,56).
Furthermore, and despite being iterative, the optimal timing for
surgery depends on symptoms and, in the asymptomatic patient,
on a variety of conditions that are summarized in Table 2.

Table 2. The optimal timing for surgery
Any symptoms (even mild) in the presence of severe obstruction (>50 mmHg)
Asymptomatic patients with severe obstruction (with absence of right bundle
branch block), with any

Very high gradients > 100 mmHg

Evidence of LA enlargement

Evidence of pulmonary hypertension

Family history of sudden death

Signs of mitral valve degeneration (leaflet thickening)

Very young and low-risk candidates

Moreover, there are currently advancements in the surgical
strategy and instrumentation. After a feasibility study in
swine (57), transapical beating-heart septal myectomy (TA-
BSM) was introduced in clinical practice as recently as in
2023 with the report of 47 patients (58). This novel approach
to the operative treatment of HOCM is founded on reducing
the surgical trauma by reducing the access performing a small
anterior thoracotomy and avoiding cardiopulmonary bypass.
Myectomy is performed using a specifically designed surgical
instrument, the BMD device (Wuhan Weixintan Medical
Technology Co Ltd, Wuhan, PRC) constructed with a bullet-
headed resection tube and a multifunctional handle (Figure
3). Figure 4 shows the operative field in the pig model and
a resected specimen in comparison with the device and the
surgeons’ hand. Clinical experience is still restricted to the
pioneering team at Wuhan Tongji Hospital and a RCT is
underway in China, which will provide useful information for
widespread utilization of this operation.
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Figure 3. The BMD device (Wuhan Weixintan Medical Technology Co
Ltd, Wuhan, PRC) constructed with a bullet-headed resection tube and a
multifunctional handle, for transapical insertion

N

Figure 4. A. Operative field, anterior thoracotomy, in the pig; B. The device and
the surgeon holding a resected muscle specimen; C. Comparison of the resected
specimen and the surgeon’s hand

In the meantime, institutional experience is growing and TA-BSM
is being analyzed on a 360° perspective. Coronary microvascular
dysfunction is a pathophysiological mechanism underlying
HOCM and cardiac magnetic resonance (CMR) shows that in
both hypertrophic and non-hypertrophic myocardial segments
microvascular dysfunction was improved in patients after TA-
BSM (59). In addition, CMR has also confirmed confirmed early
reverse remodeling of left heart morphology and function in
these HOCM patients following TA-BSM (60).

As TA-BSM is an innovative approach which aims at reducing
trauma and increasing the pool of patients who will benefit
from septal reduction, important aspects of the operation need
to be clarified. Among them, how reproducible the technique
is and how steep the learning process could be. A recent
study on a consecutive series of 177 patients established that
competence in TA-BSM was achieved after 44 cases, without
negative impact on guideline-desired outcomes. This early
data support the belief that this new technique may represent
an option for wider dissemination of HOCM surgery
worldwide and improve disease management (61). And more
recently, the analysis of a larger series of 418 patients has
proven that with real-time transesophageal intraoperative
echocardiographic guidance, the individualized TA-BSM
approach can effectively and safely achieve adequate and
precise muscle resections (Figure 5). Awaiting for the results
of the abovementioned chinese RCT, TA-BSM potentially
broadens the applicability of surgical SRT in the treatment
of HOCM (62).
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Figure 5. Human resected specimens totalling a weight of 15. 1 g

CONCLUSION

The analysis of the accumulated information on SM and ASA,
and considering the emergence of medical therapy with oral
myosin inhibitors and the surgical innovation represented by TA-
BSM, some conclusions can be drawn:

1.
2.

8.

Septal myectomy stood the test of time over 60 years,

Septal myectomy is one of the safest open-heart procedures
with a very low mortality 0.3 — 0.5% (<1%),

Septal myectomy abolishes obstruction,

There is lower risk of PPM requirements and its consequences
in comparison with ASA,

Septal myectomy is a potentially curative operation,

Therapy with myosin inhibitors needs to pass the test of time
and sustain the potential impact of an RCT for comparisons
with SM,

Septal myectomy is the “gold standard” for obstruction
relief in HCM,

Transapical beating-heart myectomy will be disruptive.
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