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Abstract

Hypertrophic cardiomyopathy (HCM) is one of the more
common hereditary cardiac conditions. Several hundreds of
mutations in genes coding for sarcomeric or energy
metabolism proteins have been found to be associated with the
phenotype. Myocardial disarray and fibrosis are the prominent
histological findings of the disease. A more common (70%)
obstructive (HOCM) has to be distinguished from the less
common (30%) non-obstructive phenotype (HNCM). Symptoms
include exercise limitation due to dyspnea or angina pectoris,
palpitations, or dizziness. Occasionally syncope or sudden
cardiac death occurs. Correct diagnosis and risk stratification
with respect to prophylactic ICD implantation are essential
issues of patient management. Drug therapy in symptomatic
patients can be characterized as treatment of heart failure with
preserved ejection fraction (HFpEF) in HNCM, while symptoms
and the obstructive gradient in HOCM can be addressed with
beta-blocking agents or Verapamil. For drug-refractory HOCM,
surgical myectomy and percutaneous septal ablation are
standard therapies today. The following review summarizes
recent developments the management of patients with HCM.
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Definition, epidemiology, and pathogenesis
One of the first descriptions of what is nowadays labeled as

hypertrophic cardiomyopathy (HCM, 1-62) was written in 1958 by the
british pathologist Teare who suspected a cardiac neoplasia [1]. The
prevalence of the disease is estimated to be about one case per 500–
1000 in the general population worldwide. HCM is characterized by
excessive thickening of the left ventricular myocardium, occasionally
also involving the right ventricle, without an identifiable cause such as
arterial hypertension (Figure 1). Two phenoypes should be
distinguished: a more common, obstructive type (HOCM, 70%, Figure
2) in which there is dynamic left ventricular outflow obstruction
[2,3,7-10,13,15-17,23,26,30-32] and a less common, non-obstructive
type (Figure 2 HNCM).

Figure 1: Typical 2D-Echo findings in a HCM-patient with left
atrial (LA) dilatation and marked left ventricular (LV) wall
thickening particularly involving the interventricular septum.Ao:
ascending aorta, MV: mitral valve

Figure 2: 2D-Echo findings in HNCM (A) with predominant
thickening of the apical segments and a wide open, unobstructed
outflow tract (LVOT), and in HOCM (B) with a protruding
subaortic septum making systolic contact with the mitral valve
(SAM-phenomenon, arrow)

Extent and distribution of wall thickening are highly variable;
theinterventricular septum is often involved. An American working
group [9] suggested that HCM be defined genetically, while the
European Working Group on Myocardial and Pericardial Diseases
recommended a classification based on morphological and
hemodynamic features [10,17]. There is consensus insofar as the
hypertrophy process in HCM should be considered as largely
genetically determined [63-86]. The inheritance pattern is autosomal
dominant with incomplete penetrance. More than 1500 mutations in
more than two dozen genes have been identified to date. Beta-myosin
heavy chain, cardiac myosin binding protein C, and cardiac troponin
T are the most commonly affected proteins, accounting for about 60%
to 70% of all cases. About 50% of cases report a familial background of
the disease. The mutations described are mostly „single-point
missense-mutations“, i.e. a single amino acid is affected. This may
result in a truncated or otherwise structurally or functionally alterated
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protein. Despite considerable efforts, conclusive genotype-phenotype
correlations can still not be made.

Histologically, the prominent findings in HCM are myocardial
disarray, hypertrophy, and increased fibrosis [1,86-97]. Cardiomyoctes
may be thickened up to 100 µm, and are no longer organized in the
regular side-by-side pattern but in whirls and branches. A loss of
contractile force may be associated with this cellular disarray, serving
as a trigger for the hypertrophy process. Not only the myocardial walls
but also the coronary vasulature walls are often thickened which may
decrease coronary reserve and lead to myocardial ischemia in the
absence of occlusive atherosclerosis [88,95-97]. In addition, interstitial
and replacement fibrosis are increased [87,89,92-94], and the mitral
valve leaflets often appear enlarged [21,23].

Pathophysiology
Pump function as expressed by left ventricular (LV) ejection

fraction (EF) usually remains normal for decades in HCM. However,
current parametric imaging techniques usually reveal reduced
longitudinal systolic shortening and torsion [98]. In addition, fibrosis
and hypertrophy cause reduced distensibility, i.e. diastolic dysfunction
early in the clinical course [51,52]. Elevated filling pressures and a
reduced stroke volume with stress may thus be present as in other
entities characterized as heart failure with preserved ejection
fraction“(HfpEF). Left atrial dilatation is thus a typical morphological
finding in HCM patients (Figure 1) [57,58]. A late stage of the disease
with a dilated left ventricle and reduced ejection fraction may be
observed in up to 5% of cases [20,47-49]. Furthermore, fibrosis and
disarray are considered as an arrhythmogenic substrate, and
myocardial ischemia due to hypertrophy or thickened vessel walls may
be a trigger for a wide spectrum of supraventricular and ventricular
arrhythmias in HCM patients [50,56-60]. Sudden cardiac death due to
ventricular tachyarrhythmias is a feared complication of the disease,
and sometimes its first manifestation. Among young (<35 years)
athletes dying suddenly, HCM is considered to be responsible in a
large percentage of about 30% [8,13,32,41,56,80,99-104]. The
dissociation between morphology, functional status, and
arrhythmogenic risk is a major problem of HCM management.
Sudden cardiac death, often occuring during or after strenuous
exercise, is more common in younger and previously asymptomatic
patients. Stroke and heart failure related death seems to prevail in
elderly cohorts.

Depending on the distribution of hypertrophy within the left
ventricle, the septal curvature, the configuration of the mitral valve,
and left ventricular loading conditions, a dynamic obstruction with an
intracavity systolic pressure gradient (Figure 2 and Figure 3) may
result [2,3,7,30-32]. In these cases a "high-pressure" compartment (- in
the own series of nearly 1700 patients: up to 400 mm Hg) is separated
from a "low-pressure" compartment within the left ventricle. Typically
this obstruction is located between the subaortic septum and parts of
the mitral valve ("SAM"-phenomenon), and is associated with mitral
regurgitation. In a minority of cases it may be located in the midcavity
region, or in the apex. Figure 2 shows typical echocardiographic
examples of non-obstructive and obstructive HCM, Figure 3. The
typical late-peaking cw-Doppler signal of dynamic outflow obstruction
in HOCM. Not surprising, a substantial degree of variability has been
described regarding gradient severity, and provocation (by physical
exercise, pharmacological or physically induced preload reduction, or
post-extrasystolic augmentation) is essential to reliably distinguish
between HNCM and HOCM both during echocardiographic and

invasive hemodynamic studies. 50% of HOCM patients only exhibit
obstruction under provocation. The hemodynamic significance of
outflow obstruction seems to depend on the size of the LV
compartment that is working against increased afterload
(subaortic>midcavity obstruction); apical gradients are considered to
be insignificant. Reduction of wall thickening following a “de-
obstructing” intervention point to the fact that high
intracavitypressures are a stimulus for the hypertrophic process
[105-107].

Figure 3: Typical CW-Doppler flow profile of dynamic left
ventricular outflow obstruction in HOCM. Note the late-peaking
signal indicating to dynamic obstruction involving contracting
muscle as opposed to the more symmetrical signal of fixed valvular
stenosis. The peak pressure gradient equals 4 x (peak velocity)2

Signs and symptoms
Typical symptoms in HCM patients are dyspnea, angina, or

dizziness on exertion. Palpitations or syncope occurring both with and
without exercise are reported by 20-30%. Recurrent syncope and a
family history of sudden cardiac death (at <45 years) are considered
risk factors for sudden cardiac death [8,13,33]. Overall, a very variable
degree of limitation is characteristic. On the other hand, a severe
phenotype does not necessarily preclude normal exercise capacity, or
even athletic performance.

On auscultation HNCM is usually silent. Occasionally a fourth
heart sound can be heard due to increased atrial pressures. In HOCM
a systolic murmur can usually be detected due to dynamic obstruction
and its associated mitral regurgitation. The Valsalva maneuver or
short-acting preload reducers (nitrates) may result in an increase of
obstruction and accentuated murmurs, afterload increasement
(squatting) diminishes auscultatory findings. Stigmata of systemic
diseases occasionally associated with a cardiac phenotype suggesting
HCM such as Noonan’s syndrome (facial dysmorphia) or Anderson-
Fabry disease (typical maculopapular skin lesions) should actively be
searched for [112].

ECG
In the majority of HCM patients the ECG shows a left ventricular

hypertrophy pattern, about 25% have left anterior hemiblock or a left
bundle branch block. The configuration of hypervoltage and giant
negative T waves is typical for HNCM, especially the apical variant,
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while pseudo-infarct Q waves are often found in HOCM. Peripheral
low voltage is suspicious for a storage disease like cardiac amyloidosis,
and should trigger considerations about performing a myocardial
biopsy [8,13]. A normal ECG does not necessary exclude the presence
of HCM but suggests a mild and prognostically benign manifestation
of the disease [60,102]. On the other hand, ECG changes may be
visible years before the complete morphological phenotype develops.

Imaging studies including echocardiography
The diagnosis of HCM can usually be made by non-invasive

imaging techniques (echocardiography, cardiac magnetic resonance
imaging, multislice computed tomography: [105,106]; often a multi-
modal approach is useful (Figure 4). Highly variable hypertrophy
patterns can be seen, ranging from isolated thickening of individual
myocardial segments that exceed the normal LV wall thickness of<12
mm by millimeters, up to diffuse and massive hypertrophy of >50 mm.
A wall thickness of >30 mm has to be actively looked for since this is
considered a risk factor for sudden cardiac death [8,13,20,24,28]. The
right ventricle is rarely involved but should not be forgotten [14].
Particular attention should be paid to presence and magnitude of left
ventricular outflow obstruction and mitral valve SAM (Figure 3,
Figure 4, Figure 5 and Figure 6). Obstruction can be reliably quantified
by Doppler assessment of increased systolic outflow velocities (Figure
3 and Figure 5a and 5b). Provocation is mandatory and can be induced
pharmacologically, by the Valsalva maneuver, or with ergometric
exercise. Postextrasystolic potentiation (Brockenbrough sign, Figure
5aand 5b) is also typical. Consensus documents [8,13] recommend
dynamic stress ergometry which may also provide additional
prognostic information [31,32]. An increase in afterload or negative
inotropic drugs reduces the gradient. Enlargement of the left atrium,
reduction of the rapid LV filling phase, and a reduced early mitral
annulus velocity on tissue Doppler imaging all indicate to diastolic LV
dysfunction. Despite the usually normal or even hyperactive EF,
parametric imaging often reveals impaired longitudinal systolic LV
performance. Maximal wall thickness and left ventricular muscle mass
can also be determined using cardiac MRI and cardiac CT. Myocardial
scar tissue can be detected using delayed-enhancement cardiac MRI
with Gadolinium contrast (Figure 7). Recent studies indicate to a
relationship between the extent of fibrosis, the risk of ventricular
arrhythmias, and overall prognosis [48].

Exercise tests and rhythm diagnostics
Objective capacity should be determined using spiroergometry

because estimation of symptoms by the patient is often misleading due
to adaptation. A preserved exercise capacity was found to be associated
with a rather favorableprognosis [32]. Furthermore, exercise testing
provides information about blood pressure response to exercise (risk
stratification) [8,13]. 48-hour ambulatory Holter ECG recording is
needed to detect non-sustained ventricular tachycardia, also essential
for risk stratification. The routine use of electrophysiological studies is
not recommended [10]. Invasive EPS may be considered in selected
patients with documented monomorphic, sustained (>30 s) ventricular
tachycardia to identify and treat an abatable arrhythmia substrate
[114].

Figure 4: Four-chamber MRI image at end-diastole in a patient who
was found to have normal wall thickness on routine 2D echo.
Cardiac MRI, however, demonstrated LV wall thickening
exclusively in the apical region of the left ventricle, usually less
accessible by echocardiography.

Figure 5: Simultaneous pressure tracing from the LV and the aorta
demonstrating the Brocken brough sign. (Abbreviations: LV: Left
ventricle; Ao: Aorta).The corresponding Doppler profiles are
shown in 5 b. The gradient increases from 40 to 140 mm Hg
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Figure 6: Two different stages of SAM in a HOCM patient: mild (6
a) SAM, leaving the outflow tract open and severe (6 b) with
complete septal apposition, producing a high pressure gradient

Figure 7: Cardiac MRI short axis view with two bright areas of
Gadolonium late enhancement near the left-right ventricular
junction

Invasive studies
Cardiac catheterization is performed to exclude or verify coexistent

obstructive coronary artery disease, to assess the vascular supply to the
septum prior to a planned septal ablation intervention, and to verify
myocardial bridging which is controversially discussed as
prognostically relevant [8,13,113]. Myocardial biopsies are needed to
exclude or verify a storage disease, specifically cardiac amyloidosis.
Diastolic LV performance and the outflow gradients can also be
assessed invasively; if performed, a provocative maneuver (Valsalva,
post-extrasystolic potentiation Figure 5a) with respect to gradient
measurement should be included. Invasive electrophysiological studies
may be carried out for specific questions like concomitant Wolff-
Parkinson-White syndrome (see also: rhythm diagnostics).

Therapeutic options for patients with HCM

General measures
In the absence of large randomized trials, therapeutic

recommendations for HCM are mostly based on observational studies
or case series. The essentials of the recommendations developed in

2003 by an international expert committee, updated in 2011, are still
valid [8,13]. Whether or not obstruction or symptoms are present,
HCM patients should not engage in competitive sports [114]. A
limitation with respect to moderate physical activities in asymptomatic
patients, however, does not seem to be justified. Outflow obstruction
may exacerbate with alcohol intake [115], and includes an increased
risk for infective endocarditis [116,117]. HCM patients in atrial
fibrillation are especially prone to thromboembolic stroke, oral
anticoagulation is mandatory in these cases [8,13,58-60]. Avoidance of
volume depletion is recommended in order to maintain LV end-
diastolic volume and to minimize LVOT obstruction in HOCM.

Risk stratification
All HCM patients should be risk-stratified since the implantation of

an ICD reliably reduces arrhythmogenic cardiac events
[8,13,33,127-133]. The cardiac mortality rate in unselected patients is
reported to be 1% per year; in the age group >60 years, the risk of
arrhythmogenic death seems to be specificly low. On the other hand,
high-risk subsets carry a 4-5%/year risk of potentially malignant
arrhythmias. A survived cardiac arrest or the documentation of a
sustained ventricular tachycardia, i.e. secondary prophylaxis of
malignant arrhythmogenic events, isa clear indication for an ICD
[8,13]. Risk stratification for primary prophylaxis of sudden
arrhythmogenic death is more challenging. Five major risk factors
have been identified to date, each with a relatively low positive
predictive value. Combining them their significance considerably
increases [8,13,33]. These risk markers are:

A positive family history of premature sudden cardiac death (SCD,
<45 years of age)

A documented non-sustained ventricular tachycardia (NSVT) on
48-hour Holter monitoring

Recurrent unexplained syncope at rest or during exercise

An extreme left ventricular hypertrophy with wall thicknesses >30
mm

An abnormal blood pressure response during exercise, defined as
an increase in systolic pressure of <20 mm Hg from baseline value or a
pressure drop of >20 mm Hg after an initial increase.

Additional risk factors that are controversially discussed and/or
have been studied in smaller patient cohorts are:

Presence of an apical aneurysm

Atrial fibrillation or atrial flutter,

Marked LA dilatation,

A high LVOT gradient,

Evidence of myocardial ischemia,

Early manifestation of HCM and

Myocardial bridging of the LAD

In addition, recent studies consider marked fibrosis as detected by
Gadollinium-enhanced cardiac MRI to be associated with an increased
risk (90, 108), with respect to both arrhythmic events and to heart
failure-related problems. Patients without any of the listed risk
markers seem to have a good prognosis. A continuous risk calculation
has been recently published by the respective ESC working group (10).
Probably the strongest single risk factor is the positive family history of
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SCD. An individualized decision must be made for patients with only
one of the other first-degree risk marker. Second-degree risk factors
may provide additional support.

Medical therapy: HNCM
Medical therapy in HNCM may be considered as HFpEF treatment

[8,13,134-136]. In order to optimize filling time, heart rate should be
controlled using beta blockers or verapamil-type calcium antagonists.
Diuretics and ACE inhibitors/AT receptor antagonists may be used for
signs of congestion or concomitant hypertension. Occasionally, an
outflow tract obstruction may be produced in initially nonobstructive
patients by vigorous afterload reduction, thus we recommend echo
Doppler monitoring of the initial phase of therapy. Animal
experiments and a recently published study in human HNCM suggest
inhibition or even reversal of fibrosis with AT receptor antagonist
treatment [137]. Atrial fibrillation with loss of active ventricular filling
in HNCM is often associated with a considerable drop in exercise
tolerance and an increased risk of embolic events. Anticoagulants
should be promptly administered, and Amiodarone can prevent
recurrence of atrial fibrillation. Ablation therapy of atrial fibrillation is
an additional option; however outcomes are less favorable as
compared to patients without structural heart disease [184]. End-stage
disease should be treated as severe heart failure of other etiologies,
including modern assist device strategies and heart transplantation.

Medical therapy: HOCM
Medical therapy with negative inotropic drugs (beta blockers,

calcium antagonists of the verapamil type, disopyramide) is the first
line of treatment in order to reduce the outflow gradient and
symptoms in HOCM patients [8,13,134-136]. Additional anti-
fibrillatory effects may be present for beta blockers, while verapamil is
supposed to have a positive effect on diastolic LV function. Beta
blocker dosage for symptom control should be up titrated to a resting
heart rate 50–60 beats/min. Since about 5-10% of pts. Have a
paradoxical response to verapamil; the initiation of verapamil
treatment therefore should be monitored closely by echo-Doppler.
Overall, the effect of drug treatment often vanishes over the years.
Drugs that lead to a marked pre- or afterload reduction, or those with
positive inotropic effects are contraindicated in HOCM since they may
produce drastic exacerbation of obstruction and hemodynamic
collapse. Disopyramide, formerly used for treatment of atrial and
ventricular arrhythmias, has strong negative inotropic properties
mediated by modulation of sodium-calcium exchange. This action,
combined with a vasoconstrictor effect, reduces LVOT obstruction. In
central Europe, Disopyramide is no longer available.

Surgical therapy for HOCM
Surgical myotomy/myectomy, developed in the late 50ies and 60ies,

traditionally has been the treatment of choice for patients with drug-
refractory symptoms and significant (>50 mm Hg) outflow tract
obstruction [138-152]. The procedure primarily aims at the substrate
of obstruction by removing a part of the protruding septal
myocardium (Figure 8), leaves a left bundle branch block on surface
ECG in about 50 % of the patients treated, and usually a clearly visible
septal trough on imaging studies (Figure 9). If necessary, valvular
correction/replacement or coronary bypass grafting can be combined
with the reduction of septal myocardium. Success rates of >90% have
been reported together with postoperative cardiovascular mortality
rates that finally were reduced to <1-2% in experienced centers; the

rate of pacemaker dependency is about 5%. A prognostic influence is
suspected from long-term observations of post-myectomy patients;
however, a randomized study against medical treatment does not exist
[153]. It hast to be kept in mind that surgical results obtained at high-
volume centers may not be generally replicated. A
postoperativecardiac postoperative mortality rate of 5.9%, substantial
influenced by concomitant patient morbidity, was recently reported
from US registry data [155]. Furthermore, since septal myectomy does
not remove the possibility of sudden arrhythmogenic death, SCD risk
factor assessment is recommended postoperatively, with ICD
placement when indicated.

Figure 8: Septal myocardium removed during a myectomy
procedure

Figure 9: Echocardiographic visualization of the septal trough
produced by a myectomy procedure

AV sequential stimulation for HOCM

Dual-chamber pacemaker implantation was introduced as a less
invasive alternative to myectomy in the early 90ies. Pacing from the
RV apex may be understood as a combination of a global negative
inotropic effect and some outflow tract opening due to delayed
activation of the basal septum. It also induces a left bundle branch
block pattern; a gradient reduction of 50-90% has been reported [154].
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Enthusiasm for this approach, however, was soon tempered since a
considerable placebo effect became obvious in several randomized
trials. At present, we consider AV sequential pacing a "niche
indication" for

Patients with left bundle branch block (- and thus a very high risk
for complete AV block during septal ablation),

Patients who need an ICD for risk reduction anyway, and

Selected patients with isolated midcavity obstruction

Septal ablation for HOCM
Since the introduction of percutaneous septal ablation therapeutic

options for HOCM have substantially changed [155-201]. This
procedure produces a circumscript septal infarction by injection of a
toxic agent like 96% ethanol into a septal perforator artery supplying
the septal bulge. Several acronyms are in use (in alphabetical order,
probably not complete: alcohol / ethanol septal ablation (ASA / ESA),
non-surgical myocardial reduction (NSMR), percutaneous
transluminal septal myocardial ablation (PTSMA), or transcoronary
ablation of septal hypertrophy (TASH), reflecting slightly different
procedural strategies with or without intra-procedural
echocardiography. During the past two decades septal ablation has
gained wide acceptance as the non-surgical alternative of choice for
patients with hypertrophic cardiomyopathy. The septal lesion
produced by the procedure is often undistinguishable from a
myectomy trough (Figure10), and it also reproduces the hemodynamic
effect of a surgical myectomy. About 60% of the patients treated show
a right bundle branch block on surface ECG, and have transient
complete heart block during the procedure. Across all reported series
including the learning curve of the individual investigator groups,
peri-procedural mortality of septal ablation was 1-4%, at present 1-2%
[175,178,186,187]. This holds true both for several single-center series
and for multicentre registries. The injected ethanol doses gradually
decreased over the years (from >5 to 1-3 ml), leading to smaller
infarctions and less AV conduction problems. However, the rate of
pacemaker implantation still varies considerably (between <5 up to
20%, in patients with pre-existing left bundle branch block: >60%, see
above. Following a local remodeling process, the morphologic and
hemodynamic treatment result should be judged no earlier than after
3-6 months. At that time point, gradients usually are reduced by
80-90%, associated with an increase in exercise capacity by 20%,
reduction of exercise-induced symptoms like dizziness and syncope,
and an improvement of diastolic LV function markers.

The available publications on long-term effects of septal ablation
also show results comparable to myectomy. Progressive LV dilatation
was not observed, thus the remodeling process seems to remain
limited to the target region. Not only septal hypertrophy decreased as a
consequence of the therapeutic infarction, but also left ventricular free
wall thickness due to relief of the pressure overload, which in turn
indicates that the hypertrophic process in HOCM may not be
completely independent of LV afterload. The incidence of arrhythmic
death was particularly low [187,190]. Two meta-analyses compiled
non-randomized data comparing clinical outcomes after septal
ablation and septal myectomy. Each of these suggests comparable
unadjusted mortality rates with the two techniques

Figure 10: Angiographic (A-C) and echocardiographic (D-F) aspect
of an echo-targeted septal ablation procedure (PTSMA) The target
vessel (arrows in A) is wired and blocked with an oer-the-wire
balloon, verified by contrast injection (arrows in B). The final vessel
stump is shown in C (arrows) In D, the dotted circle marks the
septal target area including the SAM-septal contact zone. Contrast
injection into the target vessel (E) precisely highlights this area.
After 3-6 months, akinesia and thinning of the subaortic septumis
clearly visible, comparable to a myectomy trough

Septal ablation procedure
A detailed description of the technique has been repeatedly

published by our and other groups, differing in several technical
aspects. There is consensus that a temporary pacemaker lead is to be
inserted in all patients. The LVOT gradient can be constantly
monitored by simultaneous pressure recordings from the left
ventricular apex and the ascending aorta. An over-the-wire balloon
catheter is introduced into the target septal branch presumed to be
responsible for the blood supply to the septal area involved in
obstruction. The balloon is inflated, and the effect on obstruction
measured. In our practice the correct vessel selection is assured by way
of injecting 1–2 ml of a non-toxic echocardiographic contrast agent
through the central lumen of the balloon catheter under simultaneous
transthoracic echocardiographic monitoring. This exactly shows the
septal area that will be attacked, i.e. the future area of necrosis (Figure
10). Opacification of any other cardiac structure has to be securely
excluded. Currently, in about 5-10% the procedure has to be stopped
based on echocardiographic findings (- usually contrast in areas
distant from the septal target region), and a target vessel change is
necessary for the same reason in 10-15 % [157,158]. Only if the target
region is correctly marked by the echo contrast agent, 1-3 ml of 96%
alcohol (i.e. 1 ml per 1 cm of septal thickness) are slowly injected
through the central lumen of the balloon catheter under analgesic
medication. Ten minutes after the last alcohol injection the balloon is
deflated and removed, ensuring that no alcohol backwash occurs into
the left anterior descending artery. A final angiogram excludes LAD
damage and verifies septal branch occlusion, and a final hemodynamic
measurement is performed. Glue septal ablation using cyanoacrylate
has been suggested to be a safe and effective approach to reduce septal
thickness in patients with septal collateral vessels to the right coronary
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artery. The authors suggest that immediate glue polymerization
prevents its transit through collateral vessels. Significant reductions in
LVOT obstruction were observed, but long-term durability of this
technique has not yet been demonstrated. Other cytotoxic agents that
may be used are microcoils or contour emboli, and small series with
less favorableresults reported on the use of radiofrequency energy
[196,197].

Patient selection for septal ablation

Criteria for patient selection follow largely those established for
septal myectomy. Septal ablation may be considered as an alternative
to septal myectomy in:

Patients with symptoms limiting daily activities (Functional class
>II, exercise-induced syncope) despite adequate medical treatment, or
if medical treatment is not tolerated

Patients with a substantial degree of outflow obstruction (>30 mm
Hg at rest or >60-80 mm Hg with provocation by a Valsalva
maneuver, bicycle stress in selected cases, or post-extrasystolic
augmentation)

Patients with a suitable left ventricular and coronary morphology,
i.e. those with a "classical", subaortic obstruction produced by the
protruding septum and the "SAM" of the mitral valve, and one or more
septal perforator arteries that go to this septal area.

Patients with co-existing, significant coronary artery disease in one
vessel only may be treated percutaneously first; ablation should be
delayed until documentation of a good long-term result of PCI. In
cases with multiple (>1) vessel disease, we prefer a surgical approach.
In atypical or midcavity obstruction the decision must be
individualized; results are less favorable than in sub aortic obstruction.

Conclusion
Patients with HCM with their different phenotypic presentation

need a highly individualized approach both with respect to prognostic
and symptomatic aspects, with a near-normal life expectancy and a
reasonable quality of life as important aims. Given the relative rarity of
either the disease and evidence-based suggestions concerning its
management we suggest supervision of the key decisions like risk
stratification for ICD implantation, or differential approach to outflow
obstruction in experienced institutions. About 90% of the patients
with severely symptomatic HOCM of the subaortic type can be treated
effectively with septal ablation, making this procedure an attractive
alternative to the „gold standard“of surgical myectomy. The procedure
requires a careful patient selection, should be part of a comprehensive
program for HCM patients who offer all other options (medical
treatment, myectomy, and pacemaker- and ICD implantation), results
in a significant and long-standing clinical and hemodynamic benefit,
and appears to have an acceptable safety profile.
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