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1. INTRODUCTION AND OVERVIEW

The hypertrophic cardiomyopathy (HCM) is a condi-
tion that was anatomopathologically described by the
French, and clinically described by Brock & Teare in
England fifty years ago. (1, 2) It occurs in 1 every 500
births (3). Two main aspects stand out in its natural
history: production of symptoms, which are at times
incapacitating and sudden death (SD), mainly among
young people, (4) although most patients have nor-
mal life expectancy. (5) This disease has triggered in-
tense research in recent years. What is even more
important is that we currently have therapies that
abort life-threatening ventricular arrhythmias caus-
ing SD (6), and allow for better assessment and strati-
fication. The purpose of this Consensus of the Argen-
tine Society of Cardiology was to review existing evi-
dences and set guidelines for clinicians, cardiologists,
and subspecialists in the diagnosis and treatment of
this multifaceted disease. To do this, the SAC con-
vened a group of specialists in heart diseases, and a
group of molecular biologists with vast experience in
this disease to develop a series of updated guidelines
and practices based on their personal experience and
on the evidences from literature. Given the relatively
low prevalence of HCM, it is necessary to point out
that (3) as opposed to other areas in cardiology, there
are no large-scale randomized trials (level of evidence
A), and therefore the guidelines were based mainly
on unique randomized trials, or on major non-
randomized or retrospective cohort studies (level of
evidence B), or otherwise on consensus or experts�
opinions (level of evidence C). In this regard, it should
be noted that in 2003, the European Society of Cardi-
ology, together with the American College of Cardiol-
ogy, published an Expert Consensus document in
which all aspects of this disease (7) were fully devel-
oped, and which is fundamental for our own Consen-
sus. However, it should be pointed out that there have
been important works after its publication that influ-
enced on the conclusions of our Consensus. (6) In the
light of the above mentioned, we believe that the opin-
ions expressed in this Consensus will stay in effect
for several years.

2. DEFINITION, NOMENCLATURE, AND CLASSIFICATION

HCM is defined as a non-dilated left ventricular hyper-
trophy in the absence of any other systemic or car-
diac disease that causes it (for instance, aortic valve
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stenosis or systemic hypertension). (8) Within the clas-
sification of primary cardiomyopathies (genetic,
mixed, or acquired), this is the most common genetic
primary cardiomyopathy. (8) Upon its description, it
has been called a variety of names, the most outstand-
ing ones being asymmetrical septal hypertro-
phy, idiopathic hypertrophic subaortic stenosis, dy-
namic subaortic stenosis, and hypertrophic obstruc-
tive cardiomyopathy. The World Health Organization
(WHO) has adopted the term hypertrophic cardiomy-
opathy, which is the most accurate to describe this
primary hypertrophy that may occur with or without
left ventricular outflow tract obstruction. (9)

From a clinical point of view, it is important to
classify HCM hemodynamically as:
1. Obstructive: the left ventricular outflow tract ob-

struction (LVOTO) may be persistent during rest,
latent (provocable), or labile (variable). The two
types of obstruction include subaortic obstruction
(most frequent) and mid-ventricular obstruction
(approximately 5%). Subaortic obstruction is due
to systolic anterior motion (SAM) of the anterior
or posterior leaflet of the mitral valve, the tendi-
nous cords or both; the mitral valve is swept to-
wards the septum as a result of �dragging� (Venturi
effect), causing mitral regurgitation. Mid-ventricu-
lar obstruction is due to an anomalous insertion
of the anterior papillary muscle or to excessive
hypertrophy of the mid-ventricular septum or pap-
illary muscle, with abnormal alignment. Both ob-
structions may coexist. (1012)

2. Non-obstructive: the obstruction is neither at rest
nor provocable with Valsalva or exercise. They are
divided into those with preserved left ventricular
systolic function (LVSF) (or supranormal), and
those with altered LVSF (end-stage). (11)

Recent evidence has shown that about 70% of the
HCM patients have either resting or latent LVOTO,
(13) although the real meaning of this finding for
therapy management is still unclear. What is known
for certain is that patients with significant obstruc-
tions (> 30 mm Hg) have increasing progression of
severe symptoms, heart failure, and death, mainly
when they are not very symptomatic. (14, 15)

3. PHYSIOPATHOLOGY

The physiopathology of HCM is complex and multi-
factorial; one or more mechanisms may predominate
in each patient to produce the same symptom. These
mechanisms include: diastolic dysfunction, LVOTO,
myocardial ischemia, mitral regurgitation, atrial fi-
brillation, and autonomic dysfunction.

Diastolic dysfunction
All HCM patients have some degree of diastolic dys-
function; in fact, this can be diagnosed by tissue Dop-

pler imaging in patients� relatives with that condi-
tion who do not phenotypically have the disease. As
myocardial fibrosis increases, LV stiffness increases,
and atrial pressure also increases in order to complete
the ventricular filling. This may lead to high capil-
lary wedge pressure, and cause dyspnea. (7, 1619)

Left ventricular outflow tract obstruction
Patients with dynamic obstruction may have symp-
toms that improve with the obstruction relief due to
medication, surgical myomectomy,

or septal branch ablation. (10, 12) As already
mentioned, the prognosis of patients with significant
LVOTO is worse than that of patients without that
obstruction, probably due to the chronic damage that
implies greater parietal stress, myocardial ischemia,
necrosis, and replacement fibrosis. (14, 20, 21)

Myocardial ischemia
In this disease, myocardial ischemia is sometimes evi-
denced by typical or atypical angina, presence of per-
manent or reversible perfusion defects, (22) impair-
ment of coronary reserve (23, 24), and fibrosis areas
in the pathologic anatomy. (25) In HCM, there is an
imbalance between oxygen supply and demand: on the
one hand, there are anatomic abnormalities (intimal
hypertrophy of arterioles) (26) and functional abnor-
malities (23, 24) due to microvasculature narrowing;
on the other hand, there is significant hypertrophy
and muscular mass increase, which are typical of this
disease. It is important to remember that arterioscle-
rotic ischemic heart disease may complicate clinical
outcomes, thus worsening the prognosis. (27)

Mitral regurgitation
As mentioned above, (generally mild to moderate)
mitral regurgitation is mainly due to distortion of the
mitral apparatus as a result of SAM and Venturi �suc-
tion� effect: the direction of the regurgitant jet is lat-
eral or posterior, especially during mid and late sys-
tole. In general, severity of regurgitation is directly
proportional to subaortic gradient. (28) When the jet
is central, anterior, or multiple, intrinsic anomalies
of the mitral valve may occur (myxomatous degen-
eration, valve fibrosis, anomalous insertion). (29)

Atrial fibrillation
Atrial fibrillation (AF) is the most common sustained
arrhythmia in HCM, and is independently associated
with progressive heart failure, higher mortality rate
due to cardiac failure, and fatal and non-fatal stroke.
It may be poorly tolerated due to secondary diastolic
shortening at rapid ventricular rate and/or to lack of
atrial contraction to ventricular filling. (30, 31)

Autonomic dysfunction
About 25% of HCM patients have an inadequate re-
sponse to exercise, which is manifested by the impos-
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*Adapted from Bos et al. (40) Sarcomeric genes include: those which encode thin filament proteins (troponin T, I,
and C; ±-tropomyosin, actin), intermediate filament proteins (myosin binding protein C), and thick filament proteins
(²-myosin, and the essential or regulatory light chains of myosin). Z-disc genes are a group of genes that encode
proteins involved in the cytoarchitecture of cardiomyocytes, and in mechanosensitive signals. Their products include
titin, muscle LIM protein, and telethonin. Genes involved in calcium homeostasis include the sarcoplasmic reticulum
genes, which are the ones most involved in this pathology. Genes involved in metabolic processes include
mitochondrial genes, and lysosomal protein genes, whose alterations are evidenced as phenocopies of HCM.

Table 1. Genes related to hy-
pertrophic cardiomyopathy*

sibility to increase the BP above 20 mm Hg, or by the
BP fall. This response is due to systemic vasodilation
during exercise, and it occurs in spite of an adequate
minute volume to the effort; as we will see later, this
finding is associated with a higher incidence of sud-
den death. (3234)

4. GENETICS

So far, more than 450 mutations have been identified
in the 20 genes that cause phenotypes compatible with
HCM. These genes include strictly sarcomeric genes,
Z-disc genes, calcium homeostasis genes, and within
differential diagnoses, genes involved in metabolic
processes (Table 1). (35, 36)

Sarcomeric gene mutations are passed on to the
offspring with autosomal dominant mode. (37) These
have been identified in 36% to 60% of familial cases
of HCM, and in 5% to 50% of sporadic forms of this
disease. However, the percentage may be even lower,
depending on the inclusion criteria used to carry out
the genotype study. An additional 2% to 7% of the
cases correspond to non-sarcomeric gene mutations.
Mutations in ±myosin (MYH7) gene and in myosin
binding protein C (MYBPC3) are the most common

causes of HCM, and troponin T (TNNT2) gene muta-
tions being in the third place. (38, 39)

Molecular-genetic physiopathology
The mutations observed most frequently are single
DNA base substitutions, which lead to amino acid
change (missense)

or a termination codon (nonsense). In gen MYH7
mutations, a dominant negative effect of the mutated
allele on the wild allele is usually observed, whereas
MYBPC3 mutations produce mainly an allelic ha-
ploinsufficiency. (40, 41) The molecular mechanisms
by which mutations lead to left ventricular hypertro-
phy (LVH) are not exactly known yet. The two most
firmly argued mechanisms do not necessarily exclude
each other. One of the hypotheses is that mutations
would give rise to disturbance in energy consumption
by the mutated protein, with deterioration of myo-
cyte function, and the following LVH as a compensa-
tory mechanism. (42) Another hypothesis postulates
that mutation in itself causes a structural disorder
through the conformational change of the altered sar-
comeric protein. (43) In both of the postulated mecha-
nisms, changes in the ATPase activity and the Ca++

homeostasis are considered important participants of
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the process, as well as a number of modifying factors
of the genic expression. (44)

Correlation between phenotype and genotype
It has been evidenced that cases of HCM with identi-
fied mutations in sarcomeric genes are associated
to a higher degree of median septal LVH, whereas Z-
genes are associated to sigmoid forms of LVH, and to
greater functional left ventricular outflow tract ob-
struction. (45) In turn, phenocopies of HCM (pa-
tients with different genotypes with similar clinical
presentations) due to storage diseases show signifi-
cant thickness of the LV wall, and greater incidence
of arrhythmias and accessory pathways, but they
mainly show more extracardiac lesions than the pre-
vious groups. (36)

HCM cases due to mutations in the BMH7 gene
have been associated to severe forms of hypertrophy
occurring early in life, with significant LVOTO and
sudden death. (46) Cases due to mutations in the
MYBPC3 gene have been associated to late develop-
ment of the disease and good prognosis in general,
whereas cases due to mutations in the TNNT2 gene
have been related to mild or moderate levels of LVH,
but with high risk of sudden death. (47, 48) However,
such associations lack statistical significance, so it is
still not possible to reliably discern phenotypes on the
basis of the knowledge of the mutated gene. (49) Like-
wise, at present there are significant limitations to
establish an adequate phenotype-genotype correlation
for mutations already determined (allele-phenotype
correlation), due to the functional effects of numer-
ous genetic modulators, and to the demonstrated de-
grees of phenotypic plasticity in this disease. (50, 51)

Conversely, it has been demonstrated that there
is a direct correlation between severity of the medical
condition and compound heterozygote mutations or
double mutations, since these show more aggressive
progress of the disease than those who are simple
heterocygotes. It is estimated that 5% of HCM pa-
tients have these compound genetic forms, and there-
fore stand for a subpopulation with increased risk for
the occurrence of an adverse clinical event. (52)

Genetic modifiers
Both genetic and environmental factors can act
as disease modifiers. The modulator effect of the phe-
notype expression on a mutation determined by sex
has been demonstrated, as well as by numerous ge-
netic polymorphisms, mainly those from the genes
involved in the renin-angiotensin system. (53)

Moreover, environmental and acquired factors,
such as diet, physical exercise, and blood pressure level
of each individual, also exert modulating effects on
the genetic mutations that determine the phenotype
expression of the disease. The extent of these factors
still has to be properly characterized, both as possible
clinical event prediction markers and as markers of
disease modulation. (54)

Genetic testing
Genetic diagnosis aims at detecting disorders at mo-
lecular-genetic level, with clear clinical objectives.
Among the current techniques, the DNA direct
sequencing technique is the most used for that pur-
pose. Undoubtfully, this technique has become the
most appropriate method to make HCM diagnosis.
This way, it is possible to confirm the correct etiology
in patients with echocardiographic diagnosis of HCM,
as well as to identify a vast population of patients who
have phenocopies of HCM in spite of being classified
within this category. (36, 55)

Through genetic analysis, it is also possible to iden-
tify relatives who are asymptomatic mutation carri-
ers. It is estimated that up to 30% of the relatives
may be silent carriers.  (56) Through presympto-
matic diagnosis, it is possible to plan and optimize
a closer echocardiographic follow-up in carriers rather
than in non-carriers of mutations, and thus make an
early diagnosis of the disease. (57) To date, the possi-
bility to stratify the risk for the occurrence of
unfavorable clinic events through these techniques is
still uncertain. It is possible that the inclusion of new
genetic markers will make it feasible in the near fu-
ture. (50)

It should be mentioned that, in our sphere, there
is still a long way to go regarding basic research for
the realization of genetic analysis to be included in
health care practice for HCM patients. In addition,
several considerations will have to be resolved regard-
ing the clinical and analytical validation of the method
before deciding to perform the analysis in some of the
international centers that offer it as a service, in or-
der to interpret the results correctly. (58)

Genetic analysis. Conclusions

� In our sphere, genetic analysis is carried out in
the research field, but with no diagnostic pur-
poses, until it is clinicallyvalidated. Level of evi-
dence C.

� In international centers, genetic analysis with di-
agnostic purposes is recommended with due con-
siderations to its limitations. Level of evidence C.

� There is no consensus regarding recommendations
for genetic analysis with prognostic purposes.

5. DIAGNOSIS

A. Electrocardiogram
(10) A variety of electrocardiographic abnormalities
can be found in HCM; these abnormalities are deter-
mined by the extent, degree, and distribution of the
myocardial hypertrophy involved, the presence of fi-
brosis and/or necrosis of the cardiac muscle, and the
occurrence of intraventricular conduction disorders.
(20, 5962)

About 95% of the patients who carry hypertrophic
cardiomyopathy show ECG alterations that are not
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diagnostic of the condition. (20) Common abnormali-
ties involve ST segment and T wave, and about 50%
of the patients show signs of left ventricular enlarge-
ment.  (59, 60)

One of the most significant characteristics of the
ECG in young patients with hypertrophic cardiomy-
opathy is the presence of abnormal deep narrow Q-
waves; they�re present in 30% of the cases, and some-
times precede the hypertrophy detected in the ECG.
(63) These Q-waves are usually present in the deriva-
tions that face the inferior and lateral walls of the
left ventricle. An example is shown in Figure 1.

As opposed to a myocardial necrosis due to arte-
riosclerotic coronary artery disease, Q-waves of HCM
occur due to the increase of electric forces generated
in hypertrophic areas. Their direction and magnitude
will be related to the vector resulting from the loca-
tion of areas with major ventricular hypertrophy, and
the changes that they cause in cardiac geometry. (63,
64) Recognizing these characteristics in Q-waves is
very important, since they are often confused with
the presence of myocardial necrosis. (65)

Instead, wide Q-waves are related to greater dis-
organization of the hypertrophic muscle or to its fi-
brosis and/or necrosis. (66) While myofibrillar disor-
ganization and interstitial fibrosis involve mainly the
common ventricular myocardium, they may also af-
fect the specialized conduction system with the pres-
ence of a variety of intraventricular conduction disor-
ders. (61, 62)

For first-grade relatives of HCM patients, the prob-
ability to be carriers of this disease is 50%; in this
context, the presence of abnormalities, whether in the
ECG and/or in the echocardiogram, have even more
clinical significance than in general population. In
1997, a group of specialists headed by McKenna posed
a series of echocardiographic, electrocardiographic,
and clinical criteria to diagnose the disease when this
is familial (with two or more affected members). (67)

Electrocardiographic criteria include:

Major criteria
1. Signs of left ventricular enlargement with changes

in ventricular repolarization (Romhilt - Estes score
≥ 5) (Table 2).

2. Negative Q-waves with amplitude ≥ 3 mm in deri-
vations I, aVL with an angle between electric axes
of QRS complex and of T-wave ≥ 30 degrees, of V3
to V6 or ≥ 3 mm, and in derivations II, III, and
aVF ≥ 5 mm.

3. Abnormal Q-waves (duration above 40 msec or R-
wave amplitude > 25% of its voltage) in at least
two derivations. (68)

Minor criteria
1. Total bundle branch block or intraventricular con-

duction disorders in derivations that explore the
left ventricle.

2. Minor abnormalities of ventricular repolarization
in left precordial derivations.

3. Deep S wave in V2 (>25 mm).

The main ECG abnormalities in patients with
hypertrophic cardiomyopathy are included in Table
3.

In the overall population, these ECG findings are
relevant for HCM diagnosis, in the absence of any
other cause that justifies them.

In the European guidelines, performing a resting
electrocardiogram has a class I recommendation, with
level of evidence B, for the exclusion of cardiovascu-
lar disease that may cause sudden death in individu-
als who are going to practice either recreational or
competitive physical activity. In contrast, in the United
States, performing an electrocardiogram is not yet
recommended as precompetitive screening, not even
in high-performance athletes.  (70)

Apical HCM is a particular form of hypertrophic
cardiomyopathy; its typical ECG (Figure 2) shows the
absence of Q wave in I, aVL, and V5 and V6; the pres-
ence of high R waves in V2 derivation; a rectified ST
segment elevation mainly in V2 derivation; and �huge�
and �pseudo-ischemic� negative T waves in the ante-
rolateral wall. These ECG abnormalities, typical of
apical HCM, are not present in all cases, especially
during the early and late stages of the condition, in
which diagnosis is difficult and usually mistaken for
other conditions. (59, 71)

Fig. 1. ECG of a patient with HCM.

Table 2. Romhilt-Estes score

1. S wave in V1 or V2, or R wave in 3 points

V5 or V6 > 30 mm

2. Secondary ST segment changes 3 points

3. Left atrial enlargement 3 points

4. Left deviation of the QRS axis* 2 points

5. Onset of the intrinsecoid deflection 0.05 sec 1 points

* In the absence of anterior hemiblock.
Left ventricular hypertrophy is diagnosed when the total score is ≥ 5.



6 REVISTA ARGENTINA DE CARDIOLOGÍA  /  VOL 77 Nº 2  /  MARCH-APRIL 2009

Thus, the ECG in apical HCM carriers may vary
substantially in some cases, when the ventricular
hypertrophy progresses to other regions of the ven-
tricular myocardium, or when all or most of the left
ventricular apical region necroses.  (71)

B. Echocardiography
HCM is morphologically defined as a hypertrophied
non-dilated left ventricle, in the absence of any other
systemic or cardiac disease capable of producing such
magnitude of parietal thickening; (8) that is why the
echocardiography is so relevant as diagnostic tool.

Transthoracic Doppler echocardiography is the
most common method for HCM diagnosis, either by
confirming the clinical and/or electrocardiographic
diagnostic presumption, or by incidental finding. It

Table 3. ECG abnormalities in patients with HCM

P wave
1 Left atrial enlargement: negative portion of P wave in V1 ≥ 0.1
mV in amplitude with a duration ≥ 0.04 sec. 2 Right atrial
enlargement: P wave amplitude in II, III, or V1 ≥ 0.25 mV

QRS complex
1 Right axis deviation of the QRS complex in the frontal plane ≥
1200, or left deviation from -30º to -90º
2 Voltage increase:
- Of R wave in the frontal plane≥ 2 mV or in V5 and V6 ≥ 3 mV
- Of  S wave in V1 or V2 ≥ 3 mV
- R or R� in V1 e≥ 0.5 mV
- R/S relation ≥ 1

Q wave (except in aVR)
1 Duration ≥ 0.04 sec
2 Q/R relation ≥ 25%
3 Amplitude ≥ 3 mm in two contiguous derivations
4 QS pattern in two or more derivations 5 Absence of the normal
Q wave

QRS complex duration
Left or right bundle branch block with a duration ≥ 0.12 sec.

Ventricular repolarization
1 ST segment
- ST segment elevation or depression in two or more contiguous
derivations
2 T wave
- Flat or inverted in more than two derivations, except in children
- Amplitude ≥ 10 mm
3 QTc interval
- Duration > 0.44 sec. in men or > 0.46 sec. in women

Rhythm and conduction disorders
- Early ventricular extrasystoles or complex ventricular arrhythmias
- Supraventricular tachycardia, flutter and/or atrial fibrillation
- Short PR interval (0.12 sec) with or without delta wave
- Resting sinus bradycardia (rate ≤ 40 bpm)
- First-degree AV blocks (PR ≥ 0.21 sec., except in athletes),
second-degree and third-degree AV blocks

Fig. 2. ECG of a patient with apical HCM.

also provides information about type and morphology
of HCM, diastolic and systolic ventricular function,
occurrence and severity of dynamic left ventricular
outflow tract obstruction, degree and cause of mitral
regurgitation, prognosis, some physiopathological as-
pects, and acute and chronic response to therapies.

The best diagnostic criterion is the presence of left
ventricular hypertrophy that should be ≥ 15 mm in
some ventricular region (20), and that it is often over
20 mm thick. In some patients, it may be below 15
mm; in these patients, HCM diagnosis must be con-
sidered when the parietal thickening cannot be ex-
plained by other cardiac or extracardiac reasons, such
as hypertension, stenosis or aortic regurgitation, amy-
loidosis, athletes, glycosphingolipid intracellular de-
posits, or Fabry disease). Asymmetric septal hyper-
trophy is another echocardiographic finding, defined
as the septum/posterior wall relation ≥ 13 mm. It is
also closely associated with HCM diagnosis. (72)

To differentiate HCM from athlete�s heart, it is
necessary to include information related to parietal
thickening, distribution patterns of hypertrophy, cav-
ity size, assessment of diastolic function, Doppler tis-
sue imaging, family history, and response to rest from
sports activities in certain cases. (73, 74)

As regards prognosis, echocardiographic detection
of parietal thickening e� 30 mm is considered a major
risk factor of sudden death, mainly among adolescents
and young adults. (7577) Moreover, the echocar-
diogram determines the type and extent of the ven-
tricular hypertrophic compromise, which often varies
from one patient to another; it may be concentric and
symmetric, septal with or without left ventricular
outflow tract obstruction, apical, a compromise of the
left ventricular free wall, or of the right ventricle. (78,
78 bis) In some cases, the nuclear magnetic resonance
allows to detect hypertrophic regions that are sub-
diagnosed by the echocardiography (3 out of 48 cases).
(79) Papillary muscle hypertrophy has recently been
defined as a diastolic thickness of more than 11 mm.
(16) In fact, little is known about the clinical meaning
of solitary papillary muscle hypertrophy. Some cases
in which solitary papillary muscle hypertrophy pre-
ceded the development of HCM phenotype have been
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patients from hypertensive patients. (87) Some stud-
ies suggest that alterations in the tissue Doppler pre-
cede the development of hypertrophy in HCM, so it
would be an early marker of the disease. (88, 89)

Systolic function assessment by tissue Doppler
imaging also shows significant alterations with clear
reduction of tissue s� wave at septal level; this altera-
tion is present even in the absence of hypertrophy,
and it is the field of study for preclinical and differen-
tial diagnosis of this condition. (90, 91)

Serial assessment of the systolic ventricular func-
tion is also a follow-up parameter, since a small
number of patients progress at a later stage to the
systolic dysfunction with parietal thinning and ven-
tricular dilation, developing congestive heart failure
in its final stage. (81, 92, 93) On the other hand, it is
important to point out that the rates of ventricular
ejection function are not helpful to define the con-
tractile state involvement in this condition.

Systolic myocardial deformation (systolic strain)
is involved in HCM, and it has been shown in several
works that its assessment is helpful for the differen-
tial diagnosis between non-obstructive HCM and hy-
pertensive hypertrophy, (94, 95) since all systolic strain
components (longitudinal, transverse, circumferential,
and radial) are decreased compared to the control. (96)

Since HCM spreads in autosomal dominant form,
with a high level of penetrancy in most of its forms,
echocardiographic assessment should be prescribed
to all first-degree relatives. (82, 97) For children un-
der 12, assessment is indicated only when symptoms
appear, when the family history of HCM includes high
risk factors, or when the child takes part in competi-
tive sports. Most HCMs develop between the ages of
12 and 18, so it is advisable to start echocardiographic
assessment during adolescence, and repeat it annu-
ally. For people over 21, reassessment is encouraged
every 5 years.

The transesophageal echocardiography is another
useful tool for the transthoracic approach in patients
with inadequate echographic window, for completing
the assessment of complex mechanisms of mitral re-
gurgitation, or during the therapeutic processes of
septal alcoholization and myomectomy. Detection of
new alterations in 17% of the cases and modifications
in intraoperative behavior in up to 9% of the cases
has been reported for this condition. (98)

Contrast echocardiography is a fundamental sup-
port for the treatment of HCM with dynamic subaortic
gradient, through septal ablation with ethanol infu-
sion. It allows accurate delimitation of the extent of
the vascular territory corresponding to the septal ar-
tery, prior to infusion; this way, the extent of the inf-
arction is determined, since it should be remembered
that this is a case of �planned but uncontrolled inf-
arction�. In addition, since the anatomy of the septal
perforating branches is extremely variable from one
patient to another, (99) the use of contrast has re-
duced the procedure time, the amount of injected al-

detected when screening HCM patients� first degree
relatives. Solitary papillary muscle hypertrophy is
presumed to represent either a subtype of localized
HCM or the early-stage of HCM. (79 bis)

In addition, the echocardiography allows for the
detection of left ventricular outflow tract obstruction,
expressed by systolic anterior motion of the mitral
valve, and a dynamic subaortic gradient at that level,
which can be screened by color Doppler, and meas-
ured by continuous Doppler. Left ventricular outflow
tract obstruction is detected in 25% of the HCM cases,
and may be basal or be caused by a physical effort, by
the Valsava manouver, or by pharmacologic tests (amyl
nitrite) that reduce the precharge or post-charge, or
else that increase contractility.  In every echocardio-
graphic study of HCM, Valsalva maneuver is indicated
to trigger an increase in the subaortic gradient. The
presence of a gradient > 30 mm Hg is considered a
low risk factor of sudden death given its low positive
predictive value (14), and it is an independent
evolutive predictor of heart failure; the assessment
by stress echocardiography identifies the dynamic ob-
structive component in 70% of HCM patients, mak-
ing it one of the most adequate forms of detection.
(13)

(4) It is important to remember, particularly if a
therapy is being defined, that more than one dynamic
obstructive component may coexist, or that it may only
occur at midventricular level. (83)

Mitral valve regurgitation generally occurs to-
gether with the obstructive form, since it is the re-
sult of the systolic anterior motion of the mitral valve,
and its severity is variable; in this situation, the jet is
usually directed to the left atrial posterior wall. (84)
But it is also observed in the 20-30% of non-obstruc-
tive forms. In this case, regurgitation is generally mild,
and is the result of an abnormality in the valve, such
as prolapse, cordal rupture, valve ring calcification,
chordae tendineae rupture, (85) or altered papillary
muscle position. A jet not directed toward the poste-
rior wall suggests some kind of structural abnormal-
ity associated with these mechanisms.

The presence of diastolic dysfunction screened by
pulsed Doppler may precede the symptomatic stage,
and be detected even in the absence of dynamic ob-
struction. It is a risk factor for sustained ventricular
tachycardia and death in children. (86) Myocyte hyper-
trophy, myofibrillar disorganization, alteration of ven-
tricular geometry, ischemia, and fibrosis are the
mechanisms responsible for disturbed ventricular re-
laxation that may reach a restrictive filling pattern of
E/A higher than 2, and shortened mitral deceleration
time (140 msec). Tissue Doppler imaging measures
the myocardial velocity gradient, and allows not only
to assess diastolic dysfunction, but also to differenti-
ate the diagnosis from athlete�s hypertrophy or hyper-
trophy in hypertensive patients. A tissue e� wave 7
cm/sec differentiates HCM patients from healthy ath-
letes, whereas a tissue a� wave 2 cm/sec identifies HCM



8 REVISTA ARGENTINA DE CARDIOLOGÍA  /  VOL 77 Nº 2  /  MARCH-APRIL 2009

cohol, and the infarction size; it has also improved
the procedure success (100) by reducing complications
such as the atrioventricular block that requires per-
manent pacemaker implantation. (101103)

The echocardiography and the Doppler have
proved very useful in late follow-up after therapeutic
procedures such as septal alcoholization, by document-
ing progressive gradient reduction with the passing
of time, with parietal thickening reduction. (104)

Conclusions and recommendations

Transthoracic Doppler echocardiography

Class I (level of evidence B)
� Confirm HCM diagnosis by determining parietal

thickening, extent of the compromise, and pres-
ence, magnitude and location of the dynamic gra-
dient.

� Research for HCM in first-degree relatives. -Reas-
sessment after changes in clinical evolution, or af-
ter therapeutic maneuvers. -Myocardial contrast
echo to assess the infarction size resulting from
septal ablation.

Class II (level of evidence C)
� IIa Reassessment of relatives for HCM, annually

between the ages of 12 and 18, and every five years
over 21.

� IIa Tissue Doppler imaging to differentiate HCM
from hypertrophy due to hypertension, or in ath-
letes.

� IIb Exercise echo stress test in symptomatic pa-
tients with exertion in their daily lives who do not
show significant gradient at rest or with Valsalva
manouver.

Transesophageal Doppler echocardiography
Class I (level of evidence B) -Patients with inadequate

transthoracic ultrasound window.
� Determine the valve involvement, mechanism, and

magnitude of mitral valve regurgitation when they
are not clearly set by transthoracic echocardio-
graphy (TTE).

� Intraoperative study in myomectomy and in sep-
tal ablation with ethanol procedures.

Class IIa (level of evidence B)
� Study to clarify the mechanism of atypical mitral

regurgitation.
� In order to provide surgeons with more orienta-

tion, the following should be assessed in the op-
erating room:
 marked septal protrusion
- more mitral-septal contact

6. NATURAL HISTORY AND TREATMENT

Life expectancy for HCM patients is variable, but in
general it does not differ from that of the general popu-
lation (1% mortality/year). However, there are fami-

lies with multiple early sudden deaths (SD); their iden-
tification continues to be one of the biggest challenges
in this disease. (4, 5) Likewise, progress of symptoms
is very heterogeneous; some patients are asympto-
matic for a long time, and others experience a compli-
cated progress that includes congestive heart failure
(CHF) symptoms, atrial fibrillation (with systemic
embolism and/or CHF), SD, or, rarely, progress to end-
stage phase with CHF or SD. (7, 105) Infective endo-
carditis may develop in 4% to 5% of the patients, es-
pecially in the presence of LVOTO; it is usually lo-
cated in the mitral valve, and sometimes in the aortic
valve.  (106, 107)

Typical symptoms of this disease include dyspnea
on exertion, precordial pain (angor pectoris), and
presyncope and syncope �which, as mentioned above,
generally occur with a non-dilated ventricle and pre-
served systolic function, and due mainly to diastolic
dysfunction with myocardial ischemia and/or outflow
tract obstruction either with mitral regurgitation or
not. (7)

A. Medical treatment
HCM treatment focuses mainly on relieving the symp-
toms of heart failure and preventing sudden death.
Medical treatment is the first step, and it is generally
based on works carried out in 1960s. It is important
to point out that none of the drugs have proved use-
ful to prevent sudden death or improve survival.

1) Beta blockers
Beta blockers are the cornerstone of the medical
therapy; most of the few works were carried out with
propranolol. (108116) It was observed that beta
blockers, together with exercise and decrease in ba-
sal obstructive gradient, improved angor, dyspnea, diz-
ziness, and syncope. The negative inotrope and
chronotrope effects reduce myocardial oxygen con-
sumption, and also improve diastole by prolonging it
rather than by a direct lusitropic action. (92) In pa-
tients with LVOTO, this improvement in diastolic fill-
ing entails an increase in volume and a decrease of
the obstruction. (117)

The first double blind study with propranolol ver-
sus practolol and placebo was carried out in England
in 1973: 16 patients (15 with LVOTO) were treated
for 4 weeks. With respect to placebo, propranolol re-
duced the frequency of angina and dyspnea, and
practolol was less effective (which has a certain de-
gree of inherent sympathomimetic action). (118)

2) Calcium blockers
Since a significant number of patients do not respond
adequately to beta blockers, other negative inotrope
drugs have been tested, such as calcium blockers. The
most studied one is verapamil; (119131) it reduces
LVOTO and improves symptoms due to its negative
inotropic effect. (123126, 129, 131) Moreover, it has a
pronounced effect on diastole, since it causes ventricu-
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lar relaxation, diastolic filling improvement, and de-
crease of LV filling pressure; (123131) coronary
perfusion improves by direct effect. (128, 129)
Verapamil should be used very carefully, since due to
its pharmacological effects (peripheral vasodilation,
contractility decrease, and electrical conduction de-
crease), it may cause a reduction in postcharge with
increase of LVOTO, reflex tachycardia, and acute pul-
monary edema or sudden death in LVOTO patients
with pulmonary hypertension or congestive lung. It
may also cause sinus dysfunction, and different de-
grees of AV block. (121)

Verapamil was compared to a beta blocker in two
studies. In the first double-blind study, Rosing et al.
administered placebo, verapamil, or propranolol to 19
patients with HCM (17 with LVOTO). Both drugs had
similar beneficial effects regarding exercise duration
improvement. The subjective assessment favored
verapamil, largely because of the asthenia on pro-
pranolol. (130) Gilligan et al. compared placebo to 80
mg of nadolol and 240 mg of verapamil in a double
blind design on 18 HCM patients (8 with LVOTO);
despite neither of the drugs showed objective improve-
ment on exercise, symptoms were reduced with
verapamil. (131)

In spite of its beneficial effects on the diastolic func-
tion, diltiazem (132, 133) and dihydropyridines
(nifedipine) (134, 135) should be avoided in HCM be-
cause of their significant vasodilation effect.

3) Disopiramide
This drug is not available in our country. It is a class
I antiarrhythmic medication that could particularly
benefit those patients with atrial fibrillation and
HCM; this drug has a negative inotropic effect medi-
ated through sodium-calcium exchange. (7, 117, 136,
140) It decreases the gradient for LVOTO by means
of this mechanism, and also by causing systemic va-
soconstriction. It has anticholinergic effects (with
uncomfortable side effects, such as urinary retention
and dry mucoses) that may cause accelerated atriov-
entricular nodal conduction; for this reason, it should
be administered together with beta blockers. A re-
cent retrospective non-randomized multicentric study
poses a proarrhythmic effect of this drug; therefore,
QT should be periodically checked. (141) In general,
it is used when symptoms cannot be relieved with
betablockers or verapamil.

B. Therapy options for patients who are refractory
to drug therapy

1) Surgical treatment
There is a small group of patients (5% from non-spe-
cialized centers; may reach 30% from referral centers)
whose symptoms persist (dyspnea and/or angor NYHA
class III or IV) in spite of maximum doses of medica-
tion; they also have resting LVOTO or during exer-
cise, equal to or higher than 50 mm Hg. At present,

transaortic septal myectomy (also known as Morrow�s
surgery) is considered the election therapy and the
�gold standard� in the treatment of these patients.
(92, 142, 147) The classical septal myectomy is per-
formed with extracorporeal circulation and cardiac
arrest with cardioplegia; by the resection of the proxi-
mal septal muscle (2 to 5 grams), it enlarges the LVOT,
and eliminates the drag forces (Venturi effect) that
cause the contact between the anterior mitral valve
leaflet and the hypertrophied septum, resulting in
reduction or abolition of LVOTO. Very recently, a
group of surgeons created a modification consisting
in an enlarged resection with greater distal expan-
sion that allows for more adequate LVOT reconstruc-
tion, necessary for certain patients. (148, 150) Mitral
valve repair or replacement surgery may be performed
in patients with severe mitral regurgitation due to
intrinsic mitral valve disease (myxomatous valve).
(148150) The learning curve to perform this proce-
dure is important; the initial surgical experience was
associated with complete atrioventricular block, VSD,
damage to the mitral and/or aortic valves, incomplete
decrease of the LVOT obstruction, and operative mor-
tality equal to or lower than 5%.  However, over the
past years, the outcomes of this surgery in the few
specialized centers of United States and Canada have
been positive, with a mortality rate of almost 0%. (151)
Surgical risk is usually higher for elderly patients with
comorbidities, highly symptomatic and with pulmo-
nary hypertension, and for those undergoing other
heart surgery procedures (coronary surgery, valve re-
placements). At present, complete atrioventricular
block (which requires permanent pacemaker implan-
tation) and iatrogenic ventricular septal defect are
very rare (1-2%), whereas incomplete or complete left
bundle branch block is an almost inevitable outcome
of a correct myomectomy, and does not imply future
risks. (146) As it has already been mentioned,
intraoperative TEE is very useful for the surgeon in
guiding the septal myectomy extension, and in assess-
ing the mitral valve disease and the outcome on re-
gurgitation. (98) Both the obstruction relapse and the
need for reoperation are very rare. Myectomy out-
comes are immediate and permanent: there is aboli-
tion of the LVOT mechanical obstruction (and of the
mitral regurgitation), with normalization of ventricu-
lar pressures and decrease or disappearance of
dyspnea and syncope, and with improvement of the
functional capacity and quality of life. (142, 147, 149,
152, 154) In a recent analysis, 85% of the patients
were asymptomatic or slightly symptomatic (NYHA
class I or II dyspnea) in mean follow-up of 8 years
(and up to 25 years) after septal myectomy. (155)

In addition to symptomatic improvement, septal
myectomy has improved survival for these patients
compared to those who did not undergo surgery, and
has achieved a life expectancy similar to that of pa-
tients without that condition. Survival free from all-
cause mortality is 98%, 96%, and 83% in 1, 5, and 10



10 REVISTA ARGENTINA DE CARDIOLOGÍA  /  VOL 77 Nº 2  /  MARCH-APRIL 2009

years, and survival free from HCM mortality (sudden
death and heart failure) is 99%, 98%, and 95% respec-
tively. (155, 156)

In short, the advantages of septal myomectomy are
the immediate and permanent reduction of the symp-
toms, and survival improvement; as the surgeon has
a direct view of LVOT, he can identify mitral valve
pathology correctly; it does not form scar, it rarely
requires reoperation or pacemaker implantation, and
it allows to repair associated cardiac defects (subaortic
stenosis, mitral and aortic valve diseases, coronary
surgery). The disadvantages include the need for an
experienced surgeon, and the median sternotomy that
requires an in-hospital recovery period of 4 to 7 days.
(157)

Indication for myomectomy

Class I (level of evidence B)
� Patients showing NYHA class III-IV symptoms

that are refractory to medical treatment, and a gra-
dient at rest or during exercise ≥ 50 mm Hg with
septal thickness ≥ 18 mm, at surgery centers with
experience in this condition and low morbimor-
tality.

2) Percutaneous septal ablation
In 1995, Sigwart (158) was the first one to describe
the occlusion effect followed by absolute ethanol em-
bolization of septal perforating branch in LVOT pres-
sure gradient in HCM patients with LVOTO (PSA).
At the same time, two centers from Germany shared
their experience on several hundreds of patients,
which they called transcoronary ablation of septal
hypertrophy (TASH). (159)

The major experience in the United States corre-
sponds to the group from the Baylor College of Medi-
cine, in Houston, (160) whereas in Europe, the Ger-
man PSA registry has reported a significant number
of cases.  (161)

At present, this technique has been spread all over
the world, and about 3,000 patients have been re-
ported in a recently published revision. (162)

As we have mentioned, percutaneous septal abla-
tion (PSA) with alcohol is a less invasive alternative
to surgery. This is a percutaneous technique that con-
sists of injecting absolute ethanol in order to cause a
controlled infarction of the basal interventricular
septum to decrease its thickness. The final outcome
is the reduction in LVOT pressure gradient. (162, 163)
At first, gradient reduction is due to deterioration in
basal septum contraction, but then there is further
reduction due to thinning and fibrosis at this level.
This process leads to an increase of left ventricle di-
ameters, a decrease of the systolic thickness and of
mitral regurgitation and, therefore, the subsequent
ventricular remodeling. (164)

However, correct selection of patients as to who
and when undergo surgery is controversial; moreo-

ver, interventional physicians are not properly trained.
This issue has induced some groups with vast experi-
ence in this cardiomyopathy to suggest that this tech-
nique should be indicated only for those patients with
comorbidities that increased their surgical risk. (157,
165)

The procedure is performed under the general
characteristics of a percutaneous coronary interven-
tion, but taking into account that:
1. Coronary arteriography provides anatomic infor-

mation regarding septal perforating branches
(their degree of development, magnitude of the ir-
rigated area, the presence of collaterals, etc.). But
the presence of possible obstructive coronary le-
sions can also be identified; this would probably
lead to rule out the procedure for these patients.

2. A pacemaker lead should be placed inside the right
ventricle, since nearly 20-30% of the patients have
transient AVB during ablation. As opposed to sur-
gery, PSA usually causes right bundle branch block.

3. Next, what follow are the steps in a conventional
coronary angioplasty, complete heparinization,
guide catheter, wire 0.014" used to canalize selec-
tively the first septal branch or, otherwise, the
major adjacent septal branch (the first septal
branch should be avoided if it is of small caliber
and extension, since it often provides abundant
collaterals to the venous system). An over the wire
(OTW) balloon, with 1.5 or 2.0 mm diameter, is
inserted. Once in place, the balloon is then inflated
until the desired branch is occluded, in order to
eliminate the flow and avoid the eventual retro-
grade effusion. The wire is then removed; dye is
injected through the balloon lumen to opacify the
distal territory of the involved branch. This is a
very important step of the procedure, because the
amount of myocardium at risk, the dynamic char-
acteristics (magnitude of gradient reduction), the
presence of collaterals to other coronary territo-
ries, etc. are assessed. It is at this step when the
contrast echocardiography and the experience of
the operator play a key role, since the procedure
should not be continued if there are no significant
changes in the gradient (this piece of information
can also be obtained through the invasive meas-
urement of simultaneous left ventricular and aor-
tic pressures), but even more if motility disorders
are observed in a wide territory that expresses the
potential infarction that alcoholization can cause.
The use of contrast echocardiography has prob-
ably helped to better identify the involved terri-
tory, resulting in less complications. (99102)

4. Before deciding to administer alcohol, gradient
reduction of at least 30% should be checked for. In
general, for both basal and provoked gradients, the
reduction is 50%, or they disappear completely; this
usually occurs a minute after the balloon has been
inflated, and once the contrast dye has been in-
jected. Then the absolute alcohol infusion is started
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(96% ethanol), between 1-2 ml, slowly, because it
has been demonstrated that the incidence of total
AV block is related to the rate of administration,
among other reasons. (166)

5. Once the procedure is over, the patient will stay in
the intensive care unit for two days.

PSA is considered successful when there is a gra-
dient reduction in the cardiac catheterization labora-
tory. Creatine kinase increases as an expression of the
infarction size (about 1,000, which would be equiva-
lent to a necrosis area of 20% of the septum size, or 3-
10% of the left ventricular mass).

A progressive gradient reduction in the following
6 to 12 months is sometimes observed, moment in
which it reaches the same outcome as the surgery. In
other cases, gradient reduction can be obtained with
a bimodal response, that is, an initial reduction fol-
lowed by an increase of almost 50% the following day,
and then a definitive reduction in the following
months. (160162) This may occur because once the
infarction occurs, it is followed by an inflammatory
process with interstitial edema, resulting in a new
reduction of the LVOT. Finally, once the scar is con-
solidated with the septal and left ventricular recon-
struction, definitive gradient reduction is achieved,
with no significant fall in left ventricular ejection frac-
tion.

Improvement of symptoms, and therefore of qual-
ity of life, is immediate in most patients, who show a
decrease in functional class (mostly in FC I), and an
increase in exercise tolerance and oxygen consump-
tion. (160, 162) Since its introduction, PSA has un-
dergone modifications that have lead to significant
reduction in morbimortality. The rate of complications
is relatively low; intraprocedural mortality is 0-5%,
and it is generally due to anterior descending artery
dissection, cardiac tamponade, or cardiogenic shock.

(167) The most common complication is the atrio-
ventricular block, which was close to 20-30% accord-
ing to initial series. At present, it is about 10%, prob-
ably due to decreasing the total volume of injected
alcohol and the rate of infusion, among other reasons.

However, the early success of PSA over time is dis-
cussed, especially if it is compared to septal myomec-
tomy outcomes. Even though there are few studies
that compare surgery with PSA directly, and none of
them are randomized, trials show similar outcomes,
although it is possible that myectomy could get higher
early reduction in LVOT gradient. (103)

Observational studies prove that gradient reduc-
tion holds a value of ≥ 20 mm Hg in a two-year follow-
up (166), and there are data that these values are held
for more than 5 years. Exercise tolerance, functional
class, and diastolic function undergo a similar evolu-
tion to that of the gradient.

To date, the true impact on sudden death incidence
is still unknown, since some argue that, due to the
scar it forms, PSA is adding an arrhythmogenic

substrate to a disease that already has one. (157) Con-
versely, studies have been carried out in which induc-
tion of re-entry ventricular arrhythmias was at-
tempted, with no success. These data are important
when considering this treatment for a young person.

As selection criteria, we could confirm that eligi-
ble patients are those who have symptoms uncon-
trolled with complete medical treatment, those with
symptoms of heart failure (functional class III), with
asymmetric septal hypertrophy of at least 18 mm thick
confirmed by ultrasound, with the classical anterior
movement (SAM) of the mitral valve, and those pa-
tients who have a gradient at rest

or during exercise ≥ 50 mm Hg showed by the Dop-
pler register, with accessible septal branch, absence
of atherosclerotic disease in the proximal anterior
descending artery, or severe involvement of three ves-
sels. (117) As a result of what has been said, we could
undoubtedly confirm that percutaneous septal abla-
tion is effective in reducing the LVOT gradient in
hypertrophic cardiomyopathy, and in achieving sig-
nificant improvement of the symptoms of this disease.
However, these outcomes depend on a correct selec-
tion of the patients to be treated, together with an
adequate learning curve on the part of the interven-
tionist group.

While data from late follow-up do not exceed 10
years, initial outcomes would seem to be the same
over time, and are compared to those obtained through
surgery. (168) Further randomized trials compared
with septal myomectomy would be necessary to give
an answer to this concern. Chances to carry them out
are low, or �in some experts� opinions� even impossi-
ble. (169)

Indication for percutaneous septal ablation

Class IIa (level of evidence B)
� Patients showing NYHA class III-IV symptoms

who are refractory to medical treatment, with a
gradient at rest or during exercise e� 50 mm Hg
and septal thickness e� 18 mm, with accessible sep-
tal branch, no lesion in the anterior descending
artery and no three-coronary vessels lesion, and
with comorbidities that contraindicate surgical
myomectomy, in centers with experience in this
procedure and low morbimortality.

3) Pacemaker

Electrical stimulation in hypertrophic cardiomyopathy
DDD Stimulation with short AV When the stimulus
sent by a DDD pacemaker with programmed short
AV interval reaches the tip of the RV before the stimu-
lus coming from the normal conducting system, pre-
excitation in the tip of the RV and the LV occurs. The
contraction sequence is inverted and it causes
dyssynchrony across the septal basal segments, which
produces paradoxical movement of the septum. The
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septum is separated from the mitral annulus; this
increases LTOV diameter, reduces flow speed, and
reduces the systolic anterior movement (SAM) of the
mitral valve. As a result, the degree of mitral regurgi-
tation, LTOV gradient, intraventricular pressure, and
parietal stress decrease, and the percentage of atrial
contribution to ventricular filling increases. (170173)

Initial uncontrolled studies showed that DDD
stimulation with short AV reduces the LVOT gradi-
ent and improves the functional class in patients who
are refractory to medical treatment. (174176)

Later on, a randomized crossover study on patients
with LVOT gradient at rest > 30 mm Hg showed that
DDD PM with short AV reduced the LTOV gradient
and the functional class, and improved symptoms with
a 3 year-long-term effect. (177, 178)

However, these outcomes did not coincide with the
outcomes of two minor randomized crossover stud-
ies.  In one of them, the benefit was only evident in
patients over 65 years old with alteration of LV
diastolic function. The gradient was reduced in 3
months, but clinical improvement was only observed
in 12 months, which suggests a placebo effect. (179)

Despite DDD pacing with short AV produces im-
provement in many patients, there is no clear evidence
of who will benefit from this pacing. Gradient reduc-
tion is not correlated to clinical improvement in pa-
tients, so it is difficult to predict which ones will be
responders. (177179)

For better therapeutic results:
1. The lead should be placed in the tip of the RV.
2. The short AV interval (shorter than the PR inter-

val) should be the longest interval that, by caus-
ing maximum pre-excitation (wider QRS), provides
the longest diastole duration with the lowest LVOT
gradient and the optimal systolic volume.

3. The maximum programmed frequency limit should
be above the maximum heart rate during exercise,
so that the RV pre-excitation is not lost with the
stress.

There is no evidence that the DDD PM stops the
progress of the disease or reduces survival.

Clinical improvement and LVOT gradient reduc-
tion are lower than alcohol ablation or myomectomy.

Its main advantage is the programming and sim-
plicity of the surgical procedure.

In view of the above said, it is recommended in
the following cases:
Class I
� Patients with obstructive HCM and sinus node dis-

ease or AV block, as a result of the natural evolu-
tion of the disease, secondary to septal myomec-
tomy or septal alcoholization, or as a consequence
of the use of drugs required for the treatment,
when other alternatives are not valid.  Level of
evidence C.

Class IIa
� Patients with obstructive HCM, refractory to

drugs, and contraindication for septal myomec-
tomy or alcoholization. Particularly in the case of
elderly patients.  Level of evidence B.

� Patients with high risk of sudden death that have
indication for ICD with significant LVOT gradient
at rest or with provocation maneuvers may ben-
efit from DDD-ICD and  short AV interval.

7. SUDDEN DEATH

HCM is a disease characterized by having a benign
natural history for most patients. (7) However, one of
the biggest challenges in the assessment of this con-
dition is identifying those patients with increased risk
for sudden death (SD). (75, 180) At present, HCM is
recognized as the most common cause of SD among
young people and those who practice sports competi-
tively. (181185) It should be pointed out that SD is
usually the first manifestation of this disease and
may occur in patients who have no premonitory
symptoms. (75)

The incidence of SD in HCM is almost 6% in terti-
ary care centers, and below 1% in non-selected
populations. While SD is more frequent among young
patients, it may occur in middle-aged persons, and in
20% of the people over 65.  (186)

Several physiopathologic mechanisms leading to
SD have been proposed; these include atrial and ven-
tricular tachyarrhythmias, diastolic dysfunction, sys-
temic arterial hypotension, and myocardial ischemia.
(7) According to the International Consensus on HCM
in 2003, cardiac arrest due to documented ventricu-
lar fibrillation, spontaneous sustained ventricular
tachycardia, family history of early SD, syncope of un-
explained origin, extreme ventricular hypertrophy, non-
sustained ventricular tachycardia on Holter ECG, and
abnormal blood pressure response during exercise are
considered major predictors of SD (Figure 3).  (7)

Possible risk factors for certain patients included
atrial fibrillation, myocardial ischemia, resting left
ventricular outflow tract obstruction, high-risk genetic
mutations, and vigorous exercise.

(7) Based on different publications from 2003 to
date, this group should also include young patients,
patients in the end-stage phase of HCM, patients who
have associated coronary artery disease, patients with
muscular bridges, those treated with alcohol ablation,
and those who evidence myocardial fibrosis. (27, 75,
187193)

Sudden death due to documented ventricular
fibrillation and spontaneous sustained ventricular
tachycardia
Patients who have survived a ventricular fibrillation
event or spontaneous ventricular tachycardia are in
high risk of suffering a recurrent event, and should
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receive an ICD as secondary prevention of SD. (194,
195)

Family history of early sudden death
Family history of early SD refers to one or more SD
in first-degree relatives before the age of 40. (92) Dif-
ferent studies have found out families whose mem-
bers have identical genotype, but significant
phenotypical heterogeneity and completely different
prognosis. (196, 197) However, in clinical practice, the
presence of early sudden death in a family �particu-
larly if it is multiple� is still a strong predictor of SD.
(198, 199)

Unexplained syncope
In HCM, syncope has low sensitivity and specificity
as SD predictor, since it may be caused by multiple
mechanisms, such as neurocardiogenic causes, su-
praventricular and ventricular arrhythmias, LV out-

flow tract obstruction, etc. (7, 200) Unexplained syn-
cope has a value in children and young patients, or
when it is recurrent or occurs during exercise.  (7,
201)

Extreme ventricular hypertrophy
Extreme ventricular hypertrophy is defined as the
ventricular wall thickness ≥ 30 mm, or its equivalent
in children. (76) There is a direct relationship between
the magnitude of cardiac hypertrophy and the risk of
SD. (76, 204) It is unusual to find such phenotypical
expression in patients over 50 years of age; this phe-
nomenon could indicate that most of them died early
or presented ventricular remodeling with wall thin-
ning. (77, 188) It is important to point out that while
this is a significant and easy to recognize risk factor,
the fact that the patient does not have extreme hyper-
trophy is not a synonym of absence of SD risk. (7)
Most patients with SD have a wall thickness < 30

Fig. 3. Risk assessment for sudden cardiac death in HCM.

* En los pacientes menores de 40 años se puede considerar la indicación de un CDI con un solo criterio mayor, salvo en el
caso de la respuesta anormal de la presión arterial durante el ejercicio, que tiene bajo valor predictivo positivo en forma
aislada, pero su valor aumenta cuando se asocia con mutaciones de la troponina T.
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mm, and some even have normal wall thickness, as in
the case of those with troponin I and T gene muta-
tions. (7, 196, 202) On the other hand, there are other
sites of hypertrophy, as in the case of apical HCM,
that �in the absence of other risk factors� usually have
a good prognosis. (7, 203)

Non-sustained ventricular tachycardia
Non-sustained ventricular tachycardia (NSVT) is con-
sidered a risk predictor of SD in HCM when the epi-
sodes are multiple and/or prolonged (with a HR3 120
bpm), and are evident on serial Holter ECG. (238)

The risk of SD due to NSVT in HCM is higher,
especially for young patients (under 30 years of age),
and for those who have a history of syncope or dete-
rioration of systolic function. (187, 205, 210)

Abnormal blood pressure response during exercise
Abnormal blood pressure response during exercise
occurs independently from whether the patient has
some form of obstruction or not. An exaggerated fall
in systemic vascular resistance or a diffuse subendocar-
dial ischemia that leads to systolic dysfunction have been
the possible mechanisms proposed. (32, 211) The point
to be made is that this finding is clinically significant if
the stress test is performed with no drug effect.

Blood pressure response may be plain: high systolic
blood pressure < 20-25 mm Hg, or hypotensive: low
blood pressure > 15 mm Hg). It occurs in 22-37% of
the patients; in individual cases, it has a low positive
predictive value, and its value increases when it oc-
curs in patients under 50 years of age (especially in
children or adolescents), and in cases associated with
troponin T mutations. (7, 212)

Left ventricular outflow tract obstruction
It has recently been demonstrated that HCM is mainly
an obstructive disease. (13) It was evidenced in two
different series that the left ventricular outflow tract
obstruction (LVOTO) has a low predictive value for
SD, 7% and 9% respectively. (14, 214) Therefore,
LVOTO is not enough to indicate an ICD as primary
prevention, and its predictive value increases when it
is associated with other risk factors. (215)

Atrial fibrillation
As commented above, atrial fibrillation (AF) in HCM
is an independent predictor of morbidity and mortal-
ity due to heart failure and stroke. (31, 105) At the
same time, atrial fibrillation can trigger malign ven-
tricular arrhythmias, especially in the case of high
ventricular response. (216) However, evidence is not
yet enough to determine if the control of AF frequency
or rhythm may have an impact on SD prevention in
HCM patients. (199)

Myocardial fibrosis and ischemia
The main mechanisms that can cause ischemia in
HCM include: intramural small vessel disease, left

ventricular hypertrophy, muscular bridges, microvas-
cular dysfunction with inadequate vasodilation, and
epicardial coronary artery disease, which occurs with
the same frequency as it does in the general popula-
tion. (23, 217, 220) A relationship between SD in
HCM and the presence of ischemia assessed with dif-
ferent non-invasive methods has been found out. (23,
217, 219) At the same time, the areas with myocar-
dial fibrosis in HCM patients act as substrate for the
appearance of potentially malign ventricular
tachyarrhythmias. The areas with myocardial fibro-
sis may be detected by nuclear magnetic resonance
imaging with gadolinium. (221) There is not enough
evidence to indicate an ICD for primary prevention of
SD, just by presenting ischemia and/or fibrosis in the
absence of other risk factors. (199)

Vigorous exercise
HCM is the most frequent cause of SD in athletes.
(183, 184) It can occur with no previous symptoms,
and it has a significant social and emotional impact.
Patients diagnosed with HCM should be discouraged
from taking part in sports; they can only practice low-
intensity sports like golf or bowling (184, 185) (see
Exercise and HCM).

Young age
The age at which it occurs is considered a significant
variable for risk stratification. (189, 199, 222) Sorajja
et al. have demonstrated, for example, that the an-
nual incidence of SD in patients with extreme LVH is
2.2% for individuals under 30, and 0.73% for the age
group of 30-59.  (189, 199) Monserrat et al. have dem-
onstrated that the odds ratio for SD in patients with
documented NSVT is 4.35 (p = 0.0006) for those un-
der 30, and 2.16 (not significant) for patients over 30.
(205)

End-stage phase of hypertrophic cardiomyopathy
During the end-stage phase of HCM, defined as an
ejection fraction lower than 50% at rest, patients usu-
ally progress to severe clinical deterioration; it is also
an important risk factor of SD.  (187) For that reason,
this subgroup of patients should be indicated for an
ICD as a bridge to cardiac transplant. (213)

Muscular bridges
Muscular bridges in the anterior descending artery
increase the risk of sudden death in children, prob-
ably mediated by myocardial ischemia. (218, 223)
However, this relationship is not very clear in adults,
and the need to perform a routine invasive coronary
angiography to discard this condition reduces the in-
cidence of muscular bridges as a risk factor of SD. (7)

Alcohol ablation
Alcohol ablation favors the development of a myocar-
dial scar that acts as a substrate for ventricular
arrhythmias in a condition that is inherently
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arrhythmogenic by nature. (224) Both early ventricu-
lar arrhythmias �that may occur during or immedi-
ately after alcohol ablation� and late ventricular
arrhythmias (i.e. that occur 72 hours following post-
ablation) have been described.  (191, 193) HCM pa-
tients usually have polymorphic VT; however, patients
who underwent alcohol ablation evidenced monomor-
phic VT with left bundle branch block image, which
is a patent consistent with arrhythmias due to re-en-
try in the infarcted area and whose outflow tract is at
the interventricular septum level. (191) It is precisely
that risk for ventricular arrhythmias that made ex-
perts suggest that this procedure be carried out only
in patients contraindicated for surgery, such as the
elderly or those with concomitant diseases that in-
crease surgical risk. (7)

Genetic testing
The diagnostic performance of genetic testing is 40%
on average (38, 225); so far, no prognostic usefulness
has been shown, since the phenotype depends not only
on the primary causal mutation, but also on the in-
teraction with other genes, and on environmental fac-
tors. (226, 227) The tests to assess the genotype-phe-
notype correlation were performed on a reduced
number of patients or selected families, and in fact a
large number of families with positive genotype would
be necessary in order to determine if this relation-
ship is present with other genes. (228) Genetic test-
ing should not be indicated in a routine way to stratify
the risk of SD, and its usefulness is currently limited
to research studies. (227, 228)

Other complementary tests
The analysis of variability in the autonomic tone, the
high-resolution electrocardiogram, and the QT inter-
val dispersion may be altered, but they are not useful
to identify high risk patients. (229, 230) Patients can
also have sinus node dysfunction, bradyarrhythmias,
AV block, and supraventricular arrhythmias. (230) As
for the electrophysiological study (EPS), it does not
appear to be efficient in the risk stratification of these
patients. (231, 232)

It is important to perform the following tests to
identify high-risk patients, particularly in those un-
der 60 years of age: research into personal and family
history; cardiac echo-Doppler to assess the magnitude
of the hypertrophy and the ejection fraction, and to
determine if there is outflow tract obstruction; 48-
hour Holter monitoring to detect NSVT; graduated
stress test or, preferably, exercise stress echocar-
diogram to detect ischemia; assess blood pressure
during effort to determine if the patient has a latent
or provocable gradient with exercise. (7, 229) These
tests should be performed periodically, and when clini-
cal changes are perceived. (7, 233) Recently, it has been
observed that T wave alternans voltage is present in
high-risk HCM patients, compared to controls; also,
a significant association between this finding and the

presence of NSVT in Holter monitor has been found.
(234, 235) Anyway, the evidence is currently poor to
consider this factor a SD predictor for HCM patients.
(199)

Therapeutic alternatives for HCM patients with
high risk of SD

Implantable cardioverter-defibrillator for primary
and secondary prevention of sudden death
Patients resuscitated from SD, and symptomatic pa-
tients due to ventricular tachycardia and/or syncope
related to ventricular arrhythmia have indication for
implantable cardioverter-defibrillator (ICD) as second-
ary prevention. (7, 180) A consensus has also been
currently reached on the indication for ICD as pri-
mary prevention for patients with significant risk fac-
tors of SD. (7, 180)

About 45% of HCM patients have evidence of in-
creased risk, and only 3% of those with no risk fac-
tors experience SD. (75) It is also important to point
out that prognosis is more ominous when two or more
risk factors are associated. (75) At present, whether
it is necessary only one risk factor for primary pre-
vention or whether patients must combine two or
more criteria is still controversial. It should be pointed
out that indication for ICD as primary prevention is
considerably different depending on the country of
origin, healthcare system, accessibility to devices, and
opinions from different experts. (182, 204, 233) Maron
et al. studied the ICD efficacy in preventing SD on
128 high-risk HCM patients over a three-year period.
For those who received ICD for secondary prevention,
the discharge rate was 11% per year in 40% of pa-
tients, and for those who received ICD for primary
prevention the appropriate discharge rate was 5% for
11.8% of the patients. (236) Maron et al. (6) have re-
cently published a work that included 506 patients
from 42 different centers, with a follow-up period of
3.7 years. Appropriate ICD discharge rates for pri-
mary and secondary prevention were 11% and 4.4%
per year, respectively. In this work, it was evidenced
that the time from ICD implantation to the first ap-
propriate shock may reach up to 10 years, and also
that one third of the patients under primary preven-
tion who received appropriate shocks presented only
one risk factor. (6) This way, authors consider that
just one risk factor is enough to indicate ICD implan-
tation for primary prevention of SD in certain patients.
(6) However, the authors clarify that indication for
ICD when there is just one risk factor should not ap-
ply for all patients. (6) For instance, SD is relatively
less frequent in elderly patients, and ICD should not
be indicated for these patients if the only risk factor
is, for example, syncope of unknown cause. (6, 237)
In Table 4, there is a summary of recommendations
and levels of evidence available, to indicate for ICD
for secondary and primary prevention of sudden car-
diac death in HCM. (237, 238) On the basis of this, we
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have developed an algorithm to be used as a guide to
select patients who can benefit from this therapy (see
Figure 3).

The rate of inappropriate shocks and complications
related to ICD implantation is high, and it should be
taken into account at the time of deciding whether or
not to implant these devices. (6, 239)

Pharmacological therapy
Various drugs have been proposed to prevent SD in
HCM, including β-blockers, calcium blockers, and vari-
ous antiarrhythmics, but none of them has proved
effective in reducing this risk. (240, 241) Recently,
Maron et al. evidenced that 25% of the patients with
appropriate ICD shocks were taking amiodarone; this
shows the relative inefficacy of antiarrhythmic drugs
to prevent SD in these patients. (6, 15) In spite of
this, amiodarone therapy is used both for secondary
and primary prevention when ICD is not available or
is rejected by the patient (238) (see Table 4).

8. END-STAGE PHASE OF HCM

While HCM is usually associated to diastolic dysfunc-
tion, a few number of patients show a progressive
deterioration of systolic function, called end-stage (ES)
phase, defined by an ejection fraction at rest < 50%.
(187, 242) The reported prevalence of the end-stage
phase varies from 2.4% to 15% in different series. (187)
Harris et al. (187) studied 1,259 HCM patients and
found out 44 (3.5%) in end-stage phase with systolic
dysfunction (previous bibliography was limited to
smallgroups, and have overestimated end-stage phase
occurrence).  Most patients in end-stage phase show

left ventricular remodeling with cavity dilation, and
this process is not complete in 48% of these patients,
including those with pronounced hypertrophy and
non-dilated cavity. (187) Clinical evolution of the end-
stage phase is variable, but it is generally unfavorable,
and usually adopts an aggressive course with signifi-
cant clinical deterioration. (187, 242247)

Mortality rate for end-stage phase is 11% per year,
and it increases to 50% per year for advanced cases.
(187, 242) The mechanisms responsible for the trans-
formation of typical HCM into end-stage phase are
not fully clarified. Fighali et al. (243) showed that the
incidence for heart disease, muscular bridges, dynamic
outflow tract obstruction, and previous septal myo-
mectomy is similar among patients who develop left
ventricular hypokinesia, and among those who do not
develop it. It is postulated that this process is the re-
sult of recurrent myocardial ischemia due to microv-
ascular dysfunction. (218, 248, 251) Several arterioles
show an increase in their wall thickness with the re-
sulting luminal narrowing, which provides the mecha-
nism that determines ischemia and fibrosis replace-
ment. (218, 248, 251) HCM occurs with a decrease in
the coronary blood flow reserve, together with struc-
tural changes in microcirculation (coronary
remodeling), including a reduction of the arteriolar
density that is inversely correlated to myocyte hyper-
trophy. (22, 252, 253) Microvascular dysfunction may
precede clinical deterioration for several years. (218)
By means of the positron emission tomography (PET),
Cecchi et al. (218) evaluated the response to
dipiridamol, and showed that the degree of microvas-
cular dysfunction is an independent predictor of clini-
cal deterioration and death. Later, Olivotto et al. (248)

Recommendation Level of
evidence

Secondary prevention I B

ICD

Patient with HCD resuscitated from SD or syncope with SVT and/or
documented VF

Amiodarone IIa C
C HCM patient resuscitated from SD or syncope with SVT
and/or documented VF (when the ICD is not available or
is rejected by the patient)

Primary prevention IIa C
ICD
HCM with a major factor and two minor factors, or with
two or more major risk factors for SD

Amiodarone IIb C
HCM with a major factor and two minor factors, or with two or
MORE major risk factors for SD (when the ICD is not available or
is rejected by the patient)

HCM: Hypertrophic cardiomyopathy SVT: Sustained ventricular tachycardia. VF: Ventricular fibrillation. ICD:
Implantable cardioverter-defibrillator. SD: Sudden death.

Table 4. Prevention of sudden
cardiac death in patients with
hypertrophic cardiomyopathy
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confirmed that microvascular dysfunction is a long-
term strong predictor of adverse left ventricular
remodeling and systolic dysfunction in HCM. On the
other hand, some authors suggest that progression to
dilation may be genetically determined. (254, 256)
Some patients improve with an optimal pharmaco-
logical therapy, or with other therapeutic alternatives
�such as biventricular pacing, resynchronization
therapy�, but a large number of them evolve with
rapid clinical deterioration and death due to heart
failure or sudden death.  (187, 242, 257, 259) These
patients should be assessed for cardiac transplant, and
the indication for an ICD as a bridge to such proce-
dure should also be considered for them. (242, 244,
245, 260)

9. EXERCISE AND HCM

The relationship between exercise and HCM can be
approached from two different perspectives. On the
one hand, by assessing the disease through stress
tests, and on the other hand, by recommending HCM
patients regarding sports and different physical ac-
tivities.

A. Exercise tests and HCM
For a long time, ergometric test has been contraindi-
cated in HCM patients. At present, its use has been
spread to stratify the risk, and to get prognostic in-
formation. The stress test provides independent value
to identify patients with an increased risk for sudden
death, and is included in the prognostic algorithm for
decision-making of preventive treatments. Together
with the measurement of peak O2 consumption (VO2),
this test has a key role in the differential diagnosis
from other conditions related to left ventricular hyper-
trophy (LVH), such as the athlete�s heart.

Assessment of functional capacity
Many HCM patients have their exercise capacity re-
duced. Cardiopulmonary exercise test is particularly
useful to evaluate the degree of intolerance to exer-
cise and the causes of this intolerance. The peak VO2
is a useful marker of functional capacity in this popu-
lation.

When compared to healthy controls, HCM patients
have lower peak VO2 values. Recent studies have
shown a positive correlation between the peak values
of ventilation equivalents for CO2 with pulmonary
pressure measures at rest, whereas there has been a
negative correlation between peak VO2 and these
hemodynamic measures. (261)

From the cardiological point of view, the VO2 is
determined by the minute volume (MV) and the arte-
riovenous oxygen difference (dAVO2). During exercise,
VO2 increases as a result of the increase of these com-
ponents.

HCM patients may show an inadequate increase
in SV during exercise, which may be due to inadequate

diastolic filling caused by ischemia, left ventricular
hypertrophy, and/or intramuscular fibrosis.

On the same note, some HCM patients present
skeletal myopathy with lower mitochondrial density
and lower peripheral extraction of O2.

In patients with LVOTO and intraventricular gra-
dient at rest, there is an inverse linear correlation
between the gradient magnitude and the peak VO2.
This suggests that severe mechanical obstruction is
an important factor in exercise limitation.

Patients with abnormal response to systolic blood
pressure during exercise have significantly lower peak
VO2 anaerobic threshold, O2 pulse, and higher VE/
VCO2 slope, in comparison with those with normal
pressor response. (262)

In several HCM patients, the anaerobic threshold
is recorded early during exertion; this variable is due
to the inadequate reduced systolic volume caused by
metabolic demands of the exercised muscle. In these
patients, the O2 pulse (VO2 per beat) �a reflection of
the systolic volume� is usually reduced.

The ventilation/VCO2 slope is usually higher than
in healthy individuals. Two mechanisms are involved:
1) hyperventilation, or 2) ventilation/inadequate
perfusion due to lung perfusion abnormality during
exercise, secondary to the low cardiac output.

Cardiopulmonary exercise test is a useful method
for the differential diagnosis between HCM and the ath-
lete�s heart or physiologic hypertrophy. While there are
multiple electrocardiographic and ultrasound variables
and signs that help differentiate them, there is a small
number of individuals who fall in the �shaded area�, in
which the differential diagnosis may be more difficult.

Sharma, McKenna et al. compared four groups of
patients: 1) HCM patients, 2) recreacional athletes,
3) elite athletes with LVH, and 4) elite athletes with-
out LVH. There were no significant differences in car-
diopulmonary parameters between the elite athletes
with and without LVH. (263) Peak VO2, aerobic
threshold, and O2 pulse values are high in elite ath-
letes. Recreational athletes had higher peak VO2 than
HCM patients. There was no overlap in values among
the groups.

A cut- off peak VO2 value > 50 ml/kg/min or > 20%
over the theoretical maximum, an AT > 55% over the
theoretical maximun, and an O2 pulse > 20 ml/beat
differentiated HCM individuals from trained athletes.

Arrhythmia assessment
While the stress test is not the method to be chosen
for studying arrhythmias in HCM, sometimes it can
show them up even if they have not been detected
through 24-hour Holter monitoring.

ST segment changes observed during stress test
ST segment depression is frequent when there is LVH;
its specificity to detect associated coronary artery dis-
ease is low, and it is one of the confounding factors in
diagnostic stress test interpretation.
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The probable mechanisms are related to systolic
compression of intraparietal small vessels, poor cap-
illary development compared to the increase of myo-
cardial mass, structural disease in small caliber ar-
teries with disturbance in the vasodilatory capacity,
imbalance in O2 supply and demand due to increased
myocardial mass.

Repeated episodes of ischemia during heavy exer-
cise could contribute to the onset of intramuscular
fibrosis. The presence of ST segment depression dur-
ing stress test may have prognostic significance for
SD in young patients, mainly children and adolescents.
SD, syncope, or cardiac arrest would be primarily
ischemic episodes for children under 14 years old.
Most patients at this age show ischemia in perfusion
tests, and ST segment depression during exercise,
even in the absence of ventricular arrhythmias in
Holter or EPS. (264)

An association between ST segment depression
during exercise and systolic dysfunction has been dis-
covered. Shimzu et al. studied 53 HCM patients with
ergometry and ambulatory ventricular function moni-
toring, and they found out that patients with ST seg-
ment depression showed a fall in the left ventricular
ejection fraction during stress. Conversely, those pa-
tients with no alteration of the ST segment had a nor-
mal response of ejection fraction. (265)

To sum up, the presence of ST segment shifts in
stress tests on HCM patients reveals ischemia, and
not coronary artery disease; therefore, its diagnostic
value is poor, but it may be a significant prognostic
marker.

Abnormal blood pressure response during stress
The most studied ergometric variable related to prog-
nosis in HCM patients is the systolic blood pressure
(SBP) response to stress. The widespread and accepted
definitions of abnormal SBP response include:  1) the
fall ≥ 20 mm Hg compared to the previous record or
the continuous decrease during stress that reaches
20 mm Hg, and/or 2) the little increase or flat curve
in SBP, defined as an increase lower than 20 mm Hg
compared to basal, and over the course of the test.
Abnormal SPB response in the stress test is associ-
ated to poor late prognosis in patients under 50 years
of age. It does not identify in isolation a high risk popu-
lation, but it should be considered together with the
rest of the variables.  It has a screening value for low
risk patients, due to its high negative predictive value,
together with the absence of the rest of the risk fac-
tors. (140, 162, 266) Current consensuses include the
abnormal SPB response among the major risk factors
to predict sudden death in HCM patients. (7)

Indication for stress test on HCM patients

Class I (level of evidence B)
� Asymptomatic patients with no high-risk variables

as associated element in prognostic stratification.

-Asymptomatic patients with no high-risk vari-
ables who want to do recreational exercises.

� Ergospirometry as associated element in the dif-
ferential diagnosis between HCM and athlete�s
heart.

Class Ila (level of evidence C)
� Patients with equivocal symptoms not associated

with other high-risk variables.
� Submaximal stress test for patients with

cardioverter-defibrillator who want to do low-in-
tensity sports, in order to assess their tolerance
and heart rate response to exercise.

Class III
� Patients with high-risk variables and no

cardioverter-defibrillator.
� Conventional stress test in athletes for differen-

tial diagnosis between HCM and physiologic hyper-
trophy  (athlete�s hypertrophy).

B. Sports and HCM
HCM diagnosis implies the athlete�s exclusion from
competitive sports practice.

(267) This assertion includes all HCM cases, even
those which do not present risk clinical variables, or
whose genotype is associated with low risk. HCM
prevalence is low in high-performance athletes, be-
cause there would be a natural selection for this type
of practice in patients with functional and structural
changes, which are secondary to this condition. (268)
Some exceptions are possible for asymptomatic pa-
tients with no risk variables, who are involved in low-
intensity sports, such as golf, cricket, bowling, or
shooting.

Whereas it is true that many athletes have been
diagnosed with HCM once their competitive �and even
professional� sport activity was over, there are no clini-
cal or genetic studies that ensure good prognosis. In-
tense exercise may be the cause of severe arrhythmias,
increase of left ventricular outflow tract obstruction,
and ischemia due to compression of the small vessels
(and eventual fibrosis as a result of repetitive
ischemia). These alterations may cause the athlete�s
sudden death during competence or training.

The extension of genetic studies, even more to rela-
tives of HCM patients, has posed the situation of in-
dividuals with positive genotype and negative pheno-
type for HCM. This situation generates discussion
about the recommendations on competitive sports for
these patients.

At present, if there are no diagnostic clinical data
or risk variables, there is no strong evidence to dis-
courage sports practice. However, certain troponin T
gene mutations (chromosome 1) may not manifest as
ventricular hypertrophy, but have histopathological
alterations in myocardial muscle fibers and result in
sudden death. (42)

The intense exertion needed to practice recrea-
tional (non-competitive) sports should be taken into
account. It is not always feasible to assess this inten-
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sity, since the sport in itself will require different psy-
chological and physical loads from the different par-
ticipants.

As a general rule, it could be said that those sports
that require sudden changes �slowing down and speed-
ing up unexpectedly (�acyclic�)� should be avoided,
as in the case of soccer, tennis, basketball, and hand-
ball, among others.

Preference is given to cyclic activities such as jog-
ging, biking, swimming, or walking in which energy
expenditure is largely low and stable.

In certain cases in which the physician is well
aware of the patient�s reasoning and habits, it is pos-
sible to indicate the practice of �acyclic� sports as the
ones first above mentioned (soccer, tennis, basketball,
or handball), but with a detailed explanation as to
adapting to low intensity and no competitiveness.

Some consensuses categorize sports with regard
to the level of physical intensity required, and sug-
gest whether patients with hypertrophic cardiomyopa-
thy may or may not practice them. (269)

The American Heart Association Group suggests
levels of recommendation numbered from 0 to 5, with
0 to 1 designating activities strongly discouraged, and
4 to 5 indicating activities probably permitted. The
intermediate recommendation is subject to the phy-
sician�s consideration on an individual basis, and its
level goes from 2 to 3.

As an example, 0 to 1 values correspond to recrea-
tional sports, such as basketball, single tennis,
windsurfing, soccer and football, weight lifting, and
diving. (264)

The following recommendations arise from expe-
riences and consensus: Attending physicians should
assess the patients on an individual basis, including
physical, psychological, and educational aspects.

Recommendations for patients with HCM who
want to practice sports

Class I (level of evidence C)
� HCM patients should be excluded from competi-

tive sport activities �with the possible exception
of low-intensity ones (golf, shooting, billiard, bowl-
ing)�, for individuals with no high-risk variables
of sudden death, and for low-risk patients.
Recreational sports that require high intensity or
sudden intensity changes are not recommended.

� Individuals with positive genotype and negative
phenotype (with no clinical evidence of the disease)
can practice sports, even competitive ones, pro-
vided they undergo regular screenings.

� Patients with no high-risk variables and with nor-
mal stress test can perform recreational, cyclic, and
low-intensity exercise.

� Patients with implanted cardioverter-defibrillator
should be discouraged from practicing contact
sports.

Class Ila
� Patients with no high-risk variables and with nor-

mal stress test can practice recreational contact
sports of low intensity and volume, with regular
breaks, provided they can control the exertion in-
tensity and the psychological burden of their par-
ticipation.

Class III
� Asymptomatic HCM patients, with low clinical and

genetic risk, high functional capacity and no fam-
ily history of sudden death, can practice high-in-
tensity competitive sports.
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