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Abstract
Hypertrophic cardiomyopathy (HCM), the most variable 
cardiac disease in terms of phenotypic presentation 
and clinical outcome, represents the most common 
inherited cardiomyopathic process with an autosomal 
dominant trait of inheritance. To date, more than 1400 
mutations of myofilament proteins associated with the 
disease have been identified, most of them “private” 
ones. This striking allelic and locus heterogeneity of 
the disease certainly complicates the establishment of 
phenotype-genotype correlations. Additionally, topics 
pertaining to patients’ everyday lives, such as sudden 
cardiac death (SCD) risk stratification and prevention, 
along with disease prognosis, are grossly related to 
the genetic variation of HCM. This review incorporates 
contemporary research findings and addresses major 
aspects of HCM, including preclinical diagnosis, ge-
netic analysis, left ventricular outflow tract obstruction 
and SCD. More specifically, the spectrum of genetic 
analysis, the selection of the best method for obstruc-
tion alleviation and the need for a unique and accurate 

factor for SCD risk stratification are only some of the 
controversial HCM issues discussed. Additionally, future 
perspectives concerning HCM and myocardial ischemia, 
as well as atrial fibrillation, are discussed. Rather than 
enumerating clinical studies and guidelines, challenging 
problems concerning the disease are critically appraised 
by this review, highlighting current speculations and 
recommending future directions.
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Core tip: Hypertrophic cardiomyopathy (HCM) repre-
sents the most common inherited cardiomyopathic pro-
cess with an autosomal dominant trait of inheritance. 
This review incorporates contemporary research find-
ings and addresses major and controversial aspects of 
HCM, including preclinical diagnosis, genetic analysis, 
left ventricular outflow tract obstruction, sudden car-
diac death, myocardial ischemia and atrial fibrillation. 
Rather than enumerating clinical studies and guide-
lines, challenging problems concerning the disease are 
critically appraised by this review, highlighting current 
speculations and recommending future directions.
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most common inherited cardiac disease, affecting 1 in 
every 500 people in the general population[1,2]. Classically, 
it is defined by the presence of  a hypertrophied, non-
dilated left ventricle (LV) in the absence of  any cause 
capable of  producing the magnitude of  evident hypertro-
phy, such as pressure overload or storage/infiltrative dis-
eases[3,4]. The main features of  the disease are: (1) clinical 
and genetic heterogeneity, altering phenotypic expression 
and complicating both clinical and preclinical diagno-
sis; (2) obstruction, either in the left ventricular outflow 
tract (LVOTO) or in the midventricular level (MVO), 
and their pathophysiological significance; and (3) sudden 
cardiac death (SCD) and risk factors predisposing to it. 
Evaluation of  the mentioned characteristics is essential in 
the assessment of  every patient with HCM.

In this context, the aim of  this review is to critically 
present current knowledge concerning the most contro-
versial fields of  HCM, including preclinical diagnosis, ob-
struction and SCD, and to briefly discuss treatment mo-
dalities that might prove useful, especially when applied 
in the preclinical level. Rather than enumerating clinical 
studies and guidelines, the authors have tried to appraise 
challenging problems concerning the disease, highlight 
current speculations and recommend future directions.

PRECLINICAL DIAGNOSIS
According to current guidelines, HCM diagnosis is 
mainly based on the detection [either by echocardiogra-
phy or magnetic resonance imaging (MRI)] of  a maximal 
wall thickness ≥ 15 mm or on the presence of  a mild 
hypertrophy (13-14 mm) coexisting with a positive family 
history of  HCM and/or an HCM compatible ECG[3-5]. 
Although diagnosis in cases of  overt hypertrophy seems 
simplified, with the clinical distinction and differentiation 
of  phenocopies being rather challenging, the real chal-
lenge in terms of  HCM diagnostic evaluation today is 
preclinical diagnosis.

Preclinical diagnosis refers to the detection of  sub-
jects that carry any HCM-causing gene mutation, before 
or even without the development of  LV hypertrophy 
[genotype (+)/phenotype (-) subjects]. The concept that 
HCM pathology may exist in the absence of  LV hyper-
trophy is quite old[6], but the ability to recognize the pres-
ence of  early myocardial changes is quite new. Although 
genetic testing may become the ultimate tool for assess-
ing the risk of  disease development, several issues com-
plicate its use as a screening tool.

In 60% of  cases, HCM is a familial disease with an 
autosomal dominant trait of  inheritance. To date, more 
than 1400 HCM-related mutations in genes encoding dif-
ferent sarcomere or non-sarcomere proteins have been 
identified[4]. Among them, definitive HCM causative 
mutations are those implicating 8 sarcomere genes with 
approximately 80% of  identified mutations concerning 
cardiac β-myosin heavy chain and cardiac myosin binding 
protein C[7-18]. Apart from the great number of  mutations 
recognized up to now, some genetic defects, especially 

those concerning the cardiac myosin binding protein C 
gene, are founding mutations and referred to as homo-
geneous and closed concentrated populations. To further 
complicate things, the latest studies have documented 
that 5% of  HCM families carry 2[19-21] or even 3 distinct 
causative mutations[22], including homozygous and double 
or compound heterozygous mutations. The “privacy” of  
many mutations (unique genetic defects inside specific 
families), the variable penetrance of  recorded mutations 
allowing various phenotypic severity, the complexity of  
distinction between a genetic polymorphism and a caus-
ative mutation, and the involvement of  multiple potential 
disease modifying variants[23] have led to a decrease of  
initial enthusiasm about the utility of  genetic analysis in 
preclinical diagnosis. While still in search of  the “Holy 
Grail” which is the phenotype-genotype correlation, the 
utility of  genetic analysis is confined mostly to identify 
the proband’s relatives sharing the mutation and to diag-
nose HCM phenocopies, such as Anderson-Fabry’s dis-
ease and other glycogen or lysosomal storage diseases.

The complexity of  genetic analysis has led to the 
adoption of  other diagnostic approaches to unveil HCM 
in the preclinical stage, mainly by discovering disease 
features that precede the development of  overt hyper-
trophy. In the excellent paper by Geisterfer-Lowrance et 
al[7], based on a mouse model of  familial HCM, cardiac 
dysfunction preceded histopathological changes, myocyte 
disarray came next, while hypertrophy and fibrosis tended 
to increase with age (Figure 1). Reflecting on this experi-
ment in clinical settings, cardiac dysfunction (detected 
by tissue Doppler imaging), myocyte disarray (encoded 
by new ECG abnormalities), hypertrophy (visualised by 
echocardiography or cardiac MRI) and fibrosis [detected 
by cardiac MRI Late Gadolinium Enhancement (LGE)] 
are early signs of  HCM that should be properly searched 
for (Figure 2)[24-26]. Overall, several clinical reports have 
demonstrated that the majority of  HCM genotype 
(+)/phenotype (-) subjects display “early” myocardial 
functional or histopathological changes, such as reduced 
tissue Doppler imaging-derived systolic and diastolic 
velocities, abnormal ECG, cardiac magnetic resonance 
(CMR)-visualized myocardial crypts, mitral leaflet elonga-
tion and evidence of  a fibrotic state, such as increased 
type Ⅰ procollagen synthesis, CMR-increased myocardial 
extracellular volume, and late gadolinium myocardial en-
hancement[24-27].

Preclinical diagnosis of  HCM has many medical and 
social implications. At present, there is no evidence that 
early detection will change the course of  the disease; 
however, early application of  therapy may improve the 
lifelong management of  these subjects. Experimental 
therapies in HCM-models using conventional medica-
tions have shown promising results on reversal or preven-
tion of  hypertrophy and fibrosis. Larger studies in clinical 
settings during the preclinical stage of  HCM are neces-
sary to demonstrate the potential benefit in prevention 
of  HCM phenotypic changes or complications, including 
SD.
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SIGNIFICANCE AND TREATMENT OF 
OBSTRUCTION
After a lasting controversy concerning its role in HCM, 
obstruction is evidenced to be related to severity of  
symptoms, especially by augmentation of  gradient dur-
ing exercise, in the context of  diastolic dysfunction and 
myocardial ischemia[28]. Maron et al[29] in 2003 docu-

mented that obstruction at rest is a strong, independent 
predictor of  progression to severe heart failure and 
death, while according to another study, 70% of  patients 
are echocardiographically found to have obstruction at 
rest or during exercise[30]. Despite establishing a connec-
tion between LVOTO and progression to heart failure 
in HCM, a controversy concerning the potential impact 
of  LVOTO on SCD survival is still ongoing. Two ma-
jor studies have demonstrated that a resting gradient > 
30 mmHg was associated with a 2.4-fold increase in the 
risk of  SCD[29,31], presenting, however, a very low posi-
tive predictive value (< 10%) and a very low SCD annual 
rate (0.37%-1.5%)[29,31,32]. In our cohort of  HCM patients, 
obstruction did not show a significant correlation with 
SCD incidence[33]. At present, obstruction at rest does not 
serve as a sole risk factor for SCD[34]. Probably, severe 
gradients (> 100 mmHg) may serve as SCD arbitrator in 
the context of  other risk factors[4].

A minority of  HCM patients present with a mid-LV 
level obstruction due to midventricular muscular apposi-
tion creating an hourglass-shaped LV[35-40]. MVO is as-
sociated with an unfavorable prognosis in terms of  end 
stage HCM, SCD and lethal arrhythmic events[40,41]. A 
very challenging and distinct complication of  midventric-
ular obstruction is that of  LV apical aneurysm formation 
associated with transmural myocardial scarring. Maron et 
al[42] and our team found a 2% prevalence of  apical aneu-
rysms in HCM patient cohorts. About 70% of  patients 
with apical aneurysms had a midventricular, whereas the 
remaining 30% presented with an apical type of  hypertro-
phy. More than 40% of  patients with an apical aneurysm 
experienced cardiovascular complications, including SCD, 
appropriate implantable cardioverter-defibrillator (ICD) 
discharges, thromboembolic stroke and progressive heart 
failure-death, over a 4 years mean time of  follow-up[42].

Concerning therapeutic approaches for obstruction, 
interventional procedures should be applied in patients 
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Figure 1  Echocardiographical and path-
ological features of hypertrophic cardio-
myopathy. A: An apical 4-chamber view of 
a patient with hypertrophic cardiomyopathy 
showing a hypertrophied, non-dilated left 
ventricle; B: Excessive thickness of inter-
ventricular septum (eccentric hypertrophy) 
is also optimally visualized from parasternal 
short axis views; C: Myocardial disarray and 
extensive fibrosis (× 10 Trichrome Masson); 
D: Myocardial disarray and interstitial fibro-
sis (× 40 Trichrome Masson).
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Figure 2  Preclinical diagnosis in hypertrophic cardiomyopathy. The figure 
shows histopathological cascade of the disease and diagnostic modalities used 
to detect abnormalities in each stage. LGE: Late gadolinium enhancement; 
MRI: Magnetic resonance imaging.
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Although long-term outcome studies comparing the 
effectiveness and mortality after alcohol septal ablation 
or septal myectomy are lacking, a recent meta-analysis 
reviewing 12 studies comparing the two interventional 
techniques found no significant differences concerning 
short and post-adjustment long term mortality, post-
intervention functional status, improvement in New York 
Heart Association functional class, ventricular arrhythmia 
occurrence, re-interventions performed and post-pro-
cedure mitral regurgitation[56]. However, septal ablation 
was connected to a higher post-procedure incidence of  
complete heart block requiring a permanent pacemaker 
(10%-20% vs 2% after surgery)[4], while it was found to 
increase the risk of  right bundle branch block (RBBB). 
Patients with left bundle branch block and RBBB are 
more likely to develop complete heart block with surgery 
and alcohol septal ablation, respectively[4]. Finally, the 
percentage of  patients showing a higher residual gradient 
was also deemed to be higher among patients having un-
dergone septal ablation[56].

Current evidence suggests that any attempt to con-
duct a double blind randomized study comparing the 
long term effects of  the 2 main therapeutic options for 
LVOTO in HCM would be complicated, if  not impos-
sible. Furthermore, septal ablation and septal myectomy 
are 2 very different techniques; the former causing isch-
emia and generating a scar and the latter leading to myo-
cardial resection. The myocardial scar caused by septal 
ablation has aroused concern of  a potentially increased 
risk of  malignant arrhythmias. Ventricular arrhythmias 
have been reported as an effect of  ischemia in the early 
post procedural phase[57,58]. However, no increased risk of  
malignant arrhythmias has been shown in patients who 
already had an ICD implanted because of  a previously es-
timated high risk of  SCD[59,60]. In a recent report, various 
factors, including age ≥ 65 years, gradient < 100 mmHg, 
septal hypertrophy ≤ 18 mm and left anterior descend-
ing artery diameter < 4.0 mm, were the strongest patient 
characteristics that predicted clinical success after septal 
alcohol ablation[61]. The increasing experience of  involved 
tertiary centers and proper training of  physicians provid-
ing both interventional treatments will diminish the rate 
of  complications in future and significantly alter the natu-
ral course of  the disease, especially among those patients 
presenting with more symptoms and eventually higher 
mortality.

RISK AND PREVENTION OF SCD
SCD is the most dramatic complication of  HCM. Even 
although primary estimates of  the SCD rate emanating 
from tertiary center based cohorts have been as high as 
6% per year, true prevalence based on data coming from 
large scale community registries is significantly lower, ap-
proximately 0.7% annually[3,4]. It is evident that the preva-
lence of  SCD is higher in younger people, approximately 
before 35 years of  age, even although according to other 
studies, longevity is not synonymous with immunity[62,63]. 

HCM related SCD is the leading mortality cause among 

who are severely symptomatic, with a maximal instanta-
neous gradient > 50 mmHg at rest or with physiologi-
cal provocation despite optimal medical treatment (B-
blockers, verapamil, disopyramide or combination there 
of)[4]. The major goal of  pharmacological therapy in 
symptomatic patients with HCM is to alleviate symptoms 
of  exertional dyspnea, palpitations and chest discomfort, 
which may reflect pathophysiological mechanisms such 
as LVOTO obstruction, reduced supply of  myocardial 
oxygen, mitral regurgitation and impaired LV diastolic 
relaxation and compliance[3,43]. Beta blockers accomplish 
that through their negative inotropic and chronotropic 
effects[44] improving myocardial oxygen supply-demand 
relationships, prolonging the diastolic filling period, al-
lowing for more efficient inactivation of  myocardial 
contractile proteins and leading thus to LVOTO allevia-
tion[45,46]. Negative inotropic and rate lowering effects are 
the mechanism of  action for verapamil and diltiazem, 
whereas negative inotropic action is also the pharmaco-
logical pathway of  disopyramide[4].

Surgical septal myectomy, accomplished through a 
transaortic approach and extended muscular resection 
(Morrow procedure), resulting in physical enlargement 
of  the LV outflow has been fairly considered the gold 
standard of  invasive therapies for relief  of  obstruction 
in severely symptomatic HCM patients[47-54]. In a major 
retrospective study from the Mayo Clinic, surgical myec-
tomy performed in severely symptomatic patients with 
obstructive HCM was associated with a long term sur-
vival equivalent to that of  the US general population and 
superior to survival observed in patients with obstructive 
HCM without operation[50]. In another study coming 
from the same center, surgical myectomy in patients car-
rying an ICD was associated with a significant reduction 
in the rate of  appropriate ICD discharge and a reduction 
in the risk of  SCD[52].

Alcohol septal ablation via a percutaneous intra-
coronary approach uses administration of  absolute etha-
nol to the septal perforator branch, inducing a localized 
infarction of  the basal septum at the point of  contact of  
the anterior mitral valve leaflet, reducing thereby the LV 
outflow tract gradient[53-55].

Selection of  the best interventional treatment should 
depend on demographic, anatomic-electrical and hemo-
dynamic criteria. More specifically, the age of  the patient, 
operator and institutional experience on each specific 
method, the presence of  comorbidities (chronic kidney 
disease, coronary artery disease, chronic pulmonary or 
hepatic impairment, etc.) and, last but not least, patient’s 
preference, are among the most crucial demographic fac-
tors influencing implementation of  an interventional 
strategy. Additionally, the magnitude and extent of  ven-
tricular hypertrophy, dislocation of  papillary muscles and 
their functionality, the presence of  intrinsic mitral valve 
disease potentially demanding the need of  additional sur-
gical approaches, the complexity of  coronary vasculature 
along with the existence or not of  conduction abnormali-
ties may influence final decisions based on an electro-
anatomic and hemodynamic basis[4].
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competitive athletes following different sport disci-
plines[64,65]. The vast majority of  SD (85%) occurs during 
daily activities (walking, rest, driving or during sleep), 
while 70% of  patients dying suddenly are asymptomatic 
or have few symptoms (functional class Ⅰ or Ⅱ)[62]. De-
spite the fact that SCD objectively affects a small minor-
ity of  HCM patients, early recognition of  predisposing 
factors and concomitant prevention still remains a major 
clinical challenge since SCD and associated lethal ar-
rhythmic events may be fully prevented, either primarily 
or secondarily, by means of  implantable ICDs.

Apart from personal history of  ventricular fibrillation 
(VF), sustained ventricular tachycardia (SVT) or resus-
citated cardiac arrest which has been found to represent 
the highest risk predisposing to new potentially lethal 
arrhythmic events (secondary prevention)[66-68], 5 non 
interventional clinical factors have been identified up 
to now to represent risk markers for SCD in HCM: (1) 
Family history of  SCD affecting at least one first degree 
relative < 40 years; (2) Syncope, without a known causal 
factor occurring in the recent past (< 6 mo); (3) Extreme 
left ventricular hypertrophy as this is represented by a 
maximum wall thickness of  any myocardial segment > 
30 mm; (4) Abnormal blood pressure response (ABPR) 
to exercise, defined as either a failure of  systolic blood 
pressure to increase by at least 20 mmHg or a drop below 
baseline resting values during effort and even a drop of  
systolic pressure during maximal exercise; and (5) Non 
SVT (NSVT), defined as recording on ambulatory 24-h 
Holter of  ≥ 3 consecutive ventricular ectopic beats at a 
rate of  ≥ 120 beats lasting < 30 s[69-73]. NSVT is consid-
ered a risk factor for SCD, primarily in patients under the 
age of  30[74].

Recent HCM guidelines have suggested an escalation 
in risk stratification, suggesting that personal history of  
SVT or VF is Class Ⅰ indication for ICD implantation[4]. 

Existing literature suggests that these patients have 33% 
mortality in 7 years[66] and that in 5 years 41% will experi-
ence SD or ICD-discharge[67]. The presence of  a family 
history of  SCD, syncope or a maximal wall thickness > 
30 mm confers a Class Ⅱa indication for ICDs, whereas 
NSVT or ABPR alone probably could not justify ICD 
implantation needing reassessment of  risk profile based 
on the rest of  risk factors or potential arbitrators[4]. Sev-
eral clinical or laboratory aspects of  HCM have been 
studied as potential risk modifiers for SCD, as shown in 
Table 1. Among them, 3 certain features of  HCM may 
affect our decision in favor of  ICD implantation based 
on evidence from published trials[4,69]: the presence of  
LGE on MRI[75]; certain mutations, especially coexistence 
of  more than 1 sarcomere mutation[22]; and marked LV 
outflow tract obstruction at rest[4,29,31].

All of  the above mentioned factors describe the very 
same phenomenon from a different point of  view: extent 
of  replacement and interstitial fibrosis leading to different 
conduction pathways in the myocardium, thus facilitating 
reentry events and finally malignant ventricular tachyar-
rhythmias[76,77]. Based on the previous assumptions, detec-
tion of  LGE by MRI could be the main pillar of  SCD 
risk stratification since it reflects the extent of  fibrosis, 
the main determinant of  malignant arrhythmias. How-
ever, a recent meta analysis concluded that LGE showed 
a trend towards significance for predicting SCD/aborted 
SCD (pooled OR = 2.39; 95%CI: 0.87-6.58, P = 0.091), 
failing to accurately define individual patients with HCM 
reaching this end point[75]. To date, there is no compel-
ling published evidence that the extent is more impor-
tant than just the presence of  LGE for risk-prediction. 
Moreover, the 2011 current guidelines emphasize that it 
is the presence and not the extent of  LGE that relates 
to adverse CV events. However, this is an interesting, 
controversial topic that should be addressed by future re-
search [an ongoing multicenter trial with over 1000 HCM 
patients will probably show that the extent of  LGE is 
also relevant (Martin Maron, ACC 2013)].

ICDs have proved to be effective in terminating life-
threatening ventricular tachyarrhythmias in HCM, alter-
ing the natural course of  the disease and prolonging life. 
ICDs should be offered after detailed discussion with the 
patient and his/her family and after benefits are antici-
pated to outweigh the potential risks. Data from retro-
spective analysis of  sizeable cohorts of  recipients have 
demonstrated that the number of  risk factors prior to 
implantation for primary prophylaxis is disproportionate 
to the number and frequency of  appropriate shocks de-
livered, while the time interval from ICD implant to first 
appropriate device discharge is quite variable in length 
since some patients have survived over 10 years after an 
initial episode of  cardiac arrest without receiving appro-
priate ICD discharges[78,79]. A careful evaluation of  data 
coming from American and European registries could 
easily reveal that the annual rate of  ICD adverse events 
(including inappropriate shocks and lead complications) 
may range between 8.6% and 25%, at least 2-fold higher 
than the rate of  patients receiving appropriate shocks per 

  Established risk markers Risk modifiers or novel risk factors

  Prior resuscitated cardiac arrest
  (VF, sustained VT)

LGE in MRI

  MWT > 30 mm Marked LVOTO
  FH of SCD Severe or multiple 

sarcomeric mutations 
  Syncope Certain phenotypic expressions: 

Apical aneurysms, midventricular 
obstruction

  NSVT Severe systolic or diastolic 
impairment, e.g., burnt out HCM, 

restrictive pattern
  ABPR CAD

Arrhythmic substrate: 
Atrial fibrillation

Table 1  Risk factors for sudden cardiac death in hypertrophic 
cardiomyopathy

VF: Ventricular Fibrillation; VT: Ventricular tachycardia; MWT: Maximum 
Wall thickness; FH: Family history; SCD: Sudden cardiac death; NSVT: 
Non sustained ventricular tachycardia; ABPR: Abnormal blood pressure 
response to exercise; LGE: Late Gadolinium Enhancement; MRI: Magnetic 
resonance imaging; LVOTO: Left ventricular outflow tract obstruction; 
CAD: Coronary artery disease; HCM: Hypertrophic cardiomyopathy.
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year[78-80]. The rate of  inappropriate shocks and lead dis-
lodgment/fractures seems to be higher among younger 
populations (children, adolescents), mainly due to their 
increased activity levels and body growth[81].

HCM AND BLUNTED MYOCARDIAL 
PERFUSION
For much of  the past 50 years, HCM progression was 
mainly connected to LVOTO and diastolic dysfunction, 
under appreciating (or even worse, under recognizing) 
myocardial ischemia as an important pathophysiologi-
cal component of  the disease. Even now, assessment of  
myocardial ischemia is currently not part of  routine clini-
cal diagnostic or management strategies in HCM[4].

Initial evidence that myocardial ischemia participates 
in the pathophysiological mechanism of  HCM was based 
on post mortem studies of  patients who had died sud-
denly and presented with extensive areas of  myocardial 
damage. A spectrum of  ischemic injury was observed, 
from an acute phase with coagulative necrosis and neu-
trophilic infiltrate to a chronic post-necrotic replacement-
type fibrosis, always in the absence of  atherosclerotic 
epicardial coronary artery disease[82]. In addition to gross 
pathological evidence of  myocardial scarring, autopsy 
studies in HCM patients have shown structural abnor-
malities of  intramural coronary arterioles, characterized 
by thickening of  the intima and/or medial layers of  the 
vessel wall associated with a decreased luminal cross-
sectional area. These morphological changes are the main 
substrate for functional decompensation, which translates 
to blunted myocardial blood flow during stress[83-85].

Among contemporary non invasive imaging modali-
ties that have been used for revealing impaired myocar-
dial blood flow in HCM, PET with either 13N labeled 
ammonia or 15O-labeled water is the most reliable[86]. The 
measurement of  myocardial blood flow under basal con-
ditions and in conditions of  near-maximal vasodilatation 
(after intravenous adenosine or dipyridamole) permits 
the calculation of  coronary flow reserve, that is, the ratio 
of  maximum to basal blood flow. On the other hand, 
although SPECT myocardial perfusion imaging is widely 
available, this technique is limited by allowing only the 
assessment of  relative changes in regional perfusion and 
byan inability to quantify absolute MBF[87].

Similarly to PET, recent stress CMR studies in HCM 
showed blunted myocardial blood flow in response to 
stress. Importantly, areas of  the myocardium in which 
fibrosis was present (as determined by LGE) were most 
often associated with reduced myocardial blood flow[88], 
even although a small proportion of  patients had LGE 
in the absence of  perfusion abnormalities[89]. Taken to-
gether, these CMR observations show an association 
between ischemia, myocardial fibrosis and LV remodel-
ing, providing further support for the principle that ab-
normal blood flow caused by microvascular dysfunction 
is responsible for myocardial ischemia-mediated myocyte 
death and ultimately repair in the form of  replacement 

fibrosis[87]. Traditional, noninvasive methods for detect-
ing myocardial ischemia clinically, including ST-segment 
changes on 12-lead and ambulatory Holter electrocardio-
graphic monitoring or exercise testing, have proved to be 
insufficiently sensitive or specific for detecting ischemia 
in HCM[87].

Verapamil and beta-blockers may improve symptoms 
of  chest pain and exertional dyspnea in HCM. This prob-
ably occurs via reduction in heart rate and oxygen con-
sumption and possibly because of  direct effects on the 
microvasculature and diastolic filling leading to improved 
perfusion, especially in the mostly “stressed” subendocar-
dial regions[87]. Also, since there is now evidence showing 
an improvement in myocardial perfusion after septal re-
duction therapy[90], consideration should be given to these 
procedures to relieve severe chest pain refractory to drug 
therapy[87].

Concerning the importance of  revealing blunted 
myocardial blood flow in HCM, a previous study has 
shown that severe abnormalities in myocardial blood 
flow caused by microvascular dysfunction seemed to be 
a powerful determinant of  impaired systolic function, 
whereas preserved myocardial blood flow identified the 
low-risk subgroup[91]. Therefore, an impaired myocardial 
blood flow could possibly differentiate individuals with a 
higher risk for progression towards a “burnt out” pheno-
type (dilatation and severe systolic impairment). This has 
important clinical implications since HCM patients in the 
end stage experience a high rate of  unfavorable disease 
consequences, including progressive heart failure (often 
requiring heart transplantation) and SCD (prompting 
consideration for prophylactic ICD).

In conclusion, blunted myocardial blood flow seems 
to be an important component of  HCM physiology. 
However, many current controversies need to be clarified 
by future research. First of  all, the dynamic interaction 
between fibrosis and ischemia needs further study so as 
to define which phenomenon precedes the other in the 
vicious circle set. This is extremely important since iden-
tifying the stage when active myocardial ischemia begins 
(with respect to the development of  the HCM pheno-
type) answers the question of  whether impaired myocar-
dial blood flow could be considered an early therapeutic 
target. Secondly, future research should highlight optimal 
non-invasive imaging modalities as well as biomarkers 
with sufficient sensitivity and specificity to reveal HCM 
patients with ischemia predisposing to disease progres-
sion. Finally, future studies should not only discover 
novel therapies targeting myocardial ischemia in HCM 
(especially for those patients presenting refractory angina 
to common medication), but also define the groups of  
patients who should mostly benefit from anti-ischemic 
treatment.

AF
Patients with HCM are at increased risk of  AF compared 
with age-matched cohorts, while AF is an important 
cause of  symptoms, morbidity and even mortality in pa-
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tients with HCM[4,62]. The 2011 ACC/AHA guidelines for 
diagnosis and treatment of  HCM recognize the impor-
tance of  AF for HCM prognosis, extrapolating, however, 
AF diagnostic and therapeutic options recommended for 
the general population in HCM patients[92].

The risk of  systemic embolization is high in HCM 
patients with AF but does not seem to be related to the 
severity of  symptoms[4,62]. Risk scores that seem to be 
efficient and therapy guiding in the general population 
(like CHADS2-VASc) might be less effective in HCM 
where other risk factors may also play an important role 
in predisposing to embolic events. LVOTO, SAM and 
of  course the magnitude of  LA enlargement (a common 
morphological feature in many HCM patients) seem to 
be additional factors that increase the risk for stroke[4,62]. 
Even although paroxysmal, persistent or chronic AF fol-
lowed by a CHADS2-VASc score > 2 is a strong indica-
tion for anticoagulation with a vitamin K antagonist[92], 
the threshold for AF that warrants anticoagulation re-
mains unresolved. For example, should HCM patients 
with a sole AF episode receive anticoagulant treatment 
given the high risk of  thromboembolism in HCM? Is 
a large LA volume or volume index sufficient as a risk 
factor for a vitamin K antagonist prescription in HCM 
patients prior to AF occurrence or in AF without the 
presence of  other risk factors? Finally, could aspirin pre-
vent embolic episodes in HCM patients with AF and low 
CHADS2-VASc score?

Contemporary developments in anticoagulation and 
rhythm control management in AF warrant a cautious 
assessment before their application in HCM patients. 
Unfortunately, few data exist concerning the safety and 
efficacy of  dabigatran or activated X factor inhibitors in 
HCM. Accordingly, the long-term benefits of  radiofre-
quency ablation vs antiarrhythmic drugs in patients with 
HCM remain to be established. Furthermore, there are 
no data regarding the efficacy of  other class I antiarrhyth-
mic agents, sotalol or dronedarone, in HCM[4,93]. Overall, 
AF is an important feature of  HCM pathophysiology and 
disease progression necessitating further research efforts 
to optimize existing treatment options.

NOVEL TREATMENT POTENTIALS
Five decades following the original description of  HCM, 
there is still a dismal paucity of  data supporting pharma-
cological treatment strategies for this complex disease. 
By comparison, device-based, percutaneous and surgical 
treatments of  LVOTO obstruction have received signifi-
cantly greater attention, although rarely in a double blind 
randomized fashion. This can be regarded as a paradox as 
only a minority of  patients requires surgery or a device, 
whereas the large majority is treated pharmacologically[94]. 
Additionally, few data exist concerning the therapeutic 
approach of  HCM patients without obstruction (1/3 of  
the HCM population)[94].

Treatment application in the preclinical phase of  
HCM may have a beneficial effect, whereas treatment 
during the mature phase of  the disease could be rather 

problematic since a possible regression of  hypertrophy 
may lead to LV dilation and reduced EF[95]. Taking into 
consideration the pathophysiological cascade of  HCM 
progression, early treatment options could be simply 
divided into 3 categories: therapies targeting impaired 
calcium homeostasis and related disorders; drugs block-
ing the results of  neurohumoral response secondary to 
sarcomere dysfunction; and anti-fibrotic agents.

With the knowledge that altered intracellular Ca2+ 
handling occurs early in disease pathogenesis, diltiazem, 
an L-type calcium channel blocker, inhibited the develop-
ment of  HCM phenotype when administered to young 
(pre-hypertrophic) mice carrying a pathogenic myosin 
heavy chain mutation (αMHC403/+)[96]. Importantly, 
treatment initiated after the development of  LV hyper-
trophy was unable to reverse the established phenotype 
in these animals[96]. In an observational study enrolling 
a small number (6 patients) of  genotype (+)/phenotype 
(-) HCM patients, oral daily administration of  240 mg 
of  diltiazem led to normalization of  early diastolic and 
systolic velocities about 8 wk after treatment initiation[97]. 
Obviously, data on the actions of  diltiazem in preclinical 
HCM patients are lacking, while an ongoing trial which 
is expected to terminate in December 2013 is testing the 
effects of  diltiazem in preventing phenotypes in preclini-
cal HCM, i.e., in subjects with identified sarcomere muta-
tion with no overt LVH[98]. In a similar way, ranolazine is 
another factor that could possibly interrupt the vicious 
circle of  calcium in preclinical HCM, deterring the es-
tablishment of  an overt HCM phenotype. The drug is 
currently used as a metabolic modulator in ischemic heart 
disease[99] but further insights suggested the role of  this 
drug as a selective inhibitor of  INaL in cardiomyocytes. 
Tomberli et al[100] demonstrated the potential role of  intra-
cellular Na+ overload in inducing an altered Ca2+ homeo-
stasis in HCM myocardial samples. This mechanism can 
play an important role in cardiac remodeling in HCM.

Statins, 3-hydroxy-3-methyl-glutaryl-CoA reductase 
inhibitors and angiotensin Ⅱ receptor blockers (ARBs) 
are demonstrated to inhibit angiotensin Ⅱ-mediated 
cardiac hypertrophy[101,102]. Senthil et al[103] treated 15 pre-
hypertrophic βMHC-Q403 rabbits with Atorvastatin, 
2.5 mg/kg per day, vs a placebo group for 1 year. Rab-
bits treated with statins did not develop hypertrophy and 
showed a reduction in both the myocyte cross-sectional 
area and collagen volume fraction. Similarly, Teekakirikul 
et al[104] treated pre-hypertrophic α-MHC719/+ mice with 
Losartan for 2 wk prior and during Cyclosporine A in-
duction of  hypertrophy which prevented the emergence 
of  hypertrophy, non-myocyte proliferation and fibrosis. 
Although statins and ARBs seemed to be able to reverse 
hypertrophy and fibrosis and to prevent the development 
of  the phenotype in HCM animal models, these results 
were not replicated in clinical trials[105,106].

The rational for using N-acetylcysteine and spirono-
lactone in HCM comes from the demonstration of  the 
anti-fibrotic effects of  the drugs in several human tissues 
and animal models[107-113]. However, there are no dem-
onstrations of  efficacy of  the long term treatment on 
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humans yet.

CONCLUSION
HCM assessment is based on a multilevel approach taking 
into consideration symptom (obstruction) management, 
SCD risk stratification and preclinical diagnosis/genetic 
screening/counseling (Figure 3). Could diagnostic evalu-
ation and therapeutic approach be substantially improved 
over the next few years?

There has been a remarkable evolution during the last 
few years driven by the discovery of  new mutations con-
nected with the disease, expanding its known genetic da-
tabase. Widespread adoption of  genetic analysis, at least 
from tertiary referral centers, involving newer techniques 
such as next-generation sequencing along with the prog-
ress of  bio-informatics, will help to better organize genet-
ic bases by faster and more cost effective approaches of  
the responsible exons, thus bypassing the striking allelic 
and locus heterogeneity of  the disease[114]. Based on these 
achievements, differentiating no disease causing poly-
morphisms from disease causing mutations will become 
significantly easier, permitting genotype-phenotype corre-
lations from thoroughly followed up patient cohorts. The 
introduction of  proteomics will hopefully facilitate better 
definition of  the molecular mechanisms of  the disease, 
identifying the pathophysiological pathways from genetic 
mutations to phenotypic presentation and clinical course. 
All the above developments will certainly highlight new 
therapeutic targets, which may impede genotypic expres-
sion and disease progression, and may provide a more 
accurate risk assessment for SCD prevention based on an 
individual clinical-genetic assessment.
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