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The natural history of hypertrophic cardiomyopathy
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In the early years of the disease recognition, hypertrophic cardiomyopathy (HCM)
was viewed as an ominous disease with unfavourable prognosis and with an annual
mortality between 4% and 6%. At that time, 73% of the patients reported in the literature came from only two referral centres. With the introduction of echocardiography, our understanding of HCM has improved and non-selected patient populations
were assembled in several centres. A more benign prognostic proﬁle was documented with an annual mortality rate of 1.5% or less. In the 2000s, important therapeutic interventions further improved the prognosis of patients with HCM:
implantable-cardioverter deﬁbrillator for prevention of sudden death, heart transplantation for treatment of severe refractory heart failure, and an extensive treatment with myectomy for relief of left ventricular outﬂow tract gradient. The natural
history of HCM has changed substantially with contemporary treatment achieving an
annual mortality rate less than 1% with extended longevity and a greatly improved
quality of life.

The first contemporary account of the cardiac disease that
we know as hypertrophic cardiomyopathy (HCM) is that by
Donald Teare (a British pathologist and coroner in London)
who reported asymmetric septal hypertrophy in eight
patients.1 Notably, in that single communication, he masterfully described the pathophysiological markers (myocardial hypertrophy with myocyte disarray, small vessel
disease with ischaemia and fibrosis), the clinical consequences (effort dyspnoea, palpitations, chest pain, syncope), and the most threatening and unpredictable
complication of the disease, sudden cardiac death (SCD),
mainly in the young (7 out of 8 patients had died
suddenly).2
In the 1960s, a number of studies in literature reported
patients evaluated with cardiac catheterization who developed intraventricular pressure gradient without an anatomical cause that could justify subaortic obstruction. At
that time, HCM was called idiopathic hypertrophic subaortic stenosis (IHSS).
In 1968, the Braunwald group at the National Institutes
of Health described the natural history of a large (at that
time) population of 126 patients with IHSS.3 During a mean
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follow-up of about 3 years, 10 patients died, 6 of SCD and 4
due to progressive heart failure. The New York Heart
Association (NYHA) functional class at first evaluation
appeared to be an important prognostic index: 1/40 (2.5%)
died among patients diagnosed in NYHA I, while 4/16 (25%)
died among those diagnosed in NYHA III/IV. On the other
side of the ocean, in London, the Goodwin group at the
Hammersmith Hospital published a study on the clinical
course and prognosis of 85 patients with hypertrophic obstructive cardiomyopathy.4 In the analysis of a 4-years
mean follow-up, 12 patients died, 6 of SCD (all young, with
a mean age at death of 25 years) and 6 after surgery (myectomy); 12 patients experienced worsening of symptoms
with progression to advanced NYHA functional class III/IV.
At this time, HCM is viewed as an ominous disease with an
unfavourable prognosis and with an annual mortality between 4% and 6%.
In the 1970s, with the introduction of non-invasive imaging of the disease, represented by echocardiography, the
diagnostic definition of the disease changes substantially:
many non-obstructive forms of HCM were identified, allowing a more actual morphological spectrum of the disease,
and the term HISS was replaced with HCM. New patients cohort are assembled, however still from referral centres. In
a retrospective analysis of the clinical course of 254 HCM
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patients,5 during a mean follow-up of 6 years, 58 patients
died, 32 died suddenly and 38 died of sudden death or heart
failure. The combination of young age at diagnosis, syncope, family history of HCM and sudden death, and severe
functional limitation appeared to be the strongest predictors of sudden death. The annual mortality is higher where
the diagnosis is made in adolescence (5.9%); lower in subjects diagnosed after 15 years (2.5%). These data still came
from the above-mentioned Hammersmith Hospital in
London, but the numbers are slightly changing and different classes of patients are now identified with different
prognostic profiles.
We must wait until 1989 when, in a brilliant study,6
Spirito et al. actually challenged the prognostic paradigm
of HCM. The authors made an analysis of the clinical course
of HCM as described in 78 studies published in the last
5 years and compared it to that of 25 patients enrolled in
their institution. During an average follow-up of 4.4 years,
none of these last patients died or underwent a clinical deterioration. The authors underlined that 73% of patients
reported in the literature came from only two referral
centres and that 96% of patients with moderate–severe
symptoms reported in the literature came from one of the
same two referral institutions. The conclusions of the study
clearly sounded like something new: ‘The natural history of
hypertrophic cardiomyopathy may be more benign than
can be deduced from published studies’. The HCM clinical
and scientific community had to move on.
The 1990s were characterized by several sizeable studies
of HCM, largely from territorial or regional cohorts. Due to
these ‘unselected’ samples of patient population, a more
complete description of the great morphological and clinical heterogeneity of HCM and a more realistic view of its
natural course was achieved.7 One of the most important
studies came from Italy, on a cohort of 202 HCM patients
from the Tuscany region.8 During a mean follow-up of
10 years, 13 patients died, 11 due to heart failure and 2 to
sudden death, amounting an annual cardiac mortality of
0.6% and that due to sudden cardiac death ‘was only’ 0.1%.
A retrospective investigation published on a regional cohort of the USA came to the same results and conclusions.9
In a mean follow-up of 8 years, the annual mortality of HCM
was much lower than that reported in past years, about
1.5% or less, and survival, in the subset of patients diagnosed in adulthood, not substantially different from that of
the general population. The old prognostic paradigm of the
HCM has been superseded.
From the year 2000, several papers were aimed to describe the epidemiology and prognosis of some clinical
aspects and complications of HCM, in larger and unselected
cohorts. A general consensus has grown up that the complications encountered in patients with HCM walk along separate and relatively independent pathways, where, beside a
great proportion of patients (around 60%) that has a stable
course without (or with minor) complications, we can distinguish four subgroups characterized by (i) a high risk of
sudden death, (ii) progressive symptoms of heart failure
with severe functional limitation associated with chest
pain and, usually, in the presence of a preserved systolic
function, (iii) end-stage phase of the disease with ventricular remodelling and systolic dysfunction; and (iv) atrial
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fibrillation (AF) with the complication of the embolic
stroke.10
In the year 2003, more than 40 years since the initial description of HCM, we had the first definite demonstration
that the clinical course of HCM is less favourable in patients
with the obstructive form of the disease.11 In a prospective
population of >1000 HCM patients, 25% of whom with a
gradient (>30 mmHg in resting conditions) in left ventricular (LV) outflow tract, obstruction was independently associated with progressive symptoms of heart failure and
HCM-related death. Hypertrophic cardiomyopathy with obstruction is a more serious form of the disease with a worse
prognosis.
Moreover, among patients with the non-obstructive form
of the disease, a small subset may progress to the endstage phase of HCM, characterized by LV systolic dysfunction (ejection fraction less than 50%), LV wall thinning and
chamber enlargement, and progressive symptoms of heart
failure. End-stage HCM is associated with worse outcomes,
with a mortality rate 11% per year and is a sudden death
risk factor.12
In more recent reports, another adverse clinical pathway
has been described in those HCM patients who develop an
apical aneurysm (up to 5% of cases). This unfavourable evolution of the disease, to whose identification cardiac magnetic resonance has given an important contribution, is
accompanied by an elevated risk of death, mainly SCD,
arrhythmias, and cardioembolic events, with a three times
higher risk of disease-related complications compared to
patients without an aneurysm.13
The identification and characterization of these distinct
adverse clinical courses of HCM prompted the cardiologist
to prepare the appropriate treatment strategies to counteract the outcomes in terms of morbidity and mortality.
Since 2000, new strategies have developed for the treatment of patients with HCM as well other therapeutic
options received a new impulse.
The implantable-cardioverter defibrillator (ICD) is able
to stop fatal arrhythmias and will prove effective in preventing sudden death both in the adult population (10% of
interventions/year in secondary prevention and 4% of interventions in primary prevention)14 and in children.15 The ICD
has changed the natural history of many HCM patients.
Along the prognostic pathway characterized by severe
refractory heart failure, heart transplantation (HT) has
progressively become the definitive option in HCM patients
who have advanced end-stage disease with the power of
extending life. In addition, post-transplant survival rates of
HCM patients demonstrated to be more favourable than
those observed in patients with ischaemic cardiomyopathy.16 In this way, also HT contributed to modify the natural
history of HCM and the life expectancy of patients.
Lastly, after the publication of the results from two different referral centres for surgery in HCM (Rochester and
Toronto), showing that the surgical relief of obstruction in
the LV outflow tract can modify the survival of
patients,17,18 septal myectomy gained a new impulse, especially when compared with the previous 30 years. The
surgical technique was enriched with complementary
interventions compared to the traditional simple incision
of the basal septal bulge (myotomy) and muscle excision
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(myectomy), and the operative mortality has fallen from
an unacceptable 6% to a value less than 1% in centres of
excellence, with stable improvement of symptoms on late
follow-up. The new impulse for septal myectomy has represented an important step forward in the reduction of
HCM morbidity and mortality. In selected patients with obstructive HCM (advanced age, those at an unacceptably
high surgical risk for important comorbidities) alcohol septal ablation, a technique introduced in the late 1990,
is now a reasonable alternative to surgery, providing symptomatic improvement and a good long-term survival.19
Finally, we have entered the contemporary era and,
based on the above-mentioned progress on our understanding of the clinical spectrum HCM and on a targeted treatment strategies, a new vision of the natural history of HCM
has been proposed, far from that of an ominous disease
with high mortality and scarce resources to manage it.
Hypertrophic cardiomyopathy has become a ‘contemporary treatable disease’ with a mortality rate less than 1%
and with a greatly improved quality of life.20 Heart failurerelated death is the most frequent modality of death
and SCD is more common in young patients less than
30 years old.
Certainly, the clinical as well as the psychological perspective of the disease has changed and patients can be
reassured on the course of the disease and on the potential
of several interventions to face its complications and to
ameliorate the quality of life.
However, it is not all roses and a note of caution is required. Although the natural history of patients with HCM
has dramatically changed into a more benign ‘unnatural
history’ with contemporary treatment and extended longevity, we do not have yet a cure for HCM. Biologically, the
disease phenotype progresses over time in the same way as
it did 60 years ago. Accordingly, with this point of view, less
enthusiastic results, based on a longitudinal observation of
more than 4500 patients, are reported in the SHaRe registry.21 The analysis of data shows that the cumulative burden of HCM remains considerable in terms of morbidity,
mainly characterized by heart failure and AF, especially in
patients diagnosed of younger age and in those with sarcomere mutations. Furthermore, we must consider not only
the burden of the disease but also how and to what extent
the important therapeutic interventions put in the field to
prolong survival (ICD, myectomy, HT) can impact on the
patient’s lives, by themselves or by their potential complications. Crucial advances are then needed to further improve the clinical care of HCM patients, developing
therapies with the aim to prevent the phenotypic progression of the disease and its adverse consequences.
In conclusion, the natural history of HCM is the story of
several natural histories of patients with the disease over
the last 60 years, dictated by our changing knowledge of
the disease and by the progressive improvement of treatment strategies. The actual frame shows a natural clinical
course of the disease that has turned into an unnatural and
more benign course. Conversely, we have not yet been able
to intervene on the primary causes of the disease and modify the biological course of HCM.
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