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Introduction

Cardiomyopathiesare a heterogeneous
group of diseases in which the heart
muscle is structurally and functionally
abnormal, in the absence of coronary
artery disease, hypertension, valvular
and congenital heart disease sufficient
to cause the observed myocardial ab-
normality (1,2). The molecular genetics
of myocardialdisease hasnotbeen com-
pletely developed, yet, and more com-
plexgenotype—phenotyperelationships
continue to emerge for these diseases.

The present paper will focus on major
primary, inherited or acquired, cardio-
myopathies, notably on hypertrophic
cardiomyopathy (HCM), arrhythmogenic
right ventricular cardiomyopathy

(ARV(Q), dilated cardiomyopathy (DCM),
and acute myocarditis (AM).

The Trieste Heart Muscle Disease Reg-
istry was established 40 years ago in
the Cardiovascular Department of Tri-
este,one ofthe mainreferral centers for
the diagnosis and treatment of myocar-
dial diseases and heart failure (HF) in
Italy. More thanathousand patients with
differenttypes of primary cardiomyopa-
thies were enrolled.

Over the past decades, the outcome of
cardiomyopathies has been substan-
tially improving thanks to interventions
suchas periodicrevisionandimplemen-
tation of screening processes, diagnos-
tic methods and follow-up procedures
as well as constant update (3) of phar-
macological (mostly ACE-inhibitors, an-
giotensin Il antagonists, beta-blockers
and aldosterone antagonists), and
non-pharmacologicaltherapeuticstrat-
egies (implanted cardioverter defibril-
lator-ICD and cardiac resynchronization
therapy). Moreover, the average fol-
low-up of our population is around 10
years. Thus, the results of our analyses
for underwriting of patients with cardi-
omyopathies should be applied only to
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those ontailored and optimaltreatment
for a similar long-term view.

The Registry strongly underlinesthe lim-
itationofasingleassessmentatthetime
of diagnosis since additive prognostic
information derives from time-tabled
reevaluation of patients during fol-
low-up or at least (for the aim of under-
writing) from a single multiparametric
assessmentafteranadequate period of
optimal tailored medical therapy (from
a minimum of 6 months to 2 years or
more). Nevertheless, since the complex-
ity and heterogeneity of cardiomyopa-
thies, it has to be underlined the need
of an accurate evaluation of the single
case beyond general prognosticindica-
tors. Family history, myocardial pheno-
type, functional capacity, arrhythmic
burden, adherence, tolerability and re-
sponse to tailored medical therapy, as-
sociated comorbidities and evolution
overtime may significantlyinfluence the
long-term outcome of the single case.

Primary endpoints of our Registry were
all-cause death, cardiovascular (CV)
death or urgent (status I) heart trans-
plant (HTx). The cause of CV death was
based on a clinical history of sudden

death (SD), or refractory HF. Since the
young age of affected population, non
CV death was relatively rare and unex-
pected within this limited period of ob-
servation.Inorderto compare mortality
of patients with cardiomyopathies with
mortality ofthe background Italian pop-
ulation, taking into account demo-
graphic characteristics (sexand age) and
the year of diagnosis, relative survival
techniques have been applied. In brief,
a survival curve for the matched Italian
populationis being computed and com-
pared to the survival curve of patients
with cardiomyopathies, globally or strat-
ified by a significant prognostic factor.
Estimates of mortality ratios (MR) with
theircorresponding confidence intervals
are subsequently derived (4,5). As an
example,a MR of 200 % was considered
corresponding to a twice as high mor-
talityin comparison with matched Italian
population, indicating a +100% ex-
tramortality.

Hypertrophic Cardiomyopathy (HCM)

HCM is a disease of the heart muscle
characterized by LV hypertrophy in the
absence of known causes (6). The prev-
alenceisaround1:500individuals. HCM
is an autosomal dominant genetic dis-
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ease (>1400mutationin>20sarcomeric
genes) with age-related penetrance.

Severity of hypertrophy is highly varia-
ble as the presence of an obstructionin
the LV outflow tract (documented in
about 25 % of cases). Diastolic dysfunc-
tion is the main hemodynamic abnor-
mality of HCM and is related to LV hy-
pertrophy, interstitial fibrosis, fiber
disarray, and subendocardial ischemia.
LV systolicfunctionis usually preserved.

SD constitutes the major risk (children
1-2% [ year; adults 0,5-1% / year). HF
is present in 5—10% of cases and is an
important cause of death and HTx. ICD
placement to prevent SD is recom-
mended for patients with HCM with prior
documented cardiacarrestor life-threat-
eningarrhythmias. Theindicationisrea-
sonable for patients with HCM with un-
expected SDinfirst-degree relatives, in
those withamaximum LV wallthickness
>30mm, withunexplained syncopal ep-
isodes. In selected patients with
non-sustained ventricular tachycardia
or abnormal blood pressure response
with exercise, the risk of SD may be in-
creased by concomitant presence of LV
outflow tract obstruction, late gadolin-

ium enhancement as a marker of myo-
cardialfibrosis orscarring, LV apicalan-
eurysm, and possibly some genetic
mutations. Multiple risk markers in in-
dividual patients would intuitively sug-
gest greater risk for SD; however, the
vast majority of patients with 21 risk
marker will not experience SD.

In the Trieste Heart Muscle Disease Reg-
istry we consecutively enrolled 157 HCM
patients to analyze long-term prognostic
implications of symptoms and echocar-
diographic progressionto LV systolicand
diastolicdysfunctions (7,8). Afamilial his-
tory of HCM was found in 27 % of the
cases. During a median follow-up of 102
months, asymptomatic cases (47 %) as
wellasthosewith symptoms of chest pain
(15 %) showed a significantly lower rate
of CV death or HTx (<1%/ year) in com-
parisonwith patients symptomatic for HF
or arrhythmias (respectively 17 % and
22%, CV death or HTx 3-5 %/ year) (7).

Afurtheranalysiswas performed on 101
HCM patients with systematic Echo Dop-
plerevaluationatenrollmentand during
follow-up (66 men, 65%; mean age
43x19years, follow-up 109 £ 67 months)
to analyze the presence of restrictive
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Tab. 1. Main baseline clinical characteristics of the study population with HCM (8).

Variables el
(n=101)
Asymptomatic patients (%) 28
NYHA class II-IV (%) 39
Syncopal epysodes (%) 7
Ventricular arrhythmias (%) 11
Supraventricular tachycardia / atrial fibrillation (%) 24 /5
LV end diastolic diameter indexed (cm/m?) 2,5+0,4
LV maximal thickness (cm) 2,2+0,5
LV ejection fraction (%) 65%11
LV ejection fraction <50% (%) 7
Left atrial area indexed (cm2/m?) 155
LV systolic pressure gradient >30 mmHg (%) 28,3
LV abnormal relaxation (%) 36
LV Restrictive Filling Pattern (%) 15
Beta-blockers / Verapamil (%) 37/25
Amiodarone (%) 19
ACE-inhibitors / Diuretics (%) 9/1

filling pattern (RFP) and LV systolic dys-
function as markers of worse clinical
status, elevated LV filling pressure, and
poor prognosis (Table.1) (8).

At enrollment, 17 % of patients showed
RFPand/ orleftventricular systolic dys-
function (LVEF <50%), while at fol-
low-up, LV systolicand / ordiastolic dys-
functions persisted or developed in

44 patients (44 %). From the clinical
point of view, patients who maintained
or developed LV RFP and/or systolic
dysfunctions presented a more serious
clinicalstatusand more severe echocar-
diographic abnormalities, both upon
enrollment and during the follow-up.

Theonlyrisk factorat enrollment for de-
velopment of diastolic and / or systolic

ASA|SVV Medinfo 2013/2 Herz, Wasser und Handicap



CV death/HTx-free Survival

o
i \‘R
° L
el
c
<
S
N
© —— No LV diastolic and systolic dysfunction
LV diastolic and/or systolic dysfunction
o | — ltalian population (match)
o
o 5 16 1‘5

Follow-up (years)

dysfunctionwasa higherindexed LV end
diastolic diameter; on the other hand, a
higherindexed left atrial area predicted
the development of RFP, while a lower
LV ejection fraction at enrolment would
predict the evolution in LV systolic
dysfunction. During follow-up, CV
death /HTxwas demonstrated in 27 pa-
tients (27 %). HTx-free survival inde-
pendently correlated with NYHA classes
[11-1V and with left ventricular systolic
and/ or diastolic dysfunctions at base-
line or during follow-up (Fig. 1). The
short-term revaluation showed a signif-
icantincremental prognosticvalue when
compared to the baseline evaluation.

For underwriting, in presence of LV sys-
tolic and / or diastolic dysfunction, the

Fig. 1. Survival curves of 101 HCM patients
according to the presence of LV diastolic

and / or systolic dysfunctions at presentation
or during follow-up compared with patients
without left ventricular dysfunctions and age-
and sex-matched italian population (modified

from ref. 8).

MR ranges from 200-300% in the first
2 years to 400-700 % from 5 to 10 years
of cover. Otherwiseinabsence of LV dys-
functions (and other major risk factors
for SD), the candidates could meet crite-
ria for life insurance with a MR ranging
from 150—200% in the first two years to
200-300% from 5 to 10 years of cover
indicating an extramortality from + 50 %
to+200%foramaximal coverofioyears.

Arrhythmogenic Right Ventricular
Cardiomyopathy (ARVC)

ARVC is a primary myocardial disease
predominantly involving the right
ventricle (RV). It may lead to life-threat-
ening ventricular arrhythmias and HF
(ref. 9,10). ARVC s a genetic disease (in
most cases autosomal dominant with
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incomplete penetrance) with an esti-
mated prevalence of 1:5000and a famil-
ial trait in 30—-50% of cases. Several
desmosomal mutations are considered
to be responsible for the progressive
loss of ventricular myocytes, and their
replacement with fibro-adipose tissue,
the pathologiclandmark of the disease.

Major arrhythmic events and SD can
occur in both early ’concealed’ phase

(characterized by little or no evidence
of heart disease) and in the overt stage
of disease (characterized by fibro-fatty
replacement of the myocardium). The
progressive myocyte loss and replace-
ment with fibro-fatty tissue, due to in-
trinsic genetically determined structural
pathology and stress, are also respon-
sible for the gradual dilation and func-
tional RV and LV impairment that even-
tually result in progressive HF.

Tab. 2. Main baseline clinical characteristics of the study population with ARVC (10).

. Baseline
Variables (n=96)
Asymptomatic patients (%) 27
NYHA class lI-1V (%) 17
Syncopal epysodes (%) 15
Non sustained ventricular tachycardia (%) 34
Supraventricular tachycardia / atrial fibrillation (%) 19/ 4
ECG abnormalities (%) 78
RV dilatation (%) 79
RV systolic dysfunction (%) 64
Moderate-severe tricuspid regurgitation (%) 15
LV dilation (%) 14
LV wall motion abnormalities / systolic dysfunction (%) 45 /26
Antiarrhythmics (%) 54
Amiodarone (%) 24
Beta-blockers / Sotalol (%) 20/19
ACE-inhibitors / Diuretics (%) 17 /17
ACE-inhibitors / Diuretics (%) 9/1
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We analyzed the clinical presentation,
natural history and long-term echocar-
diographic prognostic predictors in 96
patients with ARVC consecutively en-
rolled in our Registry (68 % men, mean
age 3515 years, follow-up 128+92
months) (Table 2) (9). A familial history
of ARVC was found in 46 % of the cases.

During follow-up, the 20 patients who
reached the primary endpoint of CV
deathorHTxshowed amore severeclin-
ical presentation, characterized by more
frequentHFaswellasRVand LV systolic
dysfunctions, atrial enlargement and
significant tricuspid regurgitation.

On Cox multivariate analysis, the 3 sig-
nificant independent predictors of CV

Fig. 2. Survival curves of 96 ARVC patients
classified according to the «ordinal ventricu-
lar dysfunction» (solid line = no ventricular
dysfunction; dashed line = right ventricu-

lar dysfunction; dotted line = biventricular
dysfunction) compared with age- and sex-
matched italian population (modified from

ref. 10).

death /HTxwere ordinal dysfunction (o=
no RV or LV systolic dysfunction; 1=RV
systolic dysfunction, 2=RV and/or LV
systolic dysfunction) along with signif-
icant tricuspid regurgitation and
amiodarone treatment. A progressive
increase of CV death and HTx rate was
observed in the presence of RV and
biventricular dysfunction, respectively
(Figure 2).

For underwriting, in absence of RV and
LV systolic dysfunction, the MR ranges
from 100-200% in the first 2 years to
200-300 % from 5 to 10 years of cover-
age, indicatingamortality from standard
to an extramortality of +200%. Other-
wise, candidates should be considered
unsuitable for life insurance.
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Dilated Cardiomyopathy

Dilated cardiomyopathy (DCM) is a heart
muscle disease characterized by a con-
tractility reductionand LV or biventricular
dilation and constitutes a relevant mor-
tality and morbidity factor, as well as a
frequentindicationto HTx. The estimated
prevalence is 1:500 and at least 30% to
50% of DCM cases are familial, suggest-
ing a relevant genetic background (more
than 4o genes involved, different modes
of inheritance with incomplete and
age-dependent penetrance). Afteradjust-
ment for the clinical stage of the disease,
the overall outcome of familial cases is
similar to that of sporadic ones.

The combined influence of a progres-
sively earlier diagnosis (also due to sys-
tematic familial screening) and efficacy

of HF interventions were associated to
asignificantimprovementin DCM prog-
nosiswith<2 /100 patients / yearofma-
jor events and 8-year HTx-free survival
of 87 % in the last decade (ref. 11). The
improvement of LV function and remod-
elling overtime on tailored medicaltreat-
mentisrelatively frequentand sustained
over the years, while complete normal-
ization of LV is possible but relatively
uncommon. In spite of this significant
advance, DCM patients are at present
unlikely accepted for life insurance.

We prospectively enrolled 577 DCM pa-
tientsinourRegistry (75 % males, mean
age 45+14 years, median follow-up
8 years) to compare the long-term all-
cause death or HTx with background
Italian population, taking into account

Tab. 3. Main baseline clinical characteristics of the study population with DCM (4).

Variables szedlio
(n=577)
NYHA class I-1l (%) 75
HF duration (months) 12
Atrial fibrillation (%) 10
LV EF (%) 31
Beta-blockers (%) 82
ACE / Angiotensin Il-inhibitors (%) 93
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demographic characteristics and ’re-
verse remodelling’of LV after the first
two years of optimal medical treatment
(Tab. 3) (4).

Reverse remodelling (RR) was defined
in presence of a LVEF improvement of at
least 10 points, or normalization
(LVEF>50%) and a left ventricular end
diastolic diameter (LVEDD) decrease of
at least 10 %, or normalization (indexed
LVEDD < 3,3 cm/m?) after12—24 months
of optimal medical therapy. During the
study period, 178 patients died or un-
derwentHTx (3,8 % pts / year). Fifty-five
patients (9,5 %) were treated with ICD
for primary prevention of SD.

At2yearsfromenrollment, 389 patients
had available datato evaluate theirclin-
icalstatus.Amongthem, 140 (36 %) were
defined to have RR. Most of the RR pa-
tients were asymptomatic (NYHA 180 %
in RRvs 47 % in not RR, p=0,001), with
LVEF >45% (RR 68% vs not RR 22 %,
p=0,001).

In comparison with the matched Italian
population, DCM patients showed arel-
ative survivalrangingbetweeno,91and
0,73 for males (at 2 and 10 years) and

between 0,95 and 0,79 for females. Rel-
ative survival rates also confirmed the
significant worse condition of males, as
emerging in many clinical studies. With
a global 5-year survival of only 78%
(males) to 87 % (females), DCM patients
would appeartobeuninsurable atafirst
glance with MR ranging from 500% to
more than 800 %, fairly equivalent in
both sexes, showing values incompati-
ble with life insurance suitability.

Instead, by considering reverse remod-
ellingwithinthe first2 years of follow-up,
percentage of survival at 5 and 10 years
of such patients showed a highly signif-
icant improvement with a MR ranging
from 200 % to 400 %, so that they could
be considered acceptable lifeinsurance
candidates by defining an extramortal-
ity ranging from +100% to +300% de-
pendingonthe entity of clinicalimprove-
ment on optimal medical treatment
(complete normalization of LV dimension
and function vs persistent mild to mod-
erate impairment), the length of the
cover (up to 10 years) and the age of
candidates (over5oyearsold candidates
with RR showed a better relative situa-
tion compared to younger patients)
(fig.3).
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Fig. 3. Survival curves of 389 DCM patients, by gender (m=male, f=female) (fig. 3A) and by age

groups (fig. 3B) and reverse remodelling (RR=reverse remodelling, not RR=not reverse remo-

delling) compared with age- and sex-matched italian population (from ref. ).

The relatively high rate of events during
thefirstyearsafterdiagnosis (ref. 11) high-
lights the importance for the insurance
company to evaluate the candidates af-
ter at least 1 to 2 years of follow-up on
tailored medical treatment in order to
guarantee an adequate risk stratifica-
tion and underwriting.

Myocarditis

Active myocarditis (AM) is an inflamma-
tory disease of the myocardium, diag-
nosed by established histological, im-
munologicalandimmunohistochemical
criteria. Heterogeneity of clinical mani-

festation is a peculiar feature of AM,
which may variably present itself with
recentonset HF, arrhythmias, chest pain
oraconcurrence ofthese elements. Sim-
ilarly, natural history of AMis highly var-
iable, ranging from full recovery with
excellentmid-termoutcome to develop-
ment of DCM or SD.

Our study consecutively enrolled 82 pa-
tientsinthe Trieste Heart Muscle Disease
Registry (70% males, mean age 38+16
years, median follow-up 147+ 107months)
with biopsy-proven AM to describe the
long-term natural history and early pre-
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dictors of long-term prognosis (ref. 12).
Beyond HF tailored medical treatment,
56 % of patients received immunosup-
pressive therapy (prednisone and aza-
thioprine) for a 6-month period on the
basis of absence of genome of cardio-
tropicvirusesinendomyocardial biopsies
with evidence of immune activation at
immunohistochemical analysis and per-
sistent severe symptoms of HF or LV dys-
function and / or otherwise unexplained
life-threateningventriculararrhythmias.

Patients were categorized in three
groups according to the main pattern of
disease onset: 65% of patients pre-
sentedwithHFand / or LVEF<50%, 24 %
with electrocardiographic evidence of
bradyarrhythmias or tachyarrhythmias
and 11% with chest pain (Table 4).
Among the three groups, patients with
HF more frequently presented LV dys-
function and enlarged left atrium and
ventricle.

Tab. 4. Main baseline characteristics of the study population with Acute Myocarditis according

to clinical presentation (12).

Heart Failure Arrhythmias Chest Pain

Variables (N=53,65%) (N=20,24%) (N=9,11%) p value
NYHA functional classes IlI-IV (%) 68 15 o] <0,001
Left bundle branch block (%) 19 10 o 0,407
Non sustained ventricular tachycardia (%) 40 11 o 0,007
Left atrial diameter indexed (cm/m) 2,5%4 2,0%3 2,0%3 <0,001
LV end diastolic diameter indexed (cm/m)  39[35—42] 30[28-33] 31[29-33]  <0,001
LV ejection fraction (%) 28[21-32] 57049-64] 56[53-64] <o0,001
LV ejection fraction <50% (%) 100 25 il <0,001
LV Restrictive filling pattern % 61,5 8 33 0,003
Moderate-severe mitral regurgitation (%) 25 10 o} 0,146
ACE / Angiotensin ll-inhibitors (%) 57 25 22 0,018
Beta-blockers (%) 49 30 11 0,058
Diuretics (%) 85 o 11 <0,001
Amiodarone (%) 28 15 o 0,130
Immunosoppressants-no. (%) 66 40 33 0,043
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During follow-up, 23 (28 %) patients died
and 7 (9%) underwent HTx; 9 (11%) pa-
tientsreceivedan|CD. Long-term HTx-free
survivalwas significantly differentamong
groups according to the pattern of dis-
ease onset, with the poorest outcome
being for HF patients. Upon multivariable
analysis, the independent predictors of
long-term HTx-free survival were the left
atrium enlargement and the presence of
LV systolic dysfunction at enrollment.
These patientsrepresentahighrisk sub-
group and require further reevaluations
underoptimal medicaltreatmentinorder
to improve the prognostic stratification
and guide atailored globalmanagement.
In contrast, AM patients with preserved
LVEF at disease onset (also in presence
of symptoms as chest pain) present an
excellentlong-term prognosis and should
be treated conservatively. The only ex-
ception may be related to patients with
AM presentingwitharrhythmias, inwhich
the rhythm instability may indicate a dif-
fuse myocardial involvement and possi-
bly risk of late events.

Early improvement or normality of LVEF
(defined as LVEF increase >20 percent-
age pointsor LVEF>50%) was observed
in 53% of our patients at 6 months. In

the high-risk subgroup of patients with
LVEF<50%, tailored medicaltherapy for
HFwith ACEinhibitors and beta-blockers
wastheonlyvariableindependently as-
sociated with LV functionrecovery. More
recent data from the literature suggest
that the absence of late gadolinium en-
hancement on cardiac magnetic reso-
nance may further improve our predic-
tion of recovery of LV function.

Persistence of NYHA 1lI-1V classes, left
atrium dilatation and improvement or
normality of LVEF at 6 months were in-
dependent predictors of long-term out-
comeinourstudy. The promptimprove-
ment or normality of LVEF were
independently associated with excellent
long-term outcome on multivariable
analysis, regardless of LV function at
disease onset (fig. 4). For underwriting,
in the presence of improvement or nor-
mality of LVEF at 6 months, MR range
from100-200%duringthe first10years
of cover, indicating a mortality from
standardto an extramortality of + 100 %.
Otherwise, the candidates should be
considered unsuitable forlife insurance.

This information underscores the im-
portance of clinical and echocardio-
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Fig. 4. Survival curves of 82 patients with
acute myocarditis according to the improve-
ment or normality of LVEF after 6 months of
optimal medical treatment compared with

age- and sex-matched italian population.

graphic early reevaluation in AM pa-
tients to increment the prognostic
accuracy of long-term risk stratifica-
tion. Nevertheless, it needs to be un-
derlined that, although a fairprognosis
is consistent with the spontaneous or
therapeutically-induced reversibility
ofthe pathological substrate, AM may
recur, evolve to dilated cardiomyopa-
thy, or complicate with life-threatening
arrhythmias consistently with its com-
plex and not yet fully understood
pathophysiology.
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