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Cardiogenetics publishes high quality original research papers,
review articles, short reports, news and views, with the aim of con-
necting the scientific (bench) to the clinical (bedside) world.

As an essential resource to general physicians, cardiologists,
and geneticists, Cardiogenetics primary purpose is to report
Original Research in the following areas:

Clinical and molecular aspects of inherited heart diseases
(IHDs): genotype-phenotype findings; follow-up data from IHD
clinics; clinical findings from large and informative families with
IHDs; studies on molecular imaging in IHDs.

Clinical and molecular aspects of rare diseases: clinical, imaging
and molecular findings of rare diseases (RDs) with cardiovas-
cular involvement.

Pharmacogenetics and Pharmacogenomics: studies involving
new drugs or well known therapies in IHDs, RDs, and cardiovas-
cular medicine; genetic/genomic profile and response to thera-
pies.

Stem cells studies: clinical trials and experimental studies
involving cell studies/cell therapy.

A space will be given to negative studies in cardiogenetics: this
space will be dedicated to clinical, molecular, cellular, pharma-
cological studies with a solid scientific background, but leading
to negative results.

Cardiogenetics will also welcome:

Review articles: To be oriented towards all the aspects of car-
diogenetics (clinical, molecular, cellular, pharmacological).

Clinical and Experimental Cases/Hypothesis: Clinical (single)
cases regarding IHDs or RDs; single experimental design with
positive and/or negative results.

Methods and Techniques: Experimental plan and/or new tech-
niques in the field of molecular genetics, stem cells, pharma-
cogenomics, etc.

Images in Cardiogenetics: Images and/or videos regarding “par-
ticular” clinical features, molecular imaging, and experimental
(molecular, etc.) results.

News and Views: commentary, summary, reports of outstanding
articles in other journals for the general public.

Interactive Clinical Cases: Interesting cases with 3-5 questions.

Education in Cardiogenetics: This is a new and very important
“platform”, including educational material (reviews, interactive
clinical cases, news and views, commentary, summary, reports
of outstanding articles published in other journals) for the gen-
eral public, students, general physician, cardiologists in training
and consultant cardiologists with a special interest in cardiovas-
cular genetics. All the articles will be reviewed by international
experts in inherited heart diseases and cardiovascular genetics.

CARDIOGENETICS
is published by PAGEPress Publications, Italy. 

The journal is completely free online at www.cardiogenetics.it
Publishing costs are offset by a publication fee charged to authors.

For more information 
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Instructions to Authors 
Manuscripts must be written in English. Authors whose

native language is not English are strongly advised to have
their manuscript checked by a language editing service, or by
an English mother-tongue colleague prior to submission. As
an option, PAGEPress offers its own professional copyedit-
ing service. Professional copyediting can help authors
improve the presentation of their work and increase its
chances of being taken on by a publisher. In case you feel
that your manuscript needs a professional English language
copyediting checking language grammar and style,
PAGEPress offers a chargeable revision service in a few
days. This service is available as well to authors who do not
submit their manuscript to our journals. Please contact us to
get more detailed information on this service. 

Style. The first page must contain: (a) title, name and sur-
name of the authors; (b) names of the institution(s) where
the research was carried out; (c) a running title of no more
than 50 letters; (d) acknowledgments; (e) the name and full
postal address of the author to whom correspondence
regarding the manuscript as well as requests for abstracts
should be sent; (f) three to five key words. To accelerate
communication, phone, fax number and e-mail address of
the corresponding author should also be included. The sec-
ond page should contain: (a) authors' contributions, i.e.,
information about the contributions of each person named
as having participated in the study (see details at
http://www.icmje.org/#author); (b) disclosures about poten-
tial conflict of interest. 
Original Articles should normally be divided into an

abstract, introduction, design and methods, results, discus-
sion and references. The abstract should contain about 250
words and must be structured as follows: background,
design and methods, results, conclusions. A maximum of 20
authors is permitted, and additional authors should be listed
in an ad hoc appendix. Review Articles: no particular format
is required for these articles. However, they should have an
informative, unstructured abstract of about 250 words.
Reviews may also include meta-analyses, guidelines and con-
sensus papers by scientific societies or working groups.
These studies must be conducted following proper, widely
accepted ad hoc procedures. Brief Reports must provide
conclusive findings: preliminary observations or incomplete
findings cannot be considered for publication. They should
be signed by no more than 10 authors. Brief reports should
have a short abstract of no more than 150 words, a text of
about 2000 words, a maximum of 3 tables and/or figures
(total), and up to 20 references. Letter to the editor. Authors
may respond to published manuscripts in Cardiogenetics or
express a personal opinion or deliver information or news
regarding an issue related to the different aspects (clinical,
molecular) of cardiovascular genetics. If the letter is in rela-
tion to a published manuscript, the authors of the original
manuscript will be given the opportunity to provide a rebut-
tal. Case reports and the results of scientific studies should
be submitted as peer reviewed manuscripts within their
respective categories rather than as letters to the editor.
Letters to the editor should be from 250 to 1,000 words in
length. Authors of letters to the editor should provide a
short title for their letter.  Letters to the editor will be pub-
lished in a section separate from papers which have under-
gone peer review.
References should be prepared strictly according to the

Vancouver style, which is present in EndNote); for details
see the URL: http://www.nlm.nih.gov/bsd/uniform_require-
ments.html. Where available, URLs for the references

should be provided directly within the Word document.
References must be numbered consecutively in the order in
which they are first cited in the text, and they must be iden-
tified in the text by arabic numerals. References to personal
communications and unpublished data should be incorporat-
ed in the text and not placed under the numbered
References.

Peer-review policy
All manuscript submitted to our journals are critically

assessed by external and/or inhouse experts in accordance
with the principles of Peer Review (see details at
http://www.icmje.org/#peer), which is fundamental to the
scientific publication process and the dissemination of
sound science. Each paper is first assigned by the Editors to
an appropriate Associate Editor who has knowledge of the
field discussed in the manuscript. The first step of manu-
script selection takes place entirely inhouse and has two
major objectives: a) to establish the article's appropriate-
ness for our journals' readership; b) to define the manu-
script's priority ranking relative to other manuscripts under
consideration, since the number of papers that the journal
receives is much greater than that it can publish. If a manu-
script does not receive a sufficiently high priority score to
warrant publication, the editors will proceed to a quick
rejection. The remaining articles are reviewed by at least two
different external referees (second step or classical peer-
review). Manuscripts should be prepared according to the
Uniform Requirements established by the International
Committee of Medical Journal Editors (ICMJE) (see
http://www.icmje.org/#prepare). Authorship. All persons des-
ignated as authors should qualify for authorship according to
the ICMJE criteria (http://www.icmje.org/publishing_8adver-
tising.html) Each author should have participated sufficient-
ly in the work to take public responsibility for the content.
Authorship credit should be based only on substantial contri-
butions to (a) conception and design, or analysis and inter-
pretation of data; and to (b) drafting the article or revising it
critically for important intellectual content; and on (c) final
approval of the version to be published. These three condi-
tions must all be met. Participation solely in the acquisition
of funding or the collection of data does not justify author-
ship. General supervision of the research group is not suffi-
cient for authorship. Any part of an article critical to its main
conclusions must be the responsibility of at least one author.
Authors should provide a brief description of their individual
contributions.
Obligation to Register Clinical Trials (see details at

http://www.icmje.org/#clin_trials). The ICMJE believes that it
is important to foster a comprehensive, publicly available
database of clinical trials. The ICMJE defines a clinical trial
as any research project that prospectively assigns human
subjects to intervention or concurrent comparison or con-
trol groups to study the cause-and-effect relationship
between a medical intervention and a health outcome.
Medical interventions include drugs, surgical procedures,
devices, behavioral treatments, process-of-care changes,
and the like. Our journals requires, as a condition of consid-
eration for publication, registration in a public trials registry.
The journal considers a trial for publication only if it has
been registered before the enrollment of the first patient.
The journal does not advocate one particular registry, but
requires authors to register their trial in a registry that
meets several criteria. The registry must be accessible to
the public at no charge. It must be open to all prospective
registrants and managed by a not-for-profit organization.
There must be a mechanism to ensure the validity of the reg-
istration data, and the registry should be electronically
searchable. An acceptable registry must include a minimum
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of data elements (http://www.icmje.org/#clin_trials). For
instance, ClinicalTrials.gov (www.clinicaltrials.gov), spon-
sored by the United States National Library of Medicine,
meets these requirements.
Protection of Human Subjects and Animals in Research.

When reporting experiments on human subjects, authors
should indicate whether the procedures followed were in
accordance with the ethical standards of the responsible
committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975, (as
revised in 2008). In particular, PAGEPress adopts the WAME
policy on Ethics in Research (http://www.wame.org).
Documented review and approval from a formally constitut-
ed review board (Institutional Review Board - IRB - or Ethics
committee) is required for all studies (prospective or retro-
spective) involving people, medical records, and human tis-
sues. PAGEPress requires that the authors provide this
information on the manuscript's website, and also that they
report it explicitly under Design and Methods. When report-
ing experiments on animals, authors should be asked to indi-
cate whether the institutional and national guide for the care
and use of laboratory animals was followed.

Copyright
All material published by PAGEPress Publications, whe-

ther submitted to or created by PAGEPress, is published
under an Open Access license that lets others remix, and
build upon your work non-commercially, and although their
new works must also acknowledge you and be non-commer-
cial, they don’t have to license their derivative works on the
same terms. 

PAGEPress strives to set the highest standards of excel-
lence in all aspects of its activities, whether this be its jour-
nal image, its style of presentation, the quality of the editori-
al process at every level, the transparency of its operations
and procedures, its accessibility to the scientific community
and the public, and its educational value.

PAGEPress welcomes and actively seeks opportunities
to work together with any group (scientific/scholarly soci-
eties, physicians, patient advocacy groups, educational
organizations) and any publisher who shares our commit-
ment to Open Access and to making scientific information
available for the benefit of science and the public good.

PAGEPress charges authors a price that reflects the
actual costs of publication. However, the ability of authors to
pay publication charges will never be a consideration in the
decision as to whether to publish.

PAGEPress aims to be a truly international organization
by providing access to the scientific literature to anyone,
anywhere, by publishing works from every nation, and by
engaging a geographically diverse group of scientists in the
editorial process.
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Cardiovascular magnetic
resonance: questions and
answers
James Moon
Heart Hospital Imaging Centre, The Heart
Hospital, UCLH and UCL, London, UK

What is the role of
cardiovascular magnetic
resonance in the differential
diagnosis of
cardiomyopathies?

The approach to the cardiomyopathy work-
up is systematised. Diagnosis is based on his-
tory, clinical examination, electrocardiography,
chest radiograph, and blood tests (including B
type natriuretic peptides and genetic testing).
Imaging in cardiomyopathy is challenging and
requires a multimodality approach. Echocar-
diography is the first-line investigation for
assessment of cardiac anatomy, function, and
dynamics. However, it is limited by inconsis-
tent image quality in some patients and gives
very little information about tissue character-
istics. Cardiovascular magnetic resonance
(CMR) provides additional incremental data in
patients with cardiomyopathies helping to
determine aetiology, detecting phenocopies,
aiding prognosis and predicting response to
and selecting therapy. In the last 10 years,
CMR has emerged as a gold standard test for
myocardial anatomy and function. There are
also the key advantages of perfusion and tissue
characterisation (Figure 1). Tissue characteri-
zation may detect either intrinsic myocardial
abnormalities such as fatty infiltration, inflam-
mation (myocarditis or oedema in acute
infarct area at risk) or iron infiltration. The
addition of a contrast agent permits, in the
first pass, myocardial perfusion assessment,
with early imaging (1 to 3 min) of regions of
reduced vascularity (including microvascular
obstruction – the tissue equivalent of no-
reflow, and thrombus). Late imaging (5 min
onwards) after gadolinium administration
allows detection of late gadolinium enhance-
ment (LGE) areas, that is areas of focal infil-
tration, scar/amyloid or fibrosis interstitial
expansion.1 Different patterns of enhance-
ment have been reported according to the
underlying aetiology and LGE CMR has become
a first-line non-invasive exam for the etiologic
assessment of new onset myocardial dysfunc-
tion.2 Evaluation of heart muscle disease
(including myocarditis) is currently the lead-
ing referral reason for CMR internationally,

although stress perfusion is rapidly overtak-
ing.3 At current referral levels, CMR impacts on
management in two thirds of patients and in
16% a new cardiac diagnosis may be made.

What is the role of scar
imaging (late gadolinium
enhancement) in determining
the prognosis of
cardiomyopathies?

Scar imaging (LGE) has pushed our ability
to accurately and precisely analyze myocardial
tissue composition, especially fibrosis.
Fibrosis has an increased volume of distribu-
tion for contrast and a prolonged washout
related to the decreased capillary density with-
in the myocardial fibrotic tissue4 so focal areas
of scar appear bright. LGE may be considered
either as presence/absence, or the extent can
be quantified – the better technique, even
though consensus is not fully achieved about
the optimal LGE quantification technique.
Across the spectrum of heart muscle disease,

the presence of LGE is associated with adverse
outcomes and the lack of LGE the potential for
recovery of function. In dilated cardiomyopa-
thy, the presence of myocardial LGE is associ-
ated with a 3-fold increase of hospitalization
for heart failure or cardiac death and a 5-fold
increase of sudden cardiac death or ventricular
arrhythmias.5 In hypertrophic cardiomyopathy
LGE is associated with the presence of risk fac-
tors for sudden death and with the presence of
known arrhythmia. In prospective studies, LGE
strongly predicts heart failure, and in one

Cardiogenetics 2012; 2(s1):e1
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Figure 1. Cardiovascular magnetic resonance is a multiparametric imaging modality, pro-
viding information on 3D structure and function, presence of ischemia and tissue charac-
terization (as presence of oedema or fibrosis). 
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study, was a univariate predictor of serious
arrhythmia, but in multivariate analysis, the
presence of non-sustained ventricular tachy-
cardia was the stronger risk factor (Figure 2).
It remains unclear how LGE as a risk factor fits
into conventional risk factors. LGE predicts
adverse outcome in a range of other conditions
such as cardiac amyloidosis (where the LGE
represents amyloid fibrils rather than fibro-
sis), hypertensive6 and diabetic7 patients free
of any cardiac symptoms and with preserved
ejection fraction. Finally, LGE may predict
response to therapy or offer insight into thera-
peutic targeting. For example, using LGE to
define a dilated cardiomyopathy phenotype,
excluding mimicking ischaemic heart disease
improves gene:phenotype correlation;8 and
using scar may predict response to resynchro-
nisation or anti-heart failure therapy.9

What is the role of
cardiovascular magnetic
resonance in the assessment of
coronary artery disease
(scar, perfusion, differential
diagnosis with myocarditis)?

The use of CMR in ischaemic cardiomyopa-
thy helps to confirm the underlying aetiology,
risk stratification and guide targeted invasive
therapy such as revascularisation or resyn-
chronization.

Left ventricular dysfunction secondary to
coronary artery disease typically is either
reversible as in states of ischaemia/hiberna-
tion, or irreversible, as in transmural myocar-
dial infarction. 

Myocardial infarction causes a characteris-
tic LGE pattern due to the wavefront of myocar-
dial necrosis, beginning in the subendocardi-
um and spreading through the wall depending
on the severity of the infarct. LGE transmural-
ity predicts potential functional recovery but
with a grey-zone of 50% transmural infarction
recovery with revascularisation it is more diffi-
cult to predict.9 The identification of viable
(dark on late gadolinium imaging) myocardi-
um in a patient with regional or global left ven-
tricular systolic dysfunction in the setting of
ischaemic heart disease can represent hiber-
nation, stunning, dilated cardiomyopathy, or
dyssynchrony.9 Such myocardium may recover
functionally with time (stunning), revasculari-
sation (hibernation), resynchronisation, or
with medical therapy (such as beta-blockers).10

Ischaemia testing can be performed with
adenosine perfusion CMR  (ischaemia will
appear as a stress perfusion defect compared
with rest) or dobutamine-CMR (ischaemia will
result in a changed regional function).

Evaluation of ischemia should then be com-
bined with the viability assessment and revas-
cularization strategies could be guided by pres-
ence of ischemia in viable territories.

In patients presenting with chest pain and
elecrocardiogram/biomarkers suggesting
myocardial infarction, but a non-explanatory

coronary angiogram, myocarditis is the most
important differential diagnosis; whilst other
patients may have flush side-branch occlusion.
One recent study found that 60% of patients
presenting in this manner had myocarditis.11
In patients with myocarditis specific CMR
sequences will show areas of acute inflamma-

Article

Figure 2. A 31-year-old asymptomatic male with hypertrophic cardiomyopathy (HCM)
but with a family history of sudden cardiac death and one single episode of 3 beats of non-
sustained ventricular tachycardia 6 years previously. The echo (panel A) showed features
of HCM. The cardiovascular magnetic resonance confirmed the hypertrophy (panel B,
cine images) and showed extensive late gadolinium enhancement (LGE) (panel C) in a
non-ischemic distribution. The presence of LGE strongly predicts heart failure and in this
case precipitated re-discussion/re-evaluation and ultimately implantable cardioverter
defibrillator implantation.

Figure 3. The scar pattern [late gadolinium enhancement (LGE)] differentiates myocardial
infarction (left panels), where the LGE is subendocardial and spreads through the wall,
from myocarditis where the LGE distribution is in the mid or subepicardial layers (right
panels).
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tion and LGE will identify areas of necrosis or
severe oedema. The myocarditis LGE distribu-
tion in the mid or subepicardial layers is differ-
ent to myocardial infarction, where the LGE
pattern, due to the wavefront of myocardial
necrosis, begins in the subendocardium and
spreads through the wall12 (Figure 3), and is
commonly found even without regional wall
motion abnormalities so tissue characterisa-
tion using CMR is the only noninvasive
method for making the diagnosis.
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Cardiac resynchronization
therapy: questions and answers
Pier D. Lambiase
The Heart Hospital, University College
Hospital and Institute of Cardiovascular
Sciences, UCL, London, UK

When to implant an
automated implantable
cardioverter-defibrillator in
arrhythmogenic right
ventricular cardiomyopathy?

The indications for automated implantable
cardioverter-defibrillator (AICD) implantation
in arrhythmogenic right ventricular cardiomy-
opathy (ARVC) are primarily informed by 2
large studies of outcomes in patients undergo-
ing implantable cardioverter-defibrillator
(ICD) implantation lead by Corrado and his
collaborators. The studies were designed to
evaluate whether ICD implantation actually
reduces mortality and hence evaluated ICD
therapies for ventricular fibrillation (VF) as a
surrogate of sudden death as opposed to ven-
tricular tachycardia (VT) therapy alone. A
number of risk factors were examined includ-
ing inducibility of VT at electrophysiologic
(EP) study. In a cohort of patients which
included patients with prior cardiac arrest or
VT,1 it was evident that VT inducibility did not
predict sudden death (i.e., VF events) with a
positive predictive value of 49%, negative pre-
dictive value of 54%. Independent predictors of
sudden death were prior cardiac arrest, VT
with haemodynamic compromise, left ventric-
ular involvement and presentation at a young
age. In a separate cohort without prior sus-
tained VT or VF, VT inducibility at EP study was
still not predictive of life-saving AICD therapy,
neither was family history of sudden death,
only a prior history of syncope was predictive.2

Therefore, the risk of sudden death in ARVC
patients can be stratified on 3 levels as low,
intermediate and high. The lowest risk group
have event rates of <1% per year and includes
asymptomatic individuals who satisfy task
force criteria for ARVC with no history of syn-
cope or left ventricular impairment and hence
an AICD is not indicated. The high-risk groups
have event rates of 8-10% per year and include
those with prior VF arrest, haemodyanmically
compromising VT and syncope and would
clearly benefit from AICD prophylaxis. The
intermediate group present the major dilemma
and at this stage given the limited data avail-
able the implantation of an AICD should be
individualised-patients with non-sustained VT

on Holter or asymptomatic sustained VT have a
sudden death rate of 1-2% per annum whilst in
those who are asymptomatic with early onset
structural disease age <35 years or severe
right/left ventricular involvement, the event
rates are unknown. The risk:benefit ratio of an
AICD needs to be carefully weighed in such
individuals as there are issues related to long
term lead complications, perforation, inappro-
priate shock therapy plus the additional risks
of sepsis with multiple generator changes. The
emergence of subcutaneous ICD systems may
mitigate the long term intravascular lead
issues in the future, but at this stage such
patients in the intermediate group need to be
monitored carefully for symptoms of syncope
and disease progression and the risk: benefits
of AICD carefully explained to tailor therapy.

What is the role of cardiac
resynchronization therapy
in non-ischemic
cardiomyopathies?

Cardiac resynchronization therapy (CRT) is
primarily of benefit in non-ischaemic car-
diomyopathy patients with typical left bundle
branch block and ejection fraction of <35%.
This has been borne out by a number of ran-
domised controlled trials illustrating reductions
in heart failure hospitalisations, mortality and
left ventricular remodelling including CARE-HF,
Companion, MADIT-CRT.3-5 A significant
reverse remodelling effect in non-ischaemic
cardiomyopathy patients with class II symp-
toms of heart failure and QRS duration of >150
ms was clearly demonstrated in the MADIT-
CRT and REVERSE trial of patients with mild
heart failure symptoms.6 Therefore, there is an
emerging role to consider CRT in the preven-
tion of left ventricular dilatation before heart
failure symptoms progress. This has been
acknowledeged in the recent European Society
of Cardiology guidelines recommending CRT in
patients, left bundle branch block, QRS >150
ms in sinus rhythm and ejection fraction <35%
on optimal medical therapy. The reverse remod-
elling effect was strongly concordant with the
development of death or a heart failure event
and suggests a compelling cardiac structural
and functional mechanism by which CRT ther-
apy improves outcomes. These latter data
applied to dilated cardiomyopathy patients. In
the hypertrophic cardiomyopathy population
recent small studies have examined the effect
of CRT on exercise tolerance and outflow tract
obstruction.7 These demonstrated reductions
in left ventricular outflow tract gradients and
some evidence of regression of hypertrophy
although this needs to be examined in a formal
randomised controlled clinical trial.

Can we improve response rate
in patients undergoing cardiac
resynchronization therapy?

The main limitations in improving CRT
response rates are related to the ability to deliv-
er a pacing lead to the site of latest contraction
in viable myocardium and ensure that the acti-
vation wave front induced by pacing engages
the left ventricular wall and optimally synchro-
nises the ventricles. This will also depend upon
the recruitablity of the myocardium and its con-
tractile reserve. Simple ways to improve CRT
responses include optimising atrioventricular
delays to maximise diastolic left ventricular
(LV) filling and altering interventricular timing
may be beneficial in certain cases. However, a
major barrier remains lead delivery via the
coronary venous circulation. This has improved
recently with lower calibre leads to enter small-
er venous branches and the development of
multi-polar leads to electrically re-position the
lead in cases of phrenic capture. 

There are further emerging strategies to
potentially improve CRT responses. Small
series indicate that endocardial pacing can
produce greater haemodynamic benefits than
epicardial pacing. This strategy offers the
advantage of being able to position the LV lead
anywhere within the ventricle and by recruit-
ing the Purkinje network offering more physi-
ological rapid myocardial recruitment. The
current disadvantages of this approach are the
concerns related to risk of left sided valvular
endocarditis with potentially more devastating
consequences than right sided sepsis, the
technicalities of simple lead placement (trans-
septal puncture and lead steering systems)
and the requirement for long term anticoagu-
lation post implant. There is also emerging
data that dual site LV epicardial pacing offers
advantages over single site LV CRT offering
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the opportunity to recruit more regions of the
LV simultaneously as opposed to relying on
myocardial conduction from one pacing site to
activate a remote region, which may be pre-
vented by a line of functional or structural
block. The development of multipolar leads
may mean that 2 or more LV multipolar leads
could be implanted in a single patient -signifi-
cantly increasing the range of pacing options
available to improve haemodynamics. 

Finally, there is new technology utilising
leadless pacing electrodes that could be
implanted endocardially and employed to pace
a site of choice in the LV endocardium without
the attendant issues of lead interference with
valvular apparatus or difficult lead placement.
Improved cardiovascular magnetic resonance
(CMR) imaging of the LV to define tissue via-
bility and contractility will enable optimal sites
to pace to be identified employing computa-
tional modelling of predicted responses.
Significant technical developments are still
emerging in the CRT field such that one day in
the near future a pre-operative work-up involv-

ing CMR/echocardiographic 3D imaging would
identify the optimal site(s) to pace and a lead-
less pacing electrode delivered to produce the
maximal haemodynamic response tailored to
the individual patient.
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Genetics, management and risk:
questions and answers
Perry Elliott
Inherited Cardiovascular Disease Unit,
The Heart Hospital, London, UK

Question 1: Do genetics have
a role in the diagnosis
of cardiomyopathy?

Cardiomyopathies are defined as myocar-
dial disorders in which the heart muscle is
structurally and functionally abnormal in the
absence of coronary artery disease, hyperten-
sion, valvular disease and congenital heart
disease sufficient to cause the observed
myocardial abnormality. Thus, in the clinical
setting, the initial diagnosis of cardiomyopa-
thy relies not on genetic information, but
instead an assessment of cardiac morphology
and function. However, the fact that similar or
identical phenotypes can be caused by a spec-
trum of genetic and non-genetic diseases
means that genetic testing does have an
important role in determining the underlying
cause of cardiomyopathies and, by inference,
their management.

Whenever offering genetic testing it is
important to define the purpose of the test; i.e.
diagnosis, management of proband or screen-
ing/management of family members. It is also
important to consider the consequences of a
positive (or negative) test for the patient and
their family.

For all cardiomyopathies, genetic testing
should always be performed by expert teams
after detailed clinical and family assessment.
Current European Society of Cardiology rec-
ommendations for genetic testing include the
following clinical scenarios: i) for the diagno-
sis of a rare or particular cardiomyopathy,
especially in the presence of atypical phenotyp-
ic features; ii) for predictive diagnosis in
asymptomatic relatives of a patient with a car-

diomyopathy when the disease-causing muta-
tion has been previously characterised in the
family; iii) in the proband of a family (the first
or most clearly affected patient with a car-
diomyopathy), as a first condition for the pro-
posal of predictive diagnosis within the family;
iv) predictive diagnosis in children can be con-
sidered at the age at which cardiac examina-
tion is useful (10-12 years of age for most car-
diomyopathies). 

Genetic testing is not routinely indicated for
the diagnosis of a borderline or doubtful car-
diomyopathy. 

Ideally, the genetic testing strategy should
be based on an analysis of the family pedigree
(pattern of inheritance) and careful phenotyp-
ing with particular consideration of the age at
presentation, the presence of particular car-
diac manifestations (e.g. conduction disease)
and a search for extracardiac features sugges-
tive of skeletal myopathy, syndromic disorders
or metabolic phenotypes.

Question 2: When do we use
genetics to guide treatment?

Genetic testing has the potential to impact
on many different aspects of disease manage-
ment. First and foremost is the prevention of
complications by medical intervention and
lifestyle adjustments. The long-term ambition
(for it remains so at present) is to prevent the
development of phenotypes in asymptomatic
carriers and to tailor specific therapies in
those with manifest disease. 

One of the major impediments to the transla-
tion of genetic information into therapeutic
strategies is the relatively poor understanding
of genotype-phenotype relations. In the car-
diomyopathy field, further challenges include a
high rate of novel sequence variants (30%),
uncertain pathogenicity, missed mutations in
other genes and technical limitations of current
sequencing technologies. Never-theless, even
with the current knowledge base, genetic test-
ing can be important in the treatment of specif-
ic diseases (for example, some metabolic disor-

ders) and has general utility in advice to fami-
lies about lifestyle/ reproductive choices.

Question 3: What are the
pitfalls of clinical genetics
in cardiomyopathy?

Variable disease expression
In all cardiomyopathies, the expression of

genetic mutations can be remarkably hetero-
geneous, even within the same family. This
has many implications for the counseling of
families and the genetic testing strategies
employed in everyday clinical practice.

Polygenic disease
While all cardomyopathies are inherited in

accordance with Mendelian principles, the
growing practice of extensive phenotyping in
families coupled with the use of high through-
put genetic testing strategies, is revealing the
coincidence of multiple disease causing muta-
tions in the same class of genes, and some-
times in completely unsuspected genes. This
phenomenon may be more common in some
phenotypes than others (for example, in
arrhythmogenic right ventricular cardiomy-
opathy). Clinicians need to be alert to this pos-
sibility and to exert caution and flexibility
when evaluating patients and families.

Cardiogenetics 2012; 2(s1):e3

Correspondence: Perry Elliott, Inherited
Cardiovascular Disease Unit, The Heart
Hospital, London, UK.
E-mail: perry.elliott@ucl.ac.uk

This work is licensed under a Creative Commons
Attribution NonCommercial 3.0 License (CC BY-
NC 3.0).

©Copyright P. Elliott, 2012
Licensee PAGEPress, Italy
Cardiogenetics 2012; 2(s1):e3

Non
-co

mmerc
ial

 us
e o

nly



[Cardiogenetics 2012; 2(s1):e4] [page 7]

New frontiers in genetics
of cardiomyopathies
William J. McKenna
Inherited Cardiovascular Disease Unit,
The Heart Hospital, London, UK

The inherited cardiomyopathies are defined
clinically by diagnostic phenotypes e.g. hyper-
trophic cardiomyopathy (HCM) – left ventricu-
lar (LV) hypertrophy, dilated cardiomyopathy
(DCM) – LV dilatation and impaired function,
arrhythmogenic cardiomyopathy (AC) –
arrhythmia with or without ventricular dys-
function. HCM is predominantly caused by
mutations in sarcomeric genes, DCM by muta-
tions in myocyte cytoskeletal genes, and AC by
desmosomal genes. The discovery of disease
causing genes has informed our understand-
ing of these conditions, though specific molec-
ular therapeutic targets remain elusive. 

In HCM, a disease of the sarcomere, the
myocyte disarray (the pathological hallmark)
and LVH (the diagnostic feature) develop as a
consequence of heterogeneous force and cal-
cium sensitivity of individual myofibrils with
variable concentrations of mutant and wild-
type protein. Preliminary genotype phenotype
studies do not suggest clinically useful associ-
ations. Disease caused by non-sarcomeric
genes accounts for up to 40% of HCM. Fabry-
Anderson disease and Noonan syndrome are
the commonest phenocopies. The presence of
an associated phenotype, e.g. an accessory

pathway, conduction disease, retinal or hear-
ing abnormalities or features of a skeletal
myopathy, is suggestive of non-sarcomeric
disease.

DCM, a disease of the myocyte cytoskeleton,
is characterised by a low-grade chronic inflam-
matory response with myocyte death and
fibrous replacement. The presence of organ
specific autoantibodies targeted at heart spe-
cific alphamyosin is consistent with an
autoimmune component of pathogenesis.
Within DCM families the presence of the
alphamyosin antibody is a weak predictive
marker of subsequent disease development.
Recognised triggers of the inflammatory
process include viral infection, alcohol, fluid
overload and pregnancy. In DCM, the clinical
presentation is usually with features of heart
failure. An arrhythmic presentation with con-
duction disease, ventricular arrhythmia or a
family history of unexpected premature sud-
den death is usually associated with disease
caused by mutations in lamin A/C, SCN5A, or
desmosomal genes; in such patients ventricu-
lar function is usually normal or near normal
or may deteriorate later in the disease course. 

Arrhythmogenic right ventricular cardiomy-
opathy (ARVC) is the most recognised form of
AC. Recently, predominantly LV forms of ARVC,
also caused by desmosomal mutations, have
been reported. The finding of a high preva-
lence of desmosomal variants (up to 15%) in
control populations complicates the use of
mutation analysis and cascade screening with-
in families, but also indicates the potential for
desmosomal gene abnormalities to contribute

to arrhythmic phenocopies characterised by
electrocardiogram abnormalities and ventricu-
lar arrhythmia in the absence of significant LV
or right ventricular dysfunction; such patients
fall within the designation of arrhythmogenic
cardiomyopathy. 

To date, the logistics of mutation analysis
has limited its clinical application. Genetic
testing requires cost effective sequencing plat-
forms, the expertise and informatics infra-
structure to interpret sequence variants, and
an expert team to deliver the results to fami-
lies. Rapid changes in sequencing platforms
(e.g. next generation sequencing) are deman-
ding the necessary informatics to interpret
results, and these improvements in technology
should lead rapidly to clinical gene testing
becoming a routine component of clinical diag-
nosis and management of inherited forms of
cardiovascular disease.
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ABSTRACTS

A COMMON POLYMORPHISM IN SCN5A (CARDIAC
SODIUM CHANNEL) GENE IS ASSOCIATED WITH
DILATED CARDIOMYOPATHY

G. Frisso,1,2 L. Forgione,1,2 G. Limongelli,3 G. Pacileo,3 S. Zanotta,2

V. Maddaloni,3 T. Roselli,3 M.G. Russo,3 D. Bonaduce,4 R. Calabrò,1

F. Salvatore1,5
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“Federico II”, Italia; 3U.O.C. di Cardiologia A.O. Monaldi, Seconda
Università degli Studi di Napoli, Italia; 4Dipartimento Medicina Clinica
Scienze Cardiovascolari Immunologiche, Università degli Studi di Napoli
“Federico II”, Italia; 5IRCCS – Fondazione SDN, Napoli, Italia
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Background: Dilated cardiomyopathy (DCM) is characterized by
ventricular dilatation and impaired systolic function, which may pro-
ceed into congestive heart failure. Up to 50% of DCM cases are report-
ed to be idiopathic (without any obvious aetiological trigger) and
approximately 20% of DCM cases display familial prevalence. More than
20 genes are associated with DCM in humans, encoding structural pro-
teins of cardiomyocytes and ion channels. We hypothesized that the
p.H558R polymorphism in SCN5A gene could be a genetic risk factor in
DCM, as the R minor allele of this polymorphism has been shown to
alter SCN5A function, by reducing depolarizing sodium current and
modulating the biological effects of concomitant SCN5A mutations. 
Methods and Results: We recruited 134 DCM patients (50 with

familial DCM -FDCM-, 58 with idiopatic DCM and 26 patients affected by
post-ischemic DCM) and 168 age, ethnicity, and gender matched con-
trols. The mean age at diagnosis was 45+12 years, with a mean follow-
up of 8.2+5.5 years SCN5A was subject to comprehensive mutation scan-
ning in all cases and to targeted genotyping of a common loss-of-func-
tion p.H558R polymorphism in controls. The Hardy-Weinberg law was
applied to analyze distribution of SCN5A p.H558R genotypes.
Association between the three genotypes and categorical variables were
tested using the c2 test or Fisher’s exact test. Mutation scanning of all
SCN5A translated exons in 134 DCM patients reveals 1 novel mutation
(p.M463L) in a patient with idiopatic DCM. This mutation was absent in
350 unrelated chromosomes from matched healthy control and it pro-
duced a change in a highly conserved residue among species and iso-
forms. The major finding of this study was a significant difference in
frequencies of the three p.H558R genotypes in familial DCM compared
to normal controls: HH 40 vs. 49%, HR 36 vs. 44%, RR 24 vs. 7%;
P=0.004). 60% of familial DCM subjects had at least one R allele com-
pared with 51% of controls. The minor R allele frequency was 42% in
familial DCM compared with 29% in the normal controls. Notably, com-
pared with the HH and HR genotype, the RR genotype confers an OR for
developing DCM in familial cases of 4.1 (95% CI 1.7-9.9; P=0.001). Six
FDCM patients carrying RR genotype (50%) experienced serious
arrhythmic events; unlike in the remaining FDCM the percentage of
patients who developed arrhythmic events was 29%. 
Conclusions: Our data demonstrate that: mutations in coding

regions of SCN5A are not a common cause for DCM; the SCN5A p.558RR
genotype is associated with dilated cardiomyopathy in patients with
familial DCM. This result may help to early identify candidates to devel-
op DCM among asymptomatic relatives of FDCM patients in families
without an identified mutation.

RIGHT HEART MORPHOLOGY AND FUNCTION IN HEART
TRANSPLANTATION RECIPIENTS

L. Riegler, A. D’Andrea, L. Nunziata, R. Scarafile, R. Gravino, G. Salerno,
G. Limongelli, E. Bossone, C. Maiello, M.G. Russo, G. Pacileo, R. Calabrò

Background: The right heart is a major determinant of prognosis in
cardiac transplant recipient patients (CT). 
Methods: The aim of the study was to investigate right ventricular

(RV) morphology and function in CT using standard tranthoracic
echocardiography and a new three-dimensional (3D) echocardiograph-
ic software adapted for RV analysis. 115 stable CT (71 males; 58.3±5.8
years; 7.8±4.5 years after transplantation) and 80 healthy age- and sex-
comparable controls underwent standard echocardiography, Tissue
Doppler Imaging (TDI) and 3D echocardiography, focused on the RV
analysis. Along with left heart parameters, RV measurements included:
end-diastolic diameters at basal and mid-cavity level; base-to-apex
length, tricuspid annulus plane systolic excursion (TAPSE), TDI RV sys-
tolic peak velocity (Sm), and 3D ejection fraction. Using the peak sys-
tolic tricuspid regurgitation velocity and the end-diastolic pulmonary
regurgitation velocity, the modified Bernoulli equation was used to cal-
culate the pulmonary artery systolic (PASP) and diastolic pressures.
Pulmonary artery vascular compliance (PAVC) was finally estimated by
LV stroke volume/4¥(TRV2 – pulmonary regurgitation velocity2).
Results: LV diameters and ejection fraction did not significantly dif-

fer among the 2 groups, while mass index was increased in CT
(P<0.01). RV diameters were significantly increased (P<0.001), while
TAPSE and RV Sm were significantly lower in CT. Conversely, 3D RVEF
was not significantly impaired in CT (P<0.001). In a subgroup of 20 CT
undergoing cardiac magnetic resonance, a close correlation was
observed between 3D and magnetic resonance assessment of RVEF
(r=0.89; P<0.0001). On the other hand, both PASP and PAVC were
impaired in CT. By multivariable analysis, age (P<0.01) and PASP
(P<0.001) were the only independent determinants of RV ejection frac-
tion in CT. 
Conclusions: Despite the reduction of RV performance along the

long axis suggested by TAPSE and RV Sm, the increased RV diameters
along with absence of a decrease in 3D RVEF support the hypothesis of
geometrical rather than functional changes of RV in CT. Furthermore,
altered PASP and PAVC may reflect early pathologic changes in the pul-
monary circulation.

LONG-TERM GROWTH HORMONE REPLACEMENT
THERAPY IN CHRONIC HEART FAILURE:
PRELIMINARY DATA

D. Sirico,1 E. Bobbio,1 A. Salzano,1 A.M. Marra,1 M. Arcopinto,1

D. Celentani,1 F. Ferrara,1 E. Bossone,2 L. Saccà,1 A. Cittadini1

1Dipartimento di Medicina Interna, Scienze Cardiovascolari ed
Immunologiche, Università degli Studi di Napoli “Federico II”, Italia;
2Dipartimento di Cardiologia e Cardiochirurgia, Ospedale Universitario
“Scuola Medica Salernitana”, Salerno, Italia

Correspondence: Domenico Sirico - domenico.sirico@gmail.com

Background: A reduced activity of the GH/IGF-1 axis (GHD) in chron-
ic heart failure (CHF) has been described by several independent groups,
and short-term evaluation of its correction has recently proven to be ben-
eficial. No data are currently available regarding the long-term safety and
efficacy of GH replacement therapy in patients with GHD and CHF.
Methods: The aim of the current study was to report data obtained

from 17 CHF+GHD patients treated with GH replacement therapy and 17
controls followed over a two-year period. All patients included had GHD
diagnosed by means of a standard GH stimulation test and were treated
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with GH replacement therapy on top of standard medical therapy. 
Results: The main results are summarized in the table below.

Patients treated with GH displayed a significant improvement of car-
diopulmonary performance, vascular reactivity, and ejection fraction
while left ventricular end-systolic stress decreased significantly com-
pared with control CHF patients. Safety was good, considering that only
one patient complained of transient arthralgia. Compared with 6-
months data (not shown), there was not only a sustained GH effect to
improve clinical status and cardiovascular performance, but some
parameters such as peak oxygen consumption and flow mediated
vasodilation exhibited additional increments at two years. 
Conclusions: Long-term GH replacement therapy appears safe and

effective.

SKELETAL MUSCLE INVOLVEMENT IN EARLY
CARDIOMYOPATHIES

S. Sampaolo, L. Stromillo, M. Simonetti, O. Farina, F. Cipullo, G. Di Iorio

Dipartimento di Gerontologia, Geriatria e Malattie del Metabolismo,
Seconda Università degli Studi di Napoli, Napoli, Italia

Background: Cardiomyopathies are a heterogeneous group of dis-
eases associated with mechanical and/or electrical dysfunction of the
myocardium that may lead to ventricular hypertrophy or dilatation. The
American Heart Association differs primary cardiomyopathies, which
are solely, or predominantly confined to the heart muscle, from the sec-
ondary in which myocardial involvement is part of a widespread sys-
temic disorder. Some cardiomyopathies, such as Left Ventricular Non
Compaction, have been frequently described, indeed, associated with
genetically determined neuromuscular disorders. This study aims to
evaluate the prevalence and clinical impact of neuromuscular disorders
in patients with early primary cardiomyopathy. 
Methods: Sixthy-two patients (age ranging 4-60 years) were enrolled

in this study complaining with weakness and/or fatigability and/or
cramps. They were part of 395 consecutive patients with primary car-
diomyopathy observed at the Department of Cardio-Thoracic and
Respiratory Sciences of the Second University of Naples from 2004 to
June 2011. All patients, after direct and instrumental cardiac assess-
ment (12-lead ECG, 2D color Doppler-echocardiography, cardiopul-
monary exercise test and ECG Holter monitoring within 24 h), were
evaluated by a protocol for neuromuscular disorders including
history, neurological examination, muscle function rating scales (MRC,
MFS), serum muscle enzymes and electromyography. Muscle biopsy
(histology, hystochemistry, immuno-histology, western blot) as well as
genomic and/or mitochondrial DNA examination were performed after
informed consent when appropriated. 
Results: Thirty-two out of 62 patients had familiarity for cardiomy-

opathy and/or myopathy. Muscle strength reduction mainly involving the
limbs (MRC score 131-143; normal 150) was evident in 16 out of 62
patients (25%) and 7 of them also disclose increased serum CK (203-
1625U/L; normal 174U/L) that was altered in further 7 patients who con-
versely had normal muscle examination. Twenty patients accepted to
perform electromyography which disclosed abnormalities consisting in
a myopathic pattern with unspecific reduction of polyphasic potentials
in sixteen; however, 5 of these patients with EMG abnormalities did not
showed either muscle strength reduction or CK increase. Quadriceps
muscle was biopsed, in 9 patients with muscle strength reduction and
abnormal EMG, while CK was increased only in 6 of them. Microscopy
diagnoses were mitochondrial- (N 5), vacuolar- (N 2), metabolic- (N 1),
and lamina A/C- (N 1) myopathy. Five of the patients who
complained early neuromuscular symptoms yet at the time of the diag-
nosis of cardiomyopathy, had worse cardiovascular outcomes (sudden
death pacemaker and automatic cardio-verter defibrillator implantation,
EF <35%,) during 78 months follow-up.

Conclusions: A careful evaluation of and a comprehensive and multi-
disciplinary approach to the patients with early cardiomyopathy are war-
rantable to identify neuromuscular disorders possibly associated with the
cardiomyopathy, especially when the cardiac phenotype is mild. The asso-
ciation myopathy-cardiomyopathy may affect the outcome in terms of sud-
den death and restricting the advisability of heart transplantation.

B1 AND B2-ADRENERGIC RECEPTORS POLYMORPHISM
IN PATIENTS WITH TAKO-TSUBO CARDIOMYOPATHY

O. Vriz, R. Minisini, V. Guerra, R. Citro, C. Zito, G. de Luca, D. Pavan,
M. Pirisi, G. Limongelli, E. Bossone

Background: The Tako-Tsubo cardiomyopathy (TTC) is a novel car-
diomyopathy characterized by normal coronary arteries and often
caused by a precipitating stressor. The underlying pathophysiologic
mechanism remains unknown but catecholamine excess along with an
exaggerated stimulation of the sympathetic nervous system appears to
play a major role. Our aim was to analyze the frequency of β1 and/or β2
adrenergic receptor in TTC subjects.
Methods: β1 and/or β2 adrenergic receptor polymorphisms in 56

patients with TTC compared with 103 normal subjects. 
Results: the β1 adrenoreceptor (amino acid position 389) genotype

frequencies were significantly different from the control group
(homozygous Arg/Arg in 42%, heterozygous Arg/Gly in 49% and homozy-
gous Gly/Gly in 9% of TTC patients; O.R. 2.81, 95% CI 1.74-4.55;
P<0.0001). The β2 adrenoreceptor (amino acid position 16) genotype
frequencies was not different from the controls (homozygous Gly/Gly
27%, heterozygous Gly/Arg 63% and homozygous Arg/Arg in 11%) while
β2 adrenoreceptor (amino acid position 27) genotype frequencies were
statistically different from the control group (homozygous Gln/Gln 11%,
heterozygous, Gln/Glu 55% and homozygous Glu/Glu in 34%; O.R. 0.61,
95% CI 0.38-0.98; P=0.029). 
Conclusions: TTC phenotype seems to be associated with �1AR

amino acid position 389 and β2AR amino acid position 27 polymor-
physms.

EARLY IDENTIFICATION OF LEFT VENTRICULAR
DYSFUNCTION WITH SPECKLE TRACKING
ECHOCARDIOGRAPHY IN ANTINEOPLASTIC
THERAPY-INDUCED CARDIOTOXICITY 

C. Coppola,1 C.G. Tocchetti,1 D. Rea,1 A. Barbieri,1 G. Piscopo,1

A. Caronna,1 A.M. Bonelli,1 M.C. Lombari,1 A.S. Boccia,1 R.V. Iaffaioli,1

C. Arra,1 C. De Lorenzo,2 N. Maurea1

1Istituto Nazionale Tumori, Fondazione Pascale; 2Università degli Studi
di Napoli “Federico II”, Napoli, Italia

Correspondence: Carlo Gabriele Tocchetti - cgtocchetti@iol.it

Background: New anti-ErbB2 therapies have improved the progno-
sis of patients with breast cancer, but are associated with an increased
risk of left ventricular (LV) dysfunction. Trastuzumab (T) can increase
by 3-18% the frequency of asymptomatic decrease in LV ejection fraction
(LVEF), and by 2-4% the risk of heart failure (HF). Opposite to the well-
known anthracyclin-induced cardiotoxicity, these conditions are
reversible, in absence of apparent ultrastructural changes. Indexes of
cardiac function, such as fractional shortening (FS) and EF, are not very
sensitive in detecting early myocardial damage. Aim of this study is to
evaluate whether myocardial strain by speckle tracking (ST) is able to
identify early LV dysfunction in mice treated with doxorubicin (D) and
T, alone or in combination (D+T).
Methods: We measured radial myocardial strain (%) with ST, and FS
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by M-mode echocardiography in sedated C57BL/6 mice (8-10-week-old)
at day 0, and after 2 and 6 days of daily administration of D (2.17
μg/g/day), T (2.25 μg/g/day), D + T (2.17 μg/g/day+2.25 μg/g/day respec-
tively), and in a control group. 
Results: FS was able to identify early (2 days) LV dysfunction only in

group D and D+T: 52±0.2% and 49±2%, respectively, both P<0.001 vs.
60±0.4% (sham), while in group T it decreased only at 6 days (49±1.5%
vs. 60±0.5%, P=0.002). In contrast, after 2 days, myocardial strain was
already reduced not only in D and D+T, but also in T alone: 43±3%,
49±1%, and 44±7%, respectively, all P<0.05 vs. sham (66±0.6%). 
Conclusions: In mice treated with D or T, myocardial strain identi-

fies LV systolic dysfunction earlier than conventional echocardiography.
We plan to apply this technique to clinical studies, to evaluate the
impact of early identification of T-related cardiotoxicity in the treatment
of women affected by breast cancer, and to better elucidate the mecha-
nisms of T myocardial effects.

SPECKLE TRACKING ECHOCARDIOGRAPHY
IDENTIFIES CARDIAC DYSFUNCTION INDUCED
BY THE ANTICANCER ERBB2-BLOCKER LAPATINIB

C. Coppola,1 C.G. Tocchetti,1 M.G. Monti,2 D. Rea,1 A. Barbieri,1

G. Piscopo,1 A. Caronna,1 A.M. Bonelli,1 M.C. Lombari,1 A.S. Boccia,1

R.V. Iaffaioli,1 A. Cittadini,2 C. Arra,1 C. De Lorenzo,2 N. Maurea1

1Istituto Nazionale Tumori, Fondazione Pascale; 2Università degli Studi
di Napoli “Federico II”, Napoli, Italia

Correspondence: Carlo Gabriele Tocchetti - cgtocchetti@iol.it

Background: Anti-ErbB2 therapies have improved the prognosis of
patients with breast cancer. Still, they are associated with an increased
risk of left ventricular (LV) dysfunction. Trastuzumab (Herceptin)
increases the frequency of asymptomatic decrease in LV ejection frac-
tion (LVEF) by 3-18%, and the risk of heart failure (HF) by 2-4%. The
newer agent Lapatinib (L) is associated with a lower risk of LV dysfunc-
tion. Traditional indexes of cardiac function in vivo (fractional shorten-
ing and ejection fraction) may underestimate subtle changes that occur
with L. Here, we test whether early sensitive indices of LV dysfunction
can reveal L-induced cardiotoxicity. 
Methods: In vivo cardiac function was measured with LV fractional

shortening (FS) by M-mode echocardiography, and with radial myocar-
dial strain (%) with speckle tracking (ST) in sedated C57BL/6 mice (8-
10 wk. old) after 7 and 14 days of daily administration of 25 or 100 mg
of L, and in control mice. After the echo studies, the hearts were excised
and interstitial fibrosis was evaluated with picrosirius red staining. 
Results: After 7 and 14 days of treatment, L 25 mg did not affect FS

nor strain, while with 100 mg of L, FS decrease was almost significant
at 7 and 14 days (53±5% and 52±5% vs. 60±1%; P=0.08 and 0.07 vs.
sham, respectively). Most of all, with 100 mg of L there was a clear
reduction in myocardial strain at both 7 and 14 days: 48±2% and 24±4%,
respectively, vs. 61±0.3%, both P<0.02 vs. sham. This early LV dysfunc-
tion detected with ST was paralleled by an increase in collagen content:
5±0.4% at 14 days vs. 3±0.3% (sham; P=0.005).
Conclusions: Myocardial strain identifies LV systolic dysfunction

earlier than conventional echocardiography, and parallels histological
changes earlier than FS. Still, the clear mechanisms of anti ErbB2-
induced cardiotoxicity are to be elucidated. We plan to study such mech-
anisms, and to apply ST technique in clinical practice, in order to eval-
uate the impact of early identification of L-related cardiotoxicity in the
treatment of women affected by breast cancer.

FREQUENCY OF FAMILIAL DILATED CARDIOMYOPATHY:
A META-ANALYSIS OF 23 TRIALS

M. Petretta,1 F. Pirozzi,1 L. Sasso,1 A. Paglia,1 G. Frisso,2 D. Bonaduce1

1Istituto di Medicina Interna, Cardiologia e Chirurgia Cardiovascolare e
Dipartimento di Medicina Clinica, Scienze Cardiovascolari ed
Immunologiche, Università degli Studi di Napoli “Federico II”; 2DBBM &
CEINGE-Biotecnologie Avanzate s.c.ar.l., Napoli, Italia

Correspondence: Domenico Bonaduce - dbonaduce@unina.it

Background: First studies carried to define the prevalence of famil-
ial transmission in patients with dilated cardiomyopathy (DCM) showed
a very low frequency. Subsequent prospective studies showed familial
clustering in more patients. However, also the results of these latter
studies are different in account of population enrolled and study meth-
ods. To our knowledge no systematic review and meta-analysis of the
frequency of the familial form of DCM is actually available.
Methods: In this study we aim to estimate the prevalence of familial

form in patients with DCM and to assess the extent of the heterogene-
ity in reported prevalence estimate. Therefore, using PubMed, MED-
LINE, Cochrane and the ISI Web of Science databases, articles published
until December 2010 were identified. Of the initial 2320 studies identi-
fied, 1750 were excluded based on title, 502 on abstract, and 45 on text.
Thus, a total of 23 studies evaluating the prevalence of familial DCM
were selected according to aforementioned criteria. For each study,
demographic characteristics and the echocardiographic criteria utilized
to define the presence of DCM were analyzed. These data were not avail-
able in all studies; in particular age and gender in some studies are
reported for the DCM probands, while in some studies for all study pop-
ulation. Also the criteria utilized to define the presence of familial form
of DCM were different. For the summation of the prevalence finding, we
computed the prevalence point estimates and 95% confidence intervals
using the logit transformation formula.
Results:We found an aggregate estimate of clinical confirmed famil-

ial DCM of 24% (CI=0.18-0.31). However, the prevalence rates reported
across these studies varied widely ranging from 2% to 65% and the
analysis showed a very high heterogeneity (Q=299, P<0.0001; I2=93%).
Meta-regression analysis between logit event rate and year of publica-
tion showed that this regression explained 18% of between-study vari-
ance (P<0.05).
Conclusions: Cumulative meta-analysis confirmed the influence of

year of publication on the reported prevalence of familial DCM among
the different studies. However, most of heterogeneity observed may be
explained considering that the various studies utilized different prese-
lected criteria for the diagnosis of familial DCM. Therefore, data
obtained from trials performed utilizing standardized criteria are need-
ed to better define the true prevalence of familial DCM.

PROGNOSTIC SIGNIFICANCE LEFT VENTRICULAR
REVERSE REMODELLING IN PATIENTS WITH IDIOPATHIC
DILATED CARDIOMYOPATHY RECEIVING OPTIMAL
MEDICAL TREATMENT

M. Merlo,1 V. Rubimbura,1 S.A. Pyxaras,1 B. Pinamonti,1 G. Barbati,2

A. Di Lenarda,3 G. Sinagra1

1Dipartimento Cardiovascolare, “Ospedali Riuniti” e Università di
Trieste, Italia; 2Dipartimento di Medicina Ambientale e Sanità Pubblica,
Università di Padova, Padova, Italia; 3Centro Cardiovascolare, Azienda
per i Servizi Sanitari (A.S.S.) n. 1, Trieste, Italia

Correspondence: Vladimir Rubimbura - vladyruby@yahoo.it

Background: Tailored medical therapy can lead to LVRR in IDCM.
The prevalence and prognostic impact of LVRR remain unclear.
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Methods: The aim of this study was to identify prevalence and prog-
nostic role of left ventricular reverse remodeling (LVRR) in Idiopathic
Dilated Cardiomyopathy (IDCM). We consecutively enrolled 361 IDCM
patients. LVRR was defined as LV ejection fraction (LVEF) increase ≥10
units or LVEF ≥50% and reduction of indexed LV end-diastolic diameter
(LVEDDI) ≥10% or LVEDDI ≥33 mm/m2 at 24 (range 9-36) months.
Follow-up echocardiographic data were available in 242 cases (67%), 34
(9%) died/underwent heart transplant (HTx) before re-evaluation, and
85 (24%) did not have a complete re-evaluation. After re-evaluation the
surviving patients were followed for 110±53 months, and there were 55
(23%) deaths and 32 (13%) HTx.
Results: LVRR was found in 89/242 (37%) patients. Baseline predic-

tors of LVRR were higher systolic blood pressure (P=0.047), and
absence of left bundle branch block (P=0.009). When added to prognos-
tic baseline model-male gender, heart failure duration, NYHA III-IV,
LVEF, significant mitral regurgitation and beta-blockers– LVRR, NYHA
III-IV and significant mitral regurgitation after 24 months emerged as
independent predictors of death/HTx and heart failure death/HTx. The
model including follow-up variables showed additional prognostic power
with respect to baseline model (for death/HTx: area under the curve 0.80
vs. 0.70 respectively, P=0.004). Furthermore, only LVRR was significant-
ly associated to SD/MVA in the long-term.
Conclusions: LVRR characterized approximately one third of IDCM

patients surviving 2 years under optimal medical therapy, and allowed a
more accurate long-term prognostic stratification of the disease.

CARDIOVASCULAR ABNORMALITIES IN THE LOW IGF-1
SYNDROME: INSIGHTS FROM THE TOSCA PROJECT

E. Bobbio,1 A. Salzano,1 D. Sirico,1 D. Celentani,1 A.M. Marra,1

M. Arcopinto,1 F. Ferrara,1 E. Bossone,2 L. Saccà,1 A. Cittadini1

1Dipartimento di Medicina Interna, Scienze Cardiovascolari ed
Immunologiche, Università degli Studi di Napoli “Federico II”, Italia;
2Dipartimento di Cardiologia e Cardiochirurgia, Ospedale Universitario
“Scuola Medica Salernitana”, Salerno, Italia

Correspondence: Emanuele Bobbio - emanuelebobbio@hotmail.it

Background: Extensive evidence supports the concept that multiple
hormonal and anabolic deficiencies are common in Chronic Heart
Failure (CHF) and identify subgroups of patients with higher mortality.
Chief among these is the reduced activity of the GH/IGF-1 axis.
Methods: Ninety-nine patients with CHF, selected from a larger

cohort participating in a multicenter trial, were divided according to their
IGF-1 levels. Low IGF-1 syndrome was defined in CHF patients with IGF-
1 levels below the 25th percentile of an age and sex-matched population.
Results: Results are shown in the table below. Patients with low IGF-

1 levels displayed higher depression and anxiety scores, reduced index-
es of quality of life as well as of cardiopulmonary performance compared
with CHF patients with normal IGF-1 levels. Moreover, LV volumes tend-
ed to be higher in low IGF-1 patients with significantly higher wall stress
and larger mitral regurgitation jets.
Conclusions: Low IGF-1 syndrome defines a subgroup of CHF

patients characterized by worse clinical status, cardiopulmonary per-
formance, and LV dynamics.

CARDIOVASCULAR ABNORMALITIES ARE A
COMMON FINDING IN KLINEFELTER’S SYNDROME

A. Salzano,1 E. Bobbio,1 M. Arcopinto,1 A.M. Marra,1 D. Celentani,1

D. Sirico,1 F. Ferrara,1 E. Bossone,2 L. Saccà,1 A. Cittadini1

1Dipartimento di Medicina Interna, Scienze Cardiovascolari ed
Immunologiche, Università degli Studi di Napoli “Federico II”, Italia;
2Dipartimento di Cardiologia e Cardiochirurgia, Ospedale Universitario
“Scuola Medica Salernitana”, Salerno, Italia

Correspondence: Andrea Salzano - andre.salzano@gmail.com

Background: Several epidemiological studies have demonstrated an
increased mortality from cardiovascular causes in patients with
Klinefelter syndrome (KS). Little information is available about cardio-
vascular abnormalities in Klinefelter syndrome. 
Methods: The aim of the current study was to assess the cardiac

structure and function, vascular reactivity, carotid intima-media thick-
ness (CIMT) and exercise response in KS subjects. Eighteen patients
with KS aged from 19 to 48 years and eighteen age-matched controls
participated in the study. All the subjects received testosterone treat-
ment at the time of the investigation and underwent a complete Doppler
echocardiographic examination, a cardiopulmonary exercise test
(CPET) as well as a vascular study including measures of CIMT and
endothelial function with flow-mediated dilation of the brachial artery.
Results: Patients with KS exhibited a wide array of cardiovascular

abnormalities including increased CIMT, impaired CPET performance
(peak VO2, mL/Kg/min, 24±2 vs. 35±2 in controls, P<0.001) and
chronotropic incompetence (KS 10/18 vs. controls 2/18, P<0.01), defined
as heart rate (HR) at peak exercise below 85% of predicted maximum HR.
Conclusions: Reduction of cardiopulmonary performance and

increased CIMT suggest that cardiovascular abnormalities are common
finding in KS and may represent the pathophysiological underpinnings
of the increased risk of dying from heart disease.

CHARACTERIZATION OF GENE MUTATIONS IN
HYPERTROPHIC CARDIOMYOPATHY WITH EVIDENCE
OF END-STAGE PROGRESSION: A MULTICENTRIC STUDY
OF 156 PATIENTS

E. Biagini,1 M.I. Parodi,2 G. Frisso,3 F. Girolami,4 G. Limongelli,5

M. Iascone,6 C. Autore,7 M. Maron,8 B. Maron,9 S. Rosmini,1 C. Pazzi,1

P. Spirito,10 I. Olivotto,11 C. Rapezzi1

1Dipartimento di Cardiologia, Policlinico S. Orsola-Malpighi, Bologna,
Italia; 2Laboratorio di Genetica Umana, E.O. Ospedali Galliera, Genova,
Italia; 3Dipartimento di Biochimica e Biotecnologie Mediche, Università
degli Studi di Napoli “Federico II” - CEINGE-Biotecnologie Avanzate,
Napoli, Italia; 4Diagnostica Genetica, A.O.U. Careggi, Firenze, Italia;
5Dipartimento di Cardiologia, Seconda Università degli Studi di Napoli -
A.O. Monaldi, Napoli, Italia; 6Lab Genetica Molecolare - USSD LGM,
Ospedali Riuniti, Bergamo, Italia; 7Divisione di Cardiologia, A.O.
Sant’Andrea, Università “La Sapienza” di Roma, Italia; 8Cardiovascular
Center, Tufts Medical Center and Tufts University School of Medicine,
Boston, Massachusetts, USA; 9Hypertrophic Cardiomyopathy Center,
Minneapolis Heart Institute Foundation, Minneapolis, Minnesota, USA;
10Divisione di Cardiologia, E.O. Ospedali Galliera, Genova, Italia;
11Dipartimento di Cardiologia, A.O.U. Careggi, Firenze, Italia 

Backgound: A minority of patients with hypertrophic cardiomyopa-
thy (HCM) exhibits rapid progression of left ventricular dysfunction and
symptoms over the years, reaching a condition generally known as end-
stage (about 5-10% of tertiary referral center cohorts). Such condition
carries an ominous prognosis due to heart failure and sudden arrhyth-
mic death. Little is known regarding the prevalence and type of genetic
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mutations in HCM patients with end-stage disease. Therefore, aim of the
present study was to assess the genotype of a large cohort of patients
with end-stage HCM undergoing comprehensive mutational screening
(10 genes) in Italian referral centers.
Methods: One-hundred and fifty-six HCM patients, since 1980, con-

secutively found to have a left ventricular ejection fraction <50% (end-
stage) underwent complete sequencing of 8 sarcomere protein genes
(MYH7, MYBPC3, TNNI3, TNNT2, TPM1, MYL2, MYL3, and ACTC) and 2
metabolic genes (PRKAG2 and LAMP2) implicated in idiopathic cardiac
hypertrophy.
Results: One hundred and twenty-nine mutations (47 novel - 36%)

were identified in 104 patients (67%); mutations occurred predominant-
ly (>75%) in MYH7 and MYBPC3. Eighty-three patients (53%) had sin-
gle mutations (39 MYBPC3, 24 MYH7, 12 TNNI3, 3 TPM1, 2 TNNT2, 2
MYL2, and 1 MYL3). Twenty-one patients (13%) had complex genotypes
characterized by double-gene mutation heterozigosity (N=7; 4%), com-
pound heterozigosity (N=9; 6%), and triple mutations (N=5; 3%). A novel
LAMP gene mutation was identified in 1 patient who also had a sarcom-
eric mutation in TNTT2 previously described. Patients with positive
genotype were younger at HCM diagnosis (29±17 vs. 36±18, P=0.04) and
at first evaluation (40±16 vs. 46±19, P=0.04) compared to patients with
negative genotype; additionally they had a higher prevalence of family
history of HCM (68% vs. 50%, P=0.04). Dividing the patients according
to the structural characteristics of sarcomeric mutated proteins, patients
with MYBPC3 mutations were older at HCM diagnosis and at first evalu-
ation compared to patients with thick and thin filament mutations and to
patients with multiple mutations. No significant differences in terms of
prognosis (sudden death or HCM-related death) were found in patients
with or without identified mutations or according to the structural char-
acteristics of sarcomeric mutated proteins.
Conclusions: Sarcomeric mutations were highly prevalent in

patients with end-stage HCM, although not qualitatively dissimilar from
those found in unselected HCM populations. Complex genotypes charac-
terized by double or triple mutations were frequent in this cohort, sug-
gesting that, genetic screening may play a role in the identification of
HCM patients at risk of disease progression.

EFFECTS OF MYOCARDIAL FIBROSIS ASSESSED BY
MAGNETIC RESONANCE IMAGING ON DYNAMIC LEFT
VENTRICULAR OUTFLOW TRACT OBSTRUCTION
IN PATIENTS WITH HYPERTROPHIC CARDIOMYOPATHY

E. Biagini,1 M. Lorenzini,1 I. Olivotto,2 G. Rocchi,1 L. Lovato,3 G. Mineo,3

F. Lai,1 C. Pazzi,1 S. Palmieri,1 F. Pasquale,1 M.L. Bacchi Reggiani,1

A. Branzi,1 R. Fattori,3 C. Rapezzi1

1Dipartimento di Cardiologia, Università di Bologna e Policlinico S.
Orsola-Malpighi, Bologna, Italia; 2Centro di Riferimento Regionale per le
Cardiomiopatie, A.O.U. Careggi, Firenze, Italia; 3Dipartimento di
Radiologia Vascolare ed Interventistica, Università di Bologna e
Policlinico S. Orsola-Malpighi, Bologna, Italia

Background:While functional implications of myocardial fibrosis on
left ventricular (LV) function at rest have been studied in hypertrophic
cardiomyopathy (HCM), the pathophysiological consequences on
dynamic LV outflow tract (LVOT) gradient have so far not been investi-
gated in detail. We evaluated the role of myocardial fibrosis, detected by
magnetic resonance imaging (MRI) as late gadolinium enhancement
(LGE), on LV outflow obstruction in a cohort of HCM patients with nor-
mal ejection fraction (EF) at rest. 
Methods and Results: Seventy-six HCM patients underwent cardiac

MRI and performed bicycle exercise echocardiogram within the same
month. LGE was present in 54 patients (71%), ranging from 0.2% to
32.4% of LV mass. There was a weak correlation between the amount of

fibrosis and variation in LV gradient during exercise in the overall pop-
ulation (r= -0.243, P=0.034) and a stronger correlation in patients with
obstructive HCM at rest (r= -0.524, P=0.021). Patients with an increase
in LVOT gradient ≥50 mmHg during exercise had a significantly lesser
extent of fibrosis than those with an increase <50 mmHg (0.7% (IQR 0-
2.4) vs. 3.2% (IQR 0.2-7.4), P=0.006). The extent of fibrosis was signif-
icantly lower among the highest quartiles of LVOT gradient increase
(P=0.009). 
Conclusions: In patients with HCM and normal EF at rest, myocar-

dial fibrosis is associated with a lower increase in LVOT gradient during
exercise, probably due to a lesser degree of myocardial contractility
recruitment. This negative association is more evident in patients with
an obstructive form at rest. 

ECHOCARDIOGRAPHIC PREDICTORS OF VENTRICULAR
ARRHYTHMIAS IN FAMILIAL LEFT VENTRICULAR
NON-COMPACTION CARDIOMYOPATHY

R. Morgagni, G.B. Forleo, L. Santucci, F. Romeo

U.O.C. Cardiologia e Cardiologia Interventistica, Policlinico Tor Vergata,
Roma, Italia

Background: Left Ventricular Non Compaction (LVNC) is an unclas-
sified cardiomyopathy characterized by left ventricular hypertrabecula-
tion and deep intertrabecular recesses in communication with the ven-
tricular cavity. LVNC is often associated with other cardiomyopathies or
with genetical disorders, and is familial at least in 25% of cases. The
diagnosis is based on echocardiographic criteria. Risk stratification is
needed to optimally target preventive therapies in patients with LVNC.
The aim of this study was to assess the value of echocardiographic
parameters in predicting the occurrence of arrhythmic events in
patients with familial LVNC (none had concomitant hypertension, dia-
betes mellitus or other significant cardiovascular disorder).
Methods: We studied 26 subjects (aged 39.9±16.2 years), 11 males

and 15 females, at a single institution, representing 7 families with iso-
lated LVNC. Patients were evaluated at 3-month interval either clinical-
ly or with 12-Lead ECG, echocardiography and 24-hour Holter monitor-
ing. The average duration of follow up was 24±6 months.
Echocardiographic parameters, ejection fraction (EF) and end-diastolic
diameter (EDD) were matched with ventricular arrhythmias (VA) to
assess their predictive value. The Kaplan-Meier method was used to cal-
culate the probability of ventricular events. 
Results: Left Ventricular (LV) systolic function was depressed in 10

patients (38,5%), with a mean EF of 44±3.2% at the first visit. Nine of
26 patients (34.6%) had LV dilatation (EDD ≥60 mm): among them only
5 patients (55.5%) had EF <45%. Six of 26 patients (23.1%) underwent
episodes of ventricular tachycardia (VT) during follow up. All 6 patients
(100%) had LV dilatation, among them only 3 patients (50%) had
depressed EF. By Chi square test and Kaplan Meier analysis, the only
echocardiographic predictor of VA was LV dilatation (P<0.001). 
Conclusions: In families with isolated LVNC, LV dilatation was the

only echocardiographic predictor associated with subsequent develop-
ment of ventricular arrhythmias. This finding might be helpful to opti-
mally target preventive therapies in patients with familial isolated
LVNC.
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DNA SEQUENCE CAPTURE AND HIGH THROUGHPUT
SEQUENCING TECHNOLOGIES ENABLE THE
IDENTIFICATION OF NEW DISEASE-CAUSING GENES:
THE CASE OF HYPERTROPHIC CARDIOMYOPATHY

V. D’Argenio,1,2 G. Frisso,1,2 V. Precone,1 A. Boccia,1 G. Limongelli,3

G. Pacileo,3 A. Fienga,2 G. Paolella,1,2 R. Calabrò,3 F. Salvatore1,4
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Università degli Studi di Napoli, Italia; 4IRCCS – Fondazione SDN,
Napoli, Italia

Correspondence: Valeria D’Argenio - dargenio@ceinge.unina.it

Acknowledgments: This study was supported by a grant from the
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Background: Next generation sequencing technologies enable the
simultaneous study of large numbers of genes and the detection of a
wide variety of mutation types. We have set-up and validated an analyt-
ic procedure able to sequence simultaneously 202 genes associated with
hypertrophic cardiomyopathy (HCM) in groups of patients within a
shorter time and at less expense than current procedures. Hypertrophic
cardiomyopathy is the most frequent genetic cardiovascular disease
worldwide. To date, about 50 disease-causing genes have been identi-
fied and the number is increasing. We tested the efficacy of a novel pro-
cedure designed to identify causative mutations in a large number of
HCM-related and candidate genes. 
Methods: Three HCM patients previously analysed by DHPLC/Sanger

sequencing for causative mutations in 8 sarcomeric genes were
enrolled in this study. A total of 202 genes were selected and a custom
sequence capture array was designed to enrich all their coding regions
and 500 bp of the flanking regions. Our target measured 3,908,196 bp.
Each DNA sample was sequenced in two independent runs by the GS
FLX System (454 and Roche Life Science).
Results: We obtained an average of 164 Mb/sample, which is equiva-

lent to 503,775 different sequencing reads/sample with an average read
length of 325.6 bp. Sequence and data analysis were performed using
the Roche/454 gsMapper software. High confidence variants were blast-
ed against the SNP database to distinguish between known and
unknown variants. We found 7864 different variants, of which 6725 were
intronic, 424 intergenic and 715 exonic. About 31% of the latter were
novel, and 56 of them occurred in 35 HCM-related genes. We confirmed
the mutations and polymorphisms previously identified with
DHPLC/Sanger sequencing in the 3 patients. 
Conclusions: The simultaneous analysis of a vocabulary of genes

may provide additional information in patients in whom traditional
screening was not conclusive. The procedure may also reveal mutations
responsible for clinical variability thereby helping to shed light on the
pathogenesis of HCM. Moreover, by reducing time and costs and
increasing the sensitivity of molecular testing, HCM molecular diagnos-
tics could be implemented in routine practice. Lastly, this model may be
readily applicable to other genetic diseases.

CLINICAL CHARACTERISTICS AND IN-HOSPITAL COURSE
OF OLD PATIENTS WITH TAKO-TSUBO
CARDIOMYOPATHY

R. Citro, Q. Ciampi, G. Provenza, O. Vritz, C. Fabio, C. Paolillo,
M. Pascotto, E. Tagliamonte, R. Giudice, M. Mirra, L. Soriente, R. Ascoli
A. Coppola, F. Rotondi, E. Bossone

Background: The aim of the study was to describe the clinical char-

acteristics and in-hospital outcomes of elderly patients with Tako-Tsubo
cardiomyopathy (TTC).
Methods: One hundred and ninety consecutive TTC patients (92.1%

female, mean age 66 years) enrolled in Tako-Tsubo Italian Network
(TIN) were categorized into three groups according to the age [<65
years (n=78), 65-74 years (n=61); and ≥75 years (n=51)]. Clinical find-
ings and in-hospital outcomes were evaluated in each group.
Results: Elderly patients were characterized by the prevalence of

hypertension, psychiatric disorders, cerebrovascular disease (P=0.001;
P=0.014; P=0.003, respectively), ST-segment elevation on admission
(P=0.011) and lower level of glomerular filtration rate (P<0.001).
Despite similar left ventricular ejection fraction (LVEF) on admission
(P=0.258), older groups showed a lower LVEF at discharge (P=0.030).
Inotropic agents were used more frequently in elderly patients
(P=0.027). In-hospital composite adverse events (all-cause death, acute
heart failure, life-threatening arrhythmia, stroke and cardiogenic
shock) and overall complications were more observed in elderly groups
(P=0.032 and P=0.004 respectively) especially in patients with more
advanced age. Overall in-hospital mortality was low (2.8%), but preva-
lent in older patients (4/5). At multivariate analysis, age ≥75 years (HR:
2.452; 95% CI 1.28-5.82; P=0.043) and LVEF on admission (HR: 0.874;
95% CI 0.81-0.95; P<0.001) were the only independent predictors of in-
hospital cardiac events. 
Conclusions: Our data suggest that elderly TTC patients show a dif-

ferent clinical profile with higher in-hospital complication rate. 

REGIONAL LEFT VENTRICULAR WALL MOTION
ANALYSIS IN ACUTE PATIENTS WITH TAKO-TSUBO
CARDIOMYOPATHY COMPARED WITH ANTERIOR
MYOCARDIAL INFARCTION

G. Provenza, R. Citro, Q. Ciampi, M. Mirra, R. Giudice, E. Bossone,
G. Di Benedetto

Background: The aim of the study was to assess the echocardio-
graphic distribution of regional wall motion abnormalities (RWMA) in
patients with Tako-Tsubo cardiomyopathy (TTC) compared with acute
anterior ST-elevation myocardial infarction (ant-STEMI). 
Methods: Thirty-seven TTC and 37 ant-STEMI patients underwent

standard echocardiographic examination at the time of hospital admis-
sion. RWMA and the involvement of the left ventricular territories sup-
plied by each coronary artery according to the American Society of
Echocardiography classification were reported. 
Results: TTC patients showed a lower left ventricular ejection frac-

tion (37.6±5.1 vs. 40.9±3.7%; P=0.002) and a higher wall motion score
index (WMSI; 1.98±0.2 vs. 1.51±0.14; P<0.001) compared with ant-
STEMI patients. No significant differences were observed between
groups with regard to detection of RWMA in the territory supplied by the
left anterior descending coronary artery (LAD) (37 vs. 37; P=1).
Conversely, in TTC patients, the territories supplied by the LAD/left cir-
cumflex coronary artery (LCX) (37 vs. 31; P=0.011), LAD/right coronary
artery (RCA) (34 vs. 13; P<0.001), RCA (33 vs. 5; P<0.001) and RCA/LCX
(31 vs. 2; P<0.001) were more frequently involved. A cut-off value of
WMSI ≥1.75 (area under the curve 0.956) and for the number of territo-
ries with RWMA ≥4 (AUC=0.928) predicted TTC with a sensitivity of
83% and 84% and a specificity of 100% and 97%, respectively. 
Conclusions: Echocardiography revealed a distinctive pattern of con-

tractility in TTC patients, characterized by symmetrical RWMA extend-
ing equally into the territory of distribution of all coronary arteries.
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