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A case of arrhythmogenic cardiomyopathy — not only a
right ventricular disease

Alin Alexandru lonescu', Monica Chivulescu', Alina Nicula??, Bogdan Alexandru Popescu'?, Carmen Ginghina'?,
Ruxandra Jurcut'?

Abstract: Arrhythmogenic right ventricular dysplasia (ARVD), with the more appropriate label of ‘arrhythmogenic car-
diomyopathy’ (AC), is still considered a rare pathological entity. It is an inheritable heart muscle disease with a powerful
negative impact on the survival and the quality of life of patients, primarily through malignant arrhythmias or, more rarely, the
development of heart failure.We present the case of a man who was diagnosed with AC at the age of 32 years following a
detailed cardiac evaluation prompted by an incidental finding of anabnormal ECG tracing (negative T waves from V| through
V3). Both the echocardiography and the cardiac MRI performed at that time revealed predominantly the involvement of the
LV, with none or minor structural and functional RV defects. After 4 years, the disease progressed and now we are facing
biventricular involvement, with moderate systolic dysfunction of the LV and RV, yet the patient remains asymptomatic.

A series of steps including multimodality imaging techniques, various tests, family history and other aspects are needed in
order to correctly stratify the risk of sudden cardiac death (SCD) which will ultimately translate into an appropriate thera-
peutic choice.

Keywords: arrhythmogenic right ventricular dysplasia (ARVD), arrhythmogenic cardiomyopathy (AC), biventricular dysfunc-
tion, cardiac MRI, arrhythmic risk stratification.

Rezumat: Displazia aritmogena de ventricul drept (DAVD), cunoscuta din ce in ce mai mult sub denumirea de “cardiomi-
opatie aritmogena”, reprezinta o afectare genetica rara a miocardului cu impact negativ asupra supravietuirii si calitatii vietii
pacientilor prin riscul crescut de aparitie a aritmiilor maligne si, mai rar, prin evolutia catre insuficienta cardiaca. Prezentam
cazul unui pacient la care s-a ridicat suspiciunea de DAVD prima data la varsta de 32 de ani in urma unei evaluari cardiolo-
gice atente, motivata de descoperirea intamplatoare a unui aspect anormal al traseului ECG, cu unde T negative dinV| pana
in V3. Contrar asteptarilor, atat ecocardiografia cat si rezonanta magnetica cardiaca au evidentiat afectarea predominanta a
VS, cu minime modificari structurale si functionale ale VD. Dupa 4 ani constatam progresia bolii, cu implicare biventriculara
importanta, cu disfunctie sistolica de VS si de VD, pacientul fiind in continuare asimptomatic. Acesti pacienti necesitad o eva-
luare complexa care, printre altele, include tehnici imagistice multimodale, o serie de investigatii si un istoric familial bine
documentat sub forma unui pedigree, cu scopul de a stratifica in mod corect riscul de moarte cardiaca subita, aspect care
va ghida optiunea terapeutica optima.

Cuvinte cheie: displazie aritmogena de ventricul drept (DAVD), cardiomiopatie aritmogena, disfunctie biventriculara, rezo-
nanta magnetica cardiaca, stratificare risc aritmic.

INTRODUCTION notypes with biventricular involvement and ever more
so those with predominantly LV dysfunction, to take
their particular aspects into account when considering
the diagnosis and to aptly evaluate these patients in
terms of arrhythmic risk.

A growing body of knowledge points to some of the
shortcomings of the revised Task Force Criterial for
diagnosing RVAD from 2010, the most important of
which being the increasing need to recognize phe-
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CASE REPORT

We report the case of a 37-year-old male patient, for
whom the suspicion of AC was raised 4 years earlier
after a complete cardiac exam performed in response
to subtle changes in the ECG tracing, which was part
of a routine evaluation before minor surgery (laparo-
scopic cholecystectomy).

At that time, the ECG showed negative T waves
in VI through V3, minor LBBB (with a QRS duration
of 100ms) and a normal QRS axis of 45 degrees (Fi-
gure |). The patient had multiple cardiovascular risk
factors, such as smoking, obesity and dyslipidemia, but
had no significant cardiovascular diseases or any other
comorbidities. Even though the threshold for a family
history of SCD is <35 years, it is worth mentioning
that the patient’s mother and father died at 53 and 46,
without any clear cause, but apparently not suddenly.

Nevertheless, the echocardiography revealed mild
LV systolic dysfunction, with a slightly reduced LVEF
of 50%, a thin myocardial wall at the level of the LV
apex with dyskinesia in the form of an apical microane-
urysm, but with normal diastolic function and chamber
dimensions. Only a slight decrease of the RV systolic
function was described.

Figure 1. ECG tracing from 2012 - negative T waves in V| through V3,
minor LBBB (with a QRS duration of 100 ms) and a normal QRS axis.

Figure 2. ECG tracing from 2016 - displays negative T waves from V|
through V6 and inferior leads (DII, DI, aVF), with a PVC with RBBB appear-
ance, with a fragmented appearance of the QRS complex and low voltage
QRS complex on peripheral leads.
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All of these findings were confirmed and comple-
mented by cardiac magnetic resonance (CMR) ima-
ging, which described an LV with normal global systolic
function but limitedapical dyskinesia and hypokinesia
at the mid and apical segments of the lateral wall of
the LV and the apical segment of the interventricular
septum. T| phase-sensitive inversion-recovery (PSIR)
sequences showed late gadolinium enhancement
(LGE), a marker for fibrosis, distributed at subendo-
cardial level of mid segment of the infero-lateral wall,
as well as midwall at the mid segment of the lateral
wall. Consistent with the echocardiographic findings,
there were no wall motion abnormalities (VWMA), nor
any signs of fibrous scars in the RV.

After this extensive evaluation, the patient was lost
to follow-up for almost 4 years, and came back for a
routine evaluation in 2016. At present, the investiga-
tions included in the usual work-up of patients with
ARVD (AC) suspicion were performed as recommen-
ded in the International Task Force consensus state-
ments'2 At this point, clear signs of disease progres-
sion became apparent. The ECG displayed negative T
waves from V| through V6 and the inferior leads (DlII,
DIIl, aVF), with a PVC with RBBB appearance, with a
fragmented appearance of the QRS complex and low
voltage QRS complex on peripheral leads (Figure 2).

The echocardiography revealed, apart from what
was previously known, a pseudonormal filling pattern
of the LV and a pathological average LVGLS of -12,7%
(Figure 3). There was a more prominent involvement
of the RV, which was enlarged (Figure 4) with global
systolic dysfunction reflected by a FAC of 22% and
with accompanying subtle WMA, mostly apical.

The CMR examination confirmed these findings, ex-
hibiting an enlarged RV (RVEDVI of 130 ml/m?) with a
pronounced systolic dysfunction (RVEF of 13%), with
several microaneurysms at the mid-segments of the
RV free wall and fine bands of fibrosis (Figure 4).There
was a significant progression of the disease concerning
the LV, which displayed an EF of 37.5%, with multiple
WMA, small apical aneurysm and localized fibrosis of
the lateral wall.

The 24-hour ECG monitoring,showedventricular
premature contractions (750/24h), less than 4 years
ago — most likely in response to optimization of thera-
py with beta-blockers.

The ECG stress-test was unremarkable, with good
exercise tolerance and no arrhythmic events. The sig-
nal-averaged ECG (SAECG), which is a practical and
widely available tool to helpAC diagnosis, was perfor-
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Figure 3. Strain rate imaging of the left ventricle with a bull’s eye map
which shows an impaired cardiac deformation, with anaverage LV GLS =
-12.7%.

Figure 4. Transthoracic echocardiography showing an enlarged right ven-
tricle, with large diameters both in parasternal long axis view and in apical
four chambers view.

Figure 5. Cardiac magnetic resonance, four chamber view in diastole (A)
and systole (B), displaying an enlarged right ventricle, several microaneu-
rysms at the mid and apical segments of the RV free wall (arrows).

med and our patient met 3 out of 3 criteria (Figure 5),
only | out of 3 being necessary to count as a minor
criteria.

At this point, according to the revised 2010 TFCI
the diagnosis is unequivocal, with the fulfillment of 2
major imaging criteria (enlarged RV with suggestive
WMA described on both echocardiography and CMR),
| major ECG criteria (with inverted T waves in multi-
ple leads) and several minor criteria, such as positive
SAECG and over 500 PVCs on 24 hour rhythm mo-
nitoring.
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- &
Figure 6. Cardiac magnetic resonance, LGE (BH 3D LGE 1.9 SA sequence,
4CH 2D Delayed), displaying mild delayed gadolinium enhancement at the
level of the inferior and free RV wall (consistent with fibrosis — red arrow)
and a transmural gadolinium enhancement at the level of the mid segment
of thelateral LV wall (consistent with a small scar of myocardium infarction
— yellow arrow).
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Figure 7. Signal-averaged ECG — the patient met 3/3 criteria.

Nevertheless, the patient is completely asymptoma-
tic, as he denies breathlessness, palpitations, syncope
or chest pain. The patient was continued on an opti-
mized beta-blocker dose (metoprolol succinate, 50 mg
once daily). Seeing as he has several minor risk factors
(proband, male gender, inverted T-waves in more than
3 precordial leads, fragmented QRS on ECG) and one
major risk factor represented by moderate biventri-
cular systolic dysfunction, the patient has a class llafor
ICD implantation based on expert consensus. Based
on the 2015 ESC Guidelines on sudden death preven-
tion®, in the absence of ventricular tachycardia, risk
factors among which extensive RV disease, LV dysfunc-
tion and late gadolinium enhancement on CMR (inclu-
ding LV involvement) only give a class IIb indication for
ICD implantation.
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DISCUSSIONS

Arrhythmogenic cardiomyopathy has no pathognomo-
nic sign or gold-standard evaluation, and is thus dia-
gnosed by gathering a series of elements that were
included in the revised 2010 Task Force Criteria'. This
paper recognizes ARVD as the most prominent variant
of an otherwise complex and variable disease, but it
doesn’t succeed in offering conclusive diagnostic crite-
ria for the non-classical patterns, nor does it incorpo-
rate contrast-enhanced CMR*. There are increasingly
expanding insights that already prove useful in iden-
tifying such phenotypes.

From a clinical standpoint, LV involvement usually
carries a higher risk of significant arrhythmic events,
which could be correlated with the degree of systolic
dysfunction. Highly suggestive is the variable associati-
on of ECG characteristics, such as inverted T waves in
the lateral or inferolateral leads (V5,V6, DI, aVL), low
voltage QRS complex in the peripheral leads and PVCs
with RBBB appearance’. While echocardiography co-
uld play a valuable role, CMR appears as the most
sensitive and specific tool®. If using contrast-enhanced
sequences, it can even pick up early signs of the disea-
se, most often with a regional pattern at the level of
the inferolateral or inferoseptal regions of the LV, with
a propensity for subepicardial and midwall layers’.

Because of the low prevalence of the disease, prac-
tical limitations hinder the development of RCT on
this population with the consequence that most of the
recommendations concerning treatment are based on
data derived from case series, registries and heavily
rely on the opinion of experts in the field. An Interna-
tional Task Force consensus paper regarding treatment
for patients with AC was published in 2015 and deals
with very important issues and outline the main thera-
peutic resources, including lifestyle modification, beta-
blockers and antiarrhythmic drugs (AAD), heart failure
therapy, ICD, ablation and cardiac transplant.

Patients with a definite diagnosis of AC should be re-
stricted from participating in competitive sports® and
should refrain from performing endurance training, all
the while maintaining the option of undergoing low
intensity recreational sports. Beta-blockers represent
first-line therapy as they are recommended for all tho-
se diagnosed with AC (lla), but not for asymptomatic
gene carriers; they also aid in case of ICD shocks, both
appropriate and inappropriate, due to tachyarrhythmia.
Even though there are some reports that sotalol is
associated with better results and less long-term si-
de-effects, the majority of the available evidence still
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supports amiodarone as the most efficient drug of use’,
and it should be administered, alone or in combination
with beta-blockers, in order to improve symptoms in
the case of frequent PVCs or as an adjunct therapy to
ICD with frequent appropriate therapies.

Nevertheless, pharmacological therapy does not re-
present an adequate substitute for ICD in those pa-
tients who warrant such an intervention'®. Taking into
account the short and long-term complications of
ICDs and the fact that they would more often be em-
ployed in a relatively young segment of the population,
clear recommendations have been prepared by expert
consensus in order to aid with risk stratification and
proper selection of those who would benefit the most
after such therapy, usually a single chamber device.Tho-
se who have experienced an aborted SCD due to VR
episodes of sustained VT or who associate severe dys-
function of RV, LV or both require prophylaxis of SCD
with an ICD because they have a risk of >10%/year to
develop a major arrhythmic event.Those who have no
risk factors and those who are healthy gene carriers
have the lowest arrhythmic risk of <I%/year and do
not require an ICD. Between these 2 categories lies a
gray area that can be further divided into two distinct
situations. |CD should be taken into consideration (lla)
for patients who present with at least one major risk
factor, represented by unexplained syncope, documen-
ted non-sustained VT, moderate systolic dysfunction of
either/both ventricles.The presence of more than one
minor risk factor could lead to the use of an ICD (lIb)
and this takes into consideration male gender,a com-
plex genotype (compound or digenicheterozygosisity),
proband status, inducible VT/VF at programmed ven-
tricular stimulation, extent of electroanatomic scar or
fragmented electrograms on RV endocardial voltage
mapping, extent of T-wave inversion (more thanV|-V3)
and T-wave inversion in inferior leads, QRS fragmenta-
tion and others. In our case, the patient has a lla indi-
cation for primary prophylaxis of SCD with an ICD.

Cardiac transplantation'' in this population is a so-
mewhat rare occurrence and its main indications are
progression of the disease to end-stage heart failure
(almost 2/3 of patients that require heart transplant)
or intractable ventricular arrhythmias that cannot be
suppressed by the use of previously mentioned thera-
pies.

A central aspect of any rare genetic cardiovascular
disease is represented by family screening'?'3, seeing
as patients who are diagnosed in the early stages of
the disease derive the most benefit from a timely im-
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plementation of the therapeutic protocols mentioned
above.

If a mutation associated with AC is identified, then
cascade genetic testing of first degree relatives is in-
dicated. If no such mutation is found or if the results
are equivocal (which is true in almost half cases even
in experienced centers), cascade cardiac evaluation of
first degree relatives is recommended periodically at
specific intervals, taking into account several factors,
such as age, degree of physical activity, symptoms and
others.

CONCLUSIONS AND IMPLICATIONS
FOR CLINICAL PRACTICE

Arrhythmogenic cardiomyopathy is a challenging di-
sease, both from a diagnostic and therapeutic point
of view, as it can require an elaborate array of tests to
confirm its presence and it entails the use of a wide
range of treatment options.

Further refinements of the revised TFC from 2010
would be beneficial, as they don’t provide an adequate
recognition of AC phenotypes that involve predomi-
nantly the LV.

Therapeutic options include the limitation of sports
participation, the use of beta-blockers and AAD, ICDs
for high risk patients, catheter ablation for frequent
appropriate ICD shocks and heart transplant for end-
stage heart failure or intractable arrhythmias.

We emphasize the role of family screening as a cor-
nerstone in the management of patients with genetic
diseases.

Taking all of this into account, we encourage that
they should be evaluated and provided treatment pre-
ferably in expert centers that are frequently engaged
with the particular difficulties posed by these patholo-
gic entities.
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