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Are RYR2 exon-3 deletions
truly causative for
non-compaction?

With interest we read the article by Ohno et al.
about two Japanese families carrying deletions
of exon-3 in the RYR2 gene.1 Seven of the eight
patients presented with left ventricular hyper-
trabeculation (LVHT)/non-compaction.1 We
have the following comments and concerns.

The authors claim that there is a causal rela-
tion between the RYR2 mutation and LVHTbut
no data to prove this statement were pro-
vided.1 Left ventricular hypertrabeculation is
associated with a huge number of mutated
genes or chromosomal rearrangements but a
causal relation betweenany of them and the de-
velopment of LVHT has not been proven so
far.2 The authors themselves mention that the
genetic background of LVHT is uncertain.
Since no proof for a causal relation was pro-
vided, it would be interesting to know
whether any of the family members not carry-
ing the mutation had LVHT.

From LVHT it is known that it is frequently
associated with arrhythmias which may even
be the cause of sudden cardiac death in LVHT
patients. How can the authors be sure that cate-
cholaminergic polymorphic ventricular tachy-
cardia (CPVT) was causally related to the
exon-3 deletions? Ventricular tachycardia has
also been reported in LVHT patients not carry-
ing a mutated geneand was attributed to LVHT.3

Did ventricular tachycardia in the described
families originate from the right or left ven-
tricle? Were electrophysiological stimulation
studies carried out and what were the results?

Why did only two of the seven patients with
CPVT or other ventricular arrhythmias receive
an ICD to prevent sudden cardiac death, which
has often been reported in LVHT patients.4 Did
any of the family members undergo ablation of
the CPVT focus? RYR2 mutations have been
reported in association with arrhythmogenic
right ventricular dysplasia (ARVD).5 Did any
of the eight mutation carriers exhibit features
of ARVD?

Left ventricular hypertrabeculation is fre-
quently associated with myopathy.6 RYR1 muta-
tions are known to cause axial myopathy,
congenital myopathy (multiminicore disease),
or malignant hyperthermia. Though RYR2

seemstobeexclusivelyexpressed in themyocar-
dium, it would be interesting to know whether
any of the eight patients were seen by a neurolo-
gist and if they had any indication for myopathy. It
is also worthwhile knowing whether any of the
mutation carriers ever had suffered malignant
hyperthermia or malignant hyperthermia-like
reactions during general anaesthesia?

The authors claim that LVHT is a congenital
abnormality although LVHT may occasionally
develop later in life (acquired LVHT).2 Were
previous echocardiograms examined for the
presence of LVHT, particularly in the adult
patients? Was LVHT truly congenital in each
of the cases?

Since LVHT is not only associated with an
increased risk of ventricular arrhythmias but
also a risk of developing heart failure or
stroke/embolism,2 it would be interesting to
know whether any of the seven LVHT patients
had a history of heart failure/systolic dysfunc-
tion or stroke/embolism, leg oedema, or exer-
tional dyspnoea?

Overall, this interesting paper by Ohno et al.
raises a number of questions and discloses a
number of unsolved issues that require
further discussion. A causal relation between
LVHT and a certain genotype remains to be
demonstrated.
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Author reply

We thank Dr Josef Finsterer and Dr Claudia
Stöllberger for their interest in our manuscript.1

As Dr Finsterer suggested, many genetic ab-
normalities have been reported to underlie left
ventricular non-compaction (LVNC), but their
causative relationships with the development
of LVNC are difficult to prove at present. In
our study, two probands with RYR2 exon 3 de-
letion were, characterized by not only LVNC
but also catecholaminergic polymorphic ven-
tricular tachycardia (CPVT) and bradycardia.2

Seven of eight family members with the dele-
tion displayed LVNC and bradycardia. On the
other hand, four family members negative for
the deletion mutation showed no cardiac
phenotypic abnormalities. Thus, the associ-
ation between genotype and phenotype was
clearly shown in our families. Although we do
not know the mechanism underlying the devel-
opment of LVNC due to RYR2 exon 3 deletion,
we believe this deletion to be strongly asso-
ciated with LVNC, especially with CPVT and
bradycardia.

Intracellular calcium overload might be
among the possible reasons for LVNC develop-
ment in our patients. An RYR2 exon 3 deletion
causes a 35-amino acid deletion
(p.Asn57_Gly91 del35), and this deletion is
located in the N-terminus of RyR2, which is im-
portant for Ca release termination.3 If we could
construct a mouse model of the RYR2 exon 3
deletion, we might be able to prove a causal
relationship between this deletion and LVNC.

Mutations in the RYR2 gene are the major
cause of CPVT. The ventricular tachycardia
(VT) described in the case report4 was mono-
morphic VT, and the phenotype of their
patient was different from that observed with
CPVT. Therefore, the phenotype described in
the case report is different from that of our
patients with the RYR2 exon 3 deletion.
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Neither of our two probands who were
clinically diagnosed as having CPVT underwent
EP stimulation studies. Because VT in CPVT
patients would presumably have Purkinje fiber
network origins, a few cases would be candi-
dates for ablation therapy. Furthermore, the
symptoms of our mutation carriers were
ameliorated by medication and pacemaker
treatments. Therefore, only two carriers were
implanted with ICD. Although RYR2 mutations
are reportedly the cause of ARVC/D, the
detection rate in ARVC/D patients is very low
and our patients did not fulfil the ARVC/D
criteria.5

To our knowledge, no RYR2 gene mutation
has been identified in patients with myopathy
or malignant hyperthermia, and our mutation
carriers had no clinical history of either myop-
athy or malignant hyperthermia.

It remains difficult to ascertain whether
LVNC is congenital or acquired in our patients,
because the cardiac echo and magnetic
resonance imaging studies in our patients are
limited to only a few years period. In these fam-
ilies, however, we detected LVNC in seven mu-
tation carriers, including a 1-year-old boy and
an 80-year-old woman. This wide range of
ages means that the mutation is likely related
to congenital LVNC.

At present, there is no history of heart failure
or stroke/embolism in our patients. This might
be attributable to earlydetectionof arrhythmias,
allowing them to benefit from medications
and/or pacemaker implantation, and these
early interventions could thereby have pre-
vented heart failure.

Though our report suggests an association
between the RYR2 exon 3 deletion mutation
and LVNC, further investigation to elucidate
the mechanistic relationship is needed.
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Iterative method for
atrioventricular optimization
of cardiac resynchronization
therapy: is beauty only in the
eye of the beholder?

In awell-designed studyevaluating the reprodu-
cibility of the iterative technique for cardiac
resynchronization therapy (CRT) optimization
of the atrioventricular (AV) delay, Jones et al.1

showed that this method provides poor inter-
observer agreement. The authors can be com-
mended for their rigorous methodology and
the results—for the optimization technique
studied—cannot be refuted. Based upon their
findings, the authors question the utility of itera-
tive AV optimization for clinical practise and for
research purposes.

This interpretation may lead the reader to
erroneouslyconcludethatevaluationof transmi-
tral flow in CRT patients is of little use (despite
clinical evidence proving the contrary).2

I would therefore like to make the following
points:

(i) When performing the iterative technique,
the authors not only evaluated the pres-
ence of transmitral A-wave truncation
(which is obviously undesirable), but also
of EA separation. Even though separation
of the E and A waves prolongs diastolic
filling time, it is not so much the filling dur-
ation but the velocity–time integral (which
is a surrogate for the volume of blood flow)
that will determine ventricular filling (and
thereby cardiac output). There is no evi-
dence to my knowledge that confirms
that EA separation has any importance
whatsoever in patients with CRT (indeed,
EA separation may be affected by other
factors, such as heart rate). It is likely that
much of the inter-observer disagreement
observed in the study may have stemmed
from the ‘optimal’ EA separation.

(ii) The authors have defined four different
patterns of transmitral flow and state that

only 40% of the patients had flow patterns
that were suitable for AV optimization. I re-
spectfully disagree with this statement, as it
can be clearly seen in Figure 2 that the AV
interval programmed to 40 ms is too short
inall fourcasesasthere isA-wavetruncation.

(iii) Transmitral flow only evaluates ventricular
filling; it may therefore not be the best par-
ameter to optimize cardiac output. The
utility of this parameter, however, is to
screen for A-wave truncation, which is det-
rimental and requires prolonging the AV
interval. Thus, even if out-of-the box set-
tings are frequently used in clinical prac-
tice, a simplified screening of transmitral
flow in CRT patients may be useful, as
stipulated in the guidelines.3,4 Screening
for A-wave truncation may however not
alwaysbeeasy (e.g. in caseapre-implantation
study in intrinsic rhythm displaying base-
line A-wave duration is not available).

It would be of clinical interest that the authors
perform an evaluation of their dataset to
determine (i) inter-observer agreement of
AV optimization using the iterative method
but evaluating only the presence of A-wave
truncation (and not optimal EA separation)
(ii) inter-observer agreement on whether the
A-wave is truncated or not on a blinded
dataset, and (iii) whether a cut-off value of
A-wave duration may be proposed for screening
purposes.
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