Heart and Vessels (2018) 33:1086-1093
https://doi.org/10.1007/s00380-018-1144-2

ORIGINAL ARTICLE

@ CrossMark

Inter- and intra-ventricular dyssynchrony in the systemic right
ventricle is a surrogate marker of major cardiac events in mildly
symptomatic patients

Yumi Shiina'2 - Kei Inai' - Tatsunori Takahashi' - Kota Taniguchi’ - Eri Watanabe3 - Kenji Fukushima* - Koichiro Niwa? -
Michinobu Nagao®

Received: 29 August 2017 / Accepted: 23 February 2018 / Published online: 28 February 2018
© Springer Japan KK, part of Springer Nature 2018

Abstract

The aim of the study was to evaluate systemic right ventricular (RV) dyssynchrony in patients with congenitally corrected
transposition of the great arteries (CCTGA) and transposition of the great arteries (TGA) with New York Heart Association
functional class (NYHA FC) < III. We used cardiac magnetic resonance (CMR) to evaluate the dyssynchrony and assessed
whether RV dyssynchrony can be predictive of major cardiac events in their early stages in these patients. We enrolled 71
consecutive, NYHA FC < III patients with systemic RV who underwent CMR between April 1995 and December 2016. We
measured intra- and inter-ventricular dyssynchrony using a feature-tracking method of cine magnetic resonance imaging.
The predictors of major cardiac events were analyzed using the Cox hazard analysis. The data from 36 patients with CCTGA
and 35 patients with TGA after an atrial switch were analyzed. Seven (19.4%) patients with CCTGA and 6 (17.1%) patients
with TGA showed a QRS duration of > 130 ms. There were significant intra- and inter-dyssynchrony in the systemic RV
groups, compared to healthy controls. The average follow-up period was 5.1 + 3.9 years. From among patients with CCTGA,
9 (25.0%) had major cardiac events. The parameters including NYHA FC, indexed RV volume, longitudinal early diastolic
strain rate, and intra- and inter-ventricular dyssynchrony were predictive of major cardiac events. From among patients with
TGA, 12 (34.3%) had major cardiac events. Age, NYHA FC, QRS duration, RV volume, RV mass index, LV volume, global
longitudinal/circumferential strain and intraventricular dyssynchrony, were all predictive of major cardiac events. Systemic
RV in NYHA FC < III patients with CCTGA and TGA, have obvious intra- and inter-dyssynchrony, suggesting ineffective
wall motion and potential RV dysfunction. Intraventricular dyssynchrony can be an adjunct predictor of major cardiac events
in mildly symptomatic patients with both CCTGA and TGA.
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Introduction

Systemic right ventricular (RV) dyssynchrony is one of the
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pacemaker-induced RV dyssynchrony. Therefore, RV syn-
chrony is a key factor in cardiac function in these patients.

The impact of cardiac resynchronization therapy (CRT)
in systemic RV is still unresolved, and there is no official
guideline with regard to the indications and optimal tim-
ing of CRT in systemic RV. In these patients, CRT is often
indicated at the same time as that of open surgery. In New
York Heart Association functional class (NYHA FC) III
or IV, CRT implantation is considered. In contrast, for
mildly symptomatic patients (NYHA FC < III), a proac-
tive implantation is not preferable, even in the presence of
significant RV dysfunction, because a reliable assessment
of ventricular deformation using echocardiography is ham-
pered by complex ventricular anatomy and physiology. It
remains unknown whether even mildly symptomatic patients
will show obvious RV dyssynchrony in an early stage and
whether RV dyssynchrony relates to adverse cardiac out-
comes in these patients.

In this study, we evaluated systemic RV dyssynchrony in
NYHA FC < III patients with CCTGA and TGA using car-
diac magnetic resonance (CMR). We also assessed whether
RV dyssynchrony could be predictive of major cardiac
events in these patients.

Methods
Patients

We enrolled 71 consecutive adults with systemic RV
(CCTGA and TGA) with NYHA FC < III who underwent
CMR. Patients with single RV or those with NYHA FC III
or IV were excluded. The included patients were those with
unrepaired CCTGA, those with CCTGA with palliative Ras-
telli, and those with TGA after a Mustard or Senning proce-
dure. Each patient underwent a cardiac magnetic resonance
imaging (MRI) by protocol at Tokyo Women’s Medical Uni-
versity between April 1995 and December 2016. Patients
after tricuspid valve repair or replacement and those with a
pacemaker were excluded. Twenty healthy and age-matched
controls were also analyzed.

We defined major cardiac events as follows: (1) hospi-
talization because of heart failure; (2) sustained ventricular
tachycardia (VT) or ventricular fibrillation; (3) supraven-
tricular tachycardia (SVT), and (4) cardiac death. Patients
with sick sinus syndrome or complete atrioventricular block
were excluded. Sustained VT and SVT were recorded using
a 24-h Holter ECG, or conventional ECG in an emergency
room. These cases required medical therapy, catheter abla-
tion, anti-tachycardia pacing, and/or an implantable cardio-
verter defibrillator (ICD).

The study protocol conformed to the 1975 Declaration of
Helsinki ethical guidelines. A priori approval was received

from the institution’s research committee. The ethical com-
mittee of our hospital also approved the study. All patients
gave their informed consent for CMR.

Cardiac MR

All patients were examined using a 1.5-T MRI scanner
(Gyroscan ACS-NT; Philips Medical Systems, Best, The
Netherlands) in the supine position using a four-element,
phased-array coil, with breath-holding in expiration and
ECG gating. Localizing scans were followed by breath-held
proton-density-weighted spin-echo images in the transverse,
sagittal, and coronal planes.

Cine-balanced, turbo, field-echo sequences in axial view
images were scanned using the following parameters: phase,
25; slice thickness, 8 mm; echo time, 1.4 ms; repetition time
(TR), 2.8 ms; matrix size, 176 X 193; field of view, 380 mm;
flip angle, 45°; and SENSE factor, 2. Cine MR images were
semi-automatically analyzed, followed by manual correc-
tion using a workstation Vitrea (Canon Medical Systems
Corporation, Otawara, Japan). We assessed both systemic
RV and pulmonary LV using short-axis and four-chamber
cine images.

Cardiac outputs were assessed using phase-encoded
velocity mapping. End-diastolic and end-systolic phases
were visually identified on the images showing the largest
and smallest single-ventricle cavity areas, respectively. Pap-
illary muscles, moderator bands, and trabeculations were
assigned to the intracavitary lumen of the ventricles. All
volumes were indexed to the body surface area.

Measurements of intra- and inter-ventricular
dyssynchrony

For the assessment of intra- and inter-ventricular dyssyn-
chrony (Fig. 1), both systemic RV and pulmonary LV in
the short-axis, and four-chamber cine images were assessed
using a feature-tracking method Vitrea (Canon Medical Sys-
tems Corporation, Otawara, Japan). The systemic RV in the
short-axis of the mid-ventricular level, and at the four-cham-
ber view, was divided into six segments. The intraventricular
dyssynchrony time was defined as the maximum difference
between the peak times of septum and systemic RV free
walls. The interventricular dyssynchrony time was defined
as the maximum difference between the peak times of the
biventricular free walls.

Statistical analysis
Data were evaluated using Student’s ¢ tests, Mann—Whit-
ney U tests, Chi-square tests, or one-way ANOVA (SPSS

ver. 20; SPSS Inc.). To evaluate the important predictive
values of the major cardiac events, a Cox hazard analysis
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Fig. 1 Feature tracking on CMR. Intraventricular dyssynchrony:
systemic RV at the four-chamber was divided into 6 segments. The
intra-ventricular dyssynchrony time was defined as the difference
between the peak times of septum and systemic RV free wall. White
line showed longitudinal global strain. Interventricular dyssynchrony:
both RV and LV were considered as a single heart and the interven-
tricular dyssynchrony time was defined as a difference between the
peak times of biventricular free walls

was performed. The clinical cut-off points were deter-
mined from the receiver operating characteristic curve.
The survival curve during the follow-up for cardiac events
was analyzed using the Kaplan—-Meier method, and the sta-
tistical assessment was performed using the log-rank test.
A P value < 0.05 was considered statistically significant
(two-tailed).

Results
Patient characteristics

As shown in Table 1, there were 36 patients with
CCTGA (33.8 + 13.6 years) and 35 patients with TGA
(30.3 + 6.7 years). In patients with CCTGA, there were 15
unrepaired patients, 11 patients previously had ASD or VSD
closure, and 10 patients previously had a conventional Ras-
telli procedure. In patients with TGA, seven had a Mustard
procedure and 28 had a Senning procedure.

Compared to healthy controls, the QRS duration was
significantly longer, and the brain natriuretic peptide
(BNP) levels were higher in the systemic RV patients
(total 71 patients). Seven patients (19.4%) with CCTGA
and 6 patients (17.1%) with TGA showed a QRS duration
of > 130 ms.

Basic data, global strain, and intra-
and inter-ventricular dyssynchrony on cardiac MR

In the systemic RV group (total of 71 patients), enlarged bi-
ventricles, increased RV mass, reduced RV ejection fraction
(EF) and cardiac index, and increased tricuspid regurgitation
(TR) regurgitant fraction (RF) were identified, compared
to controls (Table 2). The systemic RV group also showed
evidence of lower global longitudinal strain (GLS), global
circumferential strain (GCS), longitudinal early diastolic
strain rate (SR), and circumferential early diastolic strain
rate (SR), suggesting impaired systolic and diastolic func-
tion, compared to controls. Furthermore, there was a sig-
nificant intra- and inter-dyssynchrony in the systemic RV
group (Table 2).

Between CCTGA and TGA, there was no signifi-
cant difference in biventricular volume, EF, cardiac

Table 1 Basic characteristics in

Total 71 pts CCTGA 36 pts TGA 35 pts Control 20 pts

CCTGA and TGA

Age (years) 321+11.2 33.8+13.8 303 +£6.7 303 £8.1

Male 34 (47.9%) 16 (44.4%) 18 (51.4%) 11 (55.0%)

SPO, (%) 96.1 + 3.9* 96.9 + 3.2 95.7+44 983+ 1.1

SBP (mmHg) 1145+ 17.1 1109 + 16.7 120.0 £ 17.0 122.9 + 13.3

HR (bpm) 69.0 +12.0 70.5 +13.1 68.2+12.2 643+ 11.1

NYHA FC 14211291I0IVO I261I110II0IVO I16II19HI0IVO I20HO0IIO0OIVO

QRS duration (ms)  113.8 + 28.0T 1129+ 17.9 109.3 £25.3 72.1+10.4

BNP (pg/ml) 84.1 + 106.51 164.3 + 390.7 66.2 + 67.0 124+ 49

CCTGA congenitally corrected transposition of the great arteries, TGA transposition of the great arteries,
pts patient, SPO, saturation of percutaneous oxygen, SBP systolic blood pressure, HR heart rate, NYHA FC
New York Heart Association functional class, BNP brain natriuretic peptide, ASD atrial septal defect, VSD

ventricular septal defect

* < (.05 total vs. controls, 1 < 0.01 total vs. controls
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Table2 CMR data in CCTGA Total CCTGA TGA Control

and TGA
Systemic ventricular EDVi (ml/m?) 107.1 +49.51 1009 +42.5 111.7+354 764 +7.8
Systemic ventricular ESVi (ml/m?) 58.6 + 38.01 52.1+28.2 593+275 245447
Systemic ventricular EF (%) 51. 71211 561 +11.1 569 +10.7 67.8+48
Systemic ventricular mass index (g/m?) 69.3 + 2451 64.3 +19.5 69.9 +26.1 439+8.8
Pulmonary ventricular EDVi (ml/m?) 70.9 + 30.7* 71.1 £29.0 673+324 526+79
Pulmonary ventricular ESVi (ml/m?) 31.3+258 299 +17.2 304 +£26.8 248 +5.7
Pulmonary ventricular EF (%) 57.7+10.5 57.5+17.5 56.6 +104 60.8 +6.0
CI (I/min/m?) 2.38 +0.81 237+ 1.1 225+07  3.10+06
Systemic AV valve (TR) RF (%) 257+1737  233+174 248 +16.1 13+1.0
Systemic ventricular GLS (%) 137 + 8.11 13.5+5.7 135+5.4 255+3.6
Systemic ventricular GCS (%) 12.5 +4.71 142 +5.8 123 +29 254 +2.3
Longitudinal early diastolic SR (1/s) 1.02 + 0.551 1.04 + 0.54 1.06 £0.47 1.50 + 0.39
Circumferential early diastolic SR (1/s) 0.91 + 0.291 0.94 + 0.41 0.88 +0.13 1.25 +£0.22
Intradyssynchrony 4ch (ms) 1472+9310 1193 +724 1141+472 51.5+309
Intradyssynchrony SAX (ms) 1282+ 8381 1222+927 116.8+63.9 42.7+30.2
Interdyssynchrony 4ch (ms) 111.8 £ 61.51 93.5+498 1062+953 644+12.6
Interdyssynchrony SAX (ms) 1104 +£59.11  106.8 + 57.1 99.5+44.6 585+ 127

EDVi indexed end-diastolic volume, ESVi indexed end-systolic volume, EF ejection fraction, CI cardiac
index, AV valve atrioventricular valve, TR tricuspid regurgitation, RF% regurgitant fraction, GLS global
longitudinal strain, GCS global circumferential strain, SR strain rate, 4ch 4 chamber, SAX short axis

* < 0.05 total vs. controls, 1 < 0.01 total vs. controls

index (CI), TR RF, global strain, strain rate, or intra- and
inter-dyssynchrony.

Univariate Cox hazard analysis for major cardiac
events

The study follow-up period was 5.2 + 3.9 years. Nine
patients with CCTGA had major cardiac events: 6 had heart
failure (4 with SVT and 2 with sustained VT as well), 1 had
SVT and relevant syncope, and 2 had cardiac death. Twelve
patients with TGA had major cardiac events: 7 had heart
failure (4 with SVT and 2 with sustained VT as well), and
5 had SVT.

In patients with CCTGA, the important predictions for
major cardiac events were NYHA FC, RV volume, longi-
tudinal early diastolic SR, and intra- and inter-ventricular
dyssynchrony (Table 3). GLS also showed a tendency to be
predictive (P = 0.07), but this was not statistically signifi-
cant. In patients with TGA, age, NYHA FC, QRS duration,
RV volume, RV mass index, LV volume, GLS, GCS and
intradyssynchrony in the short-axis view, were important
predictive factors for major cardiac events. Intraventricular
dyssynchrony in the four-chamber view and interventricu-
lar dyssynchrony also showed a tendency to be predictive
(P =0.07 and 0.08), but this was not statistically significant.

In CCTGA, the cut-off value of the maximum time differ-
ence for the intraventricular peak systolic strain was 110 ms
(P < 0.001; AUC, 0.81; sensitivity, 77.8%; and specificity,

80.0%), and that for the interventricular peak systolic strain
was 131 ms (P < 0.0001; AUC, 0.88; sensitivity 88.9%;
and specificity, 81.8%) in the 4-chamber view. In the short-
axis view, the cut-off value of the maximum time differ-
ence for the intraventricular peak systolic strain was 121 ms
(P < 0.003; AUC, 0.82; sensitivity 75.0%; and specificity
85.7%). In TGA, the cut-off value of the maximum time
difference for the intraventricular peak systolic strain was
110 ms (P < 0.002; AUC 0.78; sensitivity, 67.0%; and speci-
ficity, 79.0%) in the short-axis view.

Figure 2 shows the Kaplan—Meier curves. In CCTGA
and TGA, patients with significant intradyssynchronous
RV showed poor event-free survival rates (log-rank test
P =0.004 and P = 0.04).

Discussion

We assessed intra- and inter-ventricular dyssynchrony in
mildly symptomatic patients (NYHA FC < III) with sys-
temic RV using CMR. Even patients with NYHA FC I or
II showed obvious dyssynchrony, suggesting early stages of
ineffective wall motion and potential RV dysfunction. Fur-
thermore, intraventricular dyssynchrony in both CCTGA and
TGA was one of the predictors of major cardiac events in
this population. Interventricular dyssynchrony in CCTGA
was also predictive, and that in TGA showed a similar
tendency.
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Table 3 Univariate Cox hazard analysis for major cardiac events in CCTGA and TGA

CCTGA TGA
Exp b 95% CI P value Exp b 95% CI P value
Age (years) 0.98 0.91-1.06 0.63 1.16 1.04-1.29 0.01
QRS duration (ms) 1.03 0.99-1.07 0.14 1.03 1.01-1.05 0.001
NYHA FC 6.21 1.39-27.8 0.02 10.9 1.40-84.4 0.02
BNP (pg/ml) 1.0007 0.99-1.002 0.29 1.005 1.01-1.0104 0.06
TR RF (%) 0.98 0.71-1.36 0.92 31.2 0.83-1171.6 0.06
Systemic RVEDVi (ml/m?) 1.01 0.99-1.03 0.03 1.02 1.002-1.04 0.03
Systemic RVESVi (ml/m?) 1.02 1.002-1.05 0.04 1.02 1.002-1.04 0.03
Systemic RVEF (%) 0.003 0.00001-654.3 0.35 0.02 0.0001-2.21 0.09
Systemic RV mass index (g/m?) 1.03 0.99-1.08 0.14 1.04 1.01-1.06 0.01
Pulmonary LVEDVi (ml/m?) 1.0008 0.97-1.03 0.96 1.01 1.002-1.03 0.02
Pulmonary LVEF (%) 2.32 0.0009-6261.2 0.84 0.04 0.0004-3.02 0.14
CI (I/min/m?) 0.99 0.35-2.81 0.98 0.28 0.07-1.1 0.07
RVGLS (%) 0.88 0.77-1.01 0.07 0.78 0.64-0.94 0.02
RVGCS (%) 0.66 0.39-1.10 0.11 0.82 0.68-0.99 0.03
RV longitudinal early diastolic SR (1/s) 0.08 0.008-0.73 0.03 17.8 0.05-6493.9 0.34
RV circumferential early diastolic SR (1/s) 0.06 0.001-3.48 0.18 0.10 0.0001-107.8 0.52
RV intradyssynchrony 4ch (ms) 1.01 1.01-1.02 0.01 1.01 0.99-1.02 0.07
RV intradyssynchrony SAX (ms) 1.01 1.002-1.02 0.01 1.01 1.001-1.02 0.03
Interdyssynchrony 4ch (ms) 1.02 1.003-1.03 0.02 1.008 0.99-1.02 0.08
Interdyssynchrony SAX (ms) 1.01 0.99-1.02 0.06 1.01 0.99-1.03 0.08

NYHA FC New York Heart Association functional class, BNP brain natriuretic peptide, PS pulmonary stenosis, TVR tricuspid valve replace-
ment, AV valve: atrioventricular valve, TR tricuspid regurgitation, RF% regurgitant fraction, EDVi indexed end-diastolic volume, ESVi indexed
end-systolic volume, EF ejection fraction, CI cardiac index, GLS global longitudinal strain, GCS global circumferential strain, SR strain rate, 4ch
4 chamber, SAX short axis

Maximum time difference ofthe intra-ventricular Maximum time difference ofthe intra-ventricular
peak systolic strain in CCTGA peak systolic strain in TGA
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Fig.2 The Kaplan—Meier curves. In CCTGA and TGA, patients with significant intra-dyssynchronous RV showed poor event-free survival rate
(log-rank test P = 0.004 and P = 0.04)
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Systemic RV dysfunction and dyssynchrony

Chronic heart failure resulting from the deterioration of sys-
temic RV has noteworthy prognostic value [1], and early
detection of ventricular dysfunction is crucial. RVEF does
not always adequately reflect the condition of the systemic
RV because paradoxically, TR increases EF [7]. Therefore,
adjunct markers are required to comprehensively assess RV
function [8]. Some CMR studies reported that late gado-
linium enhancement of systemic RV relates to a more dys-
synchronous wall motion and TR aggravation [9]. Therefore,
systemic RV dyssynchrony is one of the surrogate mark-
ers for myocardial damage. In our study, even patients with
NYHA FC I or II showed obvious dyssynchronous RV wall
motion. This result suggests that we can detect potential RV
damage in its early stages using simple CMR cine without
contrast.

When we consider the indications for CRT, a QRS dura-
tion suggestive of electrical dyssynchrony is important. The
broader QRS complex is associated with the parameters of
systemic RV function [10], and is identified as a risk factor
for sustained VT and sudden cardiac death (SCD). A QRS
duration of > 140 ms has been reported to elicit the highest
risk of sustained VI/SCD in systemic RV [11]. Our study
also showed reasonable results: a wide QRS duration was
predictive of major cardiac events in TGA. The cut-off value
of the QRS duration in complete right bundle branch block
as an indication for CRT remains unclear. Current criteria
for CRT in the systemic LV in adult populations are: NYHA
FCIII or IV despite optimal pharmacological therapy, LVEF
35% and QRS duration > 120 ms [12]. However, the major-
ity of studies on CRT in CHD and pediatric patients have
not applied these criteria. Most patients are with NYHA FC
II-111, indicating only mild heart failure. This discrepancy
with respect to the current guidelines has resulted from a
concomitant indication for cardiac surgery, ICD implanta-
tion, or anti-bradycardia pacing [13]. These concomitant
indications may accelerate the decision-making for CRT
implantation. Therefore, we evaluated RV dyssynchrony in
mildly symptomatic patients in this study. Some studies have
also demonstrated that NYHA FC is a strong determinant
of the response to CRT in CHD patients [13, 14], and the
implantation of CRT in an early stage may help to prevent
the development and/or the progression of heart failure.

The relationship between electrical conduction delays
and mechanical dyssynchrony is not straightforward. Car-
diac imaging of ventricular function and mechanical dys-
synchrony may provide additional insight into the effects of
CRT, and improve the selection process for CHD patients
who will benefit from CRT. On echocardiography, a maxi-
mum delay of a 4-segment model > 65 ms in systemic LV
can predict both clinical and echocardiographic responses to
CRT [15]. On the other hand, the average maximum delay

between the septal and lateral RV wall is approximately
80 ms in systemic RV, suggesting significant dyssynchrony
in systemic RV compared to systemic LV [16]. Our results
showed a cut-off value of approximately 110-120 ms in
intradyssynchrony of the systemic RV. Our method using
strain on CMR is different from conventional tissue Dop-
pler images or strain on echocardiography, therefore we can-
not simply compare our data to previous echocardiographic
parameters. Nevertheless, our data are clinically informative
and useful in selecting patients with systemic RV failure
for CRT.

As for interventricular dyssynchrony, a maximum differ-
ence of > 40 ms indicates interventricular dyssynchrony in
systemic LV [17]. Anatomical differences between CHD and
non-CHD adult heart may provide different cut-off values.
For example, in patients with transposition of the great arter-
ies, the aortic and pulmonary pre-ejection intervals differ
from healthy individuals [18]. In patients with pulmonary
stenosis, the pulmonary pre-ejection interval may be pro-
longed [19]. Little is known about interventricular dyssyn-
chrony and the cut-off values predicting the response to CRT
in CHD patients. In our study, interventricular dyssynchrony
in CCTGA was predictive of the response and TGA showed
a similar tendency. Further studies will be needed to confirm
these results.

Different features between CCTGA and TGA

Several studies have referred to both CCTGA and TGA
using the same term—systemic RV; however, there may
be a difference in dyssynchrony patterns between the two
groups because CCTGA and TGA differ in geometry and
fiber orientation [20]. Furthermore, the features of the tricus-
pid valve (TV) also differ. Patients with CCTGA often have
an Ebstein anomaly of the TV, and therefore, some patients
will have significant TR without ventricular or annular dila-
tation, even in an early stage. To our knowledge, no asso-
ciation between the degrees of TR and RV volume or EF in
CCTGA has been identified [21]. A failure to show worsen-
ing function or increased volumes with greater degrees of
TR suggests that the degree of regurgitation alone may not
completely explain the heterogeneity in RV size and function
in cases of CCTGA [21]. Therefore, a comprehensive assess-
ment of the RV function using CMR as well as conventional
markers is recommended. In contrast, TR worsening paral-
lels RV/annulus dilatation and EF in TGA with atrial switch.
In TGA, RV volume, EF, and global strain may be simpler,
but are more robust markers than other parameters [8].
CCTGA and TGA groups also differed in the prevalence
of different arrhythmias. Sinus node dysfunction was more
prevalent in patients with TGA, whereas complete heart
block occurred more often in patients with CCTGA. A fur-
ther difference between the two disease conditions is found
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in atrial functioning. Because of the unique anatomy of TGA
with atrial switch, the atrial route is longer and lacks an
effective atrial kick compared with CCTGA [22]. It remains
unknown whether this unique feature has some influence on
ventricular dyssynchrony, and further studies are required to
evaluate this question.

Overall, the most valuable determinants of clinical events
were remarkably similar in both groups in our study. They
shared several characteristics, and both faced high systemic
pressures that could eventually lead to the decline of the car-
diac pump and the accompanying unfavorable events. Proac-
tive cardiac resynchronization therapy may be recommended
in those patients who have the same level of dyssynchrony as
that of an event group. Further studies are required.

Study limitation

We assessed myocardial strain using CMR, but not echocar-
diography. Considering time resolution, echocardiography is
better than CMR; however, we used CMR because a reliable
assessment of ventricular deformation using echocardiogra-
phy is hampered by complex ventricular anatomy and physi-
ology. On CMR, clear images of a short-axis view of the
mid-systemic ventricle are depicted even in the mesocardia
or dextrocardia, which are often seen in CCTGA. Further-
more, a simultaneous single-beat assessment of 6 segments
in a short-axis view is available. We evaluated dyssynchrony
of the mid-portion of the RV, but not in the 18 segments of
the whole RV, because it is challenging to assess RV apical
segments using feature-tracking method. Systemic RV has
a rounded shape with a hypertrophied and hypertrabecu-
lated wall; hence, the voxel tracking of the apex is poorly
reproducible, particularly in a long-axis view on CMR. We
think that this is one of the reasons why dyssynchrony in a
short-axis image was more significant than that in a long-
axis view. Next, we did not enroll patients after pacemaker/
ICD implantation because pacing-induced dyssynchrony has
a different etiology than intrinsic systemic RV dysfunction.
Hence, we avoided assessing this heterogeneous group in
our study. We also did not evaluate exercise capacity using
the Cox hazard analysis because patients with NYHA FC I
often did not have a cardiopulmonary exercise test. Finally,
we evaluated important predictors of major cardiac events
using a univariate analysis, but not a multivariate analysis
because the number of enrolled patients was relatively small.

Conclusions
Systemic RV in NYHA FC < III patients with CCTGA

and TGA have obvious intra- and inter-ventricular dyssyn-
chrony, suggesting ineffective wall motion and potential RV

@ Springer

dysfunction. Intraventricular dyssynchrony can be an adjunct
predictor of major cardiac events in mildly symptomatic
patients with both CCTGA and TGA.
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