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Letters

RESEARCH LETTER

Causes of Death in
Congenitally Corrected
Transposition of

Great Arteries

Congenitally corrected transposition of the great ar-
teries (ccTGA) is characterized by atrioventricular
(AV) and ventriculoarterial discordance' with an
estimated incidence of 1 per 33,000 live births.” Due
to the rarity of this form of congenital heart disease,
there are limited data on the incidence and causes of
death. To address this issue, we conducted an inter-
national multicenter retrospective study that
included patients with a diagnosis of ccTGA from
January 1991 to December 2018 in 29 centers across
6 countries.’ Institutional Review Board approval was
obtained from all participating institutions. Patients
were identified from local databases and medical re-
cords at each institution. All deceased and living pa-
tients diagnosed with ccTGA were eligible for
inclusion. Cardiac phenotype and associated
anatomic malformations were coded using the Inter-
national Pediatric and Congenital Cardiac Code.?
Heart failure was defined as chronic diuretic use or
as NYHA functional class III or IV symptoms,
independent of medical treatment. Sudden death
was defined as an unexpected fatal event occurring
within 1 hour from the onset of symptoms, in
an apparently healthy subject, or in one whose
disease was not so severe to predict such an

What is the clinical question being addressed?

We sought to better define the incidence and
causes of death of patients with ccTGA.

What is the main finding?

The overall incidence of mortality in ccTGA
patients was 3.4 per 100 person-years, with
over two-thirds of deaths due to heart failure
or sudden death.
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abrupt outcome. Ischemic stroke was defined as
clinical evidence of cerebral focal ischemic injury
based on symptoms persisting 24 hours or longer or
until death, with or without cerebral imaging, and
other etiologies excluded. Univariable and multivar-
iable Cox regression models were used to assess
associated factors of death. Variables associated with
P values <0.20 in univariable analyses were included
in multivariable backward selection models.

A total of 1,131 patients, 471 (41.6%) females, were
enrolled. The median age at diagnosis was 0.1 years
(IQR: 1 day-12.3 years). The main associated cardiac
malformations were ventricular septal defect (712,
63.0%), pulmonary stenosis (476, 42.1%), and AV
valve anomaly (259, 22.9%); 99 (8.7%) had a hetero-
taxy syndrome. Of the 1,131 patients, 419 (37.0%)
underwent no repair, while 363 (32.1%) had a physi-
ological repair, 170 (15.0%) had an anatomical repair
(double switch in 139 [12.3%]; Nikaidoh, Réparation a
l’Etage Ventriculaire [REV] or Rastelli in 31 [278%]),
and 179 (15.8%) had a single ventricle palliation; 215
(19.0%). A permanent pacemaker was implanted in
221 (19.5%) patients.

During a median follow-up of 9.0 (IQR: 4.0-17.2)
years, 105 (9.3%) patients died, 39 (37.1%) females, at
a median age of 17 (IQR: 2-53) years. The corre-
sponding incidence mortality rate was 3.4 cases per
100 person-years. Causes of death are summarized in
Figure 1. Heart failure accounted for 53 (50.5%) deaths
followed by sudden death (n = 18; 17.1%), post-
operative complications (n = 4; 3.8%), stroke (N = 4;
3.8%), and sepsis (n = 2, 1.9%). The remaining 24
(22.9%) patients had an unknown cause of death, of
whom 8 (33.3%) were aged 70 years or over. In a
multivariable Cox regression analysis, factors inde-
pendently associated with death were additional
coexisting cardiac malformations (HR: 6.35; 95% CI:
3.08-13.08; P < 0.001) and complete AV block recor-
ded at the time of diagnosis of ccTGA (HR: 3.72;
95% CI: 1.87-7.37; P < 0.001).

To our knowledge, this multicenter study is the
first large-scale assessment of the incidence (3.4 cases
per 100 person-years) and causes of mortality in pa-
tients with ccTGA. Heart failure deaths outnumbered
all other causes of mortality combined, reflecting
limitations in the ability of a morphologic right
ventricle to support a systemic workload over a long-
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FIGURE 1 Causes of Death in Congenitally Corrected Transposition of Great Arteries

A Causes of death in ccTGA
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Causes of death in congenitally corrected transposition of the great arteries (A); Factors
independently associated with death (B). AV = atrioventricular; ccTGA = congenitally
corrected transposition of the great arteries.

term course. No pharmacological therapy has been
shown to improve survival in patients with failing
systemic right ventricles and ongoing research is
assessing the role of advanced heart failure thera-
pies.* The observed proportion of sudden deaths
(17.1%) is higher than the 4 of 39 (10.3%) reported in a
study from Australia.” Disparities may reflect differ-
ences in sample sizes. Moreover, the proportion of
sudden deaths is likely underestimated in our study
given that causes of death were unknown in 24 (23%)
patients. Consistent with the observation that addi-
tional cardiac defects are associated with higher
mortality, several prior studies reported less favor-
able hemodynamics and greater morbidities in pa-
tients with nonisolated forms of ccTGA. The use of
multiparametric and artificial intelligence-based tools
could enable the development of mortality prognostic
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scores. Finally, the association between complete AV
block and higher mortality merits further investiga-
tion. Potential pathophysiological mechanisms
include loss of AV synchrony, ineffective ventricular
filling, reduced cardiac output, increased systemic AV
valve regurgitation, and/or pacing-induced ventricu-
lar dyssynchrony and dysfunction. Further studies
are needed to determine whether more physiological
pacing systems, such as cardiac resynchronization
therapy, leadless pacemaker or even bundle branch
pacing, can have an impact on mortality.
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