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Background Patients with congenitally corrected transposition of the great arteries (ccTGA) are prone to the development of
advanced atrio-ventricular block requiring chronic ventricular pacing. The morphological right ventricle (RV) often
develops systolic dysfunction as it is unable to withstand the chronic pressure overload it is exposed to when sup-
porting the systemic circulation.

...................................................................................................................................................................................................
Case summary A 56-year-old woman with dextrocardia and complex ccTGA with a history of dual-chamber implantable cardi-

overter-defibrillator (DDD-ICD, high degree atrio-ventricular-block and syncopal ventricular tachycardia), pre-
sented with progressive heart failure and symptomatic atrial arrhythmias. She underwent a successful ablation and
concomitant invasive haemodynamic evaluation of potential alternative/biventricular pacing modalities. During
biventricular pacing, the QRS narrowed and the systemic RV intraventricular pressure (Dp/Dt) increased with 30%.
She underwent a successful transvenous upgrade to cardiac resynchronization therapy (CRT). The electrocardio-
gram post-implantation showed biventricular capture and patient showed subjective and objective clinical
improvement.

...................................................................................................................................................................................................
Discussion Systemic RV dysfunction in ccTGA can be aggravated by chronic pacing-induced dyssynchrony, contributing to pro-

gression of heart failure in this patient group. Transvenous CRT is feasible in ccTGA anatomy and may be pursued
in order to improve or preserve the functional status of pacing-dependent ccTGA patients. Invasive haemodynamic
contractility evaluation can help assess the potential benefit of CRT in patients with complex anatomy.
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Introduction

Congenitally corrected transposition of the great arteries (ccTGA),
or L-transposition of the great arteries, comprises about 0.5% of all
congenital heart defects.1 Adult ccTGA patients are prone to devel-
opment of heart failure due to systolic dysfunction of the morpho-
logical right ventricle (RV) that functions as the systemic ventricle
and is thus exposed to chronic pressure overload. The fundamental
causes of morbidity and mortality in ccTGA patients are related to
the gradual deterioration of systemic right ventricular (sRV) func-
tion, progressive tricuspid valve regurgitation and susceptibility to
atrio-ventricular (AV) conduction disorders.2 As over 80% of
ccTGA patients currently survive over the age of 40 years, heart fail-
ure will be an increasing burden for this patient group.3

Malalignment of the AV septum, the relatively long course of AV
conduction system and progressive shift of the AV septum towards
the morphological left ventricle (LV) all contribute to the high inci-
dence of advanced AV-block in ccTGA patients.4,5 The reported
prevalence of AV-block is up to 50%, with an annual risk of 2%.6

Chronic pacing-induced dyssynchrony further contributes towards
sRV dysfunction.5,7

Here we describe a ccTGA patient with progressive heart failure
and chronic ventricular pacing that underwent a successful transve-
nous upgrade to cardiac resynchronization therapy (CRT).

Timeline

Case presentation

A 56-year-old woman with dextrocardia and complex ccTGA was
evaluated in the outpatient clinic. She had a history of surgical clos-
ure of a ventricular septal defect and correction of a pulmonary
valve stenosis, a DDD-pacemaker implantation due to high degree
AV-block and subsequent chronic ventricular pacing, tricuspid valve
repair with an annuloplasty ring due to severe tricuspid regurgita-
tion of an Ebstein-like valve and an upgrade to a dual-chamber
implantable cardioverter-defibrillator (DDD-ICD) due to syncopal
ventricular tachycardia (with a new P/S lead implant due to non-
physiological oversensing). She also underwent an ablation of a ven-
tricular tachycardia and cavo-mitral isthmus–dependent atrial flut-
ter. A chest X-ray illustrating the anatomy and lead positions is
shown in Figure 1A and B. Over the past few years, she had been
admitted multiple times with decompensated congestive heart fail-
ure due to severely reduced systolic function [RV end-diastolic
diameter (RVEDD) 56 mm, global longitudinal strain -3.5%, fraction-
al area change (FAC) 10.3%] of the dilated sRV, despite maximum
tolerated pharmacological therapy with metoprolol, candesartan,
spironolactone, and furosemide.

The patient experienced recurrent palpitations due to an atrial
tachycardia that could be terminated by atrial burst pacing.
Electrocardiogram (ECG) in sinus rhythm with subpulmonary LV
pacing showed a broad (210 ms) QRS complex (Figure 1C). She
underwent successful re-ablation of the cavo-mitral isthmus–

1963 Congenital defects/anatomy:

Dextrocardia;

Congenitally corrected Transposition of the Great Arteries (ccTGA);

Ventricular septal sefect (VSD);

Pulmonary valve stenosis (PS);

Ebstein-like tricuspid valve

1970 Surgical closure of the VSD and repair of PS

1990 DDD-pacemaker implantation due to complete heart block

2004 Tricuspid valve annuloplasty

2005 Admission: decompensated heart failure and atrial flutter

2009 Syncope due to Ventricular Tachycardia (VT): ICD implantation

2011 Multiple presentations and admissions: decompensated heart failure and atrial tachycardia/flutter

2015 Appropriate ICD shock (VT);

Successful endocardial VT ablation and cavomitral isthmus flutter ablation

2015–18 Recurrent presentations with atrial tachycardia and decompensation; New York Heart Association (NYHA) III

2019 April: electrophysiology study and ablation of cavo-mitral isthmus-dependent flutter and atrial tachycardia;

Concomitant coronary sinus angiogram and invasive Dp/Dt measurements to assess cardiac resynchronization therapy (CRT);

May: admission with decompensated heart failure, successful upgrade to CRT-D;

June to December: stable clinical condition

2020 Stable clinical condition and NYHA functional class II

Learning points
• Susceptibility of patients with congenitally corrected transposition of the great arteries (ccTGA) to advanced atrio-ventricular block

requiring chronic ventricular pacing contributes to systemic right ventricle (sRV) dysfunction.
• Despite the often complex anatomy, efforts towards cardiac resynchronization therapy (CRT) should be made to preserve or improve

sRV function of pacing-dependent ccTGA patients.
• Invasive haemodynamic evaluation prior to an upgrade to a biventricular pacing system can help assess the potential benefit of CRT in

patients with complex anatomy.

2 M. Nederend et al.
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..dependent atrial flutter and incisional right atrial tachycardia. The
broad paced QRS complex and recurrent admissions with decom-
pensated heart failure prompted concomitant invasive haemodynam-
ic evaluation of the intraventricular pressure (Dp/Dt) with a pigtail in
the sRV, to assess potential alternative/biventricular pacing modalities
(Figure 2). The anatomic subpulmonary LV pacing with a steerable
catheter led to a QRS width >200 ms and Dp/Dt of 520 mmHg/s. A
second steerable multiple electrode catheter was used for coronary
sinus pacing to assess the optimal target site. Several intervals were
tested—the optimal biventricular pacing with -80 ms right ventricular
offset resulted in QRS narrowing to 157 ms and Dp/Dt increasement
to 674 mmHg/s (30%). This suggested that transvenous upgrade to a
CRT-system was feasible and was expected to lead to significant
haemodynamic improvement.

A second procedure was performed for upgrade to a CRT-
system. The coronary sinus was engaged with an extended hook
guiding-catheter and an RV target vein was selectively cannulated
with a 90-degree inner-catheter. A unipolar 4.5 Fr (1.5 mm) lead
with 2.6 Fr (0.87 mm) tip was advanced into the target branch
over a wire (Figure 3). The threshold for sRV capture was 2.1 V/
1 ms, without phrenic nerve stimulation during high output pacing.
This lead position provided a large anatomical separation from
the functional RV lead tip and an RV to LV sense interval of
>150 ms, confirming good electric separation of the two leads.
The postprocedural chest X-ray showed the lead position in rela-
tion to the patient’s anatomy and ECG post-implantation showed
significant reduction of the QRS width during biventricular capture
(Figure 4).

Figure 1 (A) Postero-anterior and (B) lateral chest X-ray image of the patient presenting with congestive heart failure illustrating the dextrocardia
and congenitally corrected transposition of the great arteries anatomy with left anterior position of the dilated systemic right ventricle (red) and right
posterior position of the subpulmonary left ventricle (blue) with transvenous pacing leads in situ. (C) Twelve lead electrocardiogram with a broad
QRS (210 ms) complex during left ventricular pacing.

Successful CRT in failing systemic right ventricle 3



The patient reported evident and continuous improvement in clin-
ical condition at follow-up 6, 12, and 24 weeks after discharge. Table
1 summarizes clinical parameters at baseline and 24 weeks follow-up.
Six-minute walk test and bicycle exercise test (VO2 max) showed
consistent improvement from 417 to 522 m, 40 to 80 Watt, and 8.3
to 14.7 mL/min/kg, respectively. Echocardiography showed a slight
reduction in RVEDD to 53 mm and FAC improvement to 14.6%. The
patient is currently in stable clinical condition and New York Heart
Association (NYHA) functional class II, with only mild dyspnoea on
exertion (e.g. walking outside the house), 1 year after CRT proced-
ure, no heart failure-related admissions occurred during this period.

Discussion

Congenitally corrected transposition of the great arteries is a rare
congenital heart anomaly that entails a combination of morphological
AV and ventriculo-arterial discordance (often referred to as ‘double
discordance’) resulting from abnormal looping of the embryonic car-
diac tube. Although such anatomy can result in physiologically normal
circulation, this is often not the case due to the common concomitant
malformations, including ventricular septal defect, pulmonary sten-
osis, and abnormalities of the tricuspid valve.1,2 The ccTGA patient
described here was born with the illustrative combination of con-
comitant defects, including an Ebstein-like tricuspid valve and dextro-
cardia (encountered in about one in five of ccTGA patients). Another
typical associated pathology illustrated in this case is a high degree AV
conduction block. Additional to the abnormal conduction system in
ccTGA hearts, the surgical closure of the ventricular septal defect in

Figure 2 (A) Angiographic projection (RAO 40˚) showing the transvenous device leads and the multipolar electrophysiology catheter inserted into
the coronary sinus that is in close proximity to the tricuspid valve annulus [identified here by the tricuspid valve annuloplasty ring (TVP)]. A contrast in-
jection shows the course of the coronary sinus and its tributaries. The target vein is defined by optimal separation from the functional pacing lead tip
electrode. (B) The intraventricular pressure-curves registered during the invasive haemodynamic evaluation of the different pacing modalities. Note
the Dp/Dt of 520 mmHg/s during the subpulmonary left ventricular pacing (left panel) and Dp/Dt of 674 mmHg/s during biventricular pacing with -80
ms right ventricular offset (right panel).

Figure 3 (A) Angiographic projection (RAO 27˚) showing the
guiding and inner-catheter engaged in the coronary sinus and the
target branch, respectively. (B) Angiographic projection (RAO 37˚)
showing the position of the transvenous coronary sinus lead tip in
the target vein.

4 M. Nederend et al.
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..1970 (using a patch and requiring a ventriculotomy of the sRV) as
well as progressive pressure overload of the sRV with shift of the
intraventricular septum towards the LV are likely to have contributed
to the progressive conduction disorder, making her pacing depend-
ent at the age of 27 years.

Chronic pacing-induced dyssynchronous cardiomyopathy is recog-
nized to contribute to progression of sRV dysfunction and small, yet
consistent data suggest that efforts towards CRT should be
undertaken in this patient group.5,7,8 This is illustrated by our pacing-
dependent ccTGA patient who was a clear responder. However, ap-
propriate selection of CRT candidates in failing sRV remains a matter
of discussion and large randomized studies are lacking. This might be
due to the morphological heterogeneity, the wide range of surgical
techniques used to repair the associated structural defects and the

unknown predictive value of the electro-mechanical activation delay
in complex anatomy.

Echocardiographic evaluation of the sRV (dyssynchrony) is often
limited by the RV geometry, eccentric hypertrophy, and pronounced
moderator band as well as to date poorly understood interventricu-
lar interactions.9 The QRS width and morphology seem to be a rela-
tively poor selection marker for sRV CRT candidates.10 Contractility
measurement derived from Dp/Dt has previously been validated in
adult patients with dilated cardiomyopathy (with systemic LV).11 In
congenital heart disease patients, an improvement of Dp/Dt of >15%
is correlated with a clinical response to CRT as well as long-term sta-
ble function and improvement in ejection fraction (up to 12 years of
follow-up).9 In this patient, Dp/Dt increased by 30% during biventric-
ular pacing when compared with the subpulmonary LV pacing alone

Figure 4 (A) Postero-anterior and (B) lateral chest X-ray image after the transvenous upgrade to cardiac resynchronization therapy. Arrow points
towards the newly implanted lead on the systemic right ventricle. Note the epicardial lead projecting over the systemic right ventricle. (C) Twelve
lead electrocardiogram during biventricular pacing showing significant QRS narrowing.

Successful CRT in failing systemic right ventricle 5
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and correlated with subjective well-being and objective functional
follow-up after initiation of CRT.

Despite the achieved subjective and objective improvement in this
patient, it is sensible to expect the CRT to merely delay the progres-
sion of heart failure in this complex patient group. Donor hearts are
scarce in the Netherlands and given the patient’s anatomy, numerous
previous thoracotomies, and renal functional impairment it is highly
unlikely she will be eligible for a heart transplant listing. Ventricular as-
sist device (VAD) implantation as destination therapy, however,
should be considered in patients with severe sRV failure. Despite the
potential complications of a VAD, it has been shown to be feasible in
sRV patients and to result in survival benefit and clinical
improvement.12

In conclusion, one should be aware of the heart failure prone sRV
in ccTGA patients, particularly when complicated by advanced AV-
block requiring chronic ventricular pacing. Transvenous CRT may be
challenging, yet feasible in ccTGA anatomy and should be considered
in order to improve or preserve the systolic sRV function. Invasive
haemodynamic evaluation prior to upgrade to or implantation of
biventricular pacing system may help to assess the potential benefit
of CRT in patients with complex anatomy.
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