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SYNOPSIS

BACKGROUND: c¢cTGA is a congenital heart disease characterised by
Atrioventricular discordance and ventriculoarterial discordance. ccTGA might be
associated with ventricular septal defect and Pulmonary stenosis. The management of
ccTGA with intact ventricular septum is controversial. Some prefer medical
management, and some prefer Double switch operation. The main aim of the study is
to study the outcomes of patients with ccTGA with intact ventricular septum. The main
issues in ccTGA are a rarity, uncertain natural history, and heterogeneity of associated

lesions.

METHODS: A single-centre retrospective analysis of all patients diagnosed with
ccTGA with intact ventricular septum was reviewed. Primary objectives included
Systemic ventricular dysfunction, systemic valvular regurgitation, and death.
Secondary objectives include the clinical profile of the patients and the incidence of
Complete Heart block, and the type of interventions and outcomes of the patients. The
demographic data like age and gender, initial presentation, investigations like ECG,
complete echo diagnosis, cardiac position, situs and associated anomalies were
collected. Right ventricular function and Tricuspid regurgitation were collected at the

initial and last follow-up visits.

RESULTS: The median age of diagnosis was 11 years (2.9-32.3). The cohort showed

a majority male population. The most common position and Situs are Situs Solitus and
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Levocardia (n-64%), followed by Situs inversus and dextrocardia (n-14%). Around
36% are incidentally detected. About 40% of the patients had more than moderate
tricuspid regurgitation, which increased to 54% on follow-up. About 20 % had RV
dysfunction at baseline; on follow-up, incidence increased to 35%. The median follow-
up period was five years (2-14). The incidence of Complete heart block was 34%, and
three patients were noted to have Atrial fibrillation. PA banding was done in 8 patients,
and one underwent a Double switch operation. Four patients underwent tricuspid valve
interventions. Mortality was seen in 8 patients, and 19 patients were lost to follow-up.
Four patients underwent CRT, and there was an improvement in the functional status

of the patients.

CONCLUSIONS: RV dysfunction was higher in patients with ccTGA with an intact
ventricular septum. Over half of the patients developed more than moderate Tricuspid
regurgitation on follow-up. The incidence of CHB was high due to the abnormality of
conduction tissue in ccTGA. PA banding can be used as destination therapy for some
patients with Moderate-Severe AVVR. CRT could be a better option for patients

requiring pacemakers for CHB having ventricular dysfunction.
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1. INTRODUCTION

Congenitally corrected Transposition of Great arteries (ccTGA) is a congenital
heart disease characterised by atrioventricular (AV) discordance and ventriculoarterial
(VA) discordance (Filippov et al., 2016; Thomas P. Graham et al., 2000; Wallis et al.,
2011). It is associated with confusing nomenclature. Initially, it was called Double
discordance or isolated ventricular inversion, or I-transposition. ccTGA is an anomaly
characterised by cardiovascular connections in which the vena cavae connect to the
right atrium, which empty through the mitral valve (MV) into the morphologic left
ventricle (mLV). The mLV ejects into a discordantly connected pulmonary artery (PA)
(Fig.). The left atrium receives blood from the pulmonary veins, emptying through the
tricuspid valve (TV) with the morphologic right ventricle (mRV), which ejects into the
aorta (Fig.). These atrioventricular (AV) and ventriculoarterial (VA) connections
occur most commonly in the setting of situs solitus but can also be seen with situs

Inversus.

Normal Heart CCTGA

Figure-1-Diagrammatic representation of Normal Heart and ccTGA
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In ccTGA, AV and VA discordance affects Pulmonary venous blood reaching the
Aorta (Ao) and Systemic venous blood going to the Pulmonary artery(PA). However,
with time the clinical course and hemodynamics become abnormal, even in patients

without associated cardiac defects (Jatene et al., 1976).

Management of ccTGA with intact ventricular septum (IVS) is still
controversial. Some centres prefer to continue to offer medical management,
maintaining mRV as a systemic ventricle. In some patients, there is an increased risk
of the development of Complete Heart block, Tricuspid regurgitation, and RV
dysfunction on follow-up. In some centres, patients will undergo a Double switch
Operation (DSO) in which mLV is made a systemic ventricle with prior LV training.
Patients who develop progressive RV dysfunction and worsening tricuspid
regurgitation are offered DSO with initial LV training. However, some patients may
develop mLV dysfunction after DSO when the left ventricle cannot handle the

systemic pressures.

Due to the condition's rarity, minimal data is available about the patients
diagnosed with ccTGA with an intact ventricular septum. Some studies advocate
medical management, and some centres support early Double switch operation in

which LV is maintained as the systemic ventricle.

As the management is still controversial and there is limited data, our study

adds to the existing literature about the outcomes of ccTGA with IVS.
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PERTINENCE OF THE STUDY:

e Very few studies are available about the outcomes of the Congenitally
corrected Transposition of Great Arteries with the Intact ventricular system.
e There is no data regarding the incidence of RV dysfunction, Complete Heart

block, and mortality in patients with ccTGA with IVS from India.
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2. AIMS AND OBJECTIVES

* To study the long-term outcomes in patients with congenitally corrected

transposition of the great arteries (cc TGA) with an intact ventricular septum.

OBJECTIVES:

e The study's primary objective is the incidence of Right ventricular Dysfunction
and Tricuspid regurgitation and mortality.

e The secondary objectives include the patient's clinical profile, the incidence of
Complete Heart block (CHB), and the type of interventions and outcomes of

the patients.
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3. REVIEW OF LITERATURE

ccTGA is a congenital heart disease characterised by AV discordance and VA
discordance. It is an uncommon disease with an incidence of about 0.03 per 1000 live
births, which constitutes 0.4% of congenital heart diseases and 4% of conotruncal
defects. (Canfield et al., 2006; Ferencz et al., 1985) The exact aetiology of ccTGA
remains unclear, though there are some associations with genetic factors and maternal
exposure to specific teratogens during fetal development. Embryologically the
primitive cardiac tube gets anchored at one end by the sinus venosus and at the other
end by the truncus arteriosus and loops to the left (I-loop) in ccTGA, not to the right
(d-loop) as in the normal heart (7). This abnormal looping results in morphologic LV
to the right and mRV to the left. Further twisting results in a superior to the inferior
relationship of RV to LV. Another necessary consequence of l-looping is the
orientation of the interatrial septum and interventricular septum. The right-sided AV
valve has anatomic features similar to the mitral valve with two papillary muscles and
is not attached to the interventricular septum. The left-sided AV has similar features
to the tricuspid valve, which is septophilic and often malformed.

Patients with ccTGA are prone to develop left ventricular outflow (LVOT)
obstruction as it is deeply wedged between right and left AV valves. The aortic valve
1s left and anterior to the Pulmonary valve. ccTGA is associated with Ventricular septal
defects, LVOT obstruction, and left AV valve abnormalities. TV dysplasia is common
and may occur with or without displacement of the septal or posterior leaflets of the

TV (8). Coronary anatomy is important as it is essential for planning surgery.
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Figure-2 A. ccTGA with intact ventricular septum B. ccTGA with VSD and
LVOT obstruction
The coronary arterial pattern in ccTGA is coronary artery ventricular concordance
in which coronaries arise from posterior facing sinuses and distribute in a mirror image
of normal (9). Various anomalies of coronary anatomy exist, like single coronary

artery and main coronary crossing RVOT.

A B
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Rt. ventricular
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Ventricular
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A

Fig-3 Coronary anatomy in A. Normal Heart B. ccTGA
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The conduction system in ccTGA is abnormal. The sinoatrial node is normal and
is related to the atrial situs. The Atrioventricular node is abnormal. It is classically
described as two AV nodes: (a) a normally positioned posterior AV node at the apex
of the triangle of Koch but with no AV bundle, and (b) an abnormal right anterior AV
node giving rise to the penetrating AV bundle, upon which AV conduction depends.
The bundle branches are in concordant association with the morphologic ventricles,
the left bundle on the right, and the right bundle on the left side of the septum. The
main cause of rhythm abnormalities in ccTGA is abnormal ventricular looping and
septal malalignment.

Clinical recognition of ccTGA is delayed because many patients are symptom-
free for decades. If patients develop symptoms, it might be most commonly due to
Heart failure due to a failing ventricle and arrhythmia.

Right ventricular dysfunction and Tricuspid regurgitation:

Patients are more prone to develop RV dysfunction and Tricuspid regurgitation
in the later part of life in the natural history of ccTGA(1,10,11). The tricuspid valve is
frequently dysplastic and exposed to high RV systemic pressure, and becomes
regurgitant. The RV is volume loaded from TR and working against systemic
pressures. The causes for the development of RV dysfunction are intrinsic geometry,
Fiber orientation, and lower coronary flow reserve. In one series of 40 patients with
ccTGA, systemic RV dysfunction was almost always linked to long-standing TR and

was the most important factor associated with poor outcomes (12).
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mRYV overload(both
pressure and
volume)

Tricuspid
Regurgitation(ebst RV dilatation
enoid also)

Annular Dilatation

Fig 4 : Vicious cycle of Tricuspid regurgitation and RV dysfunction

Electrocardiographic features of ccTGA include normal P wave, which is
positive in II, III, aVF, and negative in aVR. The activation of ventricles in ccTGA is
abnormal. Normal ventricular activation takes place from left to right producing qR in
V6 and 1S in V1. Due to the more or less sagittal (left posterior to right anterior)
ventricular septal orientation in ¢c¢cTGA and inversion of the ventricular bundle
branches, the sequence of initial activation is oriented from right to left, usually in a
more superior and anterior direction(13). This results in qR in V1. In addition to the
gR pattern, prominent Q waves are seen in II, III, and aVF. Second-degree and third-
degree AV blocks are seen in some patients, and they might be presenting complaints
in some patients. Complete AV block is present at birth in around 4 %, and 20-30% of

patients develop Complete Heart block (CHB) in their lifetime(14,15).
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Fig-5S ECG showing R pattern in V1 and large q waves in I1I, aVF
Chest radiographs in patients without associated defects will be normal except
for the L-posed Aorta on the left Heart border. In patients with congestive heart failure

(CHF) and TR and RV dysfunction, cardiomegaly is seen.

ECHOCARDIOGRAPHY:

The echocardiography of ccTGA begins with the determination of the situs and
the position of the heart. By taking the subcostal view of the heart, the cardiac position
can be determined. 25% of patients with ccTGA will demonstrate either dextrocardia
or Mesocardia. The sub-costal view helps in the identification of Criss-cross ventricles
and superior-inferior ventricles.

Identification of AV discordance can be identified by atrioventricular septum
malalignment. The RV and LV can be identified by the morphology of the
Atrioventricular valve and the morphology of the ventricles. RV can be determined by

the Tricuspid valve with septal attachments, moderated band, and coarse
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trabeculations (smooth surface of LV). Some of the patients are noted to have
Ebstenoid malformation of the Left-sided AV valve. The parasternal long axis will
give orientation to great arteries. Aorta is left and anterior to the Pulmonary artery in
ccTGA. Other associated defects like Atrial septal and ventricular septal defects should
be seen. Some of the patients are noted to have LVOTO. Coronary anatomy also can
be studied with a careful focus on Ascending aorta. Most patients have coronary

distribution (67%) corresponding to ventricles (16). Some of the patients are noted to

have single coronaries.

Fig 6 : Apical four-chamber view showing AV discordance with left-sided
Tricuspid valve showing mild-moderate TR

MAGNETIC RESONANCE IMAGING(MRI): MRI can be used as a useful
alternative tool for the anatomy of complex lesions. It also gives information on
ventricular function, volumes and degree of valvular regurgitation. RV function can
be better assessed by MRI, which shows a better correlation with other imaging

modalities. RV fibrosis which can be detected by late gadolinium enhancement (LGE),
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tells us the incidence of arrhythmias, RV dysfunction, and clinical outcomes. L'V mass
and LVEF post-PA banding can be assessed for adequate LV retraining. CT can be
used as an alternative imaging modality in whom MRI is contraindicated. CT helps in
better lineation of coronary anatomy.

ANGIOGRAPHY:

Invasive angiography helps in the assessment of hemodynamics and anatomical
abnormalities. It also helps determine Pulmonary vascular resistance (PVR) in some
cases where patients are noted to have severe AV valve regurgitation (AVVR).
Precaution should be taken during catheterisation as patients are more prone to develop

AV block during catheter manipulation. Left ventricular End diastole and LV function

can be assessed by catheterisation for LV retraining.

Fig 7 : RV and LV angiogram in AP view in a post-PA banding patient show
Severe Left AVVR, L-posed Aorta, normal pulmonary arteries, and intact
interventricular septum.
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MANAGEMENT:

Management of ccTGA is controversial because the Fate of RV as a systemic
ventricle is unpredictable. In some patients, RV dysfunction develops early and in
some patients in the 41-6" decade. Factors that determine RV dysfunction are
unpredictable. Tricuspid regurgitation that develops might be due to malformation or
due to RV dysfunction and is highly associated with the development of RV
dysfunction and even worsens it.

The natural history is mainly influenced by associated lesions. A study by Graham
et al. found that the incidence of RV dysfunction was lower in patients with intact
ventricular septum when compared with related defects. However, both the groups
develop RV dysfunction and Tricuspid regurgitation on follow-up(Thomas P. Graham

et al., 2000).

Natural History

AV Block

Birth to Death

Tricuspid Regurgitation

End of the first decade to Death

Arrhythmias End of the third decade to Death
CHF unpredictable
Increased Mortality Risk Risk increases after the third decade

Table-1 Natural history of ccTGA (timing of development of complications)
Medical management mostly depends on the management of Heart failure with
Diuretics, Afterload reducing agents, and Beta-blockers.
Permanent pacemaker implantation is needed in patients who develop Complete
Heart block as CHB results in symptoms. In patients with ventricular dysfunction

Cardiac Resynchronisation Therapy (CRT) or Conduction system pacing (CSP) can
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be done(17). Performing CRT or CSP is difficult in patients with ccTGA because of
varied coronary sinus anatomy and cardiac venous system anatomy. 3D Mapping of
the conduction system is required to capture bundle branches adequately. In patients
who underwent Anatomic repair, CS is difficult to access, and, in such conditions,

epicardial pacing or a Hybrid approach can be tried.

Surgery:

Surgeries commonly performed in patients with ccTGA are either Physiological
repair, Anatomical repair, Palliative procedures, or LV retraining. Physiological repair
only corrects the associated defects and maintains RV as a systemic ventricle.
Immediate surgical outcomes are good in physiological repair, but in the long term,
the incidence of RV dysfunction and worsening of tricuspid regurgitation is seen. In a
study by Hraska et al., the outcome of 123 patients with ccTGA of which 96 had a
physiologic repair, had 5-year survival rates at 75% and 10-year at around 68%.
Freedom from RV dysfunction was 88% at the end of 1 year, dropping to 43% at ten
years. Similarly, the incidence of TV dysfunction after intracardiac repair was 9% at

one year but rose to 48% at ten years (18).

Recommendations Class

In symptomatic patients with Severe TR with preserved or mildly | I

impaired systemic RV function. TV replacement is indicated.

In asymptomatic patients with severe TR and progressive systemic | Il a

RV dilatation or mildly impaired RV systolic function
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Biventricular pacing should be considered in case of a complete | I a

AV block or more than 40 % pacing requirement.

In symptomatic patients with Severe TR and more than mildly | I b

reduced EF, TV replacement can be considered.

Table-2 Recommendation for interventions in ccTGA(copied from ESC)

A study by Prieto et al. concluded that TR was the single most important factor
associated with poor outcomes and the development of RV dysfunction. (Prieto et al.,
1998) Some studies have suggested early intervention for Tricuspid regurgitation
results in delayed deterioration of RV function.

PA banding was used to train LV before anatomical repair. In a study by Kral
Collars et al., the PA banding grade of tricuspid regurgitation came down after
intervention which in turn helps improve RV function (19).In a study by Winlaw et
al., there was no improvement in TR, but clinical improvement was identified (20). In
a study by Shuhei Toba et al., significant cardiomyocyte hypertrophy was observed
but lower capillary density in patients with ccTGA with IVS or D-TGA with IVS after
PAB for retraining compared with normal control subjects. This finding suggests
inadequate capillary growth is a significant reason for the incidence of mLV
dysfunction after retraining or anatomic repair (21).

Factors that contribute to a decrease in TR after PA banding:

e Septal shift

e RV becomes less spherical

e Increased coaptation of tricuspid valve leaflets
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Fig 8 : Effect of PA banding on IVS a. Before PA banding b. After PA banding
septal shift is observed

An anatomic repair is an approach in which mLV is made a systemic ventricle.
It includes an atrial switch in the form of a Senning or Mustard. In patients with
associated defects such as VSD or RVOT Senning+ Rastelli, an approach can be used,
which includes placement of conduit from RV to PA and LV ejection through VSD to
the aorta. In patients with normal pulmonary valves, Double Switch Operation (arterial
switch+ atrial switch) can be done.
Complications of Anatomic repair include:

1. Atrial switch operation -sinus node dysfunction, baffle obstruction and baftle
leaks, and supraventricular arrhythmias

2. Rastelli- Subaortic obstruction, Aortic regurgitation, conduit obstruction
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Fig 9 : C-Double switch operation D-Senning+ Rastelli

3. Arterial switch operation (ASO)-coronary artery obstructions, aortic valve
incompetence, Pulmonary artery obstruction.

PA banding has been used to retrain the deconditioned LV. If done after two years
of'age, PA banding does not result in adequate LV training. Some patients develop LV
dysfunction after PA banding. When successful, LV retraining is reported to require a
median of 12 to 14 months of banding (20,22-25). The Criteria for successful
retraining include LV pressure >70% to 85% systemic, LV mass/LV volume ratio
>1.5, LV wall thickness or mass within normal limits for a systemic LV, and normal

LV function after PA banding(20,26,27).
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symptoms

I\

Fig 10: Flow chart showing management of ccTGA with intact ventricular

septum
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4. MATERIALS AND METHODS

Design: Retrospective observational study

Study Setting: Department of Cardiology, Sree Chitra Tirunal Institute of Medical
Sciences and Technology (SCTIMST), Trivandrum.

Study period: from 01.06.2021 to 30.04.2023

Sample Size: The data was collected from Electronic Medical Records, Department
of Cardiology of SCTIMST, starting from January 1990 to December 2022.

* INCLUSION CRITERIA-

* Patients diagnosed with ccTGA with Intact ventricular septum who
were registered with SCTIMST.

*  EXCLUSION CRITERIA-

* Patients with a diagnosis of ccTGA with other associated anomalies,
such as VSD, were excluded
DATA COLLECTION AND PROCEDURE:

* The demographic data like age and gender, initial presentation, investigations
like ECG, complete echo diagnosis, including cardiac position, situs and,
associated anomalies, were collected

* Right ventricular function and Tricuspid regurgitation at the initial visit and
last follow-up visit were collected

* Timing and outcome of surgery/ interventions were collected

» Study parameters: - age, gender, functional class at presentation

* Age at presentation and age at the definitive procedure.

¢ Associated lesions
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*  Rhythm abnormalities

* Timing of PA band and indications

* Type of surgery performed

* Any pacemaker implantations

* Any CRT implantations

* Assessment of RV and LV function, valvar regurgitation

* Length of Hospital stay

* Type of Tricuspid valve repair/replacement

* The outcome of the Senning / Arterial switch/Rastelli operation

* Follow-up Of Patients —Functional Class, Echocardiographic Parameters.

*  Mortality And Systemic Ventricle Dysfunction
Echocardiography:

Routine echocardiography imaging, such as situs and position of the heart, is
seen. The atrioventricular and Ventriculoarterial connections are examined. Tricuspid
regurgitation is graded according to ASE guidelines.

Right ventricular function assessment was done using Tricuspid annular plane
systolic excursion (TAPSE) and Right ventricular Fractional area change (RV

FAC).RV function is divided into mild RV dysfunction and Severe RV dysfunction.

Table-3 : Quantification of RV function
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STATISTICAL ANALYSIS

Data was entered in MS Excel and analysed in SPSS V25.

* Descriptive statistics were represented with percentages for
qualitative data, mean with standard deviation (SD), or Median with
interquartile range (IQR) for quantitative data.

* Shapiro Wilk test was applied to find normality.

* The chi-square test and Fisher Exact test were applied for the
comparison of proportions.

* Man-Whittney U test was applied for comparison between medians.

* P<0.05 was considered statistically significant.
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5. RESULTS

From 1990 to 2022,104 patients were diagnosed with ccTGA with Intact
ventricular septum at our institute. The median age at the first presentation was 11
years (2.9-32.3 years). The duration of follow-up was 5 years (2-14 years). Around 49
percent of the study population presented to our hospital were below 10 years of age.

Table-4 and fig -11 show the timing of the population's presentation.

Table-4:
Age Frequency %
<10 51 49.0
11—20 18 17.3
21—30 7 6.7
31—40 14 13.5
41—50 8 7.7
51—60 4 3.8
61—70 2 1.9
Total 104 100.0

g
Age inyears

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 21



The gender distribution of the study population shows male predominance
with around 65 percent. Table-5 and figure-12 show the gender distribution of the

population.

TABLE-5
Gender Frequency %
Male 68 65.4
Female 36 34.6
Total 104 100.0
FIG-12

Gender

m Male B Female
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