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Abstract

Introduction: Congenitally corrected transposition of the great arteries (ccTGA) is a rare congeni-
tal disease that frequently remains undiagnosed until adulthood, especially when there is an
absence of other congenital anomalies. Adults with ccTGA may remain asymptomatic and their
diagnosis could be missed on initial evaluation, or it could be diagnosed incidentally as an evalua-
tion of murmur. We aim to report the different presentations of ccTGA in eight adult patients and

review the key features required to suspect the diagnosis during an initial visit.

Cases: We present some illustrative cases of ccTGA patients who had diverse presentations rang-
ing from being completely asymptomatic to presenting with an acquired heart disease resulting in
sudden cardiac arrest. Overall, most of these patients had isolated ccTGA with no other significant
associated cardiac anomalies and were either undiagnosed or lost to follow-up until adulthood.
These case illustrations represent the challenges confronted in adult practices when patients with
unrecognized ccTGA present during an initial visit.

Conclusions: Congenitally corrected transposition of the great arteries poses a challenge in the
adult cardiology practice because of its diverse clinical presentation. It is crucial that internists, car-
diologists, and sonographers maintain a high degree of suspicion after meticulous physical
examination for the early recognition of ccTGA, and thus avoid associated morbidities. Through
some case examples, we provide clues to the key diagnostic features that could help them to be

vigilant in making a diagnosis.
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to the left of the pulmonary artery (levo-transposition), with both great
arteries running parallel to each other. A majority of patients with

ccTGA have associated cardiac anomalies such as ventricular septal

Congenitally corrected transposition of the great arteries (ccTGA) is a
rare congenital anomaly, accounting for less than 1% of all congenital
anomalies.® Since its initial description by Rokitansky in 18752 many
cases have been described in the pediatric and adult populations. It
presents with a wide spectrum of morphologic characteristics and clini-
cal features.>* In this anomaly, the right atrium is connected to a right-
sided morphological left ventricle (LV), which is connected to the pul-
monary artery (PA). The left atrium is connected to a left-sided mor-
phological right ventricle (RV) from which arises the aorta. Thus,
atrioventricular (AV) and ventriculoarterial discordance exists, resulting

in “double discordance” (Figure 1A,B). The aorta usually is anterior and

defect (VSD), pulmonary stenosis, abnormalities of the systemic AV
valve, ie, tricuspid valve, and the presence or absence of these can alter
the natural history.

Patients with ccTGA, especially those without associated
defects, may remain undiagnosed until adult life.>* The diagnosis of
ccTGA often is overlooked in adult cardiology practice because of
its rarity and a failure to recognize the abnormal position of the ven-
tricles and the associated AV valves.> Among unoperated adults
who present with ccTGA, 66% of patients present initially in adult-
hood, with 17% older than 60 years of age.> The majority of these
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FIGURE 1 Corrected transposition of the great arteries. Atrioventricular discordance (ventricular inversion). Two-dimensional echocardio-
gram (A) and tomographically cut specimen (B) from the same patient. The pulmonary veins enter the left-sided atrium (dashed arrows). By
posterior scanning from this apical tranducer position, the inferior vena cava was confirmed to be committed to the right-sided atrium. The
internal cardiac crux has a mirror-image appearance, with the right-sided atrioventricular valve clearly inserting higher than the left-sided
atrioventricular valve (arrows). The higher valve is mitral and the lower is tricuspid. The prominent apical trabeculations (arrowheads) in the
left-sided ventricle help in establishing it as a morphologic right ventricle (mRV). AS, atrial septum; IVC, inferior vena cava; LA, left atrium;
LV, left ventricle; mLV, morphological left ventricle; PV, pulmonary vein; RA, right atrium; RV, right ventricle; VS, ventricular septum. (Panel
A from Seward JB, Tajik AJ, Edwards WD, Hagler DJ. Two-Dimensional Echocardiographic Atlas, Vol 1: Congenital Heart Disease. New
York, NY: Springer-Verlag; 1987, with permission of Springer. Panel B from Hagler DJ, Tajik AJ, Seward JB, Edwards WD, Mair DD, Ritter
DG. Atrioventricular and ventriculoarterial discordance (corrected transposition of the great arteries). Wide-angle two-dimensional echocar-

diographic assessment of ventricular morphology. Mayo Clin Proc 1981;56:591-600, with permission of Elsevier.)

patients present with systemic ventricular failure, and thus its early
recognition during the initial cardiology visit is crucial to prevent
adverse consequences. We report several illustrative cases of ccTGA
that emphasize the protean manifestations of this entity in the adult
cardiology practice.

2 | ILLUSTRATIVE CASE PRESENTATIONS

2.1 | Patient 1: 56-year-old, healthy, asymptomatic
patient presenting with cardiac arrest

A 56-year-old, asymptomatic, white man first presented with out-of-
hospital cardiac arrest. He is an executive and was at work when he
suddenly collapsed. An automated external defibrillator was available
at his workplace, and he was found to be in ventricular fibrillation. He
required three shocks prior to return of spontaneous circulation. He
was intubated, stabilized and then taken immediately to the cardiac
catheterization laboratory. He was found to have anomalous coronary
arteries, which involved common ostia, shared with left and right coro-
nary arteries arising from the right coronary cusp. He had severe left
circumflex artery stenosis that was treated with percutaneous coronary
intervention (PCI). Electrocardiogram (ECG) showed first-degree AV
block (Figure 3). Echocardiogram was performed to assess the LV func-

tion, and, surprisingly, it revealed a diagnosis of ccTGA with a systemic

RV ejection fraction of 45% and mild tricuspid valve regurgitation (TR).
He underwent placement of an implantable cardioverter defibrillator
(ICD). The patient was doing well at 6-year follow-up and remained
asymptomatic. A recent echocardiogram showed a moderately
increased systemic RV cavity size, a mildly decreased ejection fraction
of 48%, and mild left AV valve regurgitation, ie, TR. The most recent
cardiopulmonary stress test showed excellent exercise tolerance with

maximum oxygen consumption of 30.6 mL/kg/min (111% predicted).

2.1.1 | Remarks

This case represents the detection of ccTGA in a patient presenting
with an acquired cardiovascular disease. These patients might develop
other acquired diseases, such as coronary artery disease in this patient,
which might be their initial presentation. Cardiac arrest or acute coro-
nary syndrome also may be caused by coronary anomalies,® of which
the most common is a single coronary arising from the right-facing
sinus. Thus, interventional cardiologists should be aware of such vary-
ing coronary artery anatomy, and angiography in patients with ccTGA
should be performed with vigilance because of the possibility of signifi-
cant abnormalities that could complicate the procedure.® This challenge
was particularly faced in this patient; the interventional cardiologist
had difficulty engaging the coronaries and performing PClI, especially in

the emergent situation.
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FIGURE 2 Electrocardiogram of Patient 3 during a routine clinic visit showing complete heart block

2.2 | Patient 2: 34-year-old healthy patient presenting
with symptomatic complete heart block

A 34-year-old white woman with no other past medical history pre-
sented with dizziness and shortness of breath with New York Heart
Association (NYHA) class Il symptoms. An ECG and 24-hour Holter
monitor revealed intermittent complete heart block (CHB). A chest
x-ray demonstrated an abnormally straight upper cardiac silhouette
(Figure 4). Subsequent echocardiogram demonstrated features of
ccTGA with a systemic ventricular ejection fraction of 48% and mild
TR. She underwent permanent pacemaker (PPM) placement. At 5-year
follow-up, she was clinically doing well and her echocardiographic find-

ings remained stable.

2.2.1 | Remarks

This case represents the evaluation of a young patient presenting with
symptomatic CHB. The AV node and His bundle in patients with
ccTGA have an unusual position and course, and many patients have
dual AV nodes.”® The incidence of CHB among patients with ccTGA
ranges from 29% to 45%.° Approximately 10% of patients with ccTGA
initially present with third-degree block, and 20-30% will have first-
degree or second-degree block initially, which tends to progress with
age to third-degree.’® A progressive incidence of complete AV block
occurs at 2% per year.'° Thus, including ccTGA in the differential diag-
nosis of CHB, especially in young adults, along with other acquired

heart disease is the key in making a diagnosis.

2.3 | Patients 3 and 4: 27-year-old and 36-year-old
asymptomatic patients evaluated during routine
physical examination

2.3.1 | Patient 3

A 32-year-old white man first presented at the age of 27 years with a
systolic murmur noticed during routine physical examination. He was
completely asymptomatic. The initial echocardiogram revealed a diag-
nosis of ccTGA (Figure 5) with subpulmonic membrane with a peak gra-
dient of 38 mm Hg (mean 20 mm Hg), a hypertrabeculated RV (Figure
6A,B), moderate TR (systemic AV valve), and a moderately reduced sys-
temic (RV) ventricular ejection fraction of 35%. Also, the rhythm strip
on the echocardiogram showed an AV block. Subsequently, ECG
showed CHB (Figure 2). He underwent ICD implantation. A cardiopul-
monary stress test showed good exercise tolerance with maximum
oxygen consumption of 39.3 mL/kg/min (89% predicted). Over the
past 5 years, the patient has developed severe regurgitation of his sys-
temic AV valve (tricuspid valve) (Figure 7) and a severely enlarged mor-
phologic RV (Figures 8 and 9). He is currently being evaluated for
tricuspid valve surgery. The most recent cardiopulmonary stress test
showed good exercise capacity with maximum oxygen consumption of
38.7 mL/kg/min (90% predicted).

2.3.2 | Patient 4

A 36-year-old woman was referred because of an incidental finding of
CHB noticed on an ECG performed as part of a preoperative evalua-

tion for hysterectomy. She was completely asymptomatic and was
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FIGURE 3 Electrocardiogram of Patient 1 showing an inferior and anteroseptal Q wave infarct pattern that is caused by inversion of the
bundle branches leading to reverse activation of the septum from right to left

unaware of the presence of any congenital heart disease (CHD). A sub-
sequent echocardiogram for further evaluation revealed a diagnosis of
ccTGA with mild tricuspid and mitral valve regurgitation, and a systemic
(RV) ventricular ejection fraction of 39%. There were no other associ-
ated anomalies. She underwent dual-chamber PPM placement, which
was upgraded to a biventricular pacer at age 51 years. She has been
followed in our CHD practice for 5 years now. She has occasional
fatigue but no other cardiac symptoms. Her most recent echocardio-
gram showed a systemic ventricular (RV) EF of 37% and mild systemic
AV valve regurgitation. Cardiopulmonary stress testing revealed mod-
erate limitation of exercise capacity and a maximum oxygen consump-
tion of 18.7 mlL/kg/min (69% predicted). She is being managed

medically with up-titration of heart failure medications.

Y

FIGURE 4 Chest x-ray of Patient 2 reveals an abnormally straight
upper left heart silhouette due to loss of normal arterial
relationships

2.3.3 | Remarks

These cases emphasize that often ccTGA patients with CHB may be
completely asymptomatic when they present at their primary care
physician’s office. In 24% of patients with ccTGA, the diagnosis had
been missed at the time of a prior cardiology consultation despite the
use of cardiac imaging (echocardiogram, catheterization, or both).> This
is more prevalent for the 1% of patients with ccTGA who do not have

any associated lesions.'' Patients may present with a variety of

lllustrative four-chamber 2-dimensional echocardio-
graphic view of Patient 3 showing the atrioventricular discordance
(right atrium [RA] connected to the morphologic left ventricle
[mLV] while left atrium [LA] connected to morphologic right ventri-
cle [mRV]). Note, at the crux of the heart where the RV is recog-
nized by the apically displaced tricuspid valve (TV) relative to mitral
valve (MV) (arrows)

FIGURE 5
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FIGURE 6 (A) Apical two-chamber view of Patient 3 showing hypertrabeculated apex (arrows) of morphological right ventricle (mRV). (B)
Parasternal short-axis view of the same patient showing hypertrabeculated apex of mRV

nonspecific symptoms, and thus a high degree of suspicion about and
awareness of this entity is crucial to diagnose ccTGA, especially during
initial presentation and before the development of significant morbid-
ity. Timely referral to a CHD center is necessary for their long-term fol-

low-up to prevent significant morbidity from the disease.

FIGURE 7 Apical two-chamber view of Patient 3 showing sys-
temic atrioventricular valve (tricuspid valve) regurgitation that was
quantified as severe regurgitation. LA, left atrium; mRV, morpho-
logical right ventricle

2.4 | Patients 5 and 6: 62-year-old and 50-year-old
patients presenting with heart failure

2.4.1 | Patient 5

A 62-year-old white woman presented to our adult congenital cen-
ter for the first time with symptoms of heart failure and NYHA class
Il symptoms. She was found to have CHB requiring PPM implanta-
tion. Further history revealed that at 19 years of age, she was eval-
uated for shortness of breath with NYHA class Il symptoms. She
was noticed to have cardiomegaly on chest x-ray. A subsequent
echocardiogram revealed a diagnosis of ccTGA with mild tricuspid
and mitral valve regurgitation, and mildly reduced systemic (RV) ven-
tricular function. She was then lost to follow-up until presentation
to our clinic with heart failure symptoms at age 62 years. An echo-
cardiogram revealed severe TR as well as bileaflet mitral valve pro-
lapse with mild regurgitation and a systemic (RV) ventricular ejection
fraction of 37%. She also was noted to have azygous continuation of
the inferior vena cava, with the hepatic veins draining directly into
the RA.*2 She continued to remain symptomatic despite optimal
medical management and subsequently underwent tricuspid valve
replacement at 65 years of age. Preoperative coronary angiography
revealed an anomalous origin of the right coronary artery from the
left cusp and left coronary artery from the right cusp, but no signifi-
cant atherosclerosis. She was doing well at 3-year follow-up post

valve replacement.

2.4.2 | Patient 6

A 50-year-old white man was referred for severe heart failure symp-
toms resulting in NYHA class Il disability. At 18 years of age, his
admission into the army was rejected due to a finding of an abnor-
mal murmur on physical examination. He was completely asymp-

tomatic at that time. An ECG was unremarkable, but a subsequent
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FIGURE 8 (A) A 3-dimensional reconstruction by cardiac computed tomography (CT) of Patient 3 showing the atrioventricular discordance
(LA connected to mRV), ventriculoarterial discordance (mRV connected to the aorta [Ao]) and transposition of great arteries (anterior loca-

tion of the Ao compared to the pulmonary artery [PA]). Also noted is the origin of the right coronary artery from the left coronary cusp (*).
(B) A 3-dimensional reconstruction by CT showing atrioventricular and ventriculoarterial (double) discordance in a patient with congenitally
corrected transposition. LAA, left atrial appendage; mLV, morphological left ventricle; mPA, main pulmonary artery; RA, right atrium

echocardiogram led to the diagnosis of ccTGA. He was then lost to
follow-up since he remained asymptomatic until 50 years of age,
after which he started developing shortness of breath and was
found to have severe systemic (tricuspid) AV valve dysfunction
requiring tricuspid valve ring #34 placement at age 52. Despite opti-
mal medical management, he deteriorated further with severe sys-
temic (right) ventricular dysfunction and NYHA class IV symptoms
requiring an LV assist device as a bridge to transplant at age 60
years. He finally underwent cardiac transplantation at age 61 years.
He was doing very well at 5-year follow-up after transplantation,

and was asymptomatic.

2.4.3 | Remarks

These two examples are illustrative of the fact that despite the diagno-
sis having been established earlier in life, these patients are often either
given the perception that there is no need for further long-term fol-
low-up or they interpret the physician’s recommendation of a stable
cardiac condition as one that does not need any follow-up. A minority
of patients may be relatively normal from a functional standpoint, and
survival to the seventh and eighth decades has been reported when no
associated anomalies exist.>*> However, failure of the systemic ventri-
cle is much more common earlier in life, usually with concomitant sys-

temic AV valve regurgitation,** and, thus, surgery should be considered

FIGURE 9 (A) Cardiac magnetic resonance image (MRI) of Patient 3 showing coarsely trabeculated morphologic right ventricle (mRV) with
its associated tricuspid valve (TV) on the left and morphologic left ventricle (mLV) with its associated mitral valve (MV) on the right. (B)
Cardiac MRI showing an enlarged hypertrabeculated mRV on the left and a small crescent-shaped mLV. LA, left ventricle; RA, right atrium
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early, before irreversible ventricular function ensues. Even in patients
with ccTGA and no significant associated lesions, more than one-third
will have congestive heart failure by the fifth decade.

There are several mechanisms contributing to failure of the sys-
temic RV in patients with ccTGA. In a true morphological left ventricle,
the myocytes are arranged in a helical pattern that twists and untwists
during the cardiac cycle, producing energy efficient forces to maintain
the demands of systemic circulation.’>*® The RV lacks such myofibril
arrangement, and hence in ccTGA patients, when the RV becomes the
systemic ventricle it is unable to generate such mechanics and eventu-
ally fails.)”"1? Eventually, these patients develop systemic AV valve
regurgitation, which leads to volume overload and further deterioration
of the systemic RV. Other factors that can lead to worsening RV func-
tion include myocardial ischemia and reduced coronary flow.?%?!

The outcomes of these two patients clearly emphasize the impor-
tance of detailed counseling regarding the long-term prognosis of this
condition at initial diagnosis and the need for life-long surveillance at
an experienced adult CHD center. Recently, it has been clearly shown
that referral to specialized adult CHD care is independently associated

with a significant mortality reduction in patients with CHD.?%%3

2.5 | Patients 7 and 8: presentation of a typical
patient with ccTGA and other associated anomalies

2.5.1 | Patient 7

A 34-year-old Asian man first presented at age 27 years with palpita-
tions, shortness of breath, and NYHA class Il disability. He was noted
to have atrial fibrillation on ECG, and a chest x-ray showed dextrocar-
dia. An initial echocardiogram done at an outlying hospital was read as
normal except for isolated dextrocardia. A subsequent echocardiogram
showed situs solitus, dextrocardia, ccTGA with large infundibular sub-
pulmonic VSD, and pulmonary stenosis. His systemic ventricular (mor-
phologic RV) ejection fraction was 30%, and he had mild
atrioventricular valve regurgitation. A cardiopulmonary stress test was
performed to further evaluate his functional capacity. His maximum
oxygen consumption was 18.9 mL/kg/min (44% predicted). He then
underwent complete repair of the ccTGA with patch closure of the
membranous VSD, right AV valve (mitral) repair with a 32 mm Cardo-
medics annuloplasty ring, pulmonary valve replacement with a Carpent-
ier Edwards 23 mm bovine pericardial bioprosthesis, pulmonary
ventricle to pulmonary artery confluence conduit placement with Con-
tegra bovine jugular 22 mm graft, patent foramen ovale closure, and
resection of a subpulmonary fibrous obstruction. Postoperatively, he
developed CHB requiring PPM placement. He was doing well at 7-year
follow-up with mild AV valve regurgitation and a systemic ventricular
ejection fraction of 30% and peak oxygen consumption of 18.3 mL/kg/
min (44% predicted).

2.5.2 | Patient 8

A 31-year-old Arabic man presented to our adult congenital heart dis-
ease clinic with progressively worsening shortness of breath on exer-

tion for the past year. He was diagnosed with dextrocardia, ccTGA, and

mﬂ Congenital Heart Disease WIL EYM

CHB requiring PPM as an infant. Prior to being evaluated in our clinic,
the patient was managed for two years with diuretics for heart failure
symptoms. On initial echocardiogram at our center, the patient was
found to have a dilated systemic RV with moderately reduced function
(ejection fraction of 40%), moderate TR, moderate morphologic LV dys-
function, a large perimembranous VSD, and severe pulmonary hyper-
tension. A right-heart catheterization was performed that showed a PA
pressure of 105/57 mm Hg with a mean PA pressure of 75 mm Hg
and systemic aortic pressure of 128/94. The patient currently is being
managed for his Eisenmenger VSD and severe pulmonary hypertension

with riociguat, digoxin, valsartan, and diuretics.

2.5.3 | Remarks
The above 2 cases highlight the presentation of ccTGA with associated

cardiac anomalies. Up to 80% of patients with ccTGA have accompany-
ing associated cardiac lesions. VSDs, usually perimembranous in loca-
tion, can be seen in 60% to 80% of cases and pulmonary stenosis in
about 50% of cases.''®1? Patients with large VSDs and consequent
left-to-right shunt usually present earlier in life (infancy or childhood)
with heart failure symptomes. It is important to recognize and appropri-
ately manage these associated cardiac lesions earlier in life to prevent
complications such as Eisenmenger syndrome, pulmonary hyperten-

sion, and heart failure.

3 | DISCUSSION

We present the different faces of presentation of ccTGA in our adult
congenital heart disease center (Table 1). Most of these patients were
not diagnosed with their congenital condition until adulthood when
they had varied presentations ranging from being completely asymp-
tomatic to presenting with an acquired disease, ie, cardiac arrest from
acute myocardial infarction. Thus, in the current era, when the popula-
tion of adults with congenital heart disease (CHD) is rapidly growing,
constant vigilance in general cardiology and adult medicine practice is
key to the early recognition and management of these patients. In the
United States, there are now more people over the age of 20 with
CHD than under that age.?*

The population of adult CHD patients is growing at a rate of 5%
per year, with 2010 data estimating 1.4 million people in the U.S. hav-
ing CHD as adults.2®> Using this estimated growth rate, currently there
should be approximately 2 million adults with CHD. The medical man-
agement of adult patients with CHD will continue to be a challenge
because the number of CHD patients increases on a yearly basis while
the expertise and available personnel remain limited and focused within
very few centers nationally. There are 70 self-proclaimed adult CHD
clinics in the U.S. that see a total of about 50,000 patients—only 5% of
the 1 million to 1.3 million patients who need care.?* Thus, most
patients continue to be seen by family medicine practitioners, intern-
ists, and occasionally by adult cardiologists, who in fact are often the
first medical contact these patients might have. Congenital defects like
ccTGA, in the absence of other associated anomalies, not only fre-

quently remain unrecognized until adulthood, but also are often
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overlooked in cardiology practice.” This is mainly because of the varied
clinical presentation and failure to recognize the abnormal position of
ventricles and associated AV valves. The most important and definitive
diagnostic test for ccTGA is a meticulous echocardiogram with close
attention to the crux of the heart and the position of morphologic right
and left ventricles.! Imaging should be focused on the parallel or abnor-
mal orientation of the great arteries, with the aorta located anteriorly
and to the left of the pulmonary artery.

Among all adult CHD hospital admissions, 20% are admissions for
heart failure, at a mean age of 69 years.2® There is an increasing inci-
dence of systemic ventricular dysfunction and clinical congestive heart
failure with advancing age in ccTGA patients,?” seen in more than one-
third of patients by the fifth decade, in the absence of any significant
associated lesions. It is crucial to increase awareness of this condition
so it can be diagnosed during the initial visit, thus avoiding the associ-

ated morbidity and mortality.

4 | CONCLUSIONS

Congenitally corrected transposition of the great arteries is a rare con-
genital anomaly that poses a challenge in the adult cardiology clinic
due to its diverse clinical presentation, which remains relatively asymp-
tomatic, especially in the absence of any associated significant congeni-
tal defects. Thus a high-degree of suspicion with an increased
awareness about the key diagnostic features among cardiologists and
sonographers is crucial for the early recognition of ccTGA and avoid-

ance of associated morbidities.
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