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ABSTRACT
Tetralogy of Fallot is the most common cyanotic congenital heart disease. It consists of right
ventricular outflow tract obstruction, a ventricular septal defect, abnormally located aorta and
right ventricular hypertrophy. It usually occurs as an isolated anomaly with a normally placed
heart and abdominal viscera. We present a case of a 19 years old female who presented with
a prolonged history of shortness of breath (SOB) and cyanosis. After undergoing echocardio-
graphy and cardiac computed tomography angiogram (CTA), she was diagnosed to be a case
of Tetrology of Fallot (TOF) in association with situs inversus with levocardia also termed
‘isolated levocardia’. The patient underwent surgical correction and she was asymptomatic
with no residual cardiac defects on follow up after 6 months. Isolated levocardia is a rare
condition that is usually associated with severe cardiac defects and a low life expectancy in
untreated patients. It is unusual for it to be diagnosed in adults as in our case.
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1. Introduction

Scragg and Denny in 1952 reported the first docu-
mented case of TOF with situs inversus. That case
was associated with dextrocardia [1]. Situs inversus
is a condition in which the abdominal organs lie on
the opposite side of the body. The heart may also
lie on the opposite side and the term situs inversus
with dextrocardia is used in such cases. Situs inver-
sus commonly occurs with dextrocardia but rarely
it may occur with a normally located left sided
heart. Various terms have been used to describe
the latter condition including ‘situs inversus with
levocardia’, ‘isolated levocardia’ and ‘situs inversus
incompletus’. The estimated incidence of isolated
levocardia is 1 per 22,000 in the general population
and it ranges from 0.4% to 1.2% in congenital heart
disease patients [2,3]. Most cases of situs inversus
with dextrocardia have a morphologically normal
heart and only 3–5% of such patients have cardiac
anomalies [4]. On the other hand up to 95% of
cases of isolated levocardia have associated cardiac
deformities like right ventricular outflow tract
(RVOT) obstruction, septal defects, inversion of
cardiac chambers and transposition of cardiac
chambers [5]. However, the association of the full
picture of TOF with isolated levocardia is quite rare
[6,7]. Patients with isolated levocardia frequently
have significant cardiac anomalies and as a result
have a lower life expectancy. However, if diagnosed
and managed properly, they can have a better
outcome.

2. Case presentation

A 19-years old girl from Afghanistan, who had been
diagnosed with a cyanotic heart disease at an early
age when a heart murmur and cyanosis were
detected, presented with shortness of breath and
acral cyanosis. Throughout her life, she had been
experiencing increasing exercise intolerance, frequent
episodes of cyanosis and substantial shortness of
breath upon exertion. She had no chest pain or pal-
pitations. Her medical history was otherwise notable
only for recurrent chest infections i.e. pneumonia
several times. Because of limited access to medical
care, she had not undergone any medical therapy or
surgical treatment for her cardiac condition. In
April 2015 she was referred to Pakistan for treatment
of her condition as it was worsening. Her body
weight and height were normal and according to
her age.

General Physical examination revealed mild cya-
nosis that was more apparent on the extremities and
grade 2 clubbing. Cardiac auscultation revealed
a systolic ejection murmur best heard at left upper
sternal border and radiating to axilla and back. Her
respiratory, abdominal, and neurologic examinations
were normal.

2.1. Investigations

The blood workup revealed hemoglobin of 18.7g/dl
and a hematocrit of 57%. The rest of the red cell
indices and white cells counts with differential counts
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were in the normal range. Her liver function tests,
renal function tests, clotting profile, and serum elec-
trolytes were also normal. Pulse oximetry showed an
O2 saturation of 88%. Abdominal ultrasound
revealed situs inversus.

Preoperative echocardiography revealed the anat-
omy of levocardia, a large subpulmonary ventricular
septal defect (VSD), and severe subvalvular pulmonic
stenosis with a gradient of 80 mmHg. It also revealed
atrioventricular (AV) discordance with right anterior
aorta arising from morphologically left sided right
ventricle and left posterior pulmonary artery arising
more than 60% from morphologically left sided right
ventricle. There was associated congenitally corrected
transposition of the great arteries and a double outlet
right ventricle (DORV). The morphologically left
sided right ventricle was also hypertrophied. There
was a single left sided superior vena cava and an
inferior vena cava that drained into right atrium.
The interatrial septum was intact. Other findings
included a left aortic arch and an intact interatrial
septum.

Preoperative CTA of the heart revealed similar
findings and showed a normal origin of coronary
arteries. (Figure 1–3).

An abdominal ultrasound was done which con-
firmed the situs inversus with a normal spleen on
the right side and a normal liver and gall bladder
on the left side.

2.2. Treatment

The patient underwent elective surgical repair.
During surgical repair, a median sternotomy was
performed and cardiopulmonary bypass was estab-
lished with aortic and bicaval cannulation. Aorta
was cross clamped and cold blood cardioplegia was

Figure 1. CT chest showing levocardia.

Figure 2. CT chest showing situs inversus.

Figure 3. Aorta arising from the RV. Visible left main coronary
artery.
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infused. The heart was decompressed with a right
superior pulmonary vein (RSPV) vent. Aorta was
opened, both coronaries were visualised and
a subvalvular VSD was identified. Pulmonary artery
was also opened and the VSD identified again.
Interrupted pledgeted prolene sutures were placed
from the aortic side to close the VSD. The aortic
valve was intact and the pulmonary annulus was
small so a pulmonary artery incision was extended
across the pulmonary valve into the left ventricular
outflow tract (LVOT). Also, a subpulmonic fibrotic
ring was resected. Left ventricular outflow tract
obstruction was relieved. A transpulmonary pericar-
dial patch was placed. The aorta was cleaned and
closed with prolene. The patient was weaned off
cardiopulmonary bypass without any problem.

2.3. Outcome and follow-up

The patient’s postoperative course was uncomplicated
and she was discharged from the hospital on her sixth
post-operative day on spironolactone, sildenafil, and
aspirin.

The patient was evaluated one month and six
months after her discharge. The patient had no car-
diac symptoms and was gaining weight. Cardiac aus-
cultation didn’t reveal any significant murmur.
Electrocardiogram (ECG) showed sinus rhythm.
Two-dimensional echocardiograms showed no resi-
dual VSD, no pericardial or pleural effusion, and
normal biventricular systolic function.

3. Discussion

In the USA, the incidence of TOF is 3.9 per 10,000 live
births and it accounts for 7–10% of all congenital heart
diseases [8]. It was initially described by Niels Stensen in
1672, by Edward Sandifort in 1773, and by the French
physician Étienne-Louis Arthur Fallot in 1888 after whom
it is named [9]. TOF consists of RVOT obstruction,
a VSD, an abnormal position of the aorta, and right
ventricular hypertrophy. The severity of the condition
depends on the degree of RVOT obstruction. Mild
obstruction may present as cyanosis and decreased exer-
cise tolerance later in life while severe obstruction presents
in the neonatal period. There may be other anomalies
associatedwith TOF that include a right aortic arch (25%),
atrial septal defect (10%), branch pulmonary artery
anomalies (30%), and patent foramen ovale. There are
many anatomical variants of TOF including TOF-
pulmonary atresia, TOF-absent pulmonary valve, TOF-
atrioventricular septal defects, and TOF-double outlet
right ventricle as in our case [10]. Even though it is
a relatively common congenital heart disease, its associa-
tion with situs inversus is quite rare. A comprehensive
literature search showed only two cases of TOF in associa-
tion with isolated levocardia [8,10].

Our patient had severe RVOT obstruction, a VSD and
double outlet right ventricle with both the aorta and
pulmonary artery arising from the morphologically left
sided right ventricle. The abdominal viscera of our patient
were located on the opposite side of the body but were
morphologically normal. The rest of the thoracic struc-
tures were also solitus i.e. on their normal position except
for the superior and inferior vena cavae which were
located on the left side and drained into the right atrium.

The underlying pathogenesis of isolated levocardia is
not fully understood [11]. The condition may be diag-
nosed via a detailed history and physical examination,
chest radiography, EKG, and cardiac imaging [2].
Cardiac imaging studies include computed tomography
(CT) or cardiac magnetic resonance imaging (CMR).
Cardiac CT is helpful in delineating the position of
visceral organs, the cardiac apex, intracardiac anatomy
and branching of the great vessel. However, cardiac CT
involves significant exposure to radiation and may have
harmful effects on children. CMR can be utilized instead
in these patients as it does not involve exposure to ioniz-
ing radiation. Cardiac function and cardiac volumes can
also be measured more accurately with CMR [12,13].

Surgical correction is advised for all patients with
TOF. Even though some patients with uncorrected
TOF can live long lives, surgical correction has consis-
tently shown to improve survival [14]. Initially a two-
step procedure used to be performed with an initial
systemic-to-pulmonary shunt for palliation and a later
complete repair that involved closure of the VSD and
correction of the outflow tract obstruction. However,
since the advent of cardiopulmonary bypass and cardi-
oplegia, a single step procedure is now recommended
and at an earlier age [15]. Asymptomatic patients are
now recommended to undergo correction at
3–6 months of age and severely symptomatic patients
should undergo correction even earlier than that
[10,16]. Our patient was known to have a cyanotic
heart disease but could not undergo surgical correction
early in her life because of a lack of access to medical
facilities. However, when her shortness of breath and
cyanotic episodes became unbearable, her family shifted
her to Pakistan for medical treatment.

The transventricular approach which was pre-
viously used is frequently replaced with
a transarterial and a transpulmonary approach as
was the case in our patient. It has been shown to
result in lesser ventricular injury and scar tissue for-
mation and reduces the incidence of long term com-
plications like arrhythmias, conduction
abnormalities, and dilation of the ventricles [2].

The prognosis for TOF patients after surgical cor-
rection is great with 85–90% survival into adulthood
[10]. However the prognosis of situs inversus with
levocardia is quite poor and only 5–13% of patients
survive for more than five years mainly due to the
severity of an associated cardiac abnormality [2].
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4. Conclusions

(1) Tetralogy of fallot is a common congenital heart
disease however its association with situs inver-
sus and isolated levocardia is quite rare.

(2) Isolated levocardia patients usually have asso-
ciated severe cardiac anomalies and a reduced
life expectancy unless surgical correction is
performed.

(3) Surgical correction of TOF is recommended at
a much earlier age, even in asymptomatic
patients and a single step procedure with
a transarterial or a transpulmonary approach
is preferred.

(4) TOF patients who undergo surgical correction
usually have a favorable outcome.
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