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Abstract

The topsy-turvy heart is a very rare cardiac malformation that involves a global 90° clockwise rotation of the heart along
its long axis. This rotation results in the displacement of the great arteries and severe elongation and stretching of the bra-
chiocephalic arteries and the bronchi. We present an unusual case of topsy-turvy heart diagnosed prenatally with a large
aorto-pulmonary window and. This case gives an insight into the morphological details and clinical presentation of this rare
malformation and its associated complications. We also present a review of the literature of this rare anomaly showing only
15 live cases that have been published with only three cases diagnosed prenatally.
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Introduction

Topsy-turvy heart is a very rare cardiac malposition anomaly
first described by Freedom et al. [1]. It involves a global
90° clockwise rotation of the entire heart with its great ves-
sels around its long axis resulting in superior—inferior or
upstairs—downstairs position of the ventricles. The right
ventricle (RV) becomes more superior in relation to the left
ventricle (LV), while the great arteries become displaced
inferiorly and posteriorly into the mediastinum. This spatial
derangement results in significant elongation of the brachio-
cephalic vessels and significant stretching of the trachea and
bronchi leading to various degrees of airway anomalies and
compression. Associated cardiac anomalies mainly include
aorto-pulmonary (AP) window and atrial septal defects
(ASDs). Its natural history and management are unclear due
to the paucity of cases described in the literature to date.
We report a case of topsy-turvy heart prenatally diag-
nosed with AP window, suspected aortic coarctation, and
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lung deformities. We also summarize the cases reported in
the literature of this rare anomaly, which include only fifteen
living cases with only three cases diagnosed prenatally.

Case Presentation

A 20-year-old mother gravida 1 para 0 (G1P0) with history
of congenital lobar emphysema was referred for fetal cardiac
evaluation at 22 weeks of gestation because of suspected
fetal cardiac anomaly with ventricular septal defect. Par-
ents were first cousins with a family history of congenital
bronchiectasis in the mother’s uncle and congenital cardiac
abnormality (single ventricle physiology) in a paternal
uncle. Fetal scan also revealed possible bronchial compres-
sion, single umbilical artery type 2 with persistent vitelline
artery, and hypoplastic abdominal aorta. Fetal echocardio-
gram revealed superior—inferior ventricles with normal atrio-
ventricular and ventriculoarterial relationships, a drop-out in
the membranous ventricular septum suggestive of a defect,
abnormally short ascending aorta, elongated subclavian
artery, and a large AP window (Figs. 1, 2, 3). Pregnancy
was smooth and the patient delivered at term by elective
cesarean section (C/S) due to her pulmonary emphysema.
The baby was born with a birth weight of 2750 g, Apgar
scores were 1, 6, and 8 at 1, 5, and 10 min, respectively.
The baby was intubated right after delivery and was admit-
ted to the neonatal intensive care unit (NICU). Post-natal
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Fig.1 Fetal echocardiographic four-chamber view showing the
abnormal horizontal position of the interventricular septum (*) as a
result of the superior inferior rotation of the heart. LV left ventricle,
RV right ventricle, LA left atrium, RA right atrium

Fig.2 Fetal long axis echocardiographic view with 2D and color
showing the superior—inferior relationship of the ventricles, the short
ascending aorta, and an elongated subclavian artery. LV left ventricle,
RV right ventricle, Ao aorta, SCA subclavian artery

echocardiogram confirmed the presence of superior—inferior
ventricles. There was normal atrioventricular and ventriculo-
arterial connections, a small secundum ASD, and a large
AP window. There was no ventricular septal defect. Cardiac
valves were morphologically and functionally normal except
for a bicuspid aortic valve with no significant stenosis or
regurgitation. The aortic arch was very difficult to visual-
ize adequately due to its unusual course and tortuosity. The
pulmonary artery was significantly dilated, the abdominal
aorta showed significant flow reversal secondary to the AP
window.

Cardiac computed tomography (CT) showed
upstairs—downstairs relationship of the ventricles, a dis-
tal non-restrictive AP window (Fig. 4). The head and
neck vessels had an abnormal branching from a low short
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Fig.3 Fetal echocardiographic view showing the left outflow tract
and a large AP window (arrow) connecting the aorta with the pulmo-
nary artery. Ao aorta, PA pulmonary artery, LV left ventricle

“pseudoarch” at the posterior aspect of the AP window.
There was an abrupt termination of the abdominal aorta
and the branches supplying the abdominal viscera and lower
extremities were all gracile. Airway findings included a dis-
tal concentric tracheal stenosis with bronchus suis type air-
way to the right upper lobe. There was discrete narrowing
of the distal trachea and near obliteration of the proximal
main bronchi. The carina and proximal main bronchi were
compressed as they pass between the right pulmonary artery
and the distal main pulmonary artery-aortic continuation,
with secondary areas of atelectasis. Having this rare and
complex cardiac defect, consensus was to do cardiac cath to
get more imaging to help understand the anatomy more pre-
cisely. Closing the AP window could have been also a rea-
sonable ‘bridge’ management, allowing the patient to grow,
which can help explore more extensive treatment options
in the future.

Angiography showed dextrocardia, horizontally super-
imposed ventricles with the RV superior, and the LV pos-
terior leading to the great vessels arising horizontally, low
position of the great vessels in the thorax, and a large
AP window. Because of the position and orientation of
the great vessels, the position, branching, and direction
of the pulmonary arteries were also unusual. Similarly,
branching of the aorta was uncommon with neck vessels
originating low from the descending aorta with a long
vertical course in the chest to the arms, neck, and head.
The abdominal aorta was interrupted with highly abnormal
vascularization to the abdominal organs and legs through
small vessels. Post-catheterization, the baby’s clinical
status deteriorated with signs of decreased perfusion
requiring vasopressor support and fluid resuscitation. A
flexible bronchoscopy and bronchogram showed critical
stenosis with malacia of left main bronchus with pulsatile
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Fig.4 MDCTA reconstructed
images. A Lateral 3DVR
demonstrating superior RV and
inferior LV with an APW. B
Posterior 3DVR reveals four
elongated head and neck arterial
branches from the posteroinfe-
rior aortic arch and abrupt high
termination of the abdominal
descending aorta. C Coronal
MinIP (lung window) recon-
struction showing ribbon-like
stretched right bronchus inter-
medius (arrowhead), collapsed
proximal left main bronchus
with bilateral upper lobe atelec-
tasis (*), and ball-valve type
hyperinflation of the remainder
of the lungs. MDCTA multi-
detector CT angiogram, 3DVR
three-dimensional volume ren-
dering, APW aortopulmonary
window, LCCA left common
carotid artery, RCCA right
common carotid artery, LSCA
left subclavian artery, RSCA
right subclavian artery, MinIP
minimum intensity projection,
superior RV and inferior LV
superinfero ventricles

compression noted and resultant ball-valve effect on the
left lower lobe (Fig. 5).

A multidisciplinary team discussion led to a consensus
that the airway lesion with extensive vascular airway com-
pression and malacia were likely futile. Palliative care was
offered and no intervention was performed. The baby was
extubated to noninvasive ventilation and expired shortly
afterward.

Discussion

Topsy-turvy heart, first described in 1984 by Freedom
et al. [1, 2], is characterized by superior—inferior spatial
relationship of the atria and ventricles, and by downward
displacement of the aortic arch and pulmonary trunk into
the distal thorax with significant elongation of the bra-
chiocephalic arteries. Abnormal cardiac malposition and
ventricular relationships can be attributed to the following
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Fig.5 A Aortic angiogram
with anteroposterior and lateral
views: showing dextroposi-
tion, cardiac apex abnormally
oriented to left upper thorax.
Catheter course as following:
inferior vena cava, right atrium,
right ventricle, pulmonary
artery, then through AP win-
dow to the aorta. Aortogram
showing significant elongation
of the head and neck vessels
with abnormal take-off at

level of diaphragm (contrast

is filling only right common
carotid artery in this image). |
B Aortogram, anteroposterior
view, showing interruption of
abdominal aorta, and multiple
abnormal collateral vessels sup-
plying the abdominal organs

three mechanisms: twisting, tilting, and rotation [3].Twist-
ing of the ventricular inlet components is the most com-
mon condition resulting in twisted atrioventricular connec-
tions and abnormal cardiac development. In this particular
condition, cardiac chambers are arranged as if the heart
was twisted clockwise (or anticlockwise) by a hand placed
on the apex, causing a spiral relationship of the atria and
ventricles, and resulting in a criss-cross heart. Ventricu-
lar tilting, on the other hand, is characterized by a supe-
rior—inferior relationship of the ventricles; as if the apex
of the heart were simply lifted by a hand placed on the
apex. Both of these conditions are associated with major
intracardiac anomalies. The third, least common mecha-
nism, involves a 90° clockwise rotation of the entire heart
with its great vessels around its long axis, without any
twisting of the atrioventricular connections resulting in
the so-called topsy-turvy heart. This rotation results in the
abnormal position of the brachiocephalic vessels, which
become significantly elongated, and results in significant
airway compression. Unlike the first two conditions, topsy-
turvy heart is usually associated with only AP window
without major intracardiac anomalies.

A review of the literature revealed a total of 17 previ-
ously reported cases with topsy-turvy heart, 3 of which were
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diagnosed prenatally (Table 1). Two of those pregnancies
were terminated based on parents’ choice, resulting in 15
live cases. Most of the cases had normal intracardiac anat-
omy except AP window in eleven of the cases. Sasikumar
et al. reported a case of topsy-turvy heart with AP window
and ASD, for which the patient underwent AP window repair
and ASD size reduction [4]. Alkhateeb et al. reported a case
of topsy-turvy heart associated with inlet type ventricular
septal defect in addition to AP window [5]. Bhalgat et al.
reported the first case of topsy-turvy heart with criss-cross
heart and AP window [6]. Oztiirk et al. reported a 30 days
male newborn with topsy-turvy heart associated with aortic
arch interruption [7].

The genetic etiology in this rare malformation is still not
clear. The cases reported in the literature are all of Mid-
dle Eastern or South Asian origin, which suggests a genetic
background. In addition to our patient, six cases had consan-
guineous parents, while two did not and there was no avail-
able data for the remaining cases. The history of consanguin-
ity supports a single-gene disorder with a recessive mode of
inheritance. Genetic testing results were only reported by
Jaeggi et al. and was normal (both karyotype and fluores-
cence in situ hybridization, FISH) [8]. Our patient also had
normal chromosomes and microarray analysis.
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In terms of outcome, 5 of the 15 live patients reported
underwent surgical intervention. Four patients had AP
window repair, two of which were discharged home and
did fairly well based on the last follow-up reported [4, 9].
The other two patients did not survive post-AP window
repair: one developed respiratory failure attributed to air-
way compression [9], and the other passed away 3 weeks
post operatively secondary to septicemia [11]. The fifth
patient underwent patent ductus arteriosus (PDA) ligation;
however, the patient suffered from pulmonary hyperten-
sion crisis and had a prolonged hospital admission. He
underwent complex airway and aortic arch reconstruction
followed by left main bronchus stenting [13].

One patient did not require surgical intervention but
required treatment for severe pulmonary hypertension [9].
Two patients did not undergo any intervention and passed
away secondary to severe respiratory failure and decom-
pensated heart failure [5, 12]. Our patient also expired
after palliative care and agreement with the family. There
were no data about treatment provided or outcome in the
rest of the seven cases reported [1, 7, 10].

This review of this rare anomaly reveals significant
complications in these patients including acute and chronic
respiratory failure, recurrent lung infection, hyperactive
airway and pulmonary hypertension, mostly secondary
to complex airway compression. This requires immedi-
ate highly specialized medical and potential surgical care
in addition to short- and long-term follow-up in these
patients.

In conclusion, topsy-turvy heart is a rare congenital
anomaly characterized by 90° clockwise rotation of the
entire heart with its great vessels around its long axis
without any twisting of the atrioventricular connections.
Reviewing the literature and based on our case reported
above, the management and prognosis are mainly depend-
ent on the complexity of the vascular anomaly and exten-
sion of airway disease, both of which poses major chal-
lenges in planning any surgical intervention. Prenatal
detection is significantly low for this rare anomaly. In
addition to its rarity, this can also be attributed to the fact
that the intracardiac anatomy is usually normal as dis-
cussed while the pathology affects mainly the extracardiac
structures (arteries and airways). Having said that, abnor-
mal orientation of interventricular septum along with AP
window and abnormal aortic arch on fetal echocardiogram
should raise concerns for possible topsy-turvy heart. A
multidisciplinary team approach, including cardiology,
cardiothoracic surgery, and pulmonology is needed to
guide the management of such anomalies based on each
individual center’s experience.
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