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Resumo

Corac¢ao entrecruzado (criss-cross heart) ¢ uma anomalia
extremamente rara, caracterizada por rotacio anormal da
massa ventricular ao longo do seu eixo maior e pode estar
associada com qualquer malformacio dos segmentos e das
conexdes entre as cAmaras cardiacas. Devido as alteracdes
estruturais complexas e a raridade da anomalia, essa anomalia
de rotaciio é muitas vezes mal diagnosticada. Neste trabalho
sao relatados dois casos de coracio entrecruzado com énfase
no diagnostico morfolégico e nas técnicas cirirgicas utilizadas.
Foi também realizada revisio da literatura sobre o assunto,
que, embora escassa, foi enfatizada quanto a morfologia,
diagnoéstico, abordagem cirirgica e possiveis complicagdes.

Descritores: Anormalidades congénitas. Procedimentos
cirargicos cardiacos. Corac¢iao entrecruzado.
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Abstract

Criss-cross heart is an extremely rare anomaly,
characterized by an abnormal rotation of the ventricular
mass along its major axis. It may be associated with any
malformation of the heart segments and connections. Due to
the complex structural changes and rarity of the anomaly,
the rotation of ventricular axis is often misdiagnosed. In
this paper, two cases of criss-cross heart are reported, with
emphasis on diagnostic and surgical techniques used to
corrected the main defects. A literature review on the subject
is also presented which, although sparse, emphasized on
the morphologic, diagnostic and surgical aspects of the
anomaly.
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Abbreviations, acronyms & symbols

Ao aorta

DORV double outlet right ventricle

EF ejection fraction

HF heart failure

ICU intensive care unit

LV left ventricle

LVOT left ventricular outflow tract

MeSH Health Sciences Descriptors

MRI magnetic resonance image

PA pulmonary artery

PDA patent ductus arteriosus

PVS pulmonary valve stenosis

RV right ventricle

RVOT right ventricular outflow tract

VSD ventricular septal defect
INTRODUCTION

Congenital heart defects are present in about § cases per
1000 newborns at term. This index increases if premature
and stillbirths were considered. Criss-cross heart anomaly
is extremely rare, accounting for less than 0.1% of all
congenital heart defects, not exceeding 8 per 1,000,000
births [1].

The morphological essence of the criss-cross heart is
a rotation of the ventricular mass along its major axis [1].
This conformational change may be associated with any
malformation described in cardiac segments, resulting in
different relationships and connections between the atria,
ventricles and great vessels (Figure 1)[2].

Although translated by Health Sciences Descriptors
(MeSH) as “criss-cross heart”, there is no fully accepted
and standardized translation to Portuguese for this word
from the English language, which is why we use it in its
original form throughout this study[3]. In French, some
authors refer to this anomaly as “coeur croisé” or as “coeur
avec ventricules entrecroisés” [4].

Due to the complex structural changes and the rarity of
the disease, this anomaly of rotation is often misdiagnosed
due to lack of awareness of the medical team, bringing
potential harm to appropriate surgical approach [5].
Depending on the associated anomalies, surgical treatment
includes from palliative correction to definitive anatomic
correction.

In this study, we performed a literature review, based
on the report of two cases of criss-cross heart where the
pulmonary and systemic circulations intersect at the
atrioventricular level. Both present situs solitus or usual
arrangement of the organs. In one of them the right atrium
was morphologically connected to the right ventricle with
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most of the mass placed on the left, with transposition of
the great vessels. In the other case the right atrium was
connected to the morphologically left ventricle, with
discordant atrioventricular connection as will be described
below.

This study was approved by the Research Ethics
Committee of the institution, case number 473/07 on
25/09/2007.

Cacd 2011

Fig. 1 - A: Schematic view of the right ventricular chambers
with criss-cross, with double outlet right ventricle (VD). The
VD is located anterosuperior and to the left to the left. B: Right
atrium (AD) connected to the VD through the tricuspid valve. C:
Left atrium (AE) connection with the Left ventricle (VE). In D it
is represented the VD inlet, crossing anteriorly the VE inlet. Ao
= aorta, AP = pulmonary artery. Reproduced with permission
of Cavellucci et al. Braz J Echocardiogr Cardiovasc Imag.
2012,25(4):292-7

CASE REPORT

Case 1

Clinical data

A 12-day-old male newborn presented with progressive
dyspnea and acrocyanosis from the first day of life. On
examination, he presented severe dyspnea with retraction
of sternal notch, subcostal and intercostal indrawing and
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nasal flaring, diaphoresis, cyanosis ++/4+, afebrile, with a
heart rate of 140 beats per minute, respiratory rate of 120
breaths per minute. Cardiac auscultation showed systolic
murmur ++/6+ at the left sternal edge and accentuated P2
heart sound. His abdomen presented palpable liver two
inches below the right costal margin. Peripheral pulses
were present and symmetric and the saturation was 85.5%
in oxihood (oxygen hood or helmet). Clinical evaluation
started from birth at neonatal Intensive Care Unit (ICU).

Tests

The  transthoracic  echocardiography  showed
situs solitus. There were concordant atrioventricular
connections and most of the morphologically left ventricle
mass stood on the right. There was transposition of great
arteries with a left-sided and anterior aorta originating
from the morphologically right ventricle. The posterior
pulmonary trunk was located at right and posteriorly
to the aortic root. There was a significant gradient in
the right ventricular outflow tract (RVOT), and at the
left ventricular outflow tract (LVOT) we observed the
presence of mild posterior deviation of the infundibular
portion of the interventricular septum without evidence
of LVOT obstruction (subpulmonary). There was no
significant atrioventricular valve regurgitation. Presence
of muscular ventricular septal defect (VSD) of 3.6 mm
with right ventricle (RV) flow to left ventricle (LV)
(aortopulmonary), and large atrial septal defect (ASD) of
ostium secundum type, measuring about 7mm with flow
from left to right (L-R) and arterial channel of 4.5 mm
with L-R continuous flow. Biventricular systolic function
was qualitatively normal.

Diagnosis

This is a case of criss-cross heart with concordant
atrioventricular connections, ventriculo-arterial discordance,
large ASD, VSD and patent ductus arteriosus (PDA) with
continuous flow predominantly L-R.

Approach

The presence of associated malformations and the
patient's clinical outcome characterize the severity of the
condition. Jatene's surgical technique was indicated due to
the patient’s age at the time of diagnosis.

Surgical procedure

The proposed surgery was performed in March2007. We
performed the switch operation, sectioning just above the
arterial valves, and thecoronary arteries were reimplanted

in the new aorta, associated with correction of septal
defects. In the immediate postoperative period, the patient
developed systemic inflammatory response syndrome,
reversed by standard therapy. During postoperative period
he also presented the following complications: respiratory
infection associated with prolonged mechanical ventilation
and atelectasis of the left upper lobe.

He was discharged on the thirty-sixth day
postoperatively using furosemide and amiodarone.
Discharge echocardiogram showed the criss-cross heart
and post-Jatene's correction condition. There was no
evidence of dysfunction of the neopulmonary or the
neoaorta. It was also observed a foramen ovale with left-
right shunt, small perimembranous VSD and preserved
contractile function in both ventricles.

After six months of correction, another evaluation
showed that the patient presented pulmonary branches
supravalvular stenosis, confirmed by cardiac catheterization.
At the age of one year and ten months, the patient underwent
atrioventriculosseptoplastia and expansion of the right
ventricular outflow tract using valved tube. Clinical
follow-up was performed every six months and the patient
remained asymptomatic, without drugs. New hemodynamic
study performed at five years of age, indicated supravalvular
stenosis in neopulmonary artery with RV- pulmonary artery
(PA) gradient of 38 mmHg.

Case 2

Clinical data

A seven year-and-11-month-old female child, 19kg,
with a history of progressive exertional dyspnea and
cyanosis of the extremities since the age of three. On
physical examination, the patient was afebrile and mildly
cyanotic, with systolic murmur ++/6+ in the lower left
sternal border and presence of digital clubbing.

Tests

A transthoracic echocardiogram showed discordant
atrioventricular connections, double outlet right ventricle
(DORYV), large VSD, criss-cross heart, and pulmonary
valve stenosis (PVS) with a peak gradient of 96 mmHg.

Hemodynamic study was performed which showed
double outlet right ventricle with mild infundibular
stenosis, discordant atrioventricular  connections,
perimembranous VSD, and well developed pulmonary
branches and right ventricle decreased in size. Oximetry
showed blood oxygen saturation in LV of 87%, aorta (Ao)
91% and right ventricle of 100%, 10mmHg RA pressure,
LV 107x15mmHg and AO 107x65x81mmHg.
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Diagnosis

Criss-cross heart with discordant atrioventricular
connections, DORYV, large VSD and VPS. The presence of
associated malformations characterized the severity of the
cardiac defect.

A Fontan procedure was indicated, obeying the
following criteria: age above 2 years, absence of pulmonary
stenosis, mean pulmonary artery pressure less than 15
mmHg, pulmonary vascular resistance below 4 Wood
units, preserved left atrioventricular valve and ventricular
function. The biventricular repair was contraindicated due
to the small size of the right ventricle.

Surgical procedure

The surgical procedure was performed starting the
right atriotomy approximately 1 cm above the insertion
of the superior vena cava extending to the inferior cava.
Thus, it was possible to make the tunnel, suturing the
patch to the interatrial septum leaving the coronary sinus
to the left and performing tunnel fenestration. After the
completion of the tunnel, suture of the anterior patch
over this was performed (Figure 2). Postoperatively, the
patient presented as complications: heart failure (HF)
and right pleural effusion, resolved using increased
diuretic use. Later, she remained unchanged, with no
other complications. He was discharged by making use of
digoxin, furosemide, captopril and spironolactone.

A transthoracic echocardiogram 3 months after surgery
showed left ventricle with good contractility and venous
connections (cavopulmonary) with fair functioning,
ejection fraction (EF) of 71%, LV diastolic diameter of
21mm and 13mm systolic.

Fig. 2 - A: Suture of an anterior atrial patch on the IC-SC tunnel.
(Adapted from Pinto Jr et al. [78]. B: Making of the inferior tunnel
cava — superior cava
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Clinical follow-up was performed every six months for
11 years. At the last visit, the patient was asymptomatic,
with normal psychomotor development, without changes
in physical examination and under no drug therapy. The
last echocardiogram showed mild mitral regurgitation,
hypertrophy and mild RV dilatation, cavo-pulmonary
connections with diameters and normal flows, with an EF
of 69%.

DISCUSSION

Description and anatomy

The criss-cross heart is an extremely rare malformation
but well described morphologically. In descriptive report
of a collection of 81 hearts with congenital malformations
collected over two decades and published in 1999, only
one specimen with criss-cross was found, representing
only 1.2% of cases [6].

This congenital defect was first described by Lev &
Rowlatt [7] in 1961, but it was only in 1974 that Anderson
et al. [4] first used the term criss-cross heart. From this
publication, about 300 cases of the anomaly have been
reported in articles cited in Pubmed to date (2012) [8-43].

The diagnosis of criss-cross heart is based on the
intersection of the axes of the ventricular entries. In a
normal heart these axes are virtually parallel. This condition
is characterized by a spatial change of the ventricular
mass that guides or appears to guide, each ventricle in
a contralateral position in relation to the corresponding
atrium. While the base of the heart remains unchanged
in its spatial position, the ventricles appear to have been
twisted along their longitudinal axis. This promotes
a change in hemodynamics characterized by crossing
flows through the atrioventricular valves, resulting in the
false impression that each atrium is being directed to the
contralateral ventricle [1]. (Figure 1)

The criss-cross heart may present with concordant
or discordant atrioventricular connections (Figure 3).
These connections were demonstrated in 1961 by Lev
& Rowlatt [7] through the study of the anatomy of two
hearts presenting atria in solitus position communicating
with morphologically discordant ventricles in normal
position.- a morphologically right atrium draining to the
morphologically left ventricle situated to the left. Another
case of criss-cross heart was described by Van Praagh
in 1962 [43], in which the morphologically right atrium
connected to the morphologically right ventricle on the left
side, in a case example with concordant atrioventricular
connections.
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Fig. 3 - Examples of the types of atrioventricular connections in
criss-cross hearts: discordant (4) and concordant (B)

There are cases of criss-cross heart described in the
literature with discordant atrioventricular connections
associated with transposition of the great vessels which
results in a corrected physiological circulation, since the
presence of “double mismatch” results in the direction
of venous blood to the lungs and arterial blood into the
systemic circulation. Patients with this type of anomaly,
which represents 0.05% of congenital heart diseases [44]
may be symptomatic not because of the criss-cross heart,
but by the presence of other associated anomalies such
as VSD, pulmonary outflow obstruction, tricuspid valve
abnormalities [45].

Often the criss-cross heart is associated with other
cardiac malformations. A review of the literature revealed
no cases of of this anomaly occurring in isolation. Most
patients have ventricular septal defects, transposition of the
great arteries, double-outlet right ventricle, hypoplastic right
ventricle, pulmonary stenosis and tricuspid hypoplasia, the
latter present in most patients. Other associated defects,
although less frequent, are straddling mitral or tricuspid
valve, subaortic stenosis, aortic arch obstruction and mitral
stenosis [1,45-47]. Anomalies of the coronary circulation
may be present and usually related to the ventricular
position, and in these cases, magnetic resonance image
(MRI) and angiography are useful tools in the diagnosis
and approach [47]. In literature there are some studies
linking the Cx43 gene mutation to pathogenesis of the
criss-cross heart. Deletion of gene would result in a delay
in establishing heart dextroposition, which makes the right
ventricle to maintain a craniomedial position, resulting in a
90° rotation of the atrioventricular mass [48].

The Cx43 gene is responsible for the production
of a type of the protein connexin. These proteins are

known to compose gap junctions, and the decrease
in their expression has been associated with various
genetic alterations, with increased cell proliferation and
carcinogenesis [49]. Reaume et al. [50] in 1995 reported
that animals with deletions in both alleles of Cx43 died
shortly after birth, with no major phenotypic differences
compared to controls, except for cyanotic appearance.
Necropsy revealed cardiac defects, thereby revealing vital
importance of this protein in cardiac development during
embrionary development. Ya et al. [48] in 1998 reported
that, on the 9" day of development, animals with deletion
of Cx43 showed delayed development of the ascending
looping of the heart tube, causing malformation of the
tricuspid valve patch and changes in conformation and
cardiac death of animals shortly after birth with cyanotic
appearance.

Clinical, supplementary and differential diagnosis

Due to the complex structural changes, this anomaly
is often not recognized. The diagnosis becomes more
difficult due to the similarity of the clinical presentation of
the different connections abnormalities [51,52].

The anatomic and physiologic diagnosis of this
anomaly can be established by echocardiography, along
with other diagnostic methods, such as MRI and cardiac
catheterization if necessary [53].

The transthoracic echocardiography can be used
to identify the position and morphology of all cardiac
chambers, AV valves, in addition to the connections
between chambers and vessels. The subcostal window
will determine the location of the heart apex and assess
mainly the ventricles characteristics. The trabeculae
morphological features, will determine the morphologic
ventricle characteristics [51]. The great arteries connections
are better visualized in the paraesternal window [54,55].

MRI, when showing the heart in the axial, coronal
and sagital planes makes such additional examination an
important tool for diagnosis of complex congenital heart
diseases [56].

MRI, when compared to other imaging tests, has the
advantage of providing a wide field of vision and the
ability to reconstruct the image in 3 dimensions [57]. The
images acquired with the MRI show in detail all the heart
components and simultaneously clarifies the changes in the
AV connections by being able to diagnose abnormalities of
heart rotation [58].

The indications for cardiac catheterization are currently
limited, since the images obtained with echocardiography
and magnetic resonance imaging better delimit the anatomy,
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ventricular function and atrioventricular relationships [51].
Cardiac catheterization may be necessary only to obtain
pressure and oximetry data and discard additional septal
ventricular defects [53]. Some indications for the invasive
study were assessment of pulmonary vascular resistance,
angiographic analysis of coronary arteries, presence of
pulmonary valve atresia or pulmonary anomalous veins [53].

The differential diagnosis of criss-cross heart should
include straddling atrioventricular valve, double atrial
outlet where an outlet orifice apparently crosses the other
valve, and severe forms of Ebstein anomaly on which
the tricuspid valve opens to the infundibulum, giving the
appearance of crossing the valves [54].

Surgical treatment

The natural history of patients is unfavorable without
surgical treatment, 64% of deaths occurring in childhood,
with 50% still in the neonatal period [58,59]. The surgical
management of patients with criss-cross heart consists of
the repair of major and limiting malformation, not being
ventricular rotation itself the reason for the correction.

The initial management is determined by the presence
or absence of pulmonary stenosis, and its severity. On
those where the pulmonary flow is inadequate, early
intervention with prostaglandin E1 is indicated for
maintaining the patency of the ductus arteriosus. When
anatomic correction fails, balance in pulmonary flow can
be achieved with the construction of systemic-pulmonary
shunt.

The corrective surgery is determined by the potential
use of both ventricles. Only some patients are candidates
for biventricular repair, due to hypoplasia of the tricuspid
valve and right ventricle, atrioventricular valve straddling
[60-62]. In these cases the Fontan correction is indicated
as a palliative repair option.

The case studies reflect the size of the treatment of
structural abnormalities associated with the criss-cross
heart. In the first, the association with transposition of
the great arteries, VSD, ASD and PDA, was defined
as a surgical option the Jatene's operation. The surgery
is usually performed in the neonatal period and may
be performed in patients with VSD and maintains left
ventricular mass characteristics compatible to support the
systemic resistance.

Several factors may contribute to the loss of left
ventricular mass, and the reduction of pulmonary arteriolar
resistance, the most important. Echocardiographic
selection is the primary method for defining the surgical
treatment. With this assessment, the size of the atrial septal
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defect, the presence of flow through the ductus arteriosus
and the LV outflow tract obstructions can be assessed, in
addition to the determination of the ventricles mass [63].
For cases of dTGA and IAC, according to most authors,
the primary anatomic correction should be performed
until the 15" day of life, and this period may be extended
with relative safety until the end of the 1* month [64].
The approach after the neonatal period is controversial
and published experiences generally have a small number
of patients. Lacourt-Gayet et al. [65] and Lyer et al. [66]
advocate for clinical and echocardiographic selection
correction in 1 or 2 stages in these cases. Davis et al.
[67] and Ducan et al. [68] indicate primary anatomic
correction in all patients until the 2*¢ month of life, based
on an aggressive vasodilator therapy and occasional use of
ventricular assistance postoperatively. Yacoub et al. [69]
in 1980 reported 20 cases who had undergone late staging,
with an immediate mortality of three patients, and 14 of
them directed to the 2" stage, when there were four deaths
(29%). The main advantage of the ventricular preparation
would be related to better LV conditioning, which could
provide better long term outcomes. Moreover, the long
interval between stages can be a source of problems
related to the presence of pulmonary artery banding, such
as distortions of the trunk and branches of the pulmonary
artery and an increased incidence of late aortic insufficiency
and fibroelastosis [63]. The difficulty of proper control
after discharge of some patients also contributes to early
correction with rapid preparation.

Most children who underwent Jatene's operation
have normal physical, psychomotor and cardiovascular
development. However, some problems can be found in
late development. Among these, pulmonary or RVOT
stenoses are the most common and can be directly related
to surgical technique and patient's age at the time of
correction. The incidence of RVOT obstruction varies from
7%-40% [70], and is the main cause of reoperation after
discharge [70,71]. The obstructive process may occur in
the infundibular or annular region (proximal obstructions)
or supravalvular region (distal obstructions). In the first
case described here, the patient developed supra-valvular
stenosis in neopulmonary and in pulmonary branches after
six months postoperatively, being treated with implantation
of a valved tube.

In the second case, due to right ventricular hypoplasia
the choice was for the Fontan procedure which, over the
past 40 years, goes through technical enhancements to the
optimization of hemodynamic status. Studies show lack
of atrial contractility, over time, since it tends to dilation,
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turning the flow turbulent with consequent arrhythmia and
thrombosis [72]. The use of prosthetic material as part of the
tunnel excludes pulsatile mobility of the conduit. Several
authors [73,74] have shown that TCP anastomosis, because
it excludes the right atrium and makes the inferior cava flow
occurs through a tunnel, avoids turbulence, thus reducing
the risk of thrombosis and arrhythmias. The use of bovine
pericardium for the atrial level tunneling is worrisome
because retractions with minimal obstructions can cause
significant hemodynamic effects. Rossi et al. [75] in 1986
and Arbustini et al. [76] in 1983 showed calcification in this
type of graft, with a clear relation with time.

In 1997, Pires et al. [77] demonstrated that bovine
pericardial tissue implanted in the atrium calcifies, retracts
and promotes thrombus formation. The variation proposed
by Van De Wal et al, without the use of prosthetic material,
using the retail from the own right atrial wall by confection
of the tunnel [72], aimed to improve the outcome in the
short term, because it keeps the tunnel contraction,
allowing improved systemic venous drainage. On the
other hand, in the long-term, as a prosthetic material was
not used, a proper growth of this conduit was obtained,
without calcification, resulting in lower risk of retraction,
embolization and anti-coagulation problems [59].

CONCLUSION

The study of these two cases and the extensive literature
review on the subject show that the rotation anomalies of
the ventricular mass are associated with changes in general
connections between the cameras and large arteries and
that the surgical approach depends on the morphology
of the main defect. The presence of crossed ventricles in
the reported cases had no impact alone on the surgical
intervention.
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