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The aim of this study was to describe the
echocardiographic characteristics of patients with an
atrioventricular criss-cross who underwent segmental
cardiac morphological analysis. The study involved 5
patients with a criss-cross heart (0.6% of the studies).
The patients’ average age was 6 years and 3 months.
All patients presented with situs solitus. Three had a
discordant atrioventricular connection and 2 had a
concordant connection. In addition, 4 patients had a
ventriculoarterial connection with a double-outlet right
ventricle while 1 had a concordant connection. Two
patients had superior-inferior ventricles. Other associated
lesions included ventricular septal defect in all patients,
pulmonary stenosis, persistent ductus arteriosus, and
atrial septal defect in 3, pulmonary perforation in 1, and a
hypoplastic aortic arch in 1.

In these patients, segmental analysis can be carried
out satisfactorily using transthoracic echocardiography.
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Analisis segmentario ecocardiografico en
pacientes con conexion auriculoventricular
cruzada (criss-cross)

El objetivo es describir las caracteristicas ecocardio-
gréficas utilizando el analisis morfolégico segmentario
del corazoén en los pacientes con criss-cross. Se estudio
a 5 pacientes con diagnéstico de criss-cross (0,06% de
los estudios). La media de edad fue 6 afios y 3 meses.
Todos los pacientes se presentaron en situs solitus. Las
conexiones auriculoventriculares fueron 3 discordantes y
2 concordantes. Las conexiones ventriculoarteriales fue-
ron 4 con doble salida del ventriculo derecho y una con-
cordante. Dos pacientes cursaron con ventriculos supe-
roinferiores. Las lesiones asociadas fueron comunicacion
interventricular en todos los pacientes, estenosis pulmo-
nar, persistencia del conducto arterioso y comunicacion
interauricular en 3, uno con imperforacion pulmonar y otro
con hipoplasia del arco adrtico. El analisis segmentario en
estos pacientes puede ser estudiado adecuadamente por
medio de la ecocardiografia transtoracica.

Palabras clave: Cardiopatia congénita. Ventriculos supe-
roinferiores. Criss-cross. Analisis segmentario.

INTRODUCTION

A heart with a criss-cross atrioventricular (AV)
connection is a cardiopathy in which the ventricles
are positioned contralaterally to the atria to which
they are connected; the ventricular inflow tracts are
crossed, hence the name criss-cross.

In 1961 various cases of AV discordance with or
without ventriculoarterial (VA) discordance were
described. One of those cases presented as situs
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solitus with dextrorotation of the cardiac loop,
which could correspond to the description of this
abnormality.! In 1973, for the first time, in Mexico a
report was published of a 4-month-old boy with situs
solitus with AV concordance, VA discordance, and
crossing of the ventricular inflow chambers, with
anterosuperior right ventricle (RV) and posterior
and inferior left ventricle (LV), ventricular septal
defect (VSD), and pulmonary stenosis (PS).? These
cases were later given the name of criss-cross.?

In the later years, other cases were described:
37 with situs solitus, 2 with situs inversus, and 1
with isomerism, most with AV concordance.*’
The most common VA connection was discordant
transposition of the great arteries (TGA), followed
by double outlet RV (DORY), associated with PS
and even more rarely with pulmonary atresia.*¢

The most common is atrial situs solitus presentation
with right atrium (RA) connected to left-sided RV
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with anterior tricuspid valve and left aorta, as well
as left atrium (LA) connected to right-sided LV
with mitral valve oriented in the posterior direction.
Criss-cross heart is often associated with superior-
inferior ventricles; this ventricular relationship can
present in other cardiopathies.’

In many cases, the size of the ventricles (small on
many occasions) is conditioned by the size of the
annulus of the AV valves.?’

The physiology is determined by the discordant
or concordant AV and VA connection and the
associated cardiac defects, such as displaced and/
or straddling left AV valve, VSD (which always
presents), valvular or subvalvular PS, small RV, and
juxtaposition of the atrial appendages.”!%!?

Another of its hemodynamic characteristics is
that the systemic and pulmonary venous systems
are crossed at the AV level, although without
mixing.

Two-dimensional echocardiography, with
subcostal and 4-chamber views, can be used to
identify the ventricular morphology and position,
the AV valves, the AV and VA connection, and
the characteristics of the great vessels. The artery
connection can be seen more clearly in the parasternal
window."?

METHODS

Over a 5-year period, 8567 studies were performed
in our echocardiography laboratory; criss-cross
heart was diagnosed in 5 patients.

A retrospective, observational, longitudinal
study was carried out, analyzing age, gender, and
symptoms. The echocardiographic study was
based on the segmental sequential approach used
to diagnose congenital heart diseases.'* The study
identified the situs, AV and VA connection, spatial
position of the ventricles and interventricular
septum, characteristics of the arterial vessels,
ventricular size, other associated cardiac lesions,
and the orientation of the aortic arch. Because the
level of implantation of the AV valves is difficult
to define in this condition, ventricular morphology
was defined by the characteristics of the subvalvular
apparatus, RV moderator band and trabeculations.
Blood flow characteristics and directions were
analyzed by color Doppler ultrasound. In 3 patients,
the echocardiographic findings were compared to
the cardiac catheterization study to confirm the
diagnosis.

All studies were carried out with Hewlett-Packard
Agilent 5500 echocardiography system using 3-MHz
and 8-MHz transducers.

Patients with hearts in which the superior-inferior
ventricles did not present criss-cross were excluded
from the study.
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RESULTS

Criss-cross heart was diagnosed in 5 (0.06%) of the
8567 studies. Patient age ranged between 1 month
and 20 years (mean, 6 years and 3 months); 4 were
female and 1 was male. The predominant clinical
signs were systolic murmur in the aortic area in all
patients, manifestations of heart failure in 4, and
cyanosis in 3.

All 5 patients presented situs solitus and levocardia
onechocardiographicsegmental analysis. Pulmonary
venous return was normal in all patients, and none
had juxtaposition of the atrial appendages.

The AV connections were discordant in 3 cases
and concordant in 2. The tricuspid valve showed
regurgitation in 2 patients (1 with valve dysplasia)
and was normal in 3. Hypoplastic mitral valve was
present in 1 patient and straddling mitral valve in 2.
The interventricular septum was vertical in 3 patients
and horizontal in 2, with superior-inferior ventricles.
In 3 patients, the LV was small (Figures 1 and 2).
Regarding the VA connection, 4 patients presented
DORV and 1, concordance with imperforate
pulmonary valve (IPV).

The associated cardiac lesions were large VSD in
all patients (1 perimembranous; 2 subaortic, 2 inflow
tract); 1 had multiple VSDs. In 3 patients, mixed-type
PS was present; persistent ductus arteriosus in 3, and
atrial septal defect in 3; 1 patient had hypoplastic
aortic arch. The aortic arch was left-sided in 4 cases
and right-sided in 1 (Table 1).

A hemodynamic study was performed in 3 patients
and was consistent with the echocardiographic
diagnoses.

To our knowledge, none of the 5 patients died
during clinical follow-up.

DISCUSSION

Criss-cross heart is a rare, complex congenital
heart malformation. The ventricles twist around
their long axis, with no concomitant movement
of the atria, thus producing crossing of the inflow
tracts. In a crossed AV connection, the ventricles are
contralateral to the atria to which they are connected.
This abnormal position is explained by twisting of
the ventricular mass (once the AV connection has
been established). When twisting over the ventricular
long axis is counterclockwise in concordant AV
connections, the right-sided RA remains connected
to the right ventricle (RV) spatially located in the
anterior and left position; this leads to a discordant
AV relationship (Figure 3A and B). When the AV
connections are discordant, the twist is clockwise and
the left-sided LA is connected to the RV, located in
the anterior and right position, which determines a
concordant AV relationship'*!” (Figure 3C and D).
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Figure 1. Two-dimensional
echocardiography of Patient 3 in
4-chamber apical view. A, left atrium
(LA) connected to a right-sided
morphologic  right ventricle (RV)
with  atrioventricular  discordance
and straddling mitral valve. B, right
atrium (RA) connected to a left-
sided morphologic left ventricle (LV).
C, atrioventricular crossover with
vertically oriented ventricles.

Figure 2. Two-dimensional color
echocardiography of Patient 5, in
subcostal view. A: right atrium (RA)
connected to a superior ventricle
(SV). B: left atrium (LA) connected
to an inferior ventricle (IV), with
atrioventricular  concordance.  C:
superior ventricle (SV) and inferior
ventricle (IV). D: double-outlet superior
ventricle (SV) with right-sided aorta
(Ao) and left-sided pulmonary artery
(PA).

TABLE 1. Echocardiographic Characteristics of Patients With Criss-Cross Heart

Case Age Sex Situs AVC VS SLV VAC VSD PS PDA Lesions AoA
1 2years, 9 months F S D v DORV IT Yes Yes SMV, ASD L
2 8years, 3 months F S D v Yes DORV PM Yes L
3 20 years M S D v DORV IT Yes SMV L
4 4 months F S C H C SubAo, SMV Yes IPV, ASD R
5 1 month F S C H Yes DORV SubAo, T Yes HAA, ASD L

AoA indicates aortic arch; ASD, atrial septal defect; AVC, atrioventricular connection; C, concordance; D, discordance; DORV, double-outlet right ventricular;
F, female; H, horizontal; HAA, hypoplastic aortic arch; IPV, imperforate pulmonary valve; IT, inflow tract; IVS, interventricular septum; L, left; M, male; PDA,
persistent ductus arteriosus; PM, perimembranous; PS, pulmonary stenosis; R, right; S, solitus; SLV, small left ventricle; SMV, straddling mitral valve; SubAo,
subaortic; T, trabecular; V, vertical; VAC, ventriculoarterial connection; VSD, ventricular septal defect.
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Figure 3. Anterior view (from the
observer). Diagram of the cardiac
chambers illustrating the etiologic
mechanism (ventricular twist)
that causes criss-cross heart. A:
atrioventricular  (AV)  concordance;
ventricular twistis counterclockwise. B:
AV concordance with discordant spatial
relationship: right-sided morphologic
right atrium (RA) connected to a left-
sided morphologic right ventricle

e
\l
e

Py (RV) and left-sided morphologic left
\ atrium (LA) connected to a right-
\ sided morphologic left ventricle (LV).

C: AV discordance; ventricular twist
is clockwise. D: AV discordance with
concordant spatial relationship: right-
sided morphologic RA connected to
a left-sided morphologic LV and left-
sided morphologic LA connected to a

This disorder can be interpreted as the crossing
of systemic and pulmonary venous blood without
mixing in the AV valves.?

In the criss-cross heart, the ventricles are often
related top to bottom (superior-inferior), displacing
the ventricular mass in the horizontal plane.
However, this is not an essential condition. In our
study, only 2 of the 5 patients presented superior-
inferior ventricles.

The VA connection should be described separately
from the relationship of the chambers and arteries
with the AV connection.'” The VA connection is
extremely variable: discordant is the most common
type reported in the literature, followed by DORV.
The VA relationship may be concordant or
discordant, and PA rarely presents.'® In our study,
DORYV was most common and 1 patient had IPV
(Table). Abnormalities in the coronary arteries,
such as underdeveloped or absent left anterior
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right-sided morphologic RV.

interventricular artery, have also been reported.”

Up to 1999, 97 cases of patients with criss-cross
heart had been published, of which only 14 presented
double discordance.?

A complete anatomic and physiologic diagnosis can
be established in this condition using 2-dimensional
echocardiography, along with other diagnostic
methods such as magnetic resonance imaging, if
necessary.???

The type of connection (AV or VA) and
characteristics of associated lesions (VSD, PS,
straddling mitral valve, and small ventricles)
determine  the clinical and hemodynamic
manifestations in patients with criss-cross heart and
can be used to guide the surgical repair.'¢

One of the difficulties for the surgeon is to
locate the branch of the His bundle in VSD repair.
Biventricular surgical repair is the option in some
criss-cross cases. In patients who also present
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DORYV or TGA and have ventricles of adequate
size, the repair should be accompanied by a patch on
the ventricular septal defect and an atrial or arterial
switch. If PS is present, a systemic-pulmonary shunt
must be performed; however, RV size and tricuspid
valve displacement may be limitations for good
surgical outcome.> In patients who cannot undergo
biventricular surgical repair, palliative surgery with
the modified Glenn and Fontan technique for
definitive repair is proposed.'

The condition can be more clearly understood if
the defects are observed separately because criss-
cross hearts are characterized by concomitant
multiple lesions and rarely present alone."

In conclusion, patients with criss-cross heart can
be diagnosed by a careful, systematic segmental
study with 2-dimensional color-coded transthoracic
echocardiography to determine the sequence of
connections and spatial relationships of the cardiac
chambers and identify other abnormalities.
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