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Learning objectives

To describe an uncommon congenital heart disease and show its different forms of
presentation.

To outline the different presentations to facilitate their study by MRI.

To describe the image interpretation of the main surgical techniques.
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Background

Criss-cross heart is a rare and complex congenital cardiac malformation. The term criss-
cross heart was first described by Anderson et al. in 1974. It occurs in 8 per 1,000,000
births, and is found in less than 0.1 % of congenital heart malformations. There are few
cases described in the literature.

It is characterized by a ventricular rotation around its longitudinal axis conditioning
intersecting ventricular inflow tracts. The atria are kept in their usual position (Fig. 1 on
page 5).

The etiology and the stage of embryologic development are not well known. There are
some studies that suggest Cx43 gene mutation is the cause for criss-cross heart.

Criss-cross heart is frequently associated with other severe cardiac anomalies such
as pulmonary stenosis, double-outlet right ventricle, ventricular septal defects and
transposition of the great arteries. Other, less frequent defects, are subaortic stenosis,
aortic arch obstruction and mitral stenosis.

The clinical picture depends on the different connections atrio-ventricular (AV) or
ventriculo-arterial (VA) and the malformations. Due to these characteristics the clinical
diagnosis is difficult. The initial study is usually made by echocardiography. MRI allows
us to make an accurate diagnosis and observe the associated malformations.

Surgery is the treatment of choice because of the poor prognosis of the pathology. The
initial treatment depends on the presence of pulmonary stenosis. In the cases of a severe
stenosis the ductus arteriosus must remain open with prostaglandin to maintain a correct
flow. When this fails, a systemic-pulmonary shunt is needed. The surgical correction is
made a second time. The treatment of choice in criss-cross heart with double-outlet right
ventricle or transposition of the great arteries consists in a biventricular repair. A patch in
the septal defect and an atrial or arterial switch is necessary.

If corrective surgery cannot be performed (for example in cases of hypoplasia of the
tricuspid valve ring and the right ventricle or the presence of straddling valves), a Glenn
and Fontan technique is normally the treatment of choice.

The Glenn procedure is a temporary treatment performed in 3-8 month infants that
consists in connecting the superior vena cava with the right pulmonary artery. Normally,
the pulmonary trunk is closed. Nevertheless, in some cases, a supplementary blood

Page 3 of 20



circulation from the pulmonary trunk (in this case there is not a complete closure of the
pulmonary trunk) is necessary; or a systemic-pulmonary fistula.

The Fontan procedure is the definitive surgery. It is habitually performed on children of
about 3 years old. It consists in inserting an extracardiac conduit between the inferior
vena cava and the right pulmonary artery. Therefore all non-oxygenated blood from the
systemic venous system passes directly to the pulmonary arterial circulation bypassing
the heart.

Page 4 of 20



Images for this section:

Fig. 1: A) Atrioventricular (AV) concordance. The meaning of ventricular rotation is
counterclockwise. B) AV concordance with spacial relation discordant. Right atrium (RA)
on the right connected with a right ventricle (RV) that is situated on the left and a left
atrium (LA) on the left side connected with the left ventricle (LV) that it is on the right.
C) AV discordance. The direction of ventricular rotation is clockwise. D) AV discordance
with concordant spatial relation. RA on the right side is conected to a left LV and the LA
on the left connected with a RV that it is located on the right.

© HU Son Espases - Palma de Mallorca/ES
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Findings and procedure details

Ultrasound is a good imaging technique to make a diagnosis. Not displaying a four
chamber views is typical of this entity. Some advantages of the MRI are that it displays
the heart in all the spatial views required, and it also has a wider field of view. Moreover,
it is possible to reconstruct the image in 3 dimensions.

MRI sequences in black blood, the cine (steady state free precession) sequences and the
angiography study permit a comprehensive study of the disease, allowing us to recognize
the different chambers of the heart based on their anatomy, and the relationship among
them.

Due to the congenit heart disease complexity it is useful to analyze the heart in different
parts (atria, ventricles and arteries) and the relationship between them.

There is some helpful information for the radiologist to clarify which chamber is each.

The right atrium has pectinate muscles in the wall and it regularly receives superior and
inferior cava veins. The left atrium wall is smooth and receives blood from pulmonary
veins. The right ventricle is characterized by trabeculae papillary muscles adherent to the
interventricular septum. The left ventricle has thin trabeculae in the lateral and inferior
walls. However it has no trabeculae in the septum and the anterior wall. The aortic root
is usually located posterior and in the right side of the pulmonary artery.

The radiologist must identify the correct disposition of the chambers and vessels among
the others. In a normal heart the AV connections are parallel and the VA connections are
crossed. Criss-cross heart is characterized by a crossed AV connection. In this entity, a
right atrium found on the right is communicated to a ventricle that is located on the left
side and a left atrium found on the left is communicated to a ventricle that is located on
the right side.

It is important to establish the kind of criss-cross heart: assessing AV concordance, AV
spatial relationship and ventriculoarterial concordance. The type of surgical treatment
depends on the kind of criss-cross heart. In addition, we have to look for associated
malformations.

We present a criss-cross heart case to illustrate this condition. An 18-year-old man
who was diagnosed with criss-cross heart with the following anomalies: interventricular
septal defect, left aortic artery and severe pulmonary stenosis. The Glenn and Fontan
procedures were performed. Due to Fontan conduit obstruction, a conduit replacement
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was required. As a complication he had a right pulmonary artery stenosis. A stent was
placed. A control MRI was performed.

Fig. 2: Double inversion recovery T1 sequence. Transverse plane. The images show
the intersecting ventricular inflow tracts (blue arrows). A right atrium found on the right
is communicated to a ventricle that is located on the left side and in a upper position,
and a left atrium found on the left is communicated to a ventricle that is located on the
right side and lower position (AV concordance). Note: the aortic root is located on the
left side. Interatrial septal resection can be observed. Ao: aorta, C: carina, F: Fontan,
ICV: inferior cava vein, LA: left atrium, LPA: left pulmonary artery, LV: left ventricle,
RA: right atrium, RPA: right pulmonary artery, RV: right ventricle, S: interatrial resected
septum, SCV: superior cava vein.
References: HU Son Espases - Palma de Mallorca/ES
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Fig. 3: Double inversion recovery T1 sequence. Coronal plane. The images show
crossed AV connection. Fontan conduit can also be observed. Ao: aorta, F: Fontan,
ICV: inferior cava vein, IVC: interventricular septal defect, LA: left atrium, LV: left
ventricle, RA: right atrium, RPA: right pulmonary artery, RV: right ventricle, S: interatrial
resected septum, SCV: superior cava vein.
References: HU Son Espases - Palma de Mallorca/ES
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Fig. 4: Double inversion recovery T1 sequence. Sagittal plane. The images
demonstrate intersecting ventricular inflow tracts. Interventricular septal defect can
be well observed in this plane. Ao: aorta, F: Fontan, G: Glenn, ICV: inferior cava vein,
IVC: interventricular septal defect, LA: left atrium, LPA: left pulmonary artery, LV:
left ventricle, RA: right atrium, RPA: right pulmonary artery, RV: right ventricle, SCV:
superior cava vein.
References: HU Son Espases - Palma de Mallorca/ES

Page 9 of 20



Fig. 5: Cine sequence. Transverse plane. The images show crossed AV connection
(blue arrows). Right ventricle is communicated with the aorta that is located on the left
side. The left ventricle is communicated with the pulmonary artery that is located on
the right side (VA discordance). Ao: aorta, F: Fontan, ICV: inferior cava vein, LA: left
atrium, LPA: left pulmonary artery, LV: left ventricle, PA: pulmonary artery, RA: right
atrium, RPA: right pulmonary artery, RV: right ventricle, S: interatrial resected septum.
References: HU Son Espases - Palma de Mallorca/ES
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Fig. 6: Cine sequence. Short axis. The images demonstrate right ventricle
communicating with the aorta. Ao: aorta, ICV: inferior cava vein, IVC: interventricular
septal defect, LA: left atrium, LV: left ventricle, PA: pulmonary artery, RA: right atrium,
RV: right ventricle.
References: HU Son Espases - Palma de Mallorca/ES

Fig. 7: Cine sequence. Long axis. The images show the interventricular septal defect.
The flow through interventricular septal defect can also be observed (blue arrow). Ao:
aorta, IVC: interventricular septal defect, LA: left atrium, LV: left ventricle, RV: right
ventricle.
References: HU Son Espases - Palma de Mallorca/ES
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Fig. 8: Angiography sequence. 3 dimensions reconstruction. (anterior and posterior
view) allows us to observe better the Glenn and Fontan procedures. Due to the stent
on the right pulmonary artery (RPA) origin, RPA narrowing is overestimated. Ao: aorta,
F: Fontan, G: Glenn, ICV: inferior cava vein, LPA: left pulmonary artery, RPA: right
pulmonary artery, SCV: superior cava vein.
References: HU Son Espases - Palma de Mallorca/ES
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Images for this section:

Fig. 2: Double inversion recovery T1 sequence. Transverse plane. The images show
the intersecting ventricular inflow tracts (blue arrows). A right atrium found on the right
is communicated to a ventricle that is located on the left side and in a upper position,
and a left atrium found on the left is communicated to a ventricle that is located on the
right side and lower position (AV concordance). Note: the aortic root is located on the left
side. Interatrial septal resection can be observed. Ao: aorta, C: carina, F: Fontan, ICV:
inferior cava vein, LA: left atrium, LPA: left pulmonary artery, LV: left ventricle, RA: right
atrium, RPA: right pulmonary artery, RV: right ventricle, S: interatrial resected septum,
SCV: superior cava vein.

© HU Son Espases - Palma de Mallorca/ES
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Fig. 3: Double inversion recovery T1 sequence. Coronal plane. The images show
crossed AV connection. Fontan conduit can also be observed. Ao: aorta, F: Fontan, ICV:
inferior cava vein, IVC: interventricular septal defect, LA: left atrium, LV: left ventricle,
RA: right atrium, RPA: right pulmonary artery, RV: right ventricle, S: interatrial resected
septum, SCV: superior cava vein.

© HU Son Espases - Palma de Mallorca/ES
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Fig. 4: Double inversion recovery T1 sequence. Sagittal plane. The images demonstrate
intersecting ventricular inflow tracts. Interventricular septal defect can be well observed
in this plane. Ao: aorta, F: Fontan, G: Glenn, ICV: inferior cava vein, IVC: interventricular
septal defect, LA: left atrium, LPA: left pulmonary artery, LV: left ventricle, RA: right atrium,
RPA: right pulmonary artery, RV: right ventricle, SCV: superior cava vein.

© HU Son Espases - Palma de Mallorca/ES
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Fig. 5: Cine sequence. Transverse plane. The images show crossed AV connection (blue
arrows). Right ventricle is communicated with the aorta that is located on the left side.
The left ventricle is communicated with the pulmonary artery that is located on the right
side (VA discordance). Ao: aorta, F: Fontan, ICV: inferior cava vein, LA: left atrium, LPA:
left pulmonary artery, LV: left ventricle, PA: pulmonary artery, RA: right atrium, RPA: right
pulmonary artery, RV: right ventricle, S: interatrial resected septum.

© HU Son Espases - Palma de Mallorca/ES
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Fig. 6: Cine sequence. Short axis. The images demonstrate right ventricle
communicating with the aorta. Ao: aorta, ICV: inferior cava vein, IVC: interventricular
septal defect, LA: left atrium, LV: left ventricle, PA: pulmonary artery, RA: right atrium,
RV: right ventricle.

© HU Son Espases - Palma de Mallorca/ES

Fig. 7: Cine sequence. Long axis. The images show the interventricular septal defect. The
flow through interventricular septal defect can also be observed (blue arrow). Ao: aorta,
IVC: interventricular septal defect, LA: left atrium, LV: left ventricle, RV: right ventricle.

© HU Son Espases - Palma de Mallorca/ES
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Fig. 8: Angiography sequence. 3 dimensions reconstruction. (anterior and posterior view)
allows us to observe better the Glenn and Fontan procedures. Due to the stent on the right
pulmonary artery (RPA) origin, RPA narrowing is overestimated. Ao: aorta, F: Fontan, G:
Glenn, ICV: inferior cava vein, LPA: left pulmonary artery, RPA: right pulmonary artery,
SCV: superior cava vein.

© HU Son Espases - Palma de Mallorca/ES
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Conclusion

Criss-cross heart has a difficult diagnosis. MRI is the best image technique to evaluate
this entity and all its complexity. MRI has a wide field of view and displays the heart in
every spatial plane. It allows for a 3-dimensional image reconstruction.

A systematic analysis of cardiac anatomy using MRI facilitates the diagnosis of this
condition.

It is very important to recognize all the associated malformations.

The knowledge of the principal surgeries allows us for a correct follow up of the patient.
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