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Abstract

We report a rare and complex case of criss-cross heart with atrioventricular discordance and
ventriculoarterial concordance in a 28-day-old neonate who presented with profound cyanosis.
Multimodality imaging, including transthoracic echocardiography, computed tomography angiography, and
cardiac catheterization, demonstrated criss-cross atrioventricular connections, a hypoplastic right
ventricle, moderate subvalvular pulmonary stenosis, a large secundum atrial septal defect, and a small
ventricular septal defect. The resulting anatomy produced a transposition-like physiology with markedly
reduced pulmonary blood flow. The patient underwent a modified Blalock—Taussig shunt with initial
improvement in oxygen saturation but subsequently developed multisystem organ failure and died six
days postoperatively. This case highlights an exceptionally rare anatomical combination, underscores the
importance of early recognition using multimodality imaging, and illustrates the challenges of surgical
decision-making in neonates with complex cyanotic congenital heart disease.
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Introduction

Congenital heart disease (CHD) is the most common congenital anomaly in newborns and is defined as a
structurally significant abnormality of the heart or intrathoracic great vessels that impairs normal cardiac
function.'? Criss-cross heart (CCH) is an exceptionally rare CHD, accounting for <0.1% of congenital
cardiac malformations, and is characterized by crossing of the ventricular inflow streams due to abnormal
rotation of the ventricular mass along its long axis.?

CCH is frequently associated with other cardiac anomalies, particularly ventricular septal defects
(VSDs) and ventricular outflow tract abnormalities, including transposition of the great arteries,
double-outlet right ventricle, and pulmonary stenosis.®* Surgical management ranges from palliative
procedures to definitive anatomical correction depending on the associated defects.*
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Case Report

A 28-day-old male infant was referred for evaluation of complex congenital heart disease with cyanosis
present since birth. He was born at 35 weeks' gestation to a 42-year-old gravida 11, para 9 mother by
urgent cesarean section for non-reassuring cardiotocography in the setting of poorly controlled
insulin-treated type 2 diabetes mellitus. The mother had obesity (pre-pregnancy BMI 33.1 kg/m?),
persistent hyperglycemia (250-300 mg/dL), and severe polyhydramnios. She denied smoking, alcohol,
illicit drug use, teratogen exposure, congenital heart disease, autoimmune disease, or significant
infections during pregnancy. Pregnancy medications included insulin and folic acid. Previous maternal
cardiac evaluations showed normal sinus rhythm and trace mitral regurgitation.

The parents were consanguineous, although there was no family history of congenital heart disease,
genetic syndromes, or inherited disorders. Routine antenatal care was received with monthly follow-up;
despite persistent maternal hyperglycemia, no fetal structural abnormalities were detected, and no
invasive prenatal genetic testing was performed.

The infant was delivered in cephalic presentation without difficulty, weighed 3.4 kg (large for
gestational age), had Apgar scores of 8 and 8 at 1 and 5 minutes, respectively, and required no
resuscitation. Cyanosis shortly after birth prompted neonatal intensive care unit admission. Initial
laboratory investigations and chest radiography were unremarkable. Continuous cardiorespiratory
monitoring, supplemental oxygen, broad-spectrum antibiotics, and supportive care were initiated pending
surgical intervention.

On admission, the infant had central cyanosis without signs of congestive heart failure or dysmorphic
features. Cardiovascular examination revealed normal first and second heart sounds with a faint systolic
murmur. Oxygen saturation was 55% on room air. Prostaglandin E1 infusion, supplemental oxygen, and
broad-spectrum antibiotics were started.

Transthoracic echocardiography, cardiac computed tomography angiography, and cardiac
catheterization demonstrated situs solitus with levocardia and criss-cross heart with atrioventricular (AV)
discordance and ventriculoarterial (VA) concordance. The AV alignments were discordant (Figures 1 and
2), while the ventriculoarterial connections were concordant. The left atrium drained into a hypoplastic
right ventricle through an elongated AV tunnel (Figures 1 and 2). The right ventricle was positioned
anteriorly and to the right of the left ventricle. The aorta arose from the left ventricle and was mildly
dilated, whereas the pulmonary artery originated from the right ventricle (Figure 3).
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Figure 1: CTA images demonstrating atrioventricular and ventriculoarterial anatomy. (a) oblique axial
view. LA drains into RV which gives rise to MPA. (b) oblique axial view. pulmonary veins draining into
small LA that continue as a tunnel-like structure (star) to a hypoplastic RV. (c) sagittal view. SVC and IVC
draining into RA. (d) sagittal view. Small anterior RV gives rise to MPA. (e) coronal view. SVC draining into
RA, which empties into LV that gives rise to PA. Aorta arising from LV.
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Figure 2: 2D images of the same case. (a) A small LA drains through a tunnel-like structure into a small
RV with a large ASD. (b) with colour doppler. (c) RA empties in the left ventricle.

Figure 3: LV angiographic images showing smooth surface, posterior ventricle (LV) emptying into the
aorta in AP (a) and lateral (b) views.

Because of critically reduced pulmonary blood flow, a 3.5-mm modified Blalock-Taussig shunt was
placed, resulting in immediate improvement in oxygen saturation. The postoperative course was
complicated by acute kidney injury, lactic acidosis, coagulopathy, and peripheral hypoperfusion requiring
high-dose inotropic support and peritoneal dialysis. Despite maximal intensive care, the patient died six
days after surgery.
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Discussion

Criss-cross heart results from abnormal rotation of the ventricular mass during cardiac development while
the atrial segment remains relatively fixed.> Anderson et al. proposed that clockwise or counterclockwise
post-septational rotation produces this anomaly; clockwise rotation usually results in AV concordance,
whereas AV discordance, as in the present case, is less common.¢ Additional apical tilting may produce a
superior-inferior ventricular arrangement.’

A systematic review by Ramadan et al. identified 101 patients reported between 1974 and 2021. AV
concordance was present in 75.2% of cases, whereas AV discordance was less frequent.® Cyanosis was
the most common presenting feature, followed by dyspnea and tachycardia. VSD was the most common
associated anomaly, followed by pulmonary stenosis, double-outlet right ventricle, and transposition of the
great arteries.?

Transthoracic echocardiography is the primary diagnostic modality and should raise suspicion when a
standard four-chamber view cannot be obtained or crossing AV inflow tracts are visualized.”'° Cardiac
catheterization provides hemodynamic assessment and identifies associated defects, while cardiac
magnetic resonance imaging offers detailed three-dimensional anatomical reconstruction.! Surgical
treatment targets associated hemodynamically significant lesions rather than ventricular rotation itself.*
Without intervention, prognosis is poor, with approximately 64% of deaths occurring during childhood and
nearly half during the neonatal period.*

In this patient, the complex cyanotic anatomy, hypoplastic right ventricle, and pulmonary outflow
obstruction necessitated palliative modified Blalock-Taussig shunt placement, a PTFE graft connecting a
systemic artery to a pulmonary artery to improve pulmonary blood flow and reduce cyanosis.'
Postoperative acute kidney injury is a common complication after neonatal cardiac surgery, affecting
30%—60% of patients, and is associated with increased morbidity and mortality due to immature renal
physiology, low cardiac output, contrast exposure, and perioperative hemodynamic instability.'>!*

Although the embryological mechanism of CCH remains uncertain, optimization of maternal health
may reduce the overall risk of CHD.” In the present case, the patient underwent a modified
Blalock—Taussig shunt at Queen Alia Military Hospital for Children, a national tertiary pediatric cardiac
referral center with dedicated pediatric cardiac surgery and intensive care services. Despite initial
improvement, fatal postoperative complications reflected the severity of the underlying cardiac
malformation rather than limitations in surgical expertise. Vertical HIV transmission has been associated
with cardiomyopathy, ventricular dilatation, myocardial wall thickening, and myocarditis,'® but no
association with CCH has been reported. Both the mother and infant were HIV-negative, excluding
perinatal HIV exposure as a contributing factor.

This case is notable for the exceptionally rare combination of CCH with AV discordance and VA
concordance producing transposition physiology. Sheikh et al. reported four cases of CCH, only one of
which had the same morphology but with associated coarctation,' Only a few comparable cases have
been described.""*

Conclusions

Criss-cross heart with atrioventricular discordance and ventriculoarterial concordance is an exceptionally
rare congenital anomaly associated with substantial neonatal mortality despite advances in surgical and
perioperative care. Early recognition using multimodality imaging is essential for accurate diagnosis and
appropriate surgical planning.
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Disclosure

Father’s consent was obtained to report this case.
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