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Abstract: This is a newborn male prenatally diagnosed with severe right ventricular (RV) hypertrophy and depressed function, aneurysmal dilation of the main pulmonary artery and tachyarrhythmia. Postnatally, he required immediate intubation and inotropic support. Echocardiogram revealed a large dysplastic RV, absent pulmonary valve syndrome (APVS), markedly dilated pulmonary arteries and tricuspid atresia (TA). The trabecular portion of the RV was excessively trabeculated and severely dilated. Inflow and infundibular walls were thin, with multiple infundibular aneurysms. There was APVS with free regurgitation and massively dilated pulmonary arteries. The RV bulged into the LV, though there was no outflow tract obstruction. The LV had mildly depressed systolic function. Computed tomography angiography showed marked dilation of the main and branch pulmonary arteries, with compression of the airway. This, along with profound anasarca, prohibited weaning of ventilatory support. Ventricular tachycardia contributed to low cardiac output. Genetic testing revealed a heterozygous variant in the desmoplakin (DSP) gene, which is associated with familial arrhythmogenic RV dysplasia and dilated cardiomyopathy. The parents opted to withdraw care. Severe RV dysplasia associated with APVS and TA has previously been reported, however the degree of RV dilation with primitive myocardium in this case is profound. Further, presence of both fetal and postnatal ventricular tachycardia contributing to low cardiac is a novel presentation. This demonstrates that the overall poor prognosis was multifactorial.
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1  Introduction

Absent pulmonary valve syndrome (APVS) with tricuspid atresia (TA) is a rare cardiac anomaly occurring in less than 1% of infants with congenital heart disease [1]. This complex can be further complicated by the presence of a primitive and hypertrophied right ventricle (RV), which represents an embryologic failure of the development and refinement of the RV musculature as well as pulmonary valve [2]. This constellation of findings has previously been reported, with varying degrees of RV dysplasia and outcomes (Tab. 1). Despite the presence of severely dilated pulmonary arteries and bronchial compression, as well as a functional single ventricle due to tricuspid atresia, palliation has been successfully performed [3]. However, a comprehensive evaluation of such cases with co-existing conditions, such as RV dysplasia or a tachyarrhythmia, have not been previously reviewed. We are presenting a case of APVS in the setting of functional TA, intact ventricular septum (IVS) and an unusual degree of severe RV dysplasia with a ventricular dysrhythmia. Fetal echocardiography assisted in the evaluation by predicting the presence of hemodynamic compromise at birth. Postnatal echocardiography and computed tomography angiography (CTA) confirmed the complex and unusual anatomy.

Previously Reported Cases

Table 1: Detailed descriptions of previously reported cases with tricuspid atresia and absent pulmonary valve syndrome
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2  Case Presentation

At 24 weeks gestation, a newborn male was prenatally diagnosed by fetal echocardiography to have severe RV hypertrophy with depressed function, aneurysmal dilation of the main pulmonary artery and tachyarrhythmia. The RV cavity was moderately hypoplastic with decrease tricuspid valve inflow (Fig. 1A), despite the appearance of adequate antegrade flow across the pulmonary valve. The hypertrophied interventricular septum appeared to bulge into the left ventricular (LV) outflow tract, without significant obstruction. The LV cavity retained normal dimensions and function. A tortuous ductus had bidirectional flow (Figs. 1B and 1C). There was aneurysmal dilation of the ascending aorta and main pulmonary artery. Some degree of hemodynamic compromise was evidenced by a small pericardial effusion around RV free wall, as well as abnormal ductus venosus and umbilical venous Doppler patterns.
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Figure 1: Fetal echocardiography. A: Four chamber color compare with cardiomegaly, RV dysplasia and dense trabeculations. B: 3 vessel view color compare with bidirectional flow in MPA. C: Doppler interrogation of MPA demonstrating bidirectional flow

Delivery was scheduled at the closest birthing center with the surgical team prepared to initiate extracorporeal membrane oxygenation. At 39 weeks gestation, he underwent elective cesarean section. Birth weight was 3 kilograms. The infant was born limp and cyanotic. APGAR scores were 2, 5 and 5, at 1, 5 and 10 minutes respectively. He ultimately required intubation, epinephrine and prostaglandin, and was briskly transferred to the cardiac intensive care unit. Postnatal transthoracic echocardiogram revealed APVS with free pulmonary regurgitation and markedly dilated pulmonary arteries, near membranous TA, an enlarged and dysplastic RV with compression of the LV, no LV outflow tract obstruction, mildly depressed LV systolic function and a large, tortuous patent ductus arteriosus (PDA) with right to left flow in systole and left to right in diastole (Figs. 2A–2D).
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Figure 2: Transthoracic echocardiography. A: 4 chamber view of near membranous tricuspid atresia and a large, dysplastic RV with multiple trabeculations. B: Right anterior oblique view of absent pulmonary valve with free regurgitation as well as thin walled RV inflow and outflow tracts. C: Parasternal long axis view of large, dysplastic RV impinging on the LV but without obstruction. D: Parasternal short axis view of dilated main and branch pulmonary arteries. E: CTA 3D reconstruction showing compression of the left mainstem bronchus. F: CT airway reconstruction showing left bronchus narrowing due to external compression

After extensive discussion and review of published case reports, palliation with main pulmonary artery ligation and placement of a Blalock-Thomas-Taussig shunt seemed plausible. CTA confirmed profound dilatation of the main and branch pulmonary arteries. While the trachea was of normal caliber, there was marked compression of the left mainstem, bilateral upper lobe and right lower lobe bronchi (Figs. 2E–2F). The significant bronchial compression and anasarca prohibited weaning of ventilatory support. Further, idioventricular tachycardia, managed with lidocaine and amiodarone due to breakthrough episodes, contributed to a low cardiac output state. Genetic evaluation ultimately revealed a heterozygous variant in the desmoplakin (DSP) gene. This particular variant has not been previously reported. However, the pathogenic variant in DSP is associated with autosomal dominant familial arrhythmogenic RV dysplasia (ARVD) and dilated cardiomyopathy. After extensive discussion regarding the unknown prognosis and potential comorbidities, the parents opted to withdraw care.

3  Discussion

APVS is an intricate and rare cardiac anomaly, consisting of dysplastic or complete absent pulmonary valve leaflets [13]. This leads to torrential pulmonary regurgitation, causing significant volume overload to the right heart structures, as well as variable degree of pulmonary stenosis. In the more common subcategory of Fallot type, there is a ventricular septal defect (VSD) with markedly dilated pulmonary arteries and no PDA. On the contrary, a smaller percentage of APVS are categorized as non-Fallot type, with no VSD and a milder degree of dilated pulmonary arteries due to pulmonary blood run off through a PDA. Typically, APVS can be surgically palliated with a biventricular repair. However, the addition of tricuspid valve stenosis or atresia with RV hypoplasia and an IVS mandates a single ventricle palliation [9]. This combination of anomalies was first reported in 1973, with the 12 day old infant undergoing a Waterston shunt but ultimately passing away [4]. Since then, additional case reports have been sporadically documented in literature (Tab. 1). An extensive and thorough review of the literature allowed for identification and comprehensive analysis of these clinical cases. The diagnosis, presentation, clinical course, outcomes as well as postmortem findings were evaluated to augment the understanding of this unique constellation of findings.

RV dysplasia was described in a few of the reported cases. While definitively unknown, it has been suggested that an arrest in embryologic development results in primitive RV myocardium with atretic or near atretic tricuspid and pulmonary valves. The dysplasia can be a spectrum. Postmortem examinations showed that a lack of myocardial cells in the RV, as well as hypertrophy, cavitations and sinusoids in the RV free wall and septum [8]. Further, the morphogenic mechanism of TA with IVS occurring with a dysplastic RV appears to be distinct from classic TA with a VSD and hypoplastic RV. Detailed autopsy analysis showed that in the prior defect, the atretic TV is positioned above the RV, while in classic TA, it is above the ventricular septum. Based on these findings, it has been proposed that the abnormal RV and ventricular myocardium plays a role in the development of tricuspid and pulmonary valve anomalies [8]. This concept was further validated in a subsequent case report and autopsy findings [9].

The clinical outcomes of the neonates with APVS, TA, IVS and a dysplastic RV are poor [7]. Per detailed literature review, fetal demise has been documented twice. In one, a stillborn infant was born at 32 weeks gestation. The diagnosis was made around 21 weeks gestation. Pregnancy course had been unremarkable until the mother noted decreased fetal movements. Postmortem microscopic findings showed ventricular myocardial necrosis, with sinusoids and calcifications in the RV and subendocardial fibrosis with autolysis in the LV [7]. A second case reported premature labor at 27 weeks due to polyhydramnios, with still birth. The cardiac anomaly also included a dilated LV with mitral regurgitation and a coronary arteriovenous fistula from the RCA to the RA [10].

Even in the absence of RV dysplasia, outcomes are poor. In a 2014 retrospective review by Szwast et al, the presence of TA with APVS/IVS was strongly correlated with heart transplantation (p = 0.003). Markedly abnormal coronary arteries caused ischemic changes and hence left ventricular dysfunction, while bowing of hypertrophied ventricular septum led to left ventricular outflow tract obstruction with poor cardiac output. In the setting of ventricular dysfunction or hydrops fetalis, families have opted for termination [16].

This particular case report highlights a rare constellation of cardiac defects consisting of APVS, TA, and a dysplastic RV with hypertrophy. While cases have been previously documented (Tab. 1), this report delineates the effects of prenatal diagnosis on delivery management as well as postnatal hemodynamics on clinical outcomes. Further, none of the previous documented cases reported ventricular arrhythmia as a finding. In the setting of primitive RV myocardium, it is not irrational to see rhythm disturbances. The dysrhythmia would exacerbate the already existing, hemodynamic instability in a patient with complex congenital heart disease, as is the scenario in our case report. Lastly, the genetic investigation revealed a gene mutation in the DSP gene, which is associated with ARVD. This rare inherited disorder of the myocardium is a common cause of life-threatening arrhythmias and sudden cardiac death in adolescents and athletes. Prevalence has been reported to be 1:1000 to 1:500, usually by autosomal dominant inheritance pattern with variable penetrance. Affecting primarily the right ventricular muscle, the condition entails progressive myocardium replacement by fatty or fibrofatty tissue, contributing to conduction abnormalities. It is now understood that ARVD is a cardiac desmosomal disorder, with effects on both ventricles. As protein complexes that link adjacent cells, desmosomes are a crucial element of the intercalated disc proteins. They maintain structural integrity, cell adhesion, calcium homeostasis and electrical conductivity [17]. A 2017 analysis of genome Aggregation Database identified DSP as one of the five most commonly mutated genes in ARVD. Interestingly, pathologic variants in DSP genes were the least represented in the database. The authors suggested that these variants may have more lethal effects compared to the other genes, and would explain the low prevalence in the database due to natural selection [18]. Though not much is known in the neonatal presentation, the findings of a dysplastic RV with ventricular arrhythmia in our patient may be a presentation of the heterogeneous phenotype of ARVD.

4  Conclusion

In conclusion, the presence of RV dysplasia with APVS and TA has been documented in previous case reports, typically with pre or postnatal demise. This particular report demonstrates a case with a quite unusual degree of severe RV hypertrophy and dilation with primitive myocardium, associated with a ventricular rhythm and genetic mutation in desmoplakin gene. The concurrent arrhythmia contributed to the low cardiac output state. Based on structural, hemodynamic and genetic findings, the overall poor prognosis was multifactorial.
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