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An unusual ultrasonographic manifestation of a fetal Ebstein anomaly
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Abstract
An Ebstein anomaly is a rare congenital heart defect defined by an inferior displacement of the septal and posterior leaflets of the tricuspid valve from the tricuspid annulus. This anomaly shows various ultrasonographic manifestations, thus making the prenatal diagnosis sometimes difficult. We here report a rare case of an Ebstein anomaly which was prenatally suspected as the absence of the tricuspid valve with functional pulmonary atresia because of non-visible tricuspid leaflets on an echocardiograph at 24 weeks of gestation. An emergency cesarean section was performed at 35 weeks of gestation as fetal hydrops were seen on a follow-up scan. Postnatal surgery confirmed Ebstein anomaly type-D which demonstrates an almost complete atrialization of the right ventricle with the exception of a small and infundibular component. Because of its rarity, prenatal findings of a type-D Ebstein anomaly have not been reported previously. We suggest from this first such case report that this anomaly should be considered as a possible diagnosis when the tricuspid leaflets are not well visualized.
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Introduction
Ebstein anomalies are rare congenital malformations occurring in about 1 to 5 per 200,000 live births, and accounting for less than 1% of all congenital heart diseases [1, 2, 3]. These anomalies are characterized by abnormalities of the tricuspid valve and right ventricle [4], which result a failed delamination of the leaflets from the interventricular septum, which leads to an adherence of these leaflets to the underlying myocardium [2, 5, 6]. Any degree of downward displacement of the tricuspid valve leaflets from the atrioventricular ring can be shown [3, 4].
Fetal echocardiography is a useful tool for the diagnosis of congenital heart disease [2, 4, 7, 8]. However as Ebstein anomalies show a wide spectrum of ultrasonographic manifestations, it can be difficult to make a prenatal diagnosis [2, 3, 5]. We here present a rare case of an Ebstein anomaly which demonstrated unusual ultrasonographic findings in the prenatal period, and discuss the diagnostic considerations in such patients.

Case report
A 29-year-old gravida 1, para 0 woman was referred to our tertiary center at 24.4 weeks of gestation with a suspected cardiac anomaly. Her previous medical history was unremarkable, and she had no family history of congenital malformation. Quad tests and other prenatal laboratory findings were within normal ranges. A fetal echocardiography was performed and the four-chamber view of the heart revealed cardiomegaly with a right ventricular dilatation without definite contractility, but no obvious right atrial dilatation (Fig. 1A). There were no discernible tricuspid leaflets (Fig. 1B), indicating the absence of a tricuspid valve structure. Color Doppler imaging showed forward and backward flows from the right atrium to the right ventricle without evidence of tricuspid regurgitation (Fig. 1 C, D). Because the tricuspid valve structure was completely absent and also because there were communicating flows between right atrium and right ventricle, the fetus was thought to have a condition other than tricuspid atresia which is characterized with an absence of communication between right atrium and right ventricle. Functional pulmonary atresia was also associated. No other abnormalities were detected.
[image: Figure F1 ]Fig. 1

Four-chamber view of the heart in the study patient showing the dilatation of the right ventricle, with no obvious dilatation of the right atrium (A). Three-dimensional ultrasound demonstrating no discernible tricuspid leaflets (arrows) (B). Color Doppler imaging showing a to-andfro from the right atrium to the right ventricle (C,D). Rt, right; Lt, left; RA, right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle.



Following the counseling on the postnatal outcomes, the parents decided to continue the pregnancy, and did not want to undergo fetal karyotyping. Subsequent serial echocardiographic examinations showed no demonstrable changes. A follow-up evaluation at 35.5 weeks of gestation revealed newly developed skin edemas, pleural effusion, and ascites suggestive of fetal hydrops. An emergency cesarean section was therefore performed.
A male neonate of 2,160 g was delivered and was cyanotic with an Apgar score of 3 and 5 at 1 and 5 minutes, respectively, and an SaO2 level of 50%. An initial echocardiography  indicated an Ebstein anomaly type-D, stenotic form with almost full atrialization of the right ventricle leaving only a very small functional portion of this ventricle (Fig. 2). A modified Starnes operation (right atrial reduction plasty with a right ventricular obliteration, central shunt and ligation of the patent ductus arteriosus) was performed on postnatal day 5, and surgical findings confirmed the initial diagnosis. Unfortunately the baby died on postoperative day 3 because of continuous mediastinal bleeding.
[image: Figure F2 ]Fig. 2

Postnatal echocardiogram showing an almost completely atrialized right ventricle (aRV) with only a small outlet portion operating as a functional RV (*) and a severe downward displacement of the tricuspid valve leaflet insertion site (+) (A). Right ventricular outlet view also showing a very small functional RV (B), and severe tricuspid regurgitation on color Doppler (arrow) (C). RA, right atrium; LA, left atrium; LV, left ventricle; aRV, atrialized right ventricle; PA, pulmonary artery; fRV, functional right ventricle; TV, tricuspid valve.




Discussion
To our knowledge, our current report is the first to describe the prenatal echocardiographic findings of a postnatally confirmed type-D Ebstein anomaly. A recent study from our center has described the management of 59 neonates with an Ebstein anomaly that had been treated in our division of pediatric cardiology between 2001 and 2012 [7]. In contrast to earlier reports that the majority of neonatal Ebstein anomalies are not diagnosed in the prenatal period [9, 10], 46 of the patients (78%) at our center had been prenatally diagnosed with this condition [7]. Two babies in this series died immediately after birth, and among the remaining 57 neonates with an Ebstein anomaly, there were only 2 type-D cases (3.4%). The first of these type-D cases had been transferred from another institution after birth, and the other case had been prenatally diagnosed with an apparent apical displacement of the tricuspid leaflets, which was evident on a fetal echocardiogram. In our current case, the tricuspid valves were completely nonvisible and did not demonstrate the typical findings of Ebstein anomaly such as tricuspid regurgitation and right atrial enlargement in the prenatal period.
Targeted fetal echocardiography is a reliable technique for diagnosing Ebstein anomaly [2, 4]. Typical features of this disease are recognized as cardiomegaly, apical displacement of the insertion of the tricuspid septal leaflet (>8 mm/m2 body surface area) with a redundant elongated anterior tricuspid leaflet, right atrial enlargement which results from dilatation of the atrialized portion of the right ventricle, and marked tricuspid regurgitation [2, 3, 4]. Arrhythmia and fetal hydrops are also possible fetal manifestations of Ebstein anomaly [3]. Ebstein anomaly can be classified by its anatomical presentation [11]. Type A is designated as an adherence of the septal and posterior leaflets without a restriction of the functional right ventricle volume; type B means that the right ventricle has atrialized with a normal anterior leaflet; type C refers to cases with a stenotic anterior leaflet; and type D cases manifest with an almost complete atrialization of the ventricle, with the exception of a small infundibular component. Although the precise prevalence of each type of Ebstein anomaly has not been investigated, it is assumed that type D accounts for 3.5% to 8% of cases [7, 12] and also that the prenatal diagnosis of type-D is rarer. In type-D cases, all of the leaflet tissue, even the anterior parts, is attached to the right ventricular wall. When the attachment of the tricuspid valve leaflets is extremely distal, it is difficult to detect because it may be confused with the papillary muscle in the right ventricle [13]. In such cases, the right atrium and ventricle may mimic a single large sac, which results in a misdiagnosis if the examiners fail to identify the small infundibular ventricular portion. This was why our current cases had been misdiagnosed as an absent tricuspid valve rather than an Ebstein anomaly.
The prenatal diagnosis of an Ebstein anomaly will become more important in the future because the outcomes of surgical and conservative management have improved a great deal in the current era [4, 7]. The prognosis for a fetus diagnosed with Ebstein anomaly has been extremely poor in the past with a reported mortality rate as high as 81% [9]. There have also been no clear indications in the past for surgical interventions in critically ill neonatal cases [3, 4, 9]. However with the gradual improvement in surgical technique and medical management, neonatal mortality has been reported at 7% to 24% and neonatal surgical mortality at a decreased rate of 23% to 27% [7, 9, 12, 14].
In conclusion, Ebstein anomaly should be considered as a possible diagnosis when a tricuspid valve abnormality is suspected prenatally, even if there are no visible tricuspid leaflets. Awareness of several diagnostic pitfalls with careful ultrasonographic evaluation can help physicians to reach an accurate prenatal diagnosis in this regard. Furthermore, this will enable better and more informed prenatal counseling for parents and assist clinicians to adopt multidisciplinary approaches, including the induction of high-risk delivery, surgical intervention planning, and perinatal intensive care.
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[image: Figure F1 ]Figure 1


Four-chamber view of the heart in the study patient showing the dilatation of the right ventricle, with no obvious dilatation of the right atrium (A). Three-dimensional ultrasound demonstrating no discernible tricuspid leaflets (arrows) (B). Color Doppler imaging showing a to-andfro from the right atrium to the right ventricle (C,D). Rt, right; Lt, left; RA, right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle.
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Postnatal echocardiogram showing an almost completely atrialized right ventricle (aRV) with only a small outlet portion operating as a functional RV (*) and a severe downward displacement of the tricuspid valve leaflet insertion site (+) (A). Right ventricular outlet view also showing a very small functional RV (B), and severe tricuspid regurgitation on color Doppler (arrow) (C). RA, right atrium; LA, left atrium; LV, left ventricle; aRV, atrialized right ventricle; PA, pulmonary artery; fRV, functional right ventricle; TV, tricuspid valve.
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