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A tricky fetal case of isolated transposition of great arteries without the I-shaped sign
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Abstract 
Isolated transposition of great arteries (TGA) is a congenital heart disease that presents with severe cyanosis after birth and a fetal diagnosis is crucial for preserving life. The I-shaped sign (I-sign) is useful as a fetal screening method for TGA. We herein present a tricky fetal case of isolated TGA in the side-by-side arterial position without the I-sign. Severe cyanosis immediately after birth necessitated urgent interventions. Death was prevented because of the fetal diagnosis. In the fetal diagnosis of isolated TGA, it is important to not only detect the I-sign, but also conventionally examine the ventricular outflow tract.
Many congenital heart diseases (CHD) have been diagnosed during the fetal period. Isolated transposition of great arteries (TGA) is a severe CHD with cyanosis that necessitates heart surgery in the neonatal period and was previously only rarely diagnosed prenatally. However, the number of cases diagnosed as TGA has significantly increased in the last decade due to the evolution of echo images and establishment of screening methods, such as the I-shaped sign (I-sign) (1)(2)(3).
We herein report a tricky fetal case of TGA without the I-sign. 

Case 

A 28-year-old primigravida mother was admitted at 26 weeks gestation because of difficulties observing the 3-vessel view of the fetal heart in a routine obstetric examination. 

Fetal echocardiography was performed and showed levocardia and situs solitus. The sizes of both ventricles were balanced and contractions were normal. Regurgitation was not detected in either atrioventricular valve. Left and right ventricular outflow ran in parallel and did not intersect. The vessel originating from the left ventricle branched to the left and right, and the carotid artery branched from the vessel originating from the right ventricle (Fig. 1). Two vessels were located side by side and the V-shaped sign was clearly observed, indicating normal vessel positions (Fig. 2). The I-sign was not detected. There were no ventricular septal defects or pulmonary artery stenosis. The foramen ovale (FO) was widely open and the arterial duct (DA) was not narrowed. 
Based on these findings, we diagnosed the fetus with isolated TGA. We informed the mother and husband about the fetal diagnosis and referred the mother to another tertiary center. 

The baby was born with a weight of 3080 g at 41 weeks gestation. The Apgar score was 7 at 1 minute and 8 at 5 minutes. He had a small FO, narrowed DA, and severe pulmonary hypertension, which were predicted from fetal echocardiography performed at the end of pregnancy. He had severe cyanosis with SpO2 50% after birth that immediately required tracheal intubation, NO inhalation of 20 ppm, and the infusion of prostaglandin. Emergency balloon atrial septostomy (BAS) was performed on the same day, which increased his SpO2 to 80%. He underwent arterial switch operation on the 7th day and was discharged on the 25th day with a good postoperative course. 

Discussion

 The application of fetal echocardiography has become more widespread with the evolution of echo imaging and technology in recent decades, resulting in the diagnosis of many congenital heart diseases during the fetal period. However, isolated TGA is still difficult to diagnose in the fetal period because the four-chamber view is normal and only the vessels are abnormal, such as total anomalous pulmonary venous return and coarctation of the aorta.
 Isolated TGA is a severe congenital heart disease with a high risk of cyanosis and death with closure of the FO and DA. In these cases, immediate BAS and the infusion of prostaglandin are vital for preventing death. Therefore, a useful method for the fetal screening of TGA had been desired for a long time. 
In 2013, Ishii et al. reported that fetal D-transposition of great arteries (dTGA) showed an ‘I-shaped’ sign in all cases, representing an anteriorly displaced long aorta, and suggested the usefulness of this marker for a prenatal diagnosis of dTGA during routine ultrasound examinations (2). In 2015, Palatnik et al. detected the I-sign with abnormal 3-vessel and trachea views in a high percentage of fetuses with dTGA, indicating its usefulness in the prenatal diagnosis of this difficult-to-antenatally diagnose form of congenital heart disease (3). 
Therefore, the I-sign facilitates the detection of dTGA. However, it is important to note that the I-sign in not present in rare cases of isolated TGA in which the great vessels are in the side-by-side position, similar to the present case. Cases of fetal TGA with this rare vessel pattern were previously reported by Verma et al. in 2017 (4). They described two fetal cases of TGA and L-malposition of the aorta in which the 3-vessel view showed an apparently normal arrangement of vessels. Since both pregnancies were discontinued, it was not possible to assess the usefulness of the fetal diagnosis for the prognosis after birth. In 2018, Castellanos and colleagues reported an unusual TGA case with a posterior aorta and anterior pulmonary artery (5).
In the present case, an abnormality in the ventricular outflow tract was incidentally discovered and fetal echocardiography confirmed the diagnosis of isolated TGA with a rare vessel position. Since the V-sign has been reported in normal cases without the I-sign, the fetus may have been overlooked as normal. Intensive treatment was required immediately after birth because of severe pulmonary hypertension and severe cyanosis. The fetal diagnosis prevented death and resulted in a good prognosis. The patient is now 2 years old and is developing normally without any complications.
Conclusions
We herein report a tricky fetal case of isolated TGA with no I-shaped sign on fetal echocardiography. Although the I-sign is important in fetal heart screening, the conventional screening method of examining the ventricular outflow tract also prevents rare cases of isolated TGA, such as the present case, from being overlooked.
Figure 1: Fetal echocardiographic images of the 4-chamber view (A) and LV outflow tract (B).  A: The sizes of both ventricles were balanced and there were no ventricular septal defects. B:  The pulmonary artery originating from the left ventricle.
RV: right ventricle, LV: left ventricle, dAo: descending aorta, mPA: main pulmonary artery, rtPA: right pulmonary artery

Figure 2: Fetal echocardiographic images with Color Doppler. A: Two vessels were located side by side (A) and a V-shaped sign was noted, indicating normal vessel positions (B).
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