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Abstract

:

Background: Transposition of the great arteries (TGA) is a common critical neonatal congenital heart defect. After birth, physiological shunts close rapidly, necessitating early treatment with prostaglandin infusion and balloon-atrial septostomy. Timing of delivery is challenging, balancing the risks and advantages of early-term delivery and specialized care. The aim of this study is to assess the safety of a full-term delivery policy in fetuses diagnosed with TGA. Methods: A retrospective chart review was conducted of 17 women with a prenatal diagnosis of fetal TGA at Virgen del Rocío University Hospital between 2015 and 2021. Primary outcomes included: incidence of preterm, early-term, full-term, and late-term delivery, and rate of cesarean section. Secondary outcomes included: Saturday to Sunday admission and birth, and delivery between 0:00 a.m. and 8:00 a.m. Results: Full-term birth was achieved in 94.1%, reaching a low cesarean delivery rate (17.6%). A total of 82.4% of infants were born on weekdays, and only in three of the cases (17.6%) did delivery occur between 0 a.m. and 8 a.m. The median birth weight was 3300 g. Intravenous prostaglandins were administered in all cases, and 94.1% required balloon-atrial septostomy. Conclusions: In our study favoring full-term delivery, we reduce early-term deliveries and the cesarean section rate in prenatally diagnosed TGA.
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1. Introduction


Transposition of the great arteries (TGA) is one of the most common forms of critical neonatal congenital heart defects (CHDs), with an estimated incidence of 315 cases per million live births, accounting for 5% to 7% of all congenital heart diseases [1,2,3]. It frequently goes undiagnosed during pregnancy, with prenatal detection rates typically falling below 50% [3]. It involves a unique anatomical arrangement where the aorta emerges from the right ventricle, and the pulmonary artery originates from the left ventricle, along with a concordant atrio-ventricular connection. This arrangement creates two parallel circulatory systems, a configuration that the fetus can accommodate well due to the presence of essential physiological shunts: the foramen ovale (FO) and the ductus arteriosus (DA). The prenatal diagnosis is established by 2-D and color doppler ultrasound, which reveals the presence of two vessels instead of three in the three-vessel view, the parallel alignment of the great arteries, and the identification of the origin of each artery (Figure 1). Employing 3D ultrasound can also prove beneficial for diagnosis [3,4].



Throughout gestation, these shunts play a vital role by permitting blood to bypass certain non-functional fetal structures. However, as the newborn takes its first breaths, the shunts begin to close spontaneously and gradually, causing a sudden deterioration in the heart’s hemodynamics [5]. This shift in circulation can lead to serious consequences, such as reduced oxygenation of tissues, cyanosis, and respiratory difficulties.



Newborns with TGA require early treatment after birth to maintain these shunts open. Prostaglandin infusion and, when necessary, urgent balloon-atrial septostomy (BAS) are commonly employed to ensure adequate blood flow [6,7,8]. Due to the critical nature of their condition, it is strongly recommended that newborns with TGA be delivered in medical centers equipped with expertise in pediatric cardiology and cardiac surgery [7,9,10,11]. However, centralizing care in specialized centers may pose logistical challenges, as families may have to travel long distances to reach the referral center for delivery. Centralization can limit the organization and scheduling of full-term delivery, because these patients may have to travel long distances to reach the referral center. Thus, most of these births occur at early term to favor easier access and care coordination at tertiary-care centers [12,13,14].



Extensive research has shown that early-term delivery, especially in cases where CHDs are prenatally diagnosed, can have adverse effects [15,16,17,18,19]. Elective delivery before full term does not provide any advantages and, in fact, poses additional technical challenges for surgeons when attempting to perform complete surgical repair [20,21,22]. This is particularly evident in newborns with TGA, as they experience a higher mortality rate during surgery if their birth weight is less than 2.5 kg [23,24].



However, there is no consensus on the optimal time of delivery for a fetus with known TGA. The obstetrician is faced with the challenging task of carefully balancing various factors to make the best decision for both the mother and the baby. On the one hand, early-term delivery may carry disadvantages and potential risks for the infant’s development and health [19]. On the other hand, delaying delivery until full term could increase the risk of hemodynamic failure shortly after birth.



In this paper, we present our experience following the adoption of a full-term delivery policy when prenatal diagnosis of TGA had been established. We hypothesize that it would be possible to safely reduce the number of early-term deliveries, allowing immediate neonatal cardiological care in a high-level center, while reducing the rate of cesarean sections in these patients.




2. Materials and Methods


2.1. Study Design, Setting, and Population


This was a retrospective observational study in an unselected population, conducted at Virgen del Rocío University Hospital of Seville, a tertiary referral center for fetal and pediatric CHD, with an average of 6000 births per year.



All cases of suspected fetal TGA between January 2015 and November 2021 were identified from the prenatal ultrasound database and were included in the study. All pregnancy terminations (n = 1), stillbirths (n = 1), and patients with a postnatal diagnosis of TGA (n = 3) were excluded.



Gestational age was determined by fetal biometry at the first-trimester scan (11.0–13.6 weeks of gestation). A detailed malformation scan was performed at 18.0–21.6 weeks of gestation. After the suspected diagnosis of TGA, the patients were referred to our department, where the diagnosis was confirmed by a multidisciplinary team, comprising specialists in fetal medicine and pediatric cardiology. All the fetal echocardiographic images were reviewed for the purposes of this study.



In this study, written informed consent was obtained from all patients who were included in the research. The data for the study were extracted from the institution’s electronic health record system. As part of the research process, the local research ethics committee thoroughly evaluated the study and determined it to be an audit of practice, not necessitating a full review. The management of patients in this study has been conducted in accordance with current clinical practice guidelines. Throughout the entire process of medical care, the recommendations and directives established by the current clinical guidelines for managing patients with TGA were strictly adhered to.




2.2. Data Collection


Data concerning maternal characteristics, obstetric history, prenatal diagnosis, and pregnancy follow-up were retrieved from the electronic health record, including: maternal age, body mass index (BMI) at the first prenatal visit, smoking during pregnancy, gravidity, parity, previous cesarean section, twin pregnancy, CHD in a previous pregnancy, gestational age (GA) at first consultation in our department, prenatal diagnosis (isolated TGA, TGA + ventricular septal defect, or complex TGA), invasive procedure of prenatal diagnosis, GA at last visit, and estimated fetal weight (EFW) at last visit.



Other data, such as postnatal diagnosis, gender, mode of delivery, GA at birth, birthweight, hour at delivery, Saturday to Sunday admission and birth, Apgar score, umbilical cord arterial pH, and newborn mortality, were recorded.



We also collected information related to the treatment and support received at birth, such as infusion of prostaglandins, BAS (Rashkind), cardiac surgery (Switch) as well as intubation or mechanical ventilation, along with other complications, such as metabolic acidosis and post-surgery complications, and the length of hospital stay.



Data were complete for all variables, except the umbilical cord arterial pH (15/17, 88%).




2.3. Perinatal Management


In our center, vaginal delivery is preferred following a prenatal diagnosis of CHD, as cesarean sections are reserved for obstetric indications. Since 2015, in TGA patients, induction of labor is considered from 39.0 weeks of gestation on. From that gestational age on, the GA for induction of labor is individualized, depending on parity and patient distance from the hospital.



Induction is undertaken using mechanical methods (Cook® Cervical Ripening Balloon, Bloomington, IN, USA) or the vaginal prostaglandin E2 delivery system (Propess®, Saint-Prex, Switzerland). Later, amniotomy is performed, and oxytocin infusion is started, depending on uterine dynamics. Antepartum fetal monitoring was conducted in accordance with the guidelines set by the American College of Obstetricians and Gynecologists (ACOG) [25]. The mode of delivery was determined on a case-by-case basis, taking obstetrical criteria into consideration. In all instances, the fetal cardiac condition did not influence the choice of the delivery mode.



All patients with a prenatal diagnosis of TGA were born in our center regardless of the maternal residence and were managed by a multidisciplinary team, including an obstetrician, fetal medicine specialist, neonatologist, pediatric cardiologist, and nurse specialist. After birth, the newborns were admitted to the neonatal intensive care unit for prostaglandin infusion, including mechanical ventilation and inotropic agents when necessary. BAS was performed in newborns with severe hypoxemia.



After 24 to 48 h of clinical stability, the patient was evaluated in a surgical committee where the surgical indication was established. Following individualization of the clinical condition, the patient undergoes an arterial switch intervention, usually in the first two weeks of life.




2.4. Outcomes


The co-primary outcomes of the study included the incidence of preterm deliveries (birth under 37.0 weeks of gestation), early-term deliveries (birth between 37.0 and 38.6 weeks of gestation), full-term deliveries (birth between 39.0 and 40.6 weeks of gestation) and late-term deliveries (birth between 41.0 and 41.6 weeks of gestation), as well as the rate of cesarean sections in fetal TGA pregnancies. Secondary outcomes included Saturday to Sunday admission and birth, and delivery between 0:00 a.m. and 8:00 a.m. We further assessed the neonatal management and the time in days until hospital discharge.




2.5. Statistical Analysis


Statistical analysis was performed using the SPSS 25.0 software package (SPSS Inc., Chicago, IL, USA), and statistical significance was assumed at p < 0.05. All hypothesis tests were two-sided. Discrete variables were presented as numbers and percentages (%). Continuous variables were described with medians and ranges, or with means and standard deviations (SD), since data were normally distributed.





3. Results


3.1. Study Population and Participant Characteristics


Over a period of 6 years, 39 582 children were born at Virgen del Rocío University Hospital (Seville). A total of 17 cases of TGA were prenatally diagnosed.



The baseline maternal and obstetric characteristics are summarized in Table 1. All the patients included in the study had singleton pregnancies. The median maternal age was 35 years, presenting a low rate of obesity (5.9%, defined as BMI < 30 kg/m2). More than half of the patients (52.9%) had a previous pregnancy, and 11.8% had a previous cesarean section. Only one of the patients had a diagnosis of CHD in a previous pregnancy (5.9%, pulmonary stenosis).




3.2. Diagnostic Features and Follow-Up


Data related to the diagnosis of TGA and follow-up of the pregnancy are displayed in Table 2. Most patients have an isolated TGA (64.7%). A ventricular septal defect was present in five cases (29.4%), and one fetus had a complex form of TGA associated with ventricular septum defect, and pulmonary stenosis.



In 70.6% of the cases, the patients accepted an invasive procedure, and we found genetic abnormalities in only one of them (an interstitial gain affecting the region of the 16p11.2 was identified in array-CGH).



The last ultrasound control was performed close to delivery (median 37.6 weeks of gestation), and no gestational complications, including intrauterine growth restriction, were identified.




3.3. Obstetric Outcomes


All fetuses were born at term. In 88.2% of pregnancies (15/17), we reached the target gestational age for delivery (≥39.0 weeks of gestation). The median gestational age at birth was 39.2 weeks (range 37.2–41.0). Only one was a non-elective early-term delivery (spontaneous onset of labor at 38.3 weeks, with a favorable post-natal outcome). In the remaining case, an elective cesarean section had to be performed at 37.2 weeks due to the presence of placenta previa. Therefore, excluding elective early-term delivery for obstetric indications, 94.1% of the pregnancies reached full term.



All the obstetric outcomes are summarized in Table 3.



Applying this delivery policy, we achieved a low cesarean delivery rate (3/17, 17.6%), even well below the cesarean section rate in our center (24.5%). Regarding emergent cesarean sections (2/3), only one was performed that was related to pathological CTG (Apgar score of 6, 7, and 10 at 1, 5, and 10 min, and umbilical cord arterial pH of 7.32).



We found satisfactory results in the Apgar score (median 5-min Apgar score: 9; 5-min Apgar score < 7: n = 2) as well as in the umbilical cord arterial pH (median 7.28, range 7.18–7.44). One of the newborns died after 24 h of life due to a very restrictive FO, refractory to performing BAS. None of the fetuses exhibited acidemia at birth.



Fourteen infants (82.4%) were born on weekdays. The median hour at delivery was 5 p.m. (2 a.m.–10 p.m.), and only in three of the cases (17.6%) did delivery occur between 0 a.m. and 8 a.m.



The median birth weight was 3300 g. Only one of the cases had a low birth weight (<2500 g), and it corresponded to the elective cesarean section for placenta previa mentioned above. In our series favoring full-term delivery, a higher birth weight was achieved, which facilitates postnatal medical and surgical management.




3.4. Initial Management and Surgical Treatment


Data referring to postnatal management are presented in Table 4. After delivery, echocardiography was performed, modifying the diagnosis in three cases. In all cases, intravenous prostaglandins were administered after birth, and 94.1% required BAS (16/17) (median 5 h after delivery), similar to data previously reported [26].



During the study period, neonatal corrective surgery was performed in 14 patients (82.4%). The median hospital stay was 29 days (range 11–71 days).





4. Discussion


In our series of cases, the implementation of a policy promoting full-term delivery in fetuses diagnosed with TGA resulted in a high success rate, with 94.1% of pregnancies achieving full-term births. This shift towards full-term deliveries had an additional positive impact, as it led to a significantly low cesarean delivery rate of only 17.6%. This reduction in cesarean deliveries is noteworthy, as it may contribute to improved perinatal outcomes and reduce potential complications associated with surgical deliveries.



Furthermore, our experience suggests that full-term delivery may be associated with higher birth weights. This can be a critical factor when planning surgical correction for TGA, as infants with higher birth weights may have improved physiological reserves and a better tolerance for the surgical procedure. This association could lead to safer surgical interventions and potentially enhance overall outcomes for infants born with TGA.



Since the early 2010s, multiple studies have paid careful attention to GA at delivery in fetuses diagnosed with CHD [15,16,17,18,27]. The studies published by the group of Costello et al. represented a change in clinical practice in many centers worldwide. The authors concluded that in neonates who underwent cardiac surgery, early-term birth was associated with a higher in-hospital mortality, complication rates, and postoperative length of stay [19,28]. Since 2015, we have implemented a delivery policy aimed at increasing the rate of full-term births in pregnancies where the newborn would foreseeably undergo postnatal surgery, such as TGA. However, in recent published studies on fetuses with TGA, the mean GA at delivery is less than 39.0 weeks, within a range of 38.0 to 38.3 weeks [29,30], and some authors continue to advocate for elective termination after 38.0 weeks [31].



Recently, there has been growing interest in standardizing the mode of delivery for fetuses with CHD to address concerns about the increasing cesarean section rate and the percentage of early-term deliveries. A multi-institutional study, which focused on 496 fetal TGA pregnancies, aimed to evaluate and optimize the delivery approach [32]. The study’s findings revealed a mean GA at birth that was close to full-term (38.9 weeks), with a significant proportion of vaginal deliveries, accounting for 61% of cases.



Our results align with those of previous publications and further contribute to the evidence supporting the benefits of promoting full-term deliveries in fetuses diagnosed with TGA. Achieving a high rate of full-term deliveries has proven to be feasible and safe while simultaneously reducing the prevalence of cesarean sections. Moreover, in our series, more than 80% of deliveries occurred on weekdays, between 8 a.m. and 11 p.m. (median hour at delivery: 5 p.m.).



Survival in newborns with TGA depends on the time of prostaglandin infusion initiation after birth [33]. Due to this critical factor, many obstetricians have concerns today about attempting a full-term delivery in fetuses with TGA, especially when the reference hospital is located far away from the delivery location. However, the advantages of a full-term delivery together with the centralization of pediatric heart surgery far outweigh the risks associated with an out-of-hospital birth [11]. In this sense, full-term delivery did not lead to an increase in maternal and fetal morbidity or mortality, but it did lead to a decrease in neonatal respiratory morbidity [17,19,27,31,34]. Our findings are consistent with those reported previously. In one case within our series, labor commenced spontaneously before 39.0 weeks. Fortunately, the patient reached the hospital in time for optimal care conditions, demonstrating that even in instances of spontaneous labor before the recommended term, prompt access to specialized medical facilities can lead to favorable outcomes.



Despite the described association between TGA and SGA and FGR [35,36], none of the cases in our series presented either of these diagnoses during pregnancy, and the birth weight was appropriate for the gestational age. In these cases, management should be tailored according to the guidelines set for growth restriction.



It is important to recognize the inherent limitations in our retrospective study. Depending on existing data introduces potential inaccuracies, and the study’s retrospective nature hinders the ability to establish causal relationships due to uncontrolled confounding factors. Nonetheless, the study provides valuable historical insights, serving as a basis for future prospective research. It should be noted that a longer series of cases is necessary to reaffirm this preliminary evidence. Additional variables impacting the decision-making process for delivery timing in TGA pregnancies should be explored in future investigations. Despite this limitation, the study emphasizes the significance of considering the timing of delivery in TGA pregnancies to optimize outcomes for both the mother and the baby, highlighting the potential benefits of waiting for full-term delivery in these cases.




5. Conclusions


In our study, by favoring full-term delivery in prenatally diagnosed TGA, we can safely decrease the incidence of early-term deliveries, reduce the rate of cesarean sections, and lower the percentage of infants with a low birth weight. These improvements in delivery timing contribute to enhanced postnatal care and facilitate more favorable conditions for surgical correction procedures. Overall, this approach significantly improves the management of TGA cases and offers better outcomes for infants and their families.
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Figure 1. Prenatal diagnosis of TGA using (a) 2-D ultrasound and (b) color Doppler ultrasound. Green lines: color doppler region of interest. 
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Table 1. Maternal and obstetric characteristics.
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	All TGA (n = 17)





	Maternal age (years), median (range)
	35 (19–39)



	BMI, kg/m2, median (range)
	23.2 (16.4–31.7)



	BMI ≥ 30 kg/m2, n (%)
	1 (5.9%)



	Smoking, n (%)
	2 (11.8%)



	Gravidity, median (range)
	2 (1–3)



	Previous pregnancy, n (%)
	9 (52.9%)



	Previous cesarean section, n (%)
	2 (11.8%)



	Twin pregnancy, n (%)
	0



	CHD in previous pregnancy, n (%)
	1 (5.9%)



	         Type of CHD
	Pulmonary stenosis










 





Table 2. Diagnostic features and follow-up.






Table 2. Diagnostic features and follow-up.









	
	All TGA (n = 17)





	GA at first consultation in our department (weeks), median (range)
	20.5 (14.1–32.6)



	Prenatal diagnosis
	



	         Isolated TGA, n (%)
	11 (64.7%)



	         TGA + VSD, n (%)
	5 (29.4%)



	         Complex TGA, n (%)
	1 (5.9%)



	Invasive procedure of prenatal diagnos