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ABSTRACT

Background: Simple transposition of the great arteries (TGA) is a cyanotic critical congeni-
tal heart defect representing a neonatal cardiovascular emergency, which requires surgery 
early after birth. In case of inadequate mixing between systemic and pulmonary circulations, 
creating an unrestrictive interatrial communication is mandatory. The aim of the present 
study was to identify the most important echocardiographic parameters that can predict the 
need for balloon atrial septostomy (BSA) in TGA neonates. Material and methods: We ret-
rospectively reviewed the echocardiographic recordings of newborns with TGA referred to 
our emergency room during a 6-year period. We measured the following echocardiographic 
parameters: atrial septal defect (ASD) size, interatrial septum (IAS) length, peak/mean inter-
atrial pressure gradient, transverse diameter of the left atrium (LA), and transverse diameter 
of the right atrium (RA). Also, the ratio between ASD/IAS, the ratio between LA/RA, the ratio 
between mitral/tricuspid annulus, the ASD peak gradient/ASD diameter and the ASD diame-
ter/( LA:RA ratio) were calculated. Results: There were 37 neonates with simple TGA present-
ed to the emergency room, split into two groups: those with BAS (n = 21) and those without 
BAS (n = 16). Besides significant differences between the two groups in ASD size, peak/mean 
interatrial pressure gradient, and LA:RA ratio, we found that ASD peak gradient/ASD diameter 
was significantly higher, but ASD diameter/(LA:RA ratio) was significantly lower in the group 
that required BAS compared with the group without BAS. Multivariate analysis showed that 
ASD diameter/(LA:RA ratio) was an independent predictor of septostomy requirement, with a 
cut-off value of 2.58. Conclusion: ASD diameter/(LA/RA ratio) is a useful echocardiographic 
parameter that can provide supplementary information regarding inadequate mixing and the 
need for BAS in neonates with TGA.
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Introduction

Simple transposition of the great arteries (TGA) is a cya-
notic critical congenital heart defect (CHD), representing a 
neonatal cardiovascular emergency that requires surgery 
early after birth. It accounts for about 5–7% of all CHDs, 
with a preponderance of male patients.1 The causes of CHD 
have been widely studied, being genetic, epigenetic, and 
environmental.2–7 Different mutations in the Nodal sig-
naling pathway have been reported in TGA.8–10

Simple TGA is characterized by ventriculo-arterial 
discordance, namely the right ventricle gives rise to the 
aorta, and the left ventricle to the pulmonary artery. The 
interventricular septum is usually intact; however, a small 
ventricular septal defect (VSD) can occur, but with no he-
modynamic significance. Consequently, two parallel cir-
culations result, which could be fatal in the absence of an 
adequate mixing between them. In TGA patients, an in-
travenous infusion of PGE1 is recommended after birth. 
At the same time, in case of inadequate mixing between 
the systemic and pulmonary circulations, with persistent 
hypoxia and metabolic acidosis, creating an unrestrictive 
interatrial communication until the arterial switch opera-
tion is mandatory.11,12 Balloon atrial septostomy (BAS) with 
echocardiographic guidance, performed at the bedside, is 
the method of choice to enlarge the interatrial communi-
cation in neonates with TGA.13,14

Severe cyanosis is the clinical sign of poor mixing. 
Thus, oxygen saturation is a useful parameter to raise the 
suspicion of TGA and to identify cases that need septos-
tomy.15–18 

Echocardiography is an essential diagnostic tool, which, 
besides establishing the diagnosis of TGA, allows accurate 
assessment of the sites of mixing and of interatrial com-
munication, as well as the presence of ductus arteriosus, 
heart chamber sizes, the direction of the shunts etc.11,19,20 

The aim of the present study was to identify the most 
important echocardiographic parameters that can predict 
the need for BAS in children with TGA.

MATERIAL AND METHODS

Study population and grouping

This retrospective study was performed by reviewing the 
echocardiographic records of neonates with TGA pre-
sented at the emergency room of our Pediatric Cardiology 
Clinic during a 6-year period, between 2012 and 2017. The 
inclusion criteria were: children with simple TGA or TGA 
associated with a tiny VSD, aged between 0 and 28 days. 

All neonates with complex TGA were excluded from the 
present study.

The study group consisted in 37 neonates diagnosed 
with simple TGA. We split the study group into two groups: 
group 1 – TGA patients with poor mixing, who required 
atrial septostomy; group 2 – patients without septostomy.

Echocardiographic image data

The data were obtained by reviewing the echocardio-
graphic images of TGA patients. In patients who required 
BAS, the last echocardiographic acquisition just before 
the atrial septostomy was reviewed. We measured the 
following echocardiographic parameters: atrial septal 
defect (ASD) size, interatrial septum (IAS) length, peak/
mean interatrial pressure gradient, transverse diameter 
of the left atrium (LA), transverse diameter of the right 
atrium (RA), diameter of the mitral annulus, diameter of 
the tricuspid annulus, ductus arteriosus (DA) diameter, 
and shunt direction. The measurements were performed 
in subcostal biatrial view for ASD and IAS, apical four 
chamber view for LA, RA, mitral and tricuspid annulus, 
and suprasternal view for DA. Further, the ratio between 
ASD/IAS, the ratio between LA/RA, the ratio between 
mitral/tricuspid annulus, the ASD peak gradient/ASD 
diameter and ASD diameter/(LA:RA ratio) were calcu-
lated. 

The study procedures were performed in accordance 
with the declaration of Helsinki and the study was ap-
proved by the local Ethics Committee of the hospital.

Statistical analysis

Statistical analysis was performed using SPSS version 20 
(IBM SPSS Statistics for Windows, Version 20.0. Armonk, 
NY: IBM Corp.). Data were labelled as nominal or quan-
titative variables. Nominal variables were expressed as 
numbers or percentages. Differences between the mean 
between two groups were analyzed using the t-test or 
Fisher’s exact test when appropriate. Multivariate anal-
ysis was carried out using logistic regressions. We used 
the need for BAS as dependent variable. The covariates 
were the mean interatrial pressure gradient, ASD diam-
eter/(LA:RA ratio) and ASD peak gradient/ASD diameter. 
Receiver-operating characteristic curves were construct-
ed, and areas under curve were calculated. Sensitivities 
and specificities were determined for the ability to iden-
tify cases that need septostomy. A p-value of <0.05 was 
considered statistically significant, and all p values were 
two-tailed.
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RESULTS

Demographic data

Thirty-seven consecutive neonates with simple TGA or 
TGA associated with a small, hemodynamically non-
significant VSD were studied. The patients were divided 
into two groups according to their evolution: patients who 
needed BAS (n = 21) and those without need for BAS (n 
= 16). The main characteristics of the study groups are 

presented in Table 1. There was no significant difference 
regarding gestational age (GA), body weight, or the pres-
ence of a small VSD between the two groups (p = 0.8, p = 
0.6, and p = 0.206, respectively). There was a predomi-
nance of male newborns in the studied population (n = 
29/37, 78.37%), however without any difference between 
the two groups (p = 1). Oxygen saturation was significantly 
lower in the group that needed BAS, compared to the one 
without BAS, as a clinical marker of poor mixing between 
the systemic and pulmonary circulation (65.71 ± 9.97 vs. 

TABLE 1.  Demographic data of TGA patients 

BAS  
(n = 21)

No BAS  
(n = 16)

p

GA 38.38 ± 0.93 38.31 ± 0.70 0.8

Gender, male (n/%) 16 (76.19%) 13 (81.25%) 1.0 

Weight (kg) 3.21 ± 0.90 3.33 ± 0.27 0.6

Intrauterine diagnosis (y-n/%) 8 (30.09%) 5(31.25%) 0.7 

Small VSD (y – n/%) 5 (23.80%) 1 (6.25%) 0.2 

SaO2 65.71 ± 9.97 81.81 ± 2.92 0.0001

Age at 1st Echo exam (hours) 26.45 ± 31.22 78.75 ± 104.73 0.03

Age at BMS (hours) 33.76 ± 31.13 –

BAS – balloon atrial septostomy; GA – gestational age; SaO2 – oxygen saturation; TGA – transposition of the great 
arteries

TABLE 2.  Echocardiographic parameters in TGA patients with BAS compared to those with-
out BAS 

Variable BAS  
(n = 21)

No BAS  
(n = 16)

p

ASD diameter (mm) 3.05 ± 0.92 5.18 ± 0.93 0.0001

IAS length (mm) 18.52 ± 4.85 17.27 ± 4.33 0.4

ASD diameter/IAS length 0.21 ± 0.22 0.40 ± 0.47 0.1

ASD peak gradient 9.80 ± 4.72 6.48 ± 3.46 0.02

ASD peak gradient/ASD diameter 3.55 ± 2.39 1.33 ± 0.83 0.001

ASD mean gradient 5.14 ± 2.37 3.06 ± 1.84 0.006

IAS aneurism (y – n/%) 5 (31.25%) 8 (38.09) 0.1 

LA transverse diameter (mm) 16.21 ± 1.98 15.11 ± 1.63 0.08

RA transverse diameter (mm) 14.50 ± 1.72 15.00 ± 1.84 0.4

LA:RA ratio 1.12 ± 0.12 1.01 ± 0.13 0.01

ASD diameter/( LA:RA) 2.72 ± 0.79 5.19 ± 1.27 0.0001

Mi valve diameter (mm) 10.22 ± 1.66 10.68 ± 1.16 0.3

Tr valve diameter (mm) 11.82 ± 2.10 12.31 ± 1.26 0.4

Mi/Tr 0.88 ± 0.15 0.87 ± 0.16 0.9

DA (mm) 3.48 ± 0.80 4.11 ± 1.16 0.05

DA shunt (bidirectional – n/%) 5 (23.80%) 1 (6.25%) 0.2

ASD – atrial septal defect; BAS – balloon atrial septostomy; DA – ductus arteriosus; grad – gradient; IAS – inter-
atrial septum; LA – left atrium; Mi – mitral; RA – right atrium; TGA – transposition of the great arteries;  
Tr – tricuspid valve
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81.81 ± 2.92, p = 0.0001). Furthermore, the mean age at 
the time of the first echocardiographic examination was 
significantly lower in the group with septostomy (26.45 ± 
31.22 hours vs. 78.75 ± 104.73 hours, p = 0.037). This could 
be explained by the poor clinical condition of the patients 
in the group with septostomy, with severe cyanosis.

Echocardiographic data

The echocardiographic parameters recorded in the two 
groups are presented in Table 2. We found that the ASD 
size was significantly lower and peak interatrial pressure 
gradient, mean interatrial pressure gradient, and ratio 
between LA/RA were significantly higher in TGA patients 
with BAS, compared with those without BAS. 

We also calculated two new parameters: ASD peak gra-
dient/ASD diameter and ASD diameter/(LA:RA ratio), and 

found that ASD peak gradient/ASD diameter was signifi-
cantly higher, but ASD diameter/(LA:RA ratio) was sig-
nificantly lower in the group that required BAS compared 
with the group without BAS. 

There was no difference between the groups regarding 
the other studied echocardiographic parameters.

Predictive value of echocardiography

We performed a multivariable logistic regression analysis, 
considering the BAS requirement as dependent variable 
and the mean interatrial pressure gradient, ASD diameter/
(LA:RA ratio) and ASD peak gradient/ASD diameter as co-
variates. After checking for these covariates, multivariate 
analysis showed that ASD diameter/(LA:RA ratio) was an 
independent predictor of the need for BAS (Table 3). 

ROC analysis identified a cut-off value of 2.58 for the 
ASD diameter/(LA:RA ratio) as being associated with the 
highest predictive power for BAS requirement (Figure 1). 

DISCUSSION

TGA — a neonatal emergency

TGA is a cyanotic CHD that represents a neonatal car-
diac emergency and requires urgent initiation of proper 
treatment, early after birth. Currently, it is recommended 
that in cases diagnosed during the fetal period, the deliv-
ery should take place at or near a tertiary-care pediatric 
cardiac surgery center.11 The most severe forms presented 
in emergency settings are newborns with inadequate in-
tercirculatory mixing. In these patients, beside the PGE1 
infusion, creation of an unrestrictive interatrial commu-
nication by BAS is mandatory.11

Echocardiography in critical CHD

Echocardiography is the gold standard in the diagnosis of 
critical CHD in newborns, as well as in the postoperative 
follow-up of these cases.20–24 Furthermore, there are sev-

TABLE 3.  Multivariable logistic regression analysis for prediction of the need for BAS 

Variable Multivariate

Odds ratio 95% CI p

ASD mean gradient 0.66 0.19 - 2.25 0.5

ASD diameter/( LA:RA) 9.17 1.25 - 67.36 0.03

ASD peak gradient/ASD diameter 1.35 0.14 - 12.54 0.7

ASD – atrial septal defect; BAS – balloon atrial septostomy; LA – left atrium; RA – right atrium

FIGURE 1.  ROC analysis of ASD diameter/(LA:RA), showing an AUC 
of 0.95 (95% CI 89–100%; p = 0.0001), with a sensitivity of 100% 
and a specificity of 33%.
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eral studies that emphasize the role of echocardiography 
in decision-making in different critical CHDs in newborns. 
Some new compound echocardiographic parameters have 
been described in other pediatric cardiology pathology. 
For instance, the carotid-subclavian index,22,25,26 the isth-
mus/ductus ratio27 or a combination between ventricular 
disproportion, aortic and ductal isthmus measurements 
can help to better characterize aortic coarctation in new-
borns and fetuses.28,29 In pulmonary atresia with intact 
ventricular septum, a critical CHD with ductal-dependent 
pulmonary circulation, the tricuspid valve z score, and the 
right to left ventricular ratios were described as predictors 
of outcome in fetuses and neonates as well.21,30–32 

Echocardiography in BAS 
performance decision-making 

The echocardiographic assessment of the interatrial com-
munication in critical CHDs is extremely important. A re-
strictive ASD can be fatal in these defects, and a BAS can 
be life-saving. For now, there is no consensus in the liter-
ature regarding the definition of restrictive ASD. Accord-
ing to some authors, a restrictive ASD is defined arbitrary 
as a mean gradient of 8 mmHg. On the other hand, a mean 
gradient of less than 3 mmHg defines a non-restrictive 
ASD. Values between 3–8 mmHg are considered incon-
clusive, being influenced by the degree of the pulmonary 
blood flow.33 Regarding the ASD size, some authors con-
sider that a color jet of 3 mm or less across the interatrial 
septum can define a severely restrictive interatrial com-
munication.34 According to others, an ASD is restrictive 
when there is a pressure gradient between the left and the 
right atria, and the size indexed to the body surface area 
is less than 6 mm.35 Kuhn et al. considered that a foramen 
ovale is restrictive if the greatest diameter is <4 mm and 
the peak velocity is >2 m/s.36

Although the decision on performing BAS in TGA pa-
tients relies mainly on clinical outcomes, echocardiog-
raphy is able to add valuable information. In our study, 
we found that some echocardiographic parameters can 
predict the need for BAS in newborns with TGA. Besides 
the known parameters, such as ASD size, peak interatrial 
pressure gradient, or mean interatrial pressure gradient, 
in the present study we have described three other com-
posed parameters: the LA/RA ratio, ASD diameter/(LA:RA 
ratio), and ASD peak gradient/ASD diameter, which were 
significantly modified in the TGA group with BAS com-
pared to that without BAS. As the pulmonary effective 
blood flow in TGA is dependent on the size of DA, and in 
our study there was no significant difference regarding 

the DA size between the two groups, we considered that 
the pulmonary blood flow was comparable in our patients.

Furthermore, our results show that ASD diameter/
(LA:RA ratio) with a cut-off value of 2.58 is the best pre-
dictor of inadequate mixing and BAS requirement in sim-
ple TGA patients. To thte best of our knowledge, this is the 
first study that describes the above mentioned echocar-
diographic parameters in TGA children.

Study limits 

Firstly, this is a retrospective study, and measurements 
were made offline on echocardiographic recordings. Sec-
ondly, the study group was relatively small, thus the re-
sults of our study have to be validated in future studies.

CONCLUSION

ASD diameter/(LA/RA ratio) is an echocardiographic pa-
rameter that can provide supplementary information re-
garding adequate mixing and BAS requirement in neo-
nates with TGA. 
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