
ORIGINAL ARTICLE

Transporting newborns with transposition of the great arteries
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Aims: The aim of the study was to examine the prevalence and management of outborn babies with a post-natally confirmed diagnosis of
transposition of the great arteries (TGA) requiring transport by the Newborn and Paediatric Emergency Transport Service (NETS), New South
Wales during the epoch 1991–2010.
Method: A retrospective audit of NETS database and case notes. The physiological status, interventions and any complications encountered
from the point of referral to NETS (pre-transport), stabilisation (transport) and subsequent admission to the receiving hospital (post-transport)
were evaluated.
Results: One hundred fifty-seven infants with TGA were transported, with an average of eight per year (1:11 598 births). Seven (4%) had an
antenatal diagnosis, and 72 (46%) had a post-natal diagnosis prior to referral. Physiological and clinical parameters demonstrated overall clinical
stability; however, 47% of the babies had a PaO2 <30 mmHg, and approximately one-fifth had oxygen saturations <70%. Rates of mechanical
ventilation and prostaglandin E1 administration were approximately 50%. A quarter of transported babies encountered a transport-related event,
including one death and two babies for which a decision was reached to forego life-sustaining treatment at the referring hospital.
Conclusions: Most newborns with TGA remain stable or improve during transport. There is a rate of adverse events; however, this reinforces
the need to facilitate delivery where there is ready access to interventional paediatric cardiology services.
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What is already known on this topic

• Infants with transposition of the great arteries (TGA) risk rapid
haemodynamic compromise following birth with inadequate cir-
culatory mixing. Prompt specialist intervention in the form of
atrial balloon septostomy and tertiary resuscitative care may be
critical.

• A prenatal diagnosis of TGA has been demonstrated to reduce
pre-operative morbidity and perioperative mortality and facili-
tates planned delivery in an appropriate perinatal environment.

• Infants with congenital heart disease are at a significant risk of
transport-related morbidity, however, limited data exist docu-
menting the transport process of newborns with TGA.

What this paper adds

• Detailed clinical and physiological data on transporting new-
borns with TGA over the past 20 years.

• Documentation of transport process from referral, stabilisation
and during transport to a specialist centre providing definitive
care.

• Information of the specific risks of post-natal transfer of TGA
infants, including rates of adverse events.

Transposition of the great arteries (TGA) is defined as concord-
ant atrioventricular and discordant ventriculoarterial connec-
tions. Simple TGA without ventricular septal defect (VSD) is
demonstrated in 80% of cases (dextro-TGA); others are associ-
ated with more complex congenital heart disease (CHD).1 TGA
has an incidence of 0.5 per 1000 births (including live and

stillborn infants) in New South Wales (NSW).2 Liveborn infants
risk rapid haemodynamic compromise with inadequate circula-
tory mixing at atrioventricular level despite patency of the
ductus arteriosus (DA). Prompt specialist intervention, tertiary
resuscitative care and/or balloon atrial septostomy (BAS) may
be critical.3 Mortality rates from TGA estimate 2.6–4%, and
optimising pre-operative management is salient.4–6

Antenatal ultrasound detection is difficult, given the four-
chamber cardiac view is essentially normal and the lack of
crossing of the outflow tracts may not be appreciated.7 Reported
detection rates across the globe are variable from 15% to 53%.8–13

Systematic review demonstrates marked variation in the sen-
sitivity of detection of CHD by screening fetal echocardiography
by a cardiologist in unselected, low-risk populations; therefore,
this practice is not routine.13

Correspondence: Dr Patricia Woods, Newborn and Paediatric Emergency
Transport Service (NETS), Sydney Children’s Hospitals Network (Westmead),
Sydney, NSW 2145, Australia. Fax: +61 2 9633 8782; email: patricia.woods@
sswahs.nsw.gov.au

Declaration of conflict of interest: None declared.

Accepted for publication 22 May 2012.

doi:10.1111/jpc.12066

bs_bs_banner

Journal of Paediatrics and Child Health 49 (2013) E68–E73
© 2013 The Authors

Journal of Paediatrics and Child Health © 2013 Paediatrics and Child Health Division (Royal Australasian College of Physicians)

E68



A subgroup of infants with TGA have identified predictive
markers for being at high risk of morbidity and mortality.6,14

Antenatal restriction of the foramen ovale and/or the DA at 36
weeks gestation had a high specificity at 84%, but low sensitiv-
ity (54%) in predicting babies who developed a critical cyanosis
early after delivery.14 Therefore, it is recommended that an
antenatal diagnosis of TGA leads to a planned delivery in a
centre with interventional cardiology services.3

Limited data documenting the transport process of newborns
with TGA specifically exist. Yeager et al. reported 45% of infants
with CHD transported had suboptimal clinical status regarding
acidosis, hypothermia and low oxygen saturations.15 There are
highlighted episodes of physiological deterioration in up to 8%
of transported neonatal patients, particularly if carried out by
non-specialist retrieval teams.16,17 The Newborn and Paediatric
Emergency Transport Service (NETS) is a dedicated newborn
and paediatric retrieval service for the Australian state of NSW,
the Australian Capital Territory (ACT) and the islands in the
South Pacific rim. NSW has a birth rate approaching 96 000, and
NETS (http://www.nets.org.au) transports approximately 1000
critically unwell newborns each year.4

Study Methods

A retrospective audit of the NETS NSW database and case notes
of all outborn babies with a post-natally confirmed diagnosis of
TGA who required NETS retrieval during the epoch January
1991–August 2010 was conducted. Only the first transport of
babies at presentation with suspected or confirmed diagnosis of
TGA was evaluated. Exclusion criteria applied to newborns with
a subsequent diagnosis other than TGA, any elective, non-
primary transports of known TGA infants, transports by non-
NETS retrieval teams and cases with associated complex CHD.

The timing of diagnosis of TGA was examined. Transportation
data were collated on the duration, distance and modality of
transport (fixed wing, rotary wing and road ambulance).

The total duration of the transport process was calculated
from the time of NETS team tasking to the point of admission
into the accepting specialist unit. Specific operational times by
NETS teams were analysed: from ‘first look’ (initial assessment
by NETS team on arrival) to ‘stabilisation’ (point at which the
baby is deemed ready for transport); ‘first look’ to point of
admission to receiving unit; and journey time (departure from
referring hospital to admission to the receiving unit).

Interventions were examined; specifically, that of mechani-
cal ventilation, use of prostaglandin E1 (PGE1) and inotropes
and performance of urgent BAS upon admission to the spe-
cialist hospital. Physiological and clinical parameters were col-
lated from three time points: pre-transport (point of referral)
and/or NETS ‘first look’, at NETS ‘stabilisation’ and at admis-
sion to accepting specialist unit. The proportion exhibiting sub-
optimal physiological and clinical parameters was analysed.
Values deemed suboptimal were pH �7.25, PaO2 �30 mmHg,
O2 saturations �70%, base excess �-10, temperature <36.0°C,
glucose <2.6 mmol/L, heart rate >160 bpm, respiratory rate
>60 bpm, capillary refill time >3 s and mean arterial blood
pressure <40 mmHg (<5th percentile for mean patient demo-
graphic of 38 weeks gestation, birthweight 3250 g and post-
natal age <72 h).18

Rates of complications and adverse events were either trans-
port specific (e.g. equipment failure) or related to clinical care
(e.g. drug error).

Statistical Methods

Data were analysed using SPSS version 16 for Windows (IBM
Corporation, Armonk, NY, USA). Baby demographics and physi-
ological and clinical variables are expressed as means � standard
deviations and ranges. Transportation data are expressed as
median values with ranges. One-way analysis of variance was
utilised to compare the means of each variable between the
three time points (NETS first look, stabilisation and admission
post-transport). Bivariate analysis (c2) compared the proportion
of TGA cases with suboptimal clinical status at each time point.
Linear regression analysis explored the frequency of TGA trans-
ports over time. A P-value of <0.05 was considered statistically
significant.

Results

Between January 1991 and August 2010, 199 babies were
transported with TGA. Forty-two cases were excluded: 15 non-
primary transfers of infants with known TGA, 19 transported by
non-NETS teams and 8 cases with associated complex CHD in
addition to TGA. NETS NSW was asked to transport a total of
157 babies with TGA. Three babies died after the NETS team
‘first look’ and prior to transport.

This is an average of eight infants with TGA transported per
year (approximately 1:12 000 births). Epoch analysis demon-
strated a decreasing trend in the frequency transported;
however, it does not achieve statistical significance (P = 0.08).
The male-to-female sex ratio was 2:1 (male 105, female 52).

Four per cent of the cases (seven) had an accurate antenatal
diagnosis, while one additional case was diagnosed in error. The
scan at 21 weeks gestation was suggestive of TGA, but the
subsequent scan at 31 weeks gestation declared normal. A post-
natal diagnosis was made in 46% (72) prior to referral, one of
which had an antenatal diagnosis of isolated VSD. Thirteen cases
(8%) were diagnosed following an initial retrieval and subse-
quently required a second transport to a tertiary cardiac insti-
tution. Sixty-three babies (40%) retrieved had no formal
diagnosis of TGA until admission at the receiving specialist unit.
One baby had a diagnosis of TGA and was confirmed only at
post-mortem examination.

The babies who were referred and not transported were so
moribund that a joint parental, referring and receiving clinician
decision was made to forego life-sustaining treatment at the
referring hospital (n = 3).

The majority of babies transported were of normal birth-
weight (3277 � 699 g), term gestation (38 weeks, 5 days, �16
days) and less than 72 h post-natal age (mean 65 � 215 h).

Just over half of the babies were mechanically ventilated;
54% (84/157) and 57% (90/157) received PGE1 infusion for
transport. Of the babies who received PGE1 infusion, 77% (70/
90) were mechanically ventilated. Following commencement of
PGE1, 15% (14/90) developed pyrexia of �38.0°C, and 11%
(18/157) received inotropic support. Upon admission to the
specialist accepting unit, 39% (61/157) underwent urgent BAS.
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A total of 124 TGA transports occurred within NSW, and 19
were referred from the ACT. Sixty-one per cent were trans-
ported via road, 32% via rotary wing and 7% via fixed wing.
Fourteen international retrievals to New Caledonia were under-
taken (distance 1983 km, median duration 16 h, range 15–21 h
25 min). The median distance of all TGA transports within
NSW/ACT was 33 km (range 0.5–600 km), and the median
duration was 3 h 35 min (range 1 h 1 min–10 h 31 min)
(Table 1).

In three cases, there was a decision to forego life-sustaining
treatment at the referring hospital. In 1992, case 1 was a 4-kg
term infant with an antenatal diagnosis of TGA who was
referred to deliver at a tertiary centre with specialist cardiology
services in Sydney. With the onset of a precipitous labour,
however, the infant was delivered at an alternative tertiary unit
in closer proximity. The infant developed marked respiratory
distress with cyanosis (O2 saturations <50% in FiO2 1.00), cir-
culatory shock and hypothermia (temperature 30.0°C). In 2006,
case 2 was a 3.9-kg term infant also born in a tertiary unit in
Sydney. The infant developed severe cyanosis at 20 min of life;
echocardiogram confirmed the presence of TGA with an intact
septum. Despite mechanical ventilation, PGE1 infusion and ino-
tropic support, the baby remained profoundly acidotic (pH 6.5
base excess-29), shocked and hypoxic (O2 saturations <50%).
The baby developed fixed and dilated pupils and proceeded to
cardiorespiratory arrest. In 2009, case 3 was a 3.5-kg term infant
born in a remote rural area of NSW, and the diagnosis of TGA
was confirmed only at post-mortem. The infant developed
marked respiratory distress and cyanosis following birth, with a
recorded PaO2 of 11 mmHg (in FiO2 1.0), pH 6.9 and tempera-
ture of 35.1°C at NETS first look. The infant was mechanically
ventilated and received inotropic support but did not receive
PGE1 infusion. The infant remained severely acidotic and dete-
riorated with cardiorespiratory arrest, fixed and dilated pupils
and died despite extensive resuscitation attempts.

A quarter of cases transported had complications or an
adverse transport-related event (39/157, 24.8%) (Table 2).
Fifteen cases reported significant clinical incidents, including
one case where the infusion of 10% dextrose was administered
through a peripheral arterial cannula instead of peripheral
venous cannula, and another case where prostacyclin infusion
was commenced instead of PGE1. Both incidents were identified
without adverse consequence. The incidence of hypoglycaemia

(15%) and temperature instability (9%) highlighted in Table 3
are clinically significant. Fifteen per cent of those ventilated
(13/84) had evidence of receiving excessive ventilation, with a
recorded pH of >7.46 (nine cases at the point of NETS stabilisa-
tion and five at the point of admission to the accepting unit,
with one case at both time points).

Nine cases were reported to be clinically unstable during the
transport process, requiring further management, including
desaturations (four), hypotension (three), bradycardia (one)
and seizures with hypotension (one). One baby required bilat-
eral drainage of pneumothoraces following vigorous bag
mask ventilation in the face of severe cyanosis at the referring
hospital.

Discussion

NETS transported an average of eight infants with TGA per year
between 1991 and 2010. A further 19 cases during this time
period were transported by other retrieval modalities; therefore,
the true rate of outborn infants with TGA requiring transport is

Table 1 Duration and NETS operational times of TGA transports

TGA transports Total duration

of transport (team

task to admission)

NETS stabilisation

times (first look to

stabilisation)

NETS case times (first

look to admission)

NETS travel times

(departure from referring

hospital to admission)

Median

(h : min)

Range Median

(h : min)

Range Median

(h : min)

Range Median

(h : min)

Range

Total TGA transports 03:44 01:01–21:25 01:05 00:04–04:15 02:35 00:49–13:45 00:58 00:08–13:00

TGA Australia 03:35 01:01–10:31 01:10 00:04–04:15 02:30 00:49–06:25 00:55 00:08–02:50

TGA international 16:40 15:00–21:25 00:32 00:13–04:13 08:23 07:04–13:45 05:57 05:06–13:00

NETS, Newborn and Paediatric Emergency Transport Service; TGA, transposition of the great arteries.

Table 2 Complications/adverse events of TGA transports

Complications Frequency

Foregoing of life-sustaining treatment 3

Equipment failure 4

Delay: NETS team availability 5

Delay: transport availability 3

Clinical incidents 15

Drug error 1

Access 1

Excessive ventilation 13

Clinical instability 9

Desaturations 4

Hypotension 3

Bradycardia 1

Seizures/hypotension 1

NETS, Newborn and Paediatric Emergency Transport Service; TGA, trans-

position of the great arteries.
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slightly higher. The rate of antenatal diagnosis of TGA among
outborn infants (4%, n = 7/157) is high, given that antenatal
diagnosis is an indication for in utero referral and delivery in an
appropriate tertiary perinatal centre adjacent to paediatric
cardiac and surgical facilities.19 Forty-six per cent (72) of the
babies had a diagnosis of TGA prior to or during the retrieval,
including two using a laptop-sized ultrasound by the retrieval
team. In sixty-three babies (40%), the diagnosis was clinical
until arrival at the specialist paediatric cardiology service. On
8% of the occasions, the baby was initially transferred to a
tertiary perinatal centre and then required a second retrieval to
a hospital with a paediatric cardiology service. This doubles the
clinical risk to the babies transported and also has a financial
impact on the health service.

Table 3 shows the proportion of babies in each time point of
the retrieval process with abnormal physiological and clinical
parameters. There are limitations in the power analysis and
interpretation of comparisons due to a reduction in the number
of babies in which they are recorded across the time points,
which may reflect the expedited transport process undertaken
via NETS to specialist receiving institutions.

Yates reported 17% of TGA babies exhibited deterioration in
one or more metabolic measurements during transport and a
post-natal diagnosis of TGA was associated with a higher inci-
dence of pre-operative collapse.20 Bonnet et al. reported 12%
(prenatal) versus 22% (post-natal group) of TGA babies had a
metabolic acidosis (defined as pH <7.10).21 In this study, the
incidence of acidosis improved during retrieval, with less than
10% of cases with pH <7.25 upon admission to the specialist
unit. The physiological and clinical parameters of the trans-
ported babies demonstrated overall stability. Nearly half had
PaO2 of <30 mmHg, and approximately one-fifth had oxygen
saturations of <70%, emphasising the need to rapidly transfer
these babies to a tertiary care centre where BAS can be per-
formed urgently. A PaO2 value of <50 mmHg despite an FiO2 of
1.0 can be expected in infants with TGA. There are currently no
published data available for comparison on the PaO2 status of
TGA babies during transport.16,22,23 The main differential diag-

nosis for this clinical presentation with low PaO2 values in the
absence of echocardiography is persistent pulmonary hyperten-
sion of the newborn.

The mean oxygen saturation values approximate 75%, with
no significant difference across the retrieval process P = 0.082,
and are comparable with those reported by Raboisson et al.24

The proportion of babies with oxygen saturations of �70%
improved significantly over the successive time points (pre-
transport 45% (71/156), transport 29% (44/107), post-
transport 22% (33/149), P < 0.001). Improving oxygen delivery
to such infants facilitates the relaxation of pulmonary vascular
resistance (which may be elevated secondary to the hypoxia).

The incidence of hypoglycaemia (15%) and temperature
instability (9%) are comparable with rates reported by Lang
et al. in their study of neonatal CHD transports (13% and 11%,
respectively)22 and remain significant with scope for future
clinical improvements when transporting this group of infants
identified at particular risk.

Approximately, half (54%) of the babies were mechanically
ventilated for transport, and over half received PGE1 infusion.
This is comparable with rates reported by other studies (47–
66%).23,25

Fuchs et al. demonstrated 18% of babies with post-natal diag-
nosis of TGA had evidence of ductal closure prior to commence-
ment of PGE1 infusion.26 PGE1 infusion may not have been
commenced by NETS teams in some instances of diagnostic
uncertainty, not considered as a treatment option or to avoid
further delay in transportation. One death occurred in a
severely cyanotic baby, where PGE1 infusion was not consid-
ered, and subsequently, post-mortem examination revealed the
diagnosis. This reinforces the need to commence PGE1 infusion
in cases of diagnostic uncertainty in the face of profound peri-
natal cyanosis.

Adverse effects of PGE1 infusion include apnoea, hypoten-
sion, vasodilatation, arrhythmias and pyrexia. Given the risks of
apnoea and clinical instability in the transport environment,
traditionally, babies have been electively mechanically venti-
lated; however, this does carry the risk of endotracheal tube

Table 3 Patients with abnormal clinical and physiological status

Parameter Pre-transport Transport Post-transport P-value

% (n/total) % (n/total) % (n/total)

pH �7.25 20 (27/130) 17 (11/62) 9 (6/67) 0.110

PaO2 �30 61 (75/122) 59 (36/61) 47 (31/65) 0.183

BE �-10 13 (16/120) 19 (12/61) 6 (4/65) 0.077

Temperature �36 C 9 (14/154) 7 (11/143) 2 (2/144) 0.013

Heart rate >160 26 (40/154) 22 (34/152) 25 (38/149) 0.729

Respiratory rate >60 20 (30/152) 16 (21/152) 16 (23/147) 0.361

O2 saturation �70% 45 (71/156) 29 (44/107) 22 (33/149) <0.001

Mean BP <40 mmHg 26 (25/94) 20 (15/91) 25 (15/59) 0.640

Blood glucose <2.6 12 (13/110) 15 (15/85) 14 (9/64) 0.816

CRT >3 3 (5/148) <1 (1/134) <1 (1/128) 0.145

BE, base excess; BP, blood pressure; CRT, capillary refill time.
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occlusion, displacement and equipment failure. Meckler and
Lowe found that elective intubation is a significant predictor of
major transport complications odds ratio 20.56, 95% CI 3.34–
113.09.25 Fifteen per cent of the babies developed pyrexia of
�38.0°C after commencement of PGE1. Meckler and Lowe
reported higher rates of adverse effects (total 38%, specifically
18% apnoea and 13% hypotension), particularly at PGE1 infu-
sions of >50 ng/kg/min (odds ratio 3.72 95%, CI 1.10–12.63).26

Much lower doses of PGE1 (10 ng/kg/min) have been shown to
be just as successful with DA patency and with a safer side effect
profile, specifically in relation to risk of apnoea.27,28

Almost 40% of cases underwent BAS upon admission to the
specialist unit, reinforcing the necessity for expedited transfer of
these infants with confirmed or suspected TGA. BAS has been
reported to have a higher success rate in cases with an antenatal
diagnosis of TGA (81% vs. 51%, P < 0.001).27 In contrast,
Bonnet et al. reported no significant difference between groups
and only 12% of babies with an antenatal diagnosis of TGA
required urgent BAS.21

The median stabilisation time for all TGA transports was 1 h
05 min, and this is consistent with other international dedicated
transport services.17,29 This is less than the median time for all
NETS NSW neonatal retrievals (1 h 25 min) and reflects the
urgency of transportation to a specialist unit for definitive care.
The NETS policy is to obtain expert clinical advice from the
point of referral and during stabilisation of an infant via tel-
ephone conference calls. This ensures delivery of optimal care
and assists the preparation of the receiving specialist unit.

In the three TGA cases where life-sustaining treatment was
foregone, there were no attempts of performing BAS at the
referring institution. This was due to the lack of interventional
cardiology skills. Each case differed in the timing of diagnosis:
case 1 antenatally, case 2 post-natally and case 3 only at post-
mortem. Our transport-related mortality rate of 1.9% for TGA
infants is comparable with the report by Hellström-Westas et al.
of 0.7% for long-distance transports for infants with CHD.23

Although our mortality rates are low, three deaths occurring in
a condition that is potentially treatable remain significant.

Conclusions

NETS NSW transports an average of eight babies with TGA each
year. The majority demonstrate overall clinical stability during
transport, despite a low mean PaO2 of 30 mmHg and O2 satu-
rations of 75%. Post-natal transport is an undesirable alterna-
tive, given that one-quarter experience adverse events and one
in 50 die. Until fetal detection rates improve, allowing optimal
place of birth decisions, NETS will continue to focus on clinical
review to improve post-natal transport of these babies.
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