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The standard of care in the management of d-transposition
of the great arteries (TGA) includes the arterial switch oper-
ation (ASO)."? Although some institutions have begun to
publish the results of performing the ASO within the first
few hours of life, most centers continue to ‘“electively”
delay ASO for several days to allow for a reduction in pul-
monary vascular resistance and the stabilization of renal
and liver function.'? The early initiation of prostaglandin
E1l (PGE) infusion to maintain ductal patency is a nearly
universal component of therapy in order to maintain ade-
quate arterial oxygen saturation and systemic oxygen
delivery during the pre-operative period via intercircula-
tory mixing at the atrial septal and patent ductus arteriosus
levels.!

Neonates with hypoxemia and inadequate systemic oxygen
delivery in the setting of restrictive atrial communication
may require an urgent balloon atrial septostomy (BAS)
to relieve left atrial and pulmonary hypertension and to

allow for sufficient intracardiac mixing.* Performance of
non-urgent BAS with enlargement of the atrial level com-
munication may allow for greater intracardiac mixing to
occur at the atrial level such that PGE therapy can be
discontinued in some cases.*>

The common hypothesis regarding BAS in the TGA pop-
ulation is that the performance of BAS would allow the
cardiac intensivist at the bedside to discontinue the infu-
sion of PGE due to better oxygenation secondary to greater
mixing at the atrial level. The objective of this study is
to investigate the association between the performance of
BAS and the discontinuation of PGE infusion, controlling
for the presence of ventricular septum defect, the partial
pressure of oxygen (PO,) in the arterial blood, and lactate
levels at birth.

Electronic medical records were obtained for all patients
with the diagnosis of TGA who were born between
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January 2015 and June 2020 and admitted to Texas Chil-
dren’s Hospital. To minimize confounding factors, patients
with left ventricular outflow tract obstruction and aortic
tract narrowing were excluded from the study.

The demographic data includes ventricular septal, left ven-
tricular outflow tract obstruction and aortic arch narrowing
diagnoses, age at the time of ASO, birth weight, gen-
der, race, and gestational age. The clinical data includes
whether a BAS was performed, serial measurements of
PO, and lactate levels in arterial blood, and the records of
PGE administration. At our institution, all neonates with
TGA are started on PGE infusion. The criteria to perform
BAS is purely clinical and echocardiographic based on 1)
absent/restrictive atrial septal communication; 2) pre-ductal
arterial saturation <75% or PO, < 40 mmHg, and hypox-
emia not being directly attributed to a non-cardiac etiology;
3) evidence of inadequate cardiac output by elevated lactate
>2-3 mmmol/L or decreased near-infrared spectroscopy.
The decision to discontinue the PGE infusion before the
ASO is purely clinical. The physician at the bedside makes
this decision. During this study period, there was no
algorithm to guide the decision to discontinue the PGE.

Demographic data and clinical characteristics were
expressed as mean and standard deviation, or median and
interquartile range (IQR). The associations between the
incidence of binary variables were tested using Fisher’s
exact test. Logistic regression was used to estimate the asso-
ciation between the need to remain on PGE until the time
of the ASO and other variables including the performance
of BAS, PO,, and lactate levels at birth, and the ventric-
ular septal diagnosis. All statistical tests were computed
using the ‘“‘statsmodels v0.12.2” library available in the
Python environment. For all tests, statistical significance
was concluded at a P-value < 0.05.

The initial query based on the TGA diagnosis returned
93 cases. From these cases, eight patients diagnosed with
left ventricular outflow tract obstruction and 6 patients
diagnosed with aortic arch narrowing were excluded. The
remaining cohort contains 79 patients, among whom 57
(72%) had an intact ventricular septum (IVS) and 22 (28%)
had ventricular septal defects (VSD). The cohort contains
52 (66%) male and 27 (34%) female patients. The median
birth weight is 3.2 kg [IQR = 2.8-3.6 kg] and the median
gestational age is 39 weeks [IQR = 37-39 weeks].

All the patients in the cohort were initiated on infusion of
PGE shortly after birth, and 47 (59%) of them remained on
PGE until the time of the ASO. The ASO was performed
at a median age of 8.0 days [IQR = 5.0-12.0 days]. BAS
was performed in 63 (80%) of the 79 patients at a median
age of 1.0 days [IQR = 0.6-1.6 days], of whom 47 had

IVS and 16 had VSD. Among the 16 patients who did not
have a BAS, 10 had IVS and six had VSD. The fraction of
patients who had a BAS was not found to be statistically
significantly associated with the diagnosis of IVS-vs.-VSD
(Fisher’s test P = 0.360). PGE remained until the time of
ASO in 47 patients, of whom 41 had IVS and six had
VSD. Among the 32 patients who were weaned off PGE,
16 had IVS and 16 had VSD. Therefore, the fraction of
patients who were weaned off PGE before the ASO was
lower in the IVS subgroup compared with the VSD sub-
group (Fisher’s test P = 0.001). Additionally, among the 47
patients who remained on PGE until the ASO, 42 had BAS
and five did not. Among the 32 patients who were weaned
off PGE, 21 had BAS and 11 did not. Therefore the frac-
tion of patients who were weaned off PGE before the time
of ASO was lower in the subgroup with BAS than in the
subgroup without BAS (Fisher’s test P = 0.020).

Figure 1 displays the evolution of the PO, and lactate lev-
els from birth to 21 days of age for the cohort under study.
These graphs are plotted over the histograms for the timing
of the BAS and ASO. According to the results of a logis-
tic regression analysis, whether a patient remained on PGE
until the time of ASO was statistically significant and nega-
tively associated with the VSD diagnosis (P = 0.003) even
when controlling for the performance of a BAS (P = 0.351),
the PO, level at birth (P = 0.834), and the lactate level at
birth (P = 0.402).

In a secondary analysis, the results of a linear regression
model show that neither the diagnosis of IVS-vs.-VSD
(P = 0.605), the presence of a BAS (P = 0.165), nor the
use of PGE until the ASO (P = 0.866) were significant
predictors of the PO, level the day before the ASO.

For the sub-group of patients who got the BAS, a com-
parison (paired #-test) between the most recent PO, levels
before and after the BAS procedure shows a very mild
increase in PO, (P = 0.319). By contrast, a comparison
(paired t-test) between the most recent lactate levels before
and after the BAS shows a statistically significant drop
(—0.6 mmol/L on average) in lactate levels (P = 0.008).

At Texas Children’s Hospital, the overall incidence of BAS
is about 80% with no significant preference for patients
with IVS over VSD. BAS was presumably performed
because of a restrictive atrial septal defect determined
by post-natal transthoracic echocardiogram or inadequate
intracardiac mixing reflected by lower PO,.%” We found
that only about one out of three patients who had a BAS
also had successful discontinuation of PGE before the
time of the ASO.! Hence, we observe that BAS did not
eliminate the need for continuous PGE infusion until the
time of surgery.
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FIGURE 1 Evolution of PO, and lactate levels from birth to ASO. The graphs display the moving median and interquartile ranges for the PO, (red) and
lactate levels (green) from birth (time zero) to 21 days of age, overlaid on the histograms for the timing of the BAS (blue) and ASO (orange). PO,, partial
pressure of oxygen; ASO, arterial switch operation; BAS, balloon atrial septostomy.

The failure of discontinuation of PGE after BAS for
patients with TGA suggests that despite unrestrictive
atrial communication, the cardiac intensive care unit
(CICU) team felt that there remained inadequate mixing
without a patent ductus arteriosus to prevent hypoxemia
and impaired systemic oxygen delivery. Furthermore,
decreased pulmonary blood flow following discontinua-
tion of PGE could be secondary to increased pulmonary
vascular resistance.>%12

The continuation of PGE until the time of ASO was signif-
icantly more prevalent in patients with IVS in comparison
with VSD, but not associated with the performance of a
BAS. Unfortunately, the dataset does not provide sufficient
information to precisely determine the reasoning behind
the failure of the PGE discontinuation. However, we can
intuitively explain this finding by the fact that the mix-
ing is expected to be lower in patients with IVS than in
patients with VSD,!>!4 and that this lack of mixing is not
completely overcome by the BAS.

The PO, level the day before ASO was not significantly
associated with either ventricular septal diagnosis (IVS-
vs.-VSD), the presence of BAS, or the continuation of
PGE until the ASO. This finding also supports the idea
that factors not accounted for in this retrospective study
(such as pulmonary vascular resistance) adversely affect the
PO, levels, the success of BAS, and the discontinuation of
PGE.!:1® We have also shown that the levels of PO, mildly
increased right after the BAS procedure, but this change
did not reach statistical significance. The rate of BAS per-
formed at our institution is much higher than published data
for most centers'® which may mean there is an institutional
bias towards BAS in nearly all patients and not solely those
with significantly lower PO,. This may be a partial etiol-
ogy for why there is no significant increase in post-BAS
PO,. By contrast, the level of blood lactate did drop sig-
nificantly after the BAS procedure. We speculate that the
mild increase in blood PO, is sufficient to trigger a rela-

tively large drop in lactate, but this hypothesis is not able to
be rigorously tested.

Zaleski et al.! in a large single-center study with 147
patients of which 73 underwent BAS, found that in patients
with IVS, about 33% of patients remained off PGE at the
time of surgery regardless of BAS. In patients with VSD,
85.7% of those who underwent BAS and 54.1% of those
who did not undergo BAS remained off PGE at the time
of surgery.! However, that difference did not reach statisti-
cal significance. They concluded that the performance of a
technically successful BAS did not eliminate the need for
PGE therapy at the time of definitive ASO. Our study has
similar findings, but it shows that the proportion of patients
on PGE at the time of ASO in the IVS subgroup was sig-
nificantly greater than in the VSD subgroup even when
controlling for the performance of a BAS. Furthermore, in
this study, in order to avoid a confounder, we eliminated
patients with aortic narrowing, left ventricular outflow tract
obstruction, and any other cardiac diagnosis besides TGA,
atrial septal defect, VSD, and IVS.

This study is limited by its retrospective nature and
although the data collected are more granular than that col-
lected in large database studies, the amount and detail of
the recorded data were not entirely uniform across time
points. In addition, the details about the atrial septal defect
were not available on the echocardiogram. The decision to
perform BAS was made based on the CICU team’s collec-
tive clinical judgment and there were no uniform criteria
for the decision to perform BAS. The data presented are
based on a single institution and may not be generaliz-
able to other institutions. Notwithstanding these limitations,
this study is robust in showing that BAS generally fails to
induce a successful weaning off PGE in patients with TGA
diagnosis.

Since the analysis of this data including our institutional
management of TGA and performance of BAS as well as
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association with discontinuation of PGE, a pathway for the
management of TGA neonates was created (Figure S1). The
aim of this pathway is to create a more standardized institu-
tional approach towards the management of these neonates.
In the future, our institutional practices regarding the per-
formance and timing of BAS as well as the discontinuation
of PGE infusion will be re-analyzed to determine if there
are any statistically significant associations.

The continuation of PGE was more frequent in patients
with TGA and IVS in comparison to patients with TGA and
VSD. BAS did not eliminate the need for continuous PGE
infusion until the time of surgery in both groups of patients.
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