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Abstract

Background: Balloon Atrial Septostomy (BAS) is a common procedure performed in infants with dextro-transposition of the great arteries
(d-TGA). BAS improves oxygenation by improving mixing of oxygenated and deoxygenated blood at the atrial level prior to definitive repair via
the arterial switch operation. The focus on healthcare costs is increasingly in the news and is broadly discussed in medicine and medical training.

Purpose: This study compares safety and cost-effectiveness of balloon Atrial Septostomy (BAS) for patients with d-Transposition of the Great
Arteries (dATGA) performed at the patient bedside vsthe catheterization laboratory (cathlab).

Methods: Neonates with dTGA who underwent BAS from 10/2000 to 1/2014 met inclusion criteria. Medical and procedural records,
echocardiograms, and catheterization data were reviewed. Comparisons between the 2 procedural locations included patient demographics,
pre and post procedure oxygen saturations, and safety outcomes. The two locations were compared using t-tests for most continuous variables
and Fisher’s exact tests for all categorical variables. Wilcoxon rank sums tests and analysis of covariance (ANCOVA) model for time variable and
oxygen saturation respectively.

Results: No safety or outcome benefit was identified for BAS performed at the bedside or cathlab for patients with dTGA.

Conclusion: BAS performed at the bedside and in the cathlab have similar safety outcomes and efficacy. Bedside BAS can be performed at
substantially decreased cost relative to BAS performed in the cathlab. Bedside BAS has the advantages of not expose the patient to radiation and
not introducing risks of patient manipulation and transfer.

Condensed abstract: This is the largest study evaluating the safety and cost-effectiveness of bedside BAS. In our study we found that BAS
performed at the bedside and in the catheterization lab had similar safety outcomes and efficacy. Bedside BAS in the neonatal intensive care
unit has the advantages of not introducing risks of patient manipulation and transfer, and does not expose the patient to radiation. Bedside BAS
also has the advantage of being significantly less expensive than BAS performed in the cathlab. The next step would be to perform a prospective
randomized study comparing cost-efficacy of BAS performed at bedside versus in the catheterization lab.
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Introduction

lowers in-hospital mortality relative to patients who do not receive
BAS [3]. BAS can be performed in the cardiac catheterization
laboratory (cathlab) using fluoroscopy, or can be performed at the
patient bedside in the Neonatal Intensive Care Unit (NICU) under
echocardiography guidance [4-7]. The decision where to perform
BAS is often based on physician or institutional preference, with

Balloon Atrial Septostomy (BAS) is a common procedure
performed in infants with dextro-Transposition of the Great
Arteries (d-TGA). BAS improves oxygenation by improving mixing
of oxygenated and deoxygenated blood at the atrial level prior to
definitive repair via the arterial switch operation. BAS improves
cerebral oxygenation and reduces oxygen requirements [1,2], and
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safety concerns or desire to visualize coronary artery anatomy
often cited when the cathlab is preferred.

Procedure billing for bedside septostomy involves
cardiologist professional fees, echocardiography guidance and
interpretation, and catheter equipment resulting in charges
of approximately $9,200 at the study institution. Sedation for
bedside BAS is incorporated into daily hospital charges from
the NICU. Billing for BAS performed in the cathlab includes the
same charges from the bedside procedure, plus separate billing
from anesthesiology (approximately $2,000), and cathlab facility
charges (approximately $18,000) resulting in a total charge of
approximately $29,000.

This study compares the outcomes of BAS performed in the
catheterization laboratory to those performed at the bedside.
Moreover, it compares the healthcare costs of the procedure in
the different locations to help determine if healthcare cost savings
should be a determinant in location choice based on patient
outcomes.

Methods

We reviewed all patients at a single institution who underwent
BAS from October 2000 to January 2014. Medical records
including echocardiograms, cardiac catheterization and operative
reports were reviewed. Patients were excluded if they did not
have a diagnosis of d-TGA, if they had a diagnosis of coarctation
of the aorta in addition to d-TGA, or if they had a diagnosis of
double outlet right ventricle. We recorded the BAS location of
each patient, cathlab versus bedside. We collected the following
data: gestational age, age at BAS, age at arterial switch operation,
presence of a prenatal diagnosis of d-TGA, and procedural use
of ventilator support or inotropes. Pre-procedure and post-
procedure oxygen saturations were recorded. Complications
related to BAS were documented, as well as the occurrence of

catheterization in the cathlab specifically to evaluate coronary
anatomy. Discrepancies from the echocardiography defined
coronary anatomy and operative report were identified.

Statistical analysis was performed to compare patient
characteristics for each procedural location. The two locations
were compared using t-tests for most continuous variables
and Fisher’s exact tests for all categorical variables. Since age
at procedure, age at surgery, and days between procedure and
surgery were nonparametric, Wilcoxon rank sums tests were used
to compare the two locations on these characteristics. An analysis
of Covariance (ANCOVA) model was used to compare the two
locations on the change in oxygen saturation levels after adjusting
for the pre-procedure level.

Results

We identified 88 patients who had a BAS performed for d-TGA.
53 patients (60.2%) had a BAS performed at the bedside, and 35
patients (39.8%) had a BAS performed in the cathlab. Table 1
compares patient characteristics between the two groups. There
was no difference between gender, gestational age, weight, or use
of inotropes between the two locations. Cathlab patients were 4
days older than those at bedside (cathlab: 6.3+13.2 days; bedside:
2.149.0 days; p=0.004). More bedside BAS patients had a prenatal
diagnosis of d-TGA than those performed in the cathlab (42% vs.
14%; p=0.012). There was no difference in pre-procedure oxygen
saturation between the groups. Patients who had a BAS performed
at the bedside had a higher post procedure oxygen saturation
than those performed in the cathlab (83.8% vs. 79.1%; p=0.028).
However, there was no difference in the pre- and post- procedure
oxygen saturation difference between the patient groups (20.2%
vs. 18.0%; p=0.40). There was no difference between age at
arterial switch surgery (10.3 vs. 16.1; p=0.16) or the number of
days from BAS until surgery (8.2 vs. 9.9; p=0.35).

Table 1: Demographic Comparison of Procedure Location in Balloon Atrial Septostomy.

Bedside (n=53) CathLab (n=35) P-value
Age at procedure (days), meanz*standard deviation (sd) 2.1£9.0 Median: 1 (0-64) 6.3+13.2 Median: 1 (0-55) 0.0035
Male gender, n (%) 35 (66.0%) 21 (60.0%) 0.6524
Gestation age (weeks), mean#sd 38.1+1.4 38.2+2.1 0.7064
Weight (kg), mean+sd 3.4+0.5 3.4+0.7 0.9975
Pre-procedure Sa0, (%), meantsd 63.6x11.6 61.1+15.8 0.466
Post-Procedure Sa0, (%), meantsd 83.8+7.2 79.1£9.9 0.0277
Change in SaOz, mean+sd 20.2+9.8 18.0+11.1 0.3996
Used ventilator, n (%) 50 (96.2%) 34 (100.0%) 0.5163
Procedural complication, n (%) 2 (3.8%) 0 (0.0%) 0.5135
Prenatal Diagnosis, n (%) 22 (42.3%) 4 (13.8%) 0.0123
Use of inotropes, n (%) 10 (19.6%) 3(10.7%) 0.3616
Age at surgery (days), mean*sd 10.3+12.1 Median: 7 (2-79) 16.1+26.8 Median: 8 (4-152) 0.1585
Days from procedure until surgery, meansd 8.2+7.4 Median: 6 (2-46) 9.9+£24.7 Median: 6 (1-151) 0.345
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There were two complications that occurred during bedside
BAS. One patient developed supraventricular tachycardia during
the procedure and was cardioverted with catheter manipulation,
with no clinical sequelae. Another patient had a large coronary
sinus resulting in difficulty with procedural imaging. Thus, the
procedure was aborted and the patient was referred to the cathlab
for BAS. There were no complications for BAS performed in the
cathlab. There was no difference in complication rates at the
cathlab versus bedside.

Twenty-four patients were identified with a coronary variant.
The most common coronary anomaly was a circumflex branch
arising from the right coronary artery, which was found in 16 of 24
(67%). Fourteen of the 24 coronary anomaly patients (58%) had
the anomaly correctly identified by echo prior to procedure. One
patient was diagnosed with a coronary variant by echo but was
found to have normal coronary arteries in the operating room.
Five patients who had bedside BAS had a cardiac catheterization
afterwards to define coronary anatomy. Of these five, one had a
coronary variant. Twenty-two of 53(41%) bedside BAS patients did
not have coronary anatomy clearly defined by echocardiography;
six of these patients had coronary artery variants identified at
surgery. These six patients did not have a cardiac catheterization
prior to surgery. There were no operative complications related to
coronary anatomy.

Discussion

BAS is an important, life saving procedure that promotes
hemodynamic stability in anticipation of corrective surgery. BAS
can be successfully performed in the catheterization laboratory,
or under echo cardiographic guidance at the bedside. The choice
of modality is usually determined by institutional, or practitioner,
preference. Clinical discussions regarding the ideal choice largely
focus on safety. This study compares BAS outcomes based on the
procedural locations of the cathlab versus the bedside.

The two groups had similar characteristics including
gestational age, weight, sex, use of inotropes, and pre-procedure
oxygen saturation. Bedside BAS was performed earlier than cathlab
BAS, which may be due the ease of organizing the procedure at
bedside relative to coordinating the cathlab procedure that is
dependent on a schedule. Why more patients with prenatal
diagnoses underwent bedside procedures compared to unknown
diagnoses at birth is unknown. Whether earlier BAS held clinical
benefit was not evaluated in this study.

There were two complications in our patient cohort, both of
which were in the bedside BAS group. One was supraventricular
tachycardia, the
other was the inability to complete the procedure with solely
ultrasound guidance. Supraventricular tachycardia or other atrial
arrhythmias are well-described complications caused by the
presence of catheters introduced into the right atrium, whether
they are procedural equipment or central venous lines. Moving
the offending object, or less commonly, performing chemical or

converted with catheter manipulation;

electrical cardio version often achieves successful treatment.
Nevertheless, these events did not create a significant difference
with the cathlab group [8-10]. Neither patient had long-term
sequelae attributed to the bedside procedure. Our study did not
demonstrate a difference in safety outcomes between procedure
location, consistent with prior studies [11]. Prior studies have
suggested that BAS was associated with a higher risk of stroke,
but more recent studies and meta-analyses do not show a
correlation with BAS and brain injury [12,13]. These studies did
not distinguish procedural location as a variable.

Coronary anatomy remains a concern for patients with d-TGA
due to the reimplantation of the coronary arteries during the
arterial switch operation. There were coronary variants in 27% of
patients in our study, most common being a circumflex originating
from the right coronary artery. In this study, 22 patients who had
a pre-procedure echocardiogram that did not clearly demonstrate
coronary anatomy, then underwent a bedside BAS, did not
undergo catheterization to identify coronary anatomy prior to
arterial switch operation. Six of these patients were found to have
coronary anomalies at the time of the arterial switch, but there
were no complications related to coronary anatomy. Found that
patients with d-TGA and single coronary or intramural coronary
anatomy had a higher mortality compared with other types of
coronary anatomy. More recent studies did not show a correlation
between coronary anatomy and mortality in patients with d-TGA
who underwent arterial switch operation [14,15,16]. In (Brown
2001) [17] suggested that newer coronary reimplementation
techniques have minimized coronary anomalies as a significant
risk factor for mortality in patients undergoing the arterial switch
operation [17]. This suggests that having a cardiac catheterization
to identify coronary anatomy prior to arterial switch operation is
not always necessary. As such, the key advantage of the cathlab
may be superfluous to the operative management of these patients.

The focus on healthcare costs is increasingly in the news and is
broadly discussed in medicine and medical training. Nevertheless,
specific discussion of how to reduce costs is not often realized.
Concerns are raised that patient safety and outcomes should
outweigh any cost advantage of one specific therapy over another.
Discussions with hospital and practice billing departments
revealed a large difference between what is billed in a cathlab
procedure versus a bedside procedure in the NICU. Resource
utilization during bedside BAS is more efficient because sedation
and ventilator management is provided by the attending ICU
physician. Their fees are related to their daily service commitment,
and the need for additional services, resulting in manpower and
billing, are absent. The cathlab utilizes an additional team of nurses
and technicians, and includes standard fees associated with the
service. This team is not needed, except for perhaps one individual
to assist the cardiologist, during bedside BAS. Importantly, the
technical fees associated with cathlab use are not assessed. In the
cathlab, echo assistance may or may not be used. If echo is not
used, the technical and professional fees would not be assessed,
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compared to those fees always associated with bedside BAS. This
would reduce the overall cost of the cathlab procedure, however,
cathlab would maintain higher charges than bedside BAS due to
the cathlab facility fee. Importantly, the argument of care over cost
is lost in light of our findings that the outcomes at both locations
were equivalent.

This is the largest study evaluating the safety and cost-
effectiveness of bedside BAS. In our study we found that BAS
performed at the bedside and in the catheterization lab had
similar safety outcomes and efficacy. Bedside BAS in the neonatal
intensive care unit has the advantages of not introducing risks
of patient manipulation and transfer, and does not expose the
patient to radiation. Bedside BAS also has the advantage of
being significantly less expensive than BAS performed in the
cathlab. Bedside BAS can also be performed at referral hospitals
to stabilize patients with d-TGA and allow them to remain at the
referral hospital for several days prior to transfer to tertiary care
centers [18]. Although BAS in the cardiac catheterization lab has
the advantage of characterizing coronary anatomy, some studies
suggest [19] that coronary anomalies are not a significant risk
factor for mortality in the arterial switch operation. In the current
era of quality and cost containment, we advocate that bedside
BAS offers equivalent safety with the benefit of considerable cost
savings compared to the cathlab [20].
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