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ABSTRACT

Background: This study aims to present the outcomes of arterial switch
operation for Taussig-Bing anomaly versus transposition of the great
arteries and ventricular septal defect.

Methods: Between November 2010 and December 2016, a total of
100 consecutive arterial switch operations in 42 pediatric patients
(25 males, 17 females; median age 17 days; range, 2 to 210 days) were
performed in two centers. Among them, 42 patients had associated
ventricular septal defect and were diagnosed with Taussig-Bing anomaly
(n=15) or transposition of the great arteries and ventricular septal defect
(n=27). Aortic arch anomalies were present in six patients (40%) with
Taussig-Bing anomaly and two patients (7.4%) with transposition of the
great arteries and ventricular septal defect (p=0.016). Coronary anomaly
was observed in five (33.3%) and six (22.2%) patients, respectively. All
patient had a large defect (multiple n=4), except for eight patients who had
moderate defect in the transposition of the great arteries group.

Results: Early mortality was 13.3% in the Taussig-Bing anomaly group and
7.4% in the other group. Extracorporeal membrane oxygenation support
was needed in three patients. Delayed sternal closure was used in most of
the patients (92.9%). The median length of intensive care unit and hospital
stays were similar between the groups. The median follow-up was 16
(range, 1 to 50) months. Two patients including one planned (debanding
and multiple defect closure) and one unplanned (residual defect closure)
were reoperated. Three patients needed aortic balloon angioplasty due to
recoarctation and one patient underwent pulmonary balloon angioplasty.
Overall reintervention rate was 18.4%.

Conclusion: Although the incidence of aortic arch and coronary anomalies
were higher in patients with Taussig-Bing anomaly, early and mid-term
results were similar. Based on these results, primary arterial switch
operation seems to be successfully performed for both pathologies.
Keywords: Congenital heart disease, neonate, Taussig-Bing anomaly,
transposition of great arteries, ventricular septal defect.

0z
Amag: Bu ¢alismada buyiuk arterlerin transpozisyonu ve ventrikiler septal

defekte kiyasla, Taussig-Bing anomalisinde arteriyel switch operasyonunun
sonuglart sunuldu.

Caligma plani: Kasim 2010 - Aralik 2016 tarihleri arasinda iki merkezde
42 pediatrik hastaya (25 erkek, 17 kiz; medyan yas 17 gun; dagilim,
2-210 gun) toplam 100 ardisik arteriyel switch operasyonu yapildi.
Bunlarin arasinda 42 hastada ilave ventrikiler septal defekt mevcuttu
ve Taussig-Bing anomalisi (n=15) veya buyuk arterlerin transpozisyonu
ve ventrikiiler septal defekt (n=27) tanist kondu. Taussig-Bing anomalisi
olan alt1 hastada (%40) ve buyuk arterlerin transpozisyonu ve ventrikuler
septal defekt olan iki hastada (%7.4) arkus aorta anomalileri mevcuttu
(p=0.016). Sirastyla bes (%33.3) ve alt1 hastada (%22.2) koroner anomali
izlendi. Buyuk arterlerin transpozisyonu grubunda orta buyuklukte
defekt olan sekiz hasta harig, hastalarin tuimunde genis ¢capli defekt vardi
(¢oklu n=4).

Bulgular: Erken mortalite Taussig-Bing anomalisi grubunda %13.3 ve
diger grupta %7.4 idi. U¢ hastaya ekstrakorporeal membran oksijenasyon
destegi gerekti. Hastalarin ¢oguna (%92.9) gecikmis sternum kapatilmasi
uygulandi. Medyan yogun bakim unitesi ve hastane kalig sureleri gruplar
arasinda benzerdi. Ortanca takip suresi 16 (dagilim, 1-50) ay idi. Biri
planli (debanding ve ¢oklu defekt kapatilmasi) ve biri plansiz (reziduel
defekt kapatilmasi) olmak uzere iki hasta yeniden ameliyat edildi. Ug
hastada rekoarktasyon nedeniyle aortik balon anjiyoplasti ve bir hastada
pulmoner balon anjiyoplasti gereksinimi oldu. Genel yeniden girisim
oran1 %18.4 idi.

Sonug¢: Taussig-Bing anomalisi olan hastalarda arkus aorta ve koroner
anomalilerin goriilme siklig1 daha yuksek olsa da, erken ve orta donem
sonuglar benzerdi. Bu sonuglara gore, primer arteriyel switch operasyonu
her iki patolojide de basaril1 bir sekilde uygulanabilir.

Anahtar sozciikler: Dogustan kalp hastaligi, yenidogan, Taussig-Bing
anomalisi, bitytik arterlerin transpozisyonu, ventrikiler septal defekt.
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Taussig-Bing anomaly (TBA) is a rare congenital
cardiac malformation which was first described in
1949 by Helen B Taussig and Richard J. Bing" as a
double-outlet right ventricle (DORV) with side-by-side
position of the great arteries in which both the aorta
and the pulmonary artery arise entirely from the
right ventricle and are supported by bilateral coni.”
The arterial switch operation (ASO) has become the
procedure of choice for treatment of TBA, as well
as transposition of the great arteries (TGA) with or
without a ventricular septal defect (VSD).?4

Taussig-Bing anomaly continues to pose a
considerable surgical challenge, related to associated
anomalies, varying degrees of right ventricular
outflow tract and aortic arch obstruction caused by a
malaligned ventricular septum.*3 Although banding
of the pulmonary artery was the usual initial palliative
procedure in the past, primary ASO with VSD
closure with or without aortic arch repair is the gold
standard in the current practice. Patients with TBA
are usually considered to have an increased mortality
and morbidity, compared to those with TGA+VSD
following ASO.M

Previous studies have demonstrated significant
rates of reintervention, mortality, and neoaortic
complications in both pathologies.”® In the present
study, we aimed to present our early and mid-term
outcomes of ASO for TBA versus TGA+VSD and to
identify predictors for mortality and reintervention.

PATIENTS AND METHODS

Between November 2010 and December 2016, a
total of 100 consecutive ASO were performed in two
centers. Among them, 42 patients had associated VSD
and were diagnosed with TBA (n=15) or TGA+VSD
(n=27). Median age was 17 days (range, 2 to 210 days).
Twenty five of them were males and 17 females.
Those with a small VSD not requiring surgical closure
during ASO were excluded. The study flow chart is
shown in Figure 1. Data including demographic
and clinical characteristics of the patients were
retrospectively reviewed. A written informed consent
was obtained from each parent. The study protocol
was approved by the Actbadem Mehmet Ali Aydinlar
University School of Medicine Ethics Committee
(ATADEK-2018-13/8). The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

Operative technique

A standard ASO was performed under moderate
hypothermic (26 to 28°C) cardiopulmonary bypass

(CPB) with bicaval cannulation. Intermittent tepid
blood cardioplegia was used for myocardial protection.
Coronary artery buttons were excised from the aorta
and reimplanted using the trap-door technique. After
the Lecompte’s maneuver, the neopulmonary root
was reconstructed with two separate patches of
glutaraldehyde-treated autologous pericardium. All
VSD closures were performed via trans-neoaortic
approach in 11 patients (73.3%) in TBA group, while
others had transatrial approach. Pericardial patch
closure (either with interrupted or continuous 6/0 or
7/0 prolene sutures) was applied to most of the patients,
except seven patients who had a moderate VSD and
underwent primary VSD closure in the TGA+VSD
group. One patient in each group needed additional
pulmonary banding due to multiple VSDs. In the
patients with aortic arch obstruction, aortic arch repair
was performed initially. Aortic cannula was advanced
into the innominate artery. The innominate artery was
snared and selective cerebral perfusion was used during
aortic arch repair. In certain cases with distal arch
obstruction, an aortic clamp was applied to the distal of
the innominate artery and repair was performed under
selective cerebral and coronary perfusion on a beating
heart. All visible ductal tissues were excised, and the
proximal arch and the distal aorta were anastomosed
posteriorly and usually augmented with a pericardial
patch.

Statistical analysis

Statistical analysis was performed using the Number
Cruncher Statistical System (NCSS) 2007 software
(NCSS LLC., Kaysville, UT, USA). Descriptive data
were expressed in mean * standard deviation (SD),
median (min-max), or number and frequency. The
Mann-Whitney U test was used to analyze significant
differences and quantitative data between the groups.
The Pearson's chi-square test, Fisher-Freeman-Halton

[ ASO (n=100) ]

v ‘ v
)

[ TGA-VSD (n=42) [TGA»IVS/small VSD (n=58) }

—»[ TBA (n=15) }

—»{ TGA-VSD (n=27) J

Figure 1. Study flow chart.

ASO: Arterial switch operation; TGA: Transposition of the great arteries;
VSD: Ventricular septal defect; IVS: intact ventricular septum; TBA: Taussig-Bing
anomaly;
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test, and Fisher's exact test were used to compare
qualitative data. A p value of <0.05 was considered
statistically significant.

RESULTS

Of all patients, 34 (80.9%) were neonates. Only one
patient had previous palliative surgery with pulmonary
artery banding and atrial septectomy in the TGA+VSD
group in an external center. Early mortality was
13.3% in the TBA group and 7.4% in the TGA+VSD
group. Delayed sternal closure was used in most
of the patients (92.9%). There was no statistically
significant difference in demographic characteristics
of the patients. Demographic, clinical, and operative
data are shown in Table 1.

Six patients had associated aortic arch obstruction
(aortic coarctation n=4; aortic interruption n=2)
in TBA group (40%), and two patients had aortic
coarctation in TGA+VSD group (7.4%) (p=0.016).
Coronary anomaly was present in five (33.3%) and six
(27.2%) patients, respectively. All VSDs were large in
size and subpulmonary, except for one with multiple
VSDs in the TBA group. However, VSDs were large in
14 (51.8%) (multiple VSDs, n=3) and moderate in eight
patients (29.6%) in TGA+VSD group. Localization and
size of VSDs and types of interventions are presented
in Table 2.

Extracorporeal membrane oxygenation (ECMO)
support was required in three patients (7.1%) including
two in TBA group and one in TGA+VSD group.

Two patients were weaned from ECMO support and
one was discharged without any significant sequelae.
Five patients (33.3%) in TBA and three (11.1%) in
TGA+VSD group experienced cardiac arrest during
the postoperative course and were resuscitated.
The majority of the events developed within the
postoperative 48 hours.

Only one patient (2.3%) with a primary VSD
closure for a moderate VSD in TGA+VSD group
needed permanent pacemaker implantation due to
complete heart block. Five patients (33.3%) in TBA
group and two patients (7.4%) in TGA+VSD group
needed reexploration for bleeding.

The median duration of CPB and aortic cross-
clamp were significantly higher in TBA group (198
vs. 175 min and 127 vs. 112 min, respectively; p=0.011
and p=0.010). There was no statistically difference in
the length of the intensive care unit (ICU) and hospital
stays between the groups.

Follow-up

All patients underwent echocardiographic
examination in the early postoperative period and
before discharge. Two patients had moderate (50 and
55 mmHg gradient) peripheral pulmonary stenosis.
The mean follow-up was 21.5£13.9 months in TBA
group and 17.1+14.3 in TGA+VSD group.

One patient with coronary anomaly (1RLCx with
intramural course) in TBA group died from left
ventricular dysfunction in the postoperative first day.

Table 2. Localization and size of ventricular septal defects and types of intervention

TGA+VSD group (n=27)

TBA group (n=15)

n % n %

Ventricular septal defect location

Perimembranous 21 717 - 0

Subpulmonic - 0 15 93.3

Inlet 2 7.4 - 0

Apical 1 3.7 - 0

Multiple 3 11.1 1 6.6
Ventricular septal defect size

Large 19 70.3 14 100

Medium 8 29.6 - 0
Ventricular septal defect closure

Transatrial 27 100 4 26.6

Transneoaortic 0 0 11 73.3

Pericardial patch 20 74.0 15 100

Primary 7 259 0 0

TGA: The great arteries; VSD: Ventricular septal defect; TBA: Taussig-Bing anomaly.
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Table 3. Correlation analysis for risk factors of early mortality

Exitus (+) (n=4)

Exitus () (n=38)

n % Mean+SD  Median Min-Max n % Mean+SD  Median Min-Max P
Age (day) 36.0+20.9 33.5 17-60 31.0+43.9 16 2-210 0.157
Gender 1.000
Female 2 50 15 395
Male 2 50 23 60.5
Coronary anomaly 1.000
Yes 1 25 10 263
No 3 75 28 737
Aortic arcus anomalies 0.572
Yes 0 0 8 21.1
No 4 100 30 789
Preoperative critical 0.532
condition
Yes 14.2 6 857
No 3 8.5 32 914
CPB time (min) 176.8+39.2 185 127-210 188.1+37.8 189.5 97-270 0.732
X clamp time (min) 112.8£28.6  111.5 79-149 114.9+21.5 114.5 56-154 0.748

SD: Standard deviation; Min: Minimum; Max: Maximum; CPB: Cardiopulmonary bypass.

Another patient with associated interrupted aortic
arch type B in TBA group died from sepsis and
multiorgan failure on postoperative Day 14. The
body weight of this case was 2,900 g and he was
under mechanical ventilation, inotropic support,
and prostaglandin El perfusion preoperatively. One
patient in TGA+VSD group experienced sudden
cardiac arrest in the postoperative first day, despite
stable hemodynamic course early after the operation.
Although extracorporeal cardiopulmonary resuscitation
was performed, this patient was unable to be weaned
from ECMO. The last patient was unable to be weaned
from mechanical ventilation after prolonged ICU stay
and she died from sepsis. One patient in TBA group

Table 4. Follow-up and reinterventions

died during follow-up period due to myocarditis in
the postoperative fifth month. One patient needed
surgery due to residual VSD. One patient in TBA
group who had pulmonary banding due to multiple
VSD underwent planned reoperation and debanding
and multiple VSD closure was performed. Correlation
analysis revealed no risk factor for early mortality
(Table 3).

Moderate (n=3) to-severe (n=1) neopulmonary
artery stenosis developed in four patients (n=1, 7.1%
in TBA and n=3, 13.6% in TGA+VSD group). One
patient who had severe pulmonary stenosis underwent
transcatheter pulmonary balloon angioplasty. Three
patients underwent balloon aortic angioplasty due

TGA+VSD group (n=27)

TBA group (n=15)

n

Recoarctation
Balloon angioplasty

Reoperation

(Residual VSD closure)

Neopulmonary stenosis
Balloon angioplasty
Follow-up

Neoaortic insufficiency (mild-moderate)

n
1 2
1 2

1 1
(Debanding and VSD closure)

3 1
1

2 1
2 1

TGA: The great arteries; VSD: Ventricular septal defect; NS: No statistically.
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to recoarctation (n=2 in TBA and n=1 in TGA+VSD
group). Mild-to-moderate neoaortic valve insufficiency
was observed in two patients in TBA and one patient
in TGA+VSD group. Overall reintervention rate
was 18.4% (23% for TBA vs. 16% for TGA+VSD
group) (Table 4). All surviving patients had normal
development and functional class appropriate to their
ages at the end of follow-up period.

DISCUSSION

Arterial switch operation is the most commonly
used technique for repair of infants born with TGA
and certain forms of DORV. Although over the past
three decades, the results of ASO have progressively
improved owing to steady refinements in diagnostic,
surgical, and perioperative management techniques,
it has sustained to be a surgical challenge due to the
complexity of malformations with the combination of
anatomic features./™®

Our current policy without exception is to perform
one-stage ASO complete repair with correction of
associated lesions as soon as the diagnosis of TBA and
TGA+VSD with the assumption of that delaying repair
increases the incidence of pulmonary vascular disease,
adverse effects of hypoxemia, congestive heart failure,
and size discrepancy between the great arteries.!
The ASO for TGA with concomitant repair of aortic
anomalies through median sternotomy is currently the
standard procedure in specialized centers. Overall, it
carries a much lower operative risk (19 to 20%)"! than
the conventional two-stage approach (31 to 64%).”!
Equally one should expect similar outcomes for repair
of TBA, the single-stage ASO with relief of aortic arch
obstruction should give overall better results than the
two-staged strategy. Although the numbers are small in
our series, early one-stage repair provided statistically
similar early and mid-term results whether aortic
obstruction was present. Survival was also similar;
however, the rate of reintervention may be higher due
to recoarctation.

Inprevious studies, the ASO has been associated with
poorer outcomes in patients with TBA compared with
TGA+VSD.P I Complexity of the repair, particularly
caused by unusual coronary patterns, mismatched
size of the great arteries, and aortic arch obstruction
may contribute to higher complication, mortality and
reintervention rates compared to standard form of
TGA. P! Recent studies have demonstrated a low rate
of mortality after repair of TBA and associated cardiac
lesions. 812141

The present study showed that VSD types and
locations were different in both groups. In our routine

practice, we usually prefer trans-neoaortic approach
for VSD closure in TBA. Surgical exposure is usually
excellent, due to the relatively large size of the neoartic
annulus. Pericardial patch closure by continuous
suturing with 6/0 (9 mm needle) or 7/0 prolene is
easy and rapid to perform. In our study, no patient
had heart block with this technique. We believe that
using fine suture materials and relatively far location
of conduction tissue may explain the low rate of heart
block in TBA patients.

Reintervention rates were usually higher in
previous studies for TBA compared to patients with
TGA.I'LSI81 T a study, Griselli et al.¥! reported a
freedom from reoperation rate of 75% at 10 years,
while this rate was 80.2% at 15 years in the study
of Soszyn et al® Neopulmonary obstruction
and significant neoaortic insufficiency (AI) requiring
aortic valve replacement has been reported as the
most frequent cause of reintervention in patients
with TBA in previous studies.!'>!") Prior pulmonary
artery banding, which may distort and increase flow
velocity across the native pulmonary valve, mismatch
in size of the main pulmonary artery and the aorta,
and advanced age at the time of surgery have been
associated with the development of neo-Al in TBA,
compared to those with TGA.!'"! In our study, median
age was low (17 days) in both groups, which may
explain the low rate of neo-Al.

Neopulmonary stenosis still remains the most
frequent cause of reoperation after ASO with a
relatively early occurrence within the first two
postoperative years and as much as 10 to 20% of
cases in the literature.®?" Insufficient mobilization of
pulmonary arteries and the LeCompte maneuver have
been advocated as possible triggering factors.*'?* The
aortic annulus, which is usually hypoplastic in patients
with associated aortic arch obstruction, may be
another reason for the development of neopulmonary
stenosis.?'?2 Once it develops, transcatheter
interventions may provide good palliation.

The low in-hospital mortality and encouraging
mid-term follow-up data indicate that TBA and TGA
with VSD can be corrected in the neonatal period
and early infancy through ASO, closure of VSD, and
simultaneous correction of aortic arch anomalies as
a one-stage procedure. Simultaneous correction of
aortic arch obstruction has no detrimental influence on
survival and late outcomes. Results of the present study
suggest that the ASO continues to offer an excellent
surgical option for infants with TGA and TBA, even in
the presence of complex associated lesions. Complex
coronary branching patterns were no longer associated
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with an increased risk of early death, but continued to
be associated with longer ICU and hospital stays."?*!
According to our analysis, no preoperative risk factors,
even preoperative critical condition, was associated
for the early postoperative mortality. Large-scale
studies have demonstrated that lower birth weight,
right ventricular hypoplasia, and staged repair of
aortic arch obstruction continue to be independent
risk factors for mortality after the ASO. Ongoing
assessment of risk factors and long-term follow-up of
the outcome of these children are essential to evaluate
the outcomes of ASO.

In the present study, we used delayed sternal
closure in the majority of the patients. We believe that
it provides more stable postoperative course without
increasing the risk of sternal wound infections.*¥

The main limitations of this study include its
relatively small sample size and retrospective nature.

In conclusion, although the incidence of aortic arch
and coronary anomalies were higher in patients with
Taussig-Bing anomaly, early and mid-term results were
similar. Based on these results, primary arterial switch
operation seems to be successfully performed for both
pathologies with favorable early and mid-term results.
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