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TO THE EDITOR

Interrupted Aortic Arch (IAA) combined with aortic stenosis (AS) is a rare and complex congenital cardiac
anomaly that presents significant challenges in clinical management. In this letter, we aim to share our experience
in performing hybrid procedures on an infant diagnosed with IAA combined with bicuspid AS. This child exhib-
ited significant recovery during follow-up.
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1 Case

A male newborn, born at 35 + 2 weeks of gestation and weighing 2300 g, was diagnosed with IAA,
ventricular septal defect (VSD), atrial septal defect (ASD), and patent ductus arteriosus (PDA) (Fig. 1) at
two days old. He underwent aortic arch reconstruction, VSD and ASD repair, and PDA ligation under
cardiopulmonary bypass. No aortic override was found during surgery. Immediately after the operation,
the echocardiography confirmed that there was no left ventricular outlet obstruction (LVOTO) or
narrowing. However, the infant had difficulty weaning off extracorporeal circulation, leading to the
initiation of extracorporeal membrane oxygenation (ECMO) support, which was discontinued on the fifth
postoperative day. However, echocardiography revealed a previously undiagnosed bicuspid aortic valve
with severe stenosis, showing a peak flow velocity of 4.3 m/s at the valve orifice. The gradient across the
aortic valve was measured 73 mmHg, with a left ventricular ejection fraction (EF) of 0.64, and the aortic
ring diameter was 6 mm. On the 28th postoperative day, transapical aortic valvuloplasty was performed
(Fig. 2). A small incision was made on the left anterior chest wall, approaching the 5th intercostal space,
and a purse-string suture was placed at the apex. Under transesophageal ultrasound guidance, a 0.35 mm
hardened guidewire was inserted through the apex, across the aortic valve, and into the descending aortic
arch, successfully creating a track. The aortic valve was then dilated using 5 and 6 mm balloons. After
the procedure, the aortic valve area significantly improved, with a reduced peak flow velocity of 1.9 m/s.
Post-balloon valvuloplasty echocardiography showed no aortic valve regurgitation. The gradient across
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the valve was 34 mmHg, the left ventricular EF was 0.79, and the aortic ring diameter increased to 8 mm. The
infant was successfully weaned from the ventilator 16 days after the hybrid procedure and discharged 30 days
post-operation. During follow-up, echocardiography and computed tomographic angiography (CTA) scans
revealed the bicuspid aortic valve remained stenotic without regurgitation (Fig. 3), with the peak aortic valve
flow velocity increasing to 5.3 m/s, as well as secondary hypertrophy and stenosis of the left ventricular
outflow tract. Ten months after the hybrid procedure, the infant underwent surgical aortic valvuloplasty
and left ventricular outflow tract reconstruction. A meticulous inverted L-shaped incision was made in the
ascending aorta. Intraoperative findings included left ventricular hypertrophy, a bicuspid aortic valve in an
anterior-posterior orientation with a fish-mouth shape, and an irregular right commissure (post-balloon
angioplasty). Additional findings included adhesion of the left commissure, thickened and slightly curled
valve margins with adequate coaptation, a 5 mm valve orifice, subvalvular fibrosis, severe muscle
hypertrophy, and tubular stenosis of the outflow tract. The surgery involved incising the left commissure,
thinning the valve leaflets, excising the hyperplastic subvalvular tissue, and wedging hypertrophic fibrous
muscle bundles to widen the left ventricular outflow tract. The right commissure was also reshaped. Post-
procedure, the aortic valve orifice accommodated a 9 mm bougie. Extracorporeal circulation lasted
107 min, with aortic cross-clamp time of 65 min. Intraoperative transesophageal ultrasound confirmed
unobstructed flow through the left ventricular outflow tract, with a flow rate of 1.5 m/s at the aortic valve
orifice. The infant was weaned from ventilation on the first postoperative day and discharged on the ninth
day post-surgery. At the six-month follow-up, the aortic valve ring diameter was measured 10.7 mm, the
valve orifice was 6.7 mm, and the flow rate was 1.0 m/s. This research was approved by the institutional
review board in Children’s Hospital Zhejiang University School of Medicine and the approval number is
2024-IRB-0236-P-01 and informed consent was obtained.

Figure 1: (A) depicts the aortic valve flow rate of 1.4 m/s prior to IAA correction. (B) illustrates the CTA left
ventricular outflow tract and aortic valve section. (C) depicts the CTA aortic arch section, which
demonstrates that there is no continuation of the ascending aorta. The descending aorta is connected to
the pulmonary artery via a PDA. The CTA 3D reconstruction (D–F) demonstrates that there is no
continuation of the ascending aorta after it sends out a branch, and that the descending aorta is connected
to the pulmonary artery via a PDA

536 CHD, 2024, vol.19, no.5



2 Discussion

Currently, there are limited reports on surgical experiences in treating IAA combined with AS. Previous
researchers reported four cases of children undergoing Yasui surgery to correct IAA combined with VSD and
either AS or aortic atresia (AA) [1]. They suggested that Yasui surgery is a viable option for biventricular
correction of IAA/VSD/AS (or AA), with satisfactory early outcomes. However, this procedure is
complex and high-risk, involving prolonged operation and extracorporeal circulation time. Careful
consideration is necessary when determining the indications for the Yasui procedure. IAA/VSD/AA
represents an absolute indication, and aortic valve ring diameters smaller than (body weight + 1) mm, or

Figure 3: CTA images at 10 months after balloon valvuloplasty. (A, B) Echocardiography showed that the
diameter of the aortic valve orifice was 5 mm, and the flow velocity at the beginning of the left ventricular
outflow tract was 1.8 m/s; (C, D) Three-dimensional reconstruction of CTA showed that there was no
obvious stenosis of the aortic arch and anastomosis after IAA correction; (E, F) Stenosis of the left
ventricular outflow tract and aortic valve orifice, and dome-like changes

Figure 2: Aortic valvular balloon valvuloplasty. (A) Aortic valvular stenosis and dome-like changes in the
valve orifice before balloon valvuloplasty; (B) 5 mm balloon valvuloplasty; (C) 6 mm balloon valvuloplasty;
(D) Significant improvement in aortic valve stenosis after balloon valvuloplasty
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a Z value less than −4, may be suitable criteria for Yasui surgery. In cases involving ascending aortic
hypoplasia, the indication becomes even stronger [1]. We proposed a hybrid procedure to reduce surgical
risks and trauma, followed by aortic valvuloplasty after the infant gains weight and is in better condition.
The infant in our case had a birth weight of only 2300 g, and the bicuspid AS was undiagnosed
preoperatively. Therefore, the second-stage transapical balloon aortic valvuloplasty became a last resort.
However, this approach provided valuable insights: for children with IAA and bicuspid AS in poor
condition, a phased surgical strategy, incorporating hybrid procedures, can minimize the duration of
radical surgery, reduce trauma, and improve survival outcomes. Once IAA is diagnosed, early surgical
intervention is essential. In neonates, particularly those with complex cardiac malformations, timely
surgery is crucial for improving survival, despite the inherent surgical risks [2]. Individualized surgical
plans should be based on the location and extent of arch interruption as well as the accompanying
intracardiac malformations. In cases with concurrent AS, simultaneous aortic valve surgery may be
necessary [3]. Had critical AS been diagnosed preoperatively in our case, we would have recommended a
one-stage procedure involving aortic arch repair and surgical aortic valvuloplasty to reduce left heart
afterload and prevent left heart failure since he had difficulty in weaning from mechanical ventilation.
This infant had bicuspid AS, which has been shown to be a significant risk factor for valve-related
reintervention following one-stage repair for aortic arch obstruction [4]. Neonates with a bicuspid aortic
valve may require future reinterventions, underscoring the importance of lifelong cardiac follow-up.
However, there is another treatment option for palliative surgery in IAA/VSD. Researches indicated that
for critically ill neonates diagnosed with IAA and LVOTO whose condition were not suitable for early
one stage surgical repair, bilateral pulmonary artery banding (bPAB) and PDA stenting is an alternative
first-line approach used to move the patient to an age and body weight for which the risks are lower for
early one stage repair [5]. Another study performed a hybrid procedure in a newborn with critical aortic
valve stenosis with acute pulmonary edema in the first hour after birth, demonstrating that for neonates in
critical illness who are not suitable for surgical correction under extracorporeal circulation, hybrid
procedure may be a excellent choice [6]. However, a selective management strategy customized to the
degree of aortic valve and subaortic area narrowing [7].

In this case, immediately after surgery, echocardiographic examination for several days demonstrated
that there was no LVOTO caused by VSD repair. LVOTO is a common complication after IAA/VSD
repair [8]. Before IAA/VSD correction, cardiac surgeons should be aware of the presence or absence of
LVOTO or left ventricular hypertrophy. Surgical repair of the VSD should be performed in such a way as
to avoid compromising the patency of the left ventricular outflow tract while the presence of LVOTO
should be closely monitored in the postoperative period. VSD repair may result in alterations to the
anatomy of the ventricles, affecting the morphology and function of the left ventricular outflow tract.
Additionally, it may lead to changes in interventricular pressure relationships and blood flow patterns,
which could impact the hemodynamics of the left ventricular outflow tract. Furthermore, surgical
manipulation within the ventricles may result in the formation of scar tissue, which could subsequently
affect ventricular function and potentially develop into an aneurysm. When repairing a VSD, special care
must be taken to avoid compromising the anatomy of the left ventricular outflow tract. The location and
size of the defect should be carefully evaluated, and appropriate repair materials and techniques should be
selected to ensure that left ventricular outflow tract stenosis does not result. An intraoperative
echocardiography evaluation is also essential, and care should be taken to avoid overcorrection in the
repair of aortic arch and VSD, which may result in stenosis of the left ventricular outflow tract. One latest
research showed that both Yasui and Ross-Konno operations effectively mitigate late LVOTO risk [9].

The femoral artery of this infant was only 1.5 mm, which the cardiologists argued that the diameter of
femoral artery was not qualified for percutaneous aortic valve balloon dilation. Finally, we selected the
approach by using a transapical incision. The treatment of neonatal AS remains a challenge, with ongoing
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debate over whether balloon aortic valvuloplasty or surgical aortic valvuloplasty should be the initial
treatment. Studies show both techniques effectively relieve obstruction and improve survival, but
multivariate analysis has identified balloon valvuloplasty as an independent risk factor for reintervention,
with a significantly increased risk of reoperation [10]. Additionally, some research has demonstrated the
safety and efficacy of percutaneous balloon aortic valvuloplasty in treating congenital AS in children,
although long-term attention is required for the potential risk of significant aortic valve regurgitation [11].
Balloon aortic valvuloplasty is emerging as a novel method for treating low birth weight, severe
congenital AS in neonates and infants [12]. While it is the preferred method for isolated AS, surgical
intervention is often necessary for complex cases, such as restenosis after balloon valvuloplasty or multi-
level stenosis [13]. However, the risks and complications of aortic valve balloon valvuloplasty must not
be overlooked. Major risks include damage to the cardiac conduction system, aortic valve injury, and
embolization, while common complications include arrhythmias, aortic coarctation, aortic regurgitation,
and vascular issues. In our case, restenosis of the aortic valve, subaortic stenosis, and subsequent left
ventricular hypertrophy were observed during a 10-month follow-up after the hybrid procedure.
Consequently, surgical aortic valvuloplasty and left ventricular outflow tract reconstruction were
performed under extracorporeal circulation. Despite the restenosis after balloon valvuloplasty, based on
our surgical experience, we believe that hybrid therapy for IAA combined with AS is feasible, though
more cases are needed to assess long-term outcomes. To date, we have monitored this child for one year
following surgical valvuloplasty, during which time we observed good cardiac function with no signs of
aortic regurgitation or stenosis.

In conclusion, neonatal IAA associated with AS and other intracardiac malformations can be effectively
managed with a hybrid procedure, which reduces the risks and duration of simultaneous correction.
However, compared to surgical aortic valvuloplasty, balloon valvuloplasty is associated with a higher
incidence of restenosis and an increased risk of reintervention. While we still recommend a one-stage
surgical approach for cases involving both aortic arch dissection and aortic valve stenosis, this case
demonstrates the potential feasibility of hybrid procedures for managing complex conditions.
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