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Abstract: Congenital aortic stenosis (cAS) frequently requires intervention during the neonatal or infantile period. However, surgical repair is challenging because of the narrow surgical space. We performed bicuspidization using the open-sleeve technique for cAS with a unicuspid aortic valve in two patients. Postoperatively, the patients were doing well without reintervention for the aortic valve for 8 and 6 years, respectively. Their aortic annular diameter increased along with somatic growth. Bicuspidization for neonates or infancy can be performed safely using the open-sleeve technique as its midterm results have been satisfactory.
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1  Introduction

Congenital aortic stenosis (cAS) is a severe congenital heart disease that requires intervention during the neonatal or infantile period. Although balloon valvuloplasty (BVP) is a treatment option, surgery should be performed when aortic regurgitation (AR) is concurrently observed or BVP is ineffective. However, surgery is usually challenging because of the narrow surgical space and the complex form of the valves, such as the unicuspid aortic valve.

We previously reported an open-sleeve technique [1,2] for aortic valve repair with good surgical space. However, no studies have reported its mid- or long-term results. We herein report two cases and mid-term results of bicuspidization using the open-sleeve technique for cAS. This study has been approved by the institutional review board (Mt. Fuji Shizuoka Children’s Hospital, ID: 61). Informed consent was obtained from the parents of the patients.

2  Case Report

2.1 Case 1

A male neonate, weighing 2.18 kg, delivered spontaneously at 38 weeks was diagnosed with cAS immediately following birth. BVP was performed at 2 days, which led to a slight improvement in cAS. However, AR became severe, and acute heart failure developed. Thus, urgent surgery was planned. Transthoracic echocardiography revealed that his aortic annular diameter was 6.4 mm (103% of the normal annular diameter, Z score = 0.34) with an unicuspid aortic valve (Figs. 1A and 1B). During surgery, the aortic valve was exposed through transverse transection of the aorta 4 mm above the sinotubular junction under cardioplegic arrest. The aortic valve was functionally unicuspid with a well-developed posterior (left−none) commissure and less-developed anterior (left−right) commissure. The aorta was longitudinally incised at the anterior commissure to the ventriculoaortic junction (the open-sleeve technique) [1,2].
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Figure 1: Preoperative echocardiogram of case 1. (A) Preoperative image in diastolic phase. (B) Preoperative image in systolic phase

Simultaneously, the left and right cusps were divided at the anterior commissure. Both cusps were sliced to improve mobilization. We performed bicuspidization by commissuroplasty [3] using glutaraldehyde-treated (3 min) autologous pericardium (Figs. 2 and 3). The commissure was made along the longitudinal aortotomy site. Concomitantly, we performed coronary ostium augmentation of the left coronary artery. The cardiopulmonary bypass and cardiac arrest times were 157 and 87 min, respectively. Postoperatively, no AR was observed, and the peak velocity through the aortic valve was 1.9 m/s (Figs. 4A and 4B). A follow-up at 8 years postoperatively (Figs. 4C and 4D) revealed mild AR and a peak velocity of 3.9 m/s with mean pressure gradient of 35.9 mmHg. In addition, the end-diastolic posterior wall thickness was 6.49 mm (113% of normal, Z score = 1.7), which suggested left ventricular hypertrophy. He had no signs of heart failure. His aortic annular diameter increased along the normal annular diameter (Fig. 5), with a recent aortic annular diameter of 15.9 mm (113% of normal, Z score = 2.1).
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Figure 2: Schema of bicuspidization with commissuroplasty using the open-sleeve technique. (A) Open-sleeve technique by longitudinal incision at the less-developed anterior commissure. (B) Bicuspidization using glutaraldehyde-treated autologous pericardium (green)
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Figure 3: Intraoperative image. (A) Native aortic valve with open-sleeve technique. (B) Commissuroplasty with bicuspidization. (C) After the procedure
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Figure 4: Postoperative and last follow-up echocardiogram of case 1. (A) Postoperative image in diastolic phase. (B) Postoperative image in systolic phase. (C) Last follow-up image in diastolic phase. (D) Last follow-up image in systolic phase
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Figure 5: Association between body surface area and aortic annular diameter. The gray line and gray-dotted lines indicate the normal annular diameter and ±1 SD of the normal annular diameter, respectively. BSA, body surface area

2.2 Case 2

A 2-month-old male neonate diagnosed with cAS, coarctation of the aorta, atrial septal defect, left pulmonary artery stenosis, and persistent left superior vena cava during the fetal period was delivered via cesarean section at 38 weeks and 5 days and weighed 3.15 kg. Moreover, he was diagnosed with bronchial stenosis, which was repaired at the age of 1 month. He weighed 3.7 kg at the age of 2 months, but his cAS worsened. Transthoracic echocardiography revealed that his aortic annular diameter was 8.7 mm (111% of the normal, Z score = 2.0) with a unicuspid aortic valve (Figs. 6A and 6B). We performed aortic valve repair by bicuspidization with glutaraldehyde-treated (3 min) autologous pericardium using the open-sleeve technique. His operative details have been previously reported [1]. Concomitantly, we performed coarctation repair, atrial septal defect closure, left pulmonary artery plasty, and translocation of the left superior vena cava to the right superior vena cava. The cardiopulmonary bypass and cardiac arrest times were 244 and 122 min, respectively. Postoperatively, AR was trivial, and the peak velocity through the aortic valve was 1.5 m/s (Figs. 6C and 6D). The peak velocity at the anastomotic site of the aorta was 1.5 m/s. A follow-up at 6 years postoperatively (Figs. 6E and 6F) revealed mild AR and a peak velocity through the aortic valve of 1.1 m/s. The peak velocity at the anastomotic site of the aorta could not be measured, but blood flow at the descending aorta did not show a coarctation pattern. His aortic annular diameter increased along the normal annular diameter (Fig. 5), with a recent aortic annular diameter of 17.1 mm (126% of normal, Z score = 3.6).
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Figure 6: Echocardiogram of case 2. (A) Preoperative image in diastolic phase. (B) Preoperative image in systolic phase. (C) Postoperative image in diastolic phase. (D) Postoperative image in systolic phase. (E) Last follow-up image in diastolic phase. (F) Last follow-up image in systolic phase

3  Discussion

Schafers et al. initially reported bicuspidization by commissuroplasty for cAS with unicuspid aortic valve [3], and Matsushima et al. and Chiu et al. reported its good long-term results [4,5]. However, these studies did not include neonates or infants. Although Schultz et al. and Notenboom et al. included outcomes of aortic valve repair for neonates or infants [6,7], they did not mention about bicuspidization for this population in detail.

BVP is usually selected for neonates because of the difficulty of valve repair and intolerance of surgery. Even at our institute, the first choice for cAS with unicuspid aortic valve is BVP. However, surgery must be performed when moderate or severe AR occurs concurrently or when BVP is ineffective, as in case 1. Moreover, when intervention for the aortic valve in neonates can be avoided, as in case 2, aortic valve repair is the first choice because of certain release of stenosis and control of regurgitation. Clear surgical space is required for fine valve repair in such aortic valve repair during neonatal or early infancy. We have previously reported an open-sleeve technique to solve this problem [1,2]. In this technique, the longitudinal incision of the aorta can be controlled by Valsalva, ventriculoaortic junction, or the ventricular muscle if required. In the two cases reported here, the aortic valve was unicuspid, and commissural height was low; therefore, achieving satisfactory valve function with commissurotomy only was challenging. Thus, we performed bicuspidization by commissuroplasty. The annular diameter was small because of their age. Therefore, we concomitantly used the open-sleeve technique for a clear and wide surgical space. Commissuroplasty can be performed at the site of longitudinal incision in a series when this incision is made at the opposite side of the well-developed commissure.

Our two cases showed that bicuspidization can be achieved during the neonatal or early infantile period using the open-sleeve technique with good mid-term results for the unicuspid aortic valve. At 8 and 6 years postoperatively, both patients are doing well without reintervention for the aortic valve. Moreover, their annular diameters increased along with the somatic growth, although growth disturbance may be a problem of the open-sleeve technique because of the incision to the annulus.

When aortic valve repair for cAS must be performed in infancy, the first repair is almost always a palliative procedure, and most cases require reintervention, particularly with stenosis progression [3]. Therefore, we must perform close follow-up, particularly in case 1, whose aortic stenosis progressed gradually. However, we hope that reintervention can be avoided for a longer time. From this point of view, bicuspidization using the open-sleeve technique in early infancy is a useful reparative technique for cAS with a unicuspid aortic valve.

Of course, the Ross procedure is another choice of surgery. However, the Ross procedure in the neonatal or early infantile period is controversial because of its results [8,9]. Moreover, Buratto et al. reported good outcomes for the Ross procedure in patients who had undergone aortic valve surgery previously [10]. Therefore, we prefer aortic valve repair for neonatal or infantile aortic valve disease.

4  Conclusions

Bicuspidization for neonates or early infants can be performed safely by using the open-sleeve technique as its midterm results have been satisfactory.
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