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Abstract 

Background The surgical management of critical aortic stenosis, mitral regurgitation, and left ventricular dysfunc-
tion is a significant clinical challenge. Whether left ventricular function will recover to support systemic circulation 
after the relief of aortic stenosis is a concern. In this setting, surgical or balloon aortic valvotomy combined with bilat-
eral pulmonary artery banding and atrial septectomy may allow time for left ventricular adaptation, while the sys-
temic circulation is supported by the right ventricle through the ductus arteriosus. We describe the case of a prema-
ture neonate with critical aortic stenosis, severe mitral regurgitation, and fetal hydrops who successfully underwent 
staged biventricular repair after bilateral pulmonary artery banding, atrial septectomy, balloon aortic valvuloplasty, 
and stent implantation for ductus arteriosus.

Case presentation A 29-year-old female was referred to our hospital at 25 weeks of gestation with fetal echocar-
diography findings of critical aortic stenosis, severely impaired left ventricular function, severe mitral regurgitation, 
and restrictive foramen ovale. At 33 weeks of gestational age, the baby was born via cesarean delivery. Prostaglandin 
E1 infusion was immediately initiated, and the neonate underwent emergecy bilateral pulmonary artery banding 
and atrial septectomy. On the second day, a balloon aortic valvuloplasty was performed. The neonate underwent 
stent implantation to open the ductus arteriosus and multiple-balloon aortic valvuloplasty. At 4 months of age, he 
underwent biventricular repair consisting of surgical aortic valvuloplasty, atrial septal defect closure, bilateral pulmo-
nary artery debanding, and ductus arteriosus ligation. At 1 year of age, he underwent the Ross –Konno procedure. Six 
years after the operation, the patient’s general condition was stable, and the patient is doing well.

Conclusions Staged biventricular repair was successfully achieved in a premature neonate with fetal hydrops 
and critical aortic stenosis associated with severe mitral valve regurgitation and left ventricular dysfunction.
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Background
Patients with critical aortic stenosis (AS) typically 
undergo balloon aortic valvuloplasty (BAV) or surgical 
aortic valvuloplasty, if biventricular repair is feasible. 
Both procedures have been reported to have accept-
able outcomes; however, the presence of impaired left 
ventricular (LV) function and severe mitral regurgita-
tion may increase the risk of mortality and morbidity.

Fetal hydrops, defined as abnormal fluid accumu-
lation in at least two different fetal cavities, is a rare 
complication, with a reported prevalence of 1 in 1700–
3000 pregnancies [1]. The presence of cardiovascular 
abnormalities is a major cause of nonimmune fetal 
hydrops. In particular, structural lesions that result in 
right atrial pressure and/or volume overload are the 
most common etiologies of fetal hydrops with a poor 
prognosis [2].

Herein, we describe the case of a premature neonate 
with critical AS, impaired LV function, severe mitral 
regurgitation, and fetal hydrops treated with a staged 
biventricular repair. The first stage involved pallia-
tion of atrial septal defect (ASD) enlargement, bilateral 
pulmonary artery (PA) banding, stent implantation in 
the ductus arteriosus, and BAV, followed by the defini-
tive repair by surgical aortic valvuloplasty, ASD clo-
sure, bilateral PA debanding, and ligation of the ductus 
arteriosus.

Case presentation
A 29-year-old female was referred to our hospital at 
25-week gestation. Fetal echocardiography showed criti-
cal AS, severely impaired LV function with an ejection 
fraction of 35%, severe mitral regurgitation, and a restric-
tive foramen ovale. The left atrium (LA) was severely 
dilated, and the right heart structures were compressed 
(Fig. 1). The fetus was diagnosed with hydrops based on 
pleural effusion and subcutaneous edema. At 33 weeks of 
gestation, the patient was born via cesarean delivery, with 
a body weight of 2650  g. The Apgar score was 2/7. The 
patient presented with general edema and severe cyanosis 
(arterial oxygen saturation, 70% with 100% oxygen inhala-
tion). Echocardiography showed restrictive ASD, severely 
dilated LA, and a reduced LV ejection fraction (LVEF) of 
24%. The diameter of the aortic valve annulus was meas-
ured as 3.5  mm (Z score: −4.41) on echocardiography. 
Prostaglandin E1 infusion was immediately initiated, and 
emergent bilateral PA banding was performed. Concomi-
tantly, the ASD was enlarged to a diameter of 8 mm using 
cardiopulmonary bypass. On the 2nd day after birth, BAV 
was performed thorough internal jugular artery using 
an IKAZUCHI balloon (4  mm × 2  cm) (Kaneka Medix 
Corporation). After BAV, the pressure gradient through 
the aortic valve was 17 mmHg, and the LVEF increased 
from 38 to 46% without the development of aortic insuf-
ficiency. On the 34th day, second BAV was performed 
using TREK balloon (4.5  mm × 1.5  cm). The next day, 
stent implantation was performed for the stenosis of the 

Fig. 1 Fetal echocardiogram images at 25 weeks of gestation. Fetal echocardiogram in a four-chamber view demonstrating left atrial (LA) 
enlargement with bowing of the atrial septum into the right atrium (RA). The right ventricle (RV) is compressed by the dilated left ventricle (LV)
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ductus arteriosus. On the 51st day, echocardiography 
revealed a decreased LVEF of 31%. A third BAV was per-
formed using a TREK balloon (5  mm × 1.5  cm) (Abbott 
Medical), which resulted in an increase in LVEF to 43%. 
At the age of 4 months and body weight of 3.59 kg, sur-
gical aortic valvuloplasty, ASD closure, bilateral PA 
debanding, and ligation of the ductus arteriosus were 
performed. The aortic valve is severely thickened and 
bicuspid without any injuries. Aortic valvuloplasty was 
performed with raphe resection, slicing and partial resec-
tion of the aortic cusps, and cusp reconstruction using 
an autologous pericardium fixed with glutaraldehyde 
(Fig. 2). Due to severely impaired LV function, the patient 
was managed with extracorporeal membrane oxygena-
tion for 9  days postoperatively. On the 16th postopera-
tive days, echocardiography revealed residual AS with 
deteriorated LV function. Cardiac catheterization using 
a sterile balloon (7 mm) (Boston Scientific Corporation) 
showed residual AS with a gradient of 56 mmHg, which 
decreased to 45 mmHg after BAV. Two months after sur-
gery, the patient developed a hepatoblastoma and under-
went hepatic resection and subsequent chemotherapy. 
Before hepatic resection, cardiac catheterization showed 
residual AS with a gradient of 78 mmHg, and a fifth BAV 
was performed. The time-course changes in LVEF, degree 
of mitral regurgitation, pressure gradient through the 
aortic valve, and left ventricular end-diastolic pressure, 
aortic annular size, mitral annular size, and LV size are 
shown in Fig.  3. After complete remission of the hepa-
toblastoma, the Ross–Konno operation was performed 
at the age of 1  year and body weight of 4.56  kg using a 
14-mm polytetrafluoroethylene conduit with a bulging 
sinus for the right ventricular outflow tract. Intraopera-
tively, the repaired aortic valve was severely thickened 
and had decreased mobility. Six years after the operation, 
the patient is doing well and in a stable general condition. 

His cardiac function is good with LVEF of 51% with mild-
moderate mitral regurgitation on echocardiography. 
Recent cardiac catheterization showed no pressure gradi-
ent through the LV outflow tract and an acceptable left 
ventricular end-diastolic pressure of 9 mmHg.

Discussion and conclusion
Fetal AS with significant mitral regurgitation can cause 
severe LA enlargement, leading to right ventricular com-
pression and hydrops formation. The prognosis of this 
complex is very poor, with a reported survival rate of 10% 
[2]. A dilated LA causes obstruction of the pulmonary 
venous return and compression of the right heart struc-
ture. Therefore, immediate postnatal LA decompres-
sion is necessary to rescue these patients. While catheter 
balloon atrial septectomy and BAV are commonly per-
formed, we decided to perform emergency surgical atrial 
septectomy using cardiopulmonary bypass in the pre-
sent case because of the patient’s unstable general condi-
tion with severe cyanosis. Postoperatively, multiple BAV 
improved the LV function and eventually achieved biven-
tricular repair. Concomitant surgical aortic valvuloplasty 
was not performed, because it would require prolonged 
cardiac arrest, which may worsen the patient’s condition. 
Furthermore, the aortic valve was so small that surgi-
cal aortic valvuloplasty would not be significantly more 
effective than BAV. There have been considerable debates 
whether neonatal AS should be treated primary aortic 
valve surgery or BAV. While aortic valve surgeries are fre-
quently needed after BAV when performed in the neona-
tal period, survival after neonatal BAV was reported to be 
acceptable [3].

In neonates with critical AS and severe LV dysfunc-
tion, bilateral PA banding, atrial septectomy, and pros-
taglandin E1 infusion (or stent implantation for ductus 
arteriosus) provide temporary right ventricle-dependent 

Fig. 2 Aortic valvuloplasty illustration. A Severely thickened bicuspid aortic valve. B Raphe resection and slicing of the aortic cusps. C Cusp 
extension using autologous pericardium fixed with glutaraldehyde
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systemic circulation while decompressing the LV. Ham-
mel et al. reported on four neonates with critical AS and 
severe LV dysfunction who underwent staged biven-
tricular rehabilitation consisting of surgical aortic val-
vuloplasty, bilateral PA banding, and atrial septectomy, 
followed by patch closure of the ASD, ligation of the duc-
tus arteriosus, and removal of PA bands [4]. After stage 1, 
LV function recovered in three patients, and they under-
went stage 2, resulting in a good outcome with biven-
tricular circulation in two patients. Unrestrictive atrial 
communication and a widely open ductus arteriosus may 
lead to significant LV unloading [4]. The interval between 
stages 1 and 2 in their series was 14–33  days, and no 
patients showed clinically relevant LV regression over 
this short period. A similar approach has been applied 
to critical AS in neonates with borderline LV or very low 
birth weight. Brown et al. reported a hybrid approach of 
bilateral PA banding, atrial septostomy, and ductal stent-
ing. This approach is performed 4 weeks after BAV as a 
bridge to biventricular repair in neonates with critical 
AS and borderline LV [5]. Kimura et  al. reported that 
the ascending aortic approach for BAV and concomi-
tant bilateral PA banding was feasible in a very low birth 
weight neonate with critical AS and poor LV function [6].

In neonates with critical AS and LV dysfunction, 
whether LV function recovers enough to support sys-
temic circulation after BAV is a concern. In this setting, 
surgical or balloon aortic valvuloplasty, concomitant with 
bilateral PA banding and atrial septectomy, may provide 
adequate time for LV adaptation and serve as a bridge for 
biventricular repair. In particular, neonates with critical 

AS and severe mitral valve regurgitation may benefit from 
this staged procedure because of the severely dilated LA, 
the presence of retrograde pulmonary hypertension, and 
compressed right ventricular structure. Neonates require 
time to stabilize their general condition through decom-
pression of LV while maintaining adequate systemic cir-
culation. Although we completely closed ASD at the time 
of biventricular repair, one could argue that fenestration 
for atrial septum can decrease LV volume load and pre-
vent progression of LV dysfunction. This point should be 
determined based on LV function as well as mitral valve 
annular size.

The following two concerns should be considered when 
applying this approach. First, this staged procedure may 
interfere with LV growth due to atrial septectomy, result-
ing in LV unloading. After stage 1 surgery, LV function 
should be carefully monitored, and a Norwood-type 
operation should be considered if LV function appears 
inadequate for biventricular repair. Second, LV diastolic 
dysfunction is a late emerging complication of BAV for 
critical AS, even without significant residual LV pres-
sure or volume overload. Robinson et  al. reported on 
four teenagers who presented with significant LV dias-
tolic heart failure after successful palliation of AS in 
early infancy [7]. While the LV end-diastolic pressure 
decreased to 9 mmHg at the most recent follow-up in our 
case, further close surveillance of LV diastolic function is 
warranted.

Abbreviations
AS  Aortic stenosis
BAV  Balloon aortic valvuloplasty

Fig. 3 The time course change of echocardiographic data before and after BAV. BAV, balloon aortic valvuloplasty; LVEF, left ventricular ejection 
function; MR, mitral regurgitation; PAB, pulmonary artery banding; LVEDP, left ventricular end-diastolic pressure; LV, left ventricular
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LV  Left ventricular
ASD  Atrial septal defect
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