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INTRODUCTION 

Aortic valve stenosis (AVS) represents 3%–7% of all 

congenital heart diseases.1 It may lead to significant 

morbidity if left untreated. By the mid-80’s, closed or 

open surgical valvotomy was the standard treatment with 

average mortality rate of <20% in many centers.2-5 The 

technique of balloon aortic valvuloplasty (BAoV) was 

first performed by Labadidi et al.6 Although the early 

results were encouraging, the concerns of aortic 

regurgitation and femoral artery injury limited rapid 

adoption of this technique early after the first report.7,8 

With improved catheter technology, BAoV has been 

established as the procedure of choice for treatment of 

AVS in infants and children. It has nearly no mortality 

and minimal morbidity, and has proven to be an effective 

method for decreasing gradient between the left ventricle 

and the aorta.9-11 The results of B AoV are comparable to 

the results of surgical valvuloplasty with the advantage of 

less risks of morbidity compared to surgery.12,13 

The predictors of success as well as the predictors of 

acute complications, mortality and long-term 

complications, e.g., aortic insufficiency are multifactorial 
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including valve morphology (bicuspid or trileaflet), 

thickness of the leaflets, age and clinical condition of the 

patient and the myocardial function at the time of 

intervention.11,14,15 In this study we are presenting the 

initial and medium-term results of BAoV in newborns, 

infants and children performed in the Alexandria 

University Children’s Hospital (AUCH). 

METHODS 

All patients with valvular AS presenting to the AUCH 

between 2009 and 2017 were subjected to balloon 

dilatation if they were fulfilling the inclusion criteria. 

They were 37 patients: 4 neonates,16 infant and 17child 

(>1-15 years). The male: female ratio was 3.6: 1. Any 

baby <4 kg with maximum Doppler gradient of 80-100 

mmHg or with left ventricular (LV) systolic dysfunction 

or signs of cardiogenic shock and left ventricular 

hypertrophy (LVH) irrespective of the Doppler gradient, 

was included in the study. Any infant >4 kg or child with 

maximum Doppler gradient >70 mmHg and catheter peak 

to peak gradient >50 mmHg and with echocardiographic 

features of LVH (by 2 D- modality and M-mode), was 

included in the study. Cases associated with other 

congenital heart defects needing surgery, or associated 

with more than mild aortic regurgitation, or supravalvular 

aortic stenosis was excluded from the study. Written 

informed parental consent was obtained for every patient. 

All patients were examined by Doppler-

echocardiography in the long-axis parasternal view, 

supra-sternal view, apical four chamber view and short 

axis parasternal view. They were assessed for the AoV 

morphology regarding the number of cusps and presence 

of raphae, aortic valve annulus at long axis parasternal 

view, LVH and its degree, and whether there was initial 

aortic incompetence (Ai) and its grading (0-4).11 

All procedures were done under general anesthesia 

through retrograde arterial approach as described by 

Labadidi et al, (except for 2 cases antegradely) as shown 

in the Figure.6 All patients received IV antibiotics and IV 

bolus of heparin (100 u/kg). The femoral artery access 

was used in all the cases. In neonates and infants, femoral 

vein (FV) access was inserted, while in older children FV 

access was needed for pacing. For infants less than 1 year 

or less than 10 kg a 4 French (Fr) (or 5 Fr in a few cases) 

arterial sheath was inserted. For children between 10-20 

kg we used 5 or 6 Fr femoral arterial sheath, and for those 

above 20-25 kg, we used 7 Fr sheath, for those above 25 

kg we used 8 Fr arterial sheaths. We did aortic root 

angiogram by 4 Fr pigtail to document any Ai and to see 

the sinuses and help guiding us to direct the multi-

purpose (MP) catheter and wires to cross the stenotic 

valve. 

We used Terumo wire to cross the valve (coronary wire 

in some cases and describe). Then as soon as we crossed 

the valve and positioned the wire properly, we advance 

the MP catheter and exchange the wire with ordinary 

wire and then exchange the MP catheter with a pigtail 

catheter for LV injection (left ventriculography in LAO 

or lateral and PA projections) and measure the AoV 

annulus then put the ordinary wire and exchange the 

pigtail catheter with the MP catheter and advance the 

appropriate wire (whether coronary, or 0.025 inch or 

0.035 inch wires) and make sure it is not facing 

posteriorly in order to minimize the possibility of injuring 

anterior mitral leaflet (AML).  

 

Figure 1: (A and B) Left ventriculography in lateral 

and frontal projections showing bicuspid stenotic 

Aortic valve; (C-E) retrograde balloon aortic 

valvuloplasty performed in a 2-year-old girl with 

severe aortic stenosis (85 mm Hg) and annulus 

diameter of 11 mm, showing a 10 mm diameter (3 cm 

long) low pressure balloon dilation catheter across the 

valve. 

Then we choose a balloon diameter with ratio to the 

aortic valve annulus by angiography of 0.88-1, (one 

patient used balloon annulus ratio of 1.1:1), As regards 

the length of the balloon we choose for newborn and 

young infants a 2 cm length and for infants (6-12 m, to 

children up to 15 kg, a 3 cm long balloon and for older or 

bigger children we used 4 cm long balloons. The balloons 

used were Tyshak mini and Tyshak II (NuMed Canada, 

Inc.). For stabilizing the balloon during inflation, we gave 

adenosine to produce severe bradycardia in neonates, 

infants and young children up to 15 kg; as described by 

De Giovanni et al.16 For older children we did RV pacing 

as described by Daehnert et al.17 

Post-ballooning assessment included LV injection to 

assess AoV mobility and LV systolic function 

improvement if there was initial impairment, aortic root 

angiography to assess the aortic regurgitation if increased 

than before ballooning or the same or did not develop and 

if developed its grading as mentioned previously by 

Moore et al, whether by Doppler or angiography (0-4).14 

Also, the gradient and degree of Ai were assessed by 

Doppler-echocardiography during the procedure.  
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Successful result if the Doppler gradient is less than 25 

mmHg or reduction of gradient by more than 60% if LV 

systolic function was preserved before ballooning with 

mild to mild+ only aortic regurgitation, as regards babies 

with impaired LV systolic function initially the 

improvement of systolic function is a good indicator of 

success regardless the gradient as pointed out by Borghi 

et al.18 If the gradient was still high, re-ballooning was 

done with a bigger balloon up to 110% of AoV annulus, 

measured angiographically. If relief of the gradient was 

inadequate (<50% reduction), in the presence of good 

systolic function and in the absence of more than mild Ai; 

serial dilatation with larger size balloons was performed 

to a maximum of 110%. 

Patients were given 3 subcutaneous doses of enoxaparine 

immediately post-procedure by 2, 12 and 24 hours and 

were discharged 24 hours post-procedure on baby aspirin 

(5 mg/kg/day) for 1 month. Follow-up was done after 2 

and 6 weeks, and then every 3 months for the first year, 

and subsequently every 6 months if the follow-up data 

were satisfactory.  

The patients were evaluated every visit for the presence 

of dyspnea, chest pain and need for drugs and, by echo-

Doppler for the pressure gradient, the development of 

AoV restenosis, the development or progression of Ai 

and the regression of LVH as well as the myocardial 

systolic function. 

Statistical analysis of the data
19 

Data were fed to the computer and analyzed using IBM 

SPSS software package version 20.0. (Armonk, NY: IBM 

Corp) Qualitative data were described using number and 

percent.20 Quantitative data were described using range 

(minimum and maximum), mean, standard deviation and 

median. Paired t-test for normally distributed quantitative 

variables, to compare between pre and postoperative. 

Significance of the obtained results was judged at the 5% 

level. 

RESULTS 

The data of the patients and the results of the intervention 

are shown in the Table. Twenty-seven cases (73%) had 

bicuspid AoV, 8 cases (21.6%) had trileaflet AoV, and 2 

cases (5.4%) had unicuspid AoV. 

Three cases (8.1%) were critical AVS, two of these were 

neonates on prostaglandin E1 (PG E1) infusion and the 

third was in cardiogenic shock at 5 weeks of age (after 

the PDA was closed). Fortunately, all the 3 critical cases 

were saved. Thirty-five cases (95%) were done through 

retrograde approach and 2 cases through antegrade 

approach. 

The mean AoV annulus diameter by echo was 13.1±4.4 

(5.5–22) mm whereas the mean diameter by angiographic 

measurement was 12.8±4.3 mm (5.9–21). The mean 

Doppler gradient across AoV was 91.8±14.7 (75–155) 

mmHg compared to mean catheter gradient of 66.1±13.4 

(48–120) mmHg. The mean inflated balloon diameter 

was 12.1±4.1 (6–20) mm. The mean balloon/AoV 

annulus ratio by angiogram was 0.94±0.03 (0.88–1). The 

mean pressure gradient across the AoV by both Doppler 

and catheter, decreased significantly (<0.001) post-

ballooning to 21.5±6.9 (11–35) mmHg and 10.3±4.7 (3–

21) mmHg respectively. 

Table 1: Data of the 37 patients with severe aortic valve stenosis. 

 No. (%) Mean±SD Min.–Max 

Gender     

Male 29(78.3%)   

Female  8(21.7%)   

Age (months)  38±45.9 0.23–180 

<1 4(10.8%)   

1-12 15(40.5%)   

>12 18(48.7%)   

Weight (kg)  14.2±12.9 2.6–66 

<4  6 (16.2%) 

  4 –10  16 (43.3%) 

>10  15 (40.5%) 

AoV morphology     

Unicuspid  2 (5.4%)   

Bicuspid  27 (73%)   

Trileaflet  8 (21.6%)   

AoV annulus echo (mm)  13.1±4.4 5.5–22 

AoV annulus cath (mm)  12.8±4.3 5.9–21 

Infl balloon diameter (mm)  12.1±4.1 6–20 

B/AoV annulus ratio  0.94±0.03 0.88–1 

Pre BAoV echo gradient (mmHg)  91.8±14.7 75–155 

Continued. 
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 No. (%) Mean±SD Min  Max 

Post BAoV echo gradient (mmHg)  21.5±6.9 11–35 

Pre BAoV cath gradient (mmHg)  66.1±13.4 48–120 

Post BAoV cath gradient (mmHg)  10.3±4.7 3–21 

Procedure time (min)  82±10.5 68–105 

Fluroscopy time (min)  11.1±2.8 7–18 

Ai post ballooning    

No 3 (8.1%)   

Trivial 5 (13.5%)   

Mild 26 (70.2%)   

Moderate 2 (5.4%)   

Severe 1 (2.7%)   

Complications     

Transient loss foot pulse 5 (13.5%)   

Transient bradycardia   1 (2.7%)   

Mortality after 28 days 1(2.7%)   

Latest Doppler gradient (mmHg)  17.95±6.11 10.0–34.0 

F/U (months)   36.24±28.99 5.0–84.0 

Re-intervention 0 (0%)   

 

The degree of Ai estimated by echo-Doppler and by 

angiography post-ballooning was trivial in 5 cases 

(13.5%), mild (Grade 1) in 26 cases (70.2%), moderate 

(grade III) in 2 cases (5.4%) and severe (Grade IV) in one 

case (2.7%), and it was absent in 3 cases (8.1%). There 

was no correlation between the degree of Ai and the 

balloon/annulus ratio. 

The mean fluoroscopy time was 11.1±2.8 (7-18) min and 

the mean procedure time was 82±10.5 (68–105) min. 

Two cases (5.4%) were associated with moderate-size 

PDA and were closed by transcatheter Amplatzer duct 

occluder (ADO I) in the same setting after BAoV. 

Transient loss of foot pulses occurred in five cases 

(13.5%), one was newborn, three were infants and the 

fifth was a 2-year-old girl. All responded well to 

subcutaneous enoxaparine. Bradycardia needing 

resuscitation in one case resolved after 5 mins of 

resuscitation and adrenaline. One case (2.7%), a neonate, 

died 2 months post-ballooning of critical stenosis of 

unicuspid AoV. All the other cases survived. 

The follow-up period was 36±29.3 (5.0–84.0) months, 5 

(13.5%) patients lost follow-up. The mean of latest 

Doppler gradient was 17.95±6.11 mmHg. None of the 

patients required re-intervention or surgery during the 

follow-up period.  

DISCUSSION 

Nowadays BAoV is the standard of treatment for AVS in 

all centers of pediatric cardiology. The procedure is 

considered safe and effective.21-26 Risk factors for poor 

outcome include poor condition when starting the 

procedure, young age and small weight at presentation, 

endocardial fibroelastosis and borderline LV.22,23 

We had 100% success in reduction of the Doppler and 

catheter peak-to-peak gradient across AoV, and this is 

comparable with the results of many investigators.21-27 

Our results are comparable with those of Al Marsafawy 

et al, in Al-Mansoura, Egypt who reported significant 

reduction of the gradient in all their cases.26 However, the 

mortality was higher in their series (10%) compared to 

ours 2.7%. Also, similarly, their cases did not need re-

intervention by ballooning or surgical AoV replacement. 

Our results are also similar regarding the success 

compared with those of Pedra et al, who had a mortality 

of 1.1% (one case in 87 cases) but they had re-

intervention in 36.7% of cases.23 

There was no correlation between the balloon diameter to 

aortic annulus ratio and the occurrence of or increase in 

aortic regurgitation. This finding is concordant with those 

of Moore et al, and O’Connor et al.11,27 In contrast, the 

data reported by the Valvoplasty and Angioplasty of 

Congenital Anomalies Registry showed, some influence 

of the average balloon to aortic annulus ratio on aortic 

regurgitation.14 In that series of patients the maximum 

balloon to annulus ratio was 1.5, while in our cohort it 

was 1. The incidence of early severe aortic regurgitation 

in our series was extremely low (2.7%). In contrast, 

Witsenburg et al, using a 0.9 to 1 annulus to balloon ratio, 

reported a 14% occurrence of early severe aortic 

regurgitation.28 Thus, the possible role played by different 

valve morphologies has to be considered as suggested by 

Moore et al, and Sholler et al.11,29 

Concerning the access, we used the femoral arterial 

access in 35 cases (94.6%) and the remaining 2 cases 

were done transvenously through patent foramen ovale 

(PFO) or an ASD. The venous access was used because 

of very difficult access and skinny aorta in one patient, 
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and bilateral groin hematoma in the other patient because 

of failed trial in another center before.  

The venous access approach was first reported by 

Housdorf et al, in order to avoid the risks of femoral 

artery compromise, possible easier passage of the wire 

across the valve, better stability of the wire and balloon 

and also to decrease the risk of inadvertent perforation 

the valve leaflets.30 Their results were successful with 

effective reduction of the gradient with no complications 

in all their 9 patients. Subsequently, Magee et al,(31) 

reported their experience and showed similar good results 

using the venous approach. We did not use the carotid 

approach as was used initially by Fisher et al, and 

followed by several cardiologist groups including Borghi 

et al.18,32-34 

No case needed re-dilatation (re-intervention) and no case 

needed surgical AoV replacement. In contrast, 

McElhinney et al, reported that 35% of their cases 

developed moderate to severe aortic incompetence and 

13% of their cohort needed aortic valve replacement, this 

is attributed to the fact that they used bigger 

balloon/annulus ratio.35 The mortality was 14%, but this 

could be attributed to the fact that all their cases were 

neonates and infants less than 60 days old.  

In conclusion, balloon aortic valvuloplasty is effective 

and safe technique in relieving aortic valvular stenosis 

with acceptable morbidity and minimal mortality 

particularly with the new catheter and balloon 

technology. The most important complication is the 

development of significant aortic incompetence. 
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