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Background The approach to intervention for congenital aortic valve stenosis (AS) differs depending upon centre bias

toward a primary catheter or surgical approach. We therefore investigated associations with freedom from

re-intervention (FFI) in the cohort of children who underwent primary balloon aortic valvuloplasty (BAV)

for congenital AS in our centre.

Methods All patients who underwent BAV as a primary procedure in the period between 2001 and 2015 in a single

service were included. Echocardiographic parameters before and after catheterisation and procedural data

was collected on all patients.

Results Sixty-four (64) patients underwent BAV as the primary intervention during the study period. Follow-up

data was available for 60 of these. Balloon aortic valvuloplasty was performed at a median age of 143 days

(range 2 days–18.8 years). Freedom from re-intervention was observed in 75% of patients with a median

follow-up of 6.8 years and a mean follow-up of 3 years. Catheter-based peak-to-peak aortic valve gradients

decreased from 58 � 15.9 mmHg to 22.9 � 13.1 mmHg. There was no short- or long-term mortality. FFI was

predicted by aortic valve morphology (p < 0.01), post-BAV mean echo gradient (p = 0.03) and post-BAV

regurgitation (p < 0.01). No patient had re-intervention for restenosis with post-BAV mean echo gradient

<30 mmHg. Catheter gradients before and after BAV approached significance for predicting FFI (p = 0.06

and p = 0.09 respectively). Fifteen (15) patients were neonates with significantly lower aortic valve (AoV) Z-

scores (mean 0.63 vs 1.76, p = 0.002) and no difference in FFI (p = 0.19). Annulus size, balloon/annulus ratio

(within the range utilised) and pre-BAV echo findings were not predictive for re-intervention.

Conclusions Balloon aortic valvuloplasty is an effective primary approach to congenital valvular AS with the potential of

avoiding surgical intervention in the majority of patients at all ages. Freedom from re-intervention in our

cohort was associated with valve morphology and the degree of stenosis and regurgitation immediately

post BAV.
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Introduction
Balloon aortic valvuloplasty (BAV) is a widely-accepted

intervention for congenital aortic valve stenosis (AS). Since

its first description in children by Lababidi in 1983 [1,2]

BAV has evolved to become the standard of care in many

tertiary paediatric centres for primary and secondary treat-

ment of congenital AS in the absence of significant regur-

gitation. BAV has been previously shown to be an effective

and relatively safe alternative to surgical aortic valvotomy

(SAV) and, in addition, may extend the time until

attempted SAV or ultimate valve replacement in those

cases where BAV does not provide a long-term solution

[3–5]. As an alternative to surgery, BAV offers a bypass-free

intervention with the potential for shorter hospital admis-

sion, avoidance of ICU admission, significantly less pain

and scarring, lower procedural and admission costs, and a

more easily standardised and reproducible intervention.

Recent developments in surgical techniques for aortic val-

votomy have led to re-analysis of surgical versus percuta-

neous treatment of AS in young children [6–8]. This has led

to a relative equipoise in the contemporary literature

between the two techniques [9]. Our centre has utilised a

primary catheter based approach to AS with the hypothesis

that freedom from re-intervention (FFI) and complication

rates compare favourably with previously published data

using both BAV and SAV techniques. We have examined

our own experience with BAV with the purposes of inform-

ing future treatment decisions in our patients and provid-

ing a contemporary study of catheter based aortic valve

intervention from an Australian centre.
Materials and Methods
Between 2002 and 2015, 64 consecutive patients with congen-

ital aortic valve stenosis underwent attempted BAV as a

primary intervention. Follow-up data was not available for

four patients who were excluded from the analysis. Eleven

(11) additional patients had BAV as a secondary procedure

either subsequent to primary BAV (n = 3) or primary surgical

intervention (n = 8) and were not included in the analysis.

The study was approved by the institutional Ethics Board

with waiver of the need for informed consent.

Pre-intervention echocardiographic data was collected

including: aortic valve (AoV) annulus and Z-score, AoV

leaflet number and morphology, pre-intervention LV func-

tion, mean and peak AoV gradient, and degree of regurgita-

tion. The same measurements were made at most recent

follow-up or at the latest echocardiographic evaluation prior

to further intervention. The degree of aortic regurgitation

(AR) was assessed from echocardiographic images using

previously published valve dysfunction descriptors [10].

Intervention was undertaken based on published catheter

guidelines [11] with a mean Doppler gradient used as a

surrogate for peak-to-peak catheter gradient in pre-catheter

assessment. Catheterisation was performed using standard
techniques under general anaesthesia with informed con-

sent. Haemodynamic and angiographic evaluation was

undertaken. Stenosis was assessed on haemodynamic

grounds and aortic regurgitation and annulus size on angi-

ography. Haemodynamic and angiographic data were

collected from cardiac catheter reports. Procedural compli-

cations were categorised utilising the IMPACT registry pro-

tocols [3]. A low-profile balloon(s) with a diameter similar to

the measured AoV annulus (mean ratio of 0.96 � 0.11) was

inflated, aiming for resolution of balloon waist on reinfla-

tion. A double balloon strategy was utilised for patients

with annulus dimension on angiography higher than 12–

13 mm (15 patients) to provide theoretical benefits, includ-

ing enhanced balloon stability during inflation, potential

alignment with the commissures, reduced vascular trauma

with reduced sheath size and to aid rapid inflation and

deflation to allow resumption of cardiac output. When

feasible, balloon stability was also optimised using rapid

right ventricular pacing or adenosine.

Reported aortic valve morphology was verified by exami-

nation of pre-intervention echocardiographic images where

possible. Valve morphologies were grouped into unicuspid,

bicuspid and trileaflet types. Differentiating functionally uni-

cuspid/bicuspid valves from ‘true’ types was not possible

retrospectively for all patients. Operative descriptions of

valve morphology were used for those patients who pro-

gressed to surgical intervention at a later date.

Data analysis was performed using Stata/IC v.10 (Sta-

taCorp, College Station, TX, USA), with summary statistics

shown as a mean (� SD) for normally distributed data, and

as a median (IQR) for non-normally distributed data.

Statistics were predominantly non-normally distributed

due to the more frequent early age at BAV. Correlation

statistics were performed for each independent variable

against FFI using Simple Logistical Regression for variables

that demonstrated interval characteristics. A Chi-Square

Test was used for categorical variables and a Fisher’s Exact

Test was used in the case of categorical variables with

sample sizes less than 5. A p value <0.05 was deemed to

show statistical significance. Aortic annulus Z-scores were

calculated using published Z-score equations based on

body surface area (BSA) from echocardiographic measure-

ments at the time of intervention [12].
Results
The frequency of BAV has increased over the last 7 years

(Figure 1) with an average number of BAV cases of 6.1 per

year over this period, compared to 2.3 per year for the

previous 7 years.

Patient Demographics
The median age at catheterisation was 143 days (range 1 day–

18.8 yrs) with 25% of patients falling within the neonatal

period. The median patient weight was 5.6 kg (range 2.5–86).

Males comprised 72% of the group (43:17).



Figure 1 Number of balloon aortic valvuloplasty proce-
dures performed by year.

Figure 2 Change in aortic valve gradient in mmHg
before (black) and after (grey) balloon aortic valvulo-
plasty (BAV), based on valve morphology.
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Associated Congenital Heart Defects
Isolated congenital aortic stenosis with no additional major

left-sided congenital heart defects occurred in 90% of

patients. Significant LV dysfunction was seen in four

patients pre-BAV with one patient demonstrating endocar-

dial fibroelastosis and moderate mitral regurgitation. Two

(2) patients had associated coarctation and two others had

sub-aortic membranes. One (1) patient had mild Shone’s

complex with mild mitral valve stenosis, and one patient

had associated Ebstein’s anomaly.

Aortic Valve Morphology
Aortic valve morphology could be reliably identified in 53

of 60 patients. The predominant aortic leaflet arrangement

was functionally bicuspid in 44 (72%) patients. Three (3)

patients had a dysplastic trileaflet valve and, of the remain-

ing patients with known valve morphology, six demon-

strated a functionally unicuspid valve with either fusion of

two valve commissures or a true unicuspid aortic valve

leaflet. Of the six unicuspid valves, four went on to ulti-

mately require a Ross procedure and two patients

remained free from any further intervention at latest fol-

low-up. Of the 44 bicuspid valves one required a second

BAV, one went on to have SAV and four ultimately had a

Ross procedure. Of the three trileaflet valves, one went on

to have SAV, one had a second balloon dilation and the

other remains intervention free.

Haemodynamics
Mean peak-to-peak catheter gradients fell from 58 �
15.9 mmHg to 23 � 13.1 mmHg. This correlated well with a

mean pre-BAV echo gradient of 57 � 14.5 mmHg and a mean

post-BAV gradient of 26 � 11.7 mmHg. The peak echo gradi-

ent fell from 103 � 24.7 mmHg to 49 � 21.9 mmHg. A larger

improvement in pre-/post-BAV peak gradients was seen with

the number of functional valve leaflets demonstrated pre-pro-

cedure (Figure 2). Those patients who showed moderate or

severe aortic insufficiency (AI) post BAV demonstrated a rela-

tively higher drop in valve gradient. These patients did not

show any significant difference in balloon/annulus ratio

(p = 0.78), although the range of balloon/annulus ratio used

was narrow.
Procedural Complications
There was no mortality at either the peri-procedural time

point or at latest follow-up. There was one major adverse

event seen during the procedure which involved transient

ventricular fibrillation requiring direct current (DC) cardio-

version. Nine (9) (15%) patients had minor adverse events,

which included seven patients (11%) with partial femoral

arterial occlusion requiring anti-coagulation. Other adverse

outcomes were local groin haematoma (n = 1) and femoral

venous thrombus (n = 1).

There was one significant post-procedural adverse event

with bradycardia requiring chest compressions and extracor-

poreal cardiopulmonary resuscitation (ECPR) with post-pro-

cedural ischaemic changes on cerebral imaging.

Predictors of Freedom From
Re-Intervention
The overall FFI rate was 75% (45 of 60) at 3-year mean follow-

up. Of the 15 patients who required further intervention,

three underwent secondary BAV with two of these progress-

ing to surgical intervention (one undergoing subsequent

Ross procedure and one having secondary SAV, with ulti-

mate Ross valve replacement). After primary BAV, four

patients had SAV as their second procedure, of which one

went on to have a Ross procedure. The remaining eight

patients who required further intervention post primary

BAV all underwent a Ross procedure. Mean time to any

re-intervention was 1.2 years. Overall mean time to valve

replacement for those that ultimately underwent Ross pro-

cedure was 1.8 years (n = 11). Early re-intervention was per-

formed on two patients with one patient requiring SAV

within 24 hours due to unsuccessful BAV, and another at

day 5 post-BAV due to significant AI.

Predictors of FFI for the 45 patients who had only a single

BAV procedure were related to the morphological aortic

valve type (p = 0.01) and the function of the valve post BAV

(Figure 2). The function of the valve post BAV included post

BAV catheter gradient (p = 0.04), the post BAV mean echo

gradient (p = 0.03) and the degree of aortic insufficiency

post BAV (p < 0.01). Of note, those patients who were

shown to have a post-BAV mean echo gradient <30 mmHg

and less than moderate regurgitation were all free from

further intervention at latest follow-up. Balloon/annulus

ratio was not significant, likely due to the narrow range
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of values (0.96 � 0.11). Freedom from re-intervention was

not predicted by demographic factors, valve size or pre-

BAV gradients (Table 1).

The Kaplan-Meier freedom from re-intervention for the

entire cohort at 10 years was 0.58 (95% CI = 0.28, 0.80). Fifteen

(15) of the patients who underwent primary BAV were neo-

nates (<30 days). Ten (10) of the 15 were free from re-inter-

vention at latest follow-up, compared to 35 of 45 children in

which BAV was performed at >30 days of age (p = 0.19)

(Figure 3).
Figure 3 Freedom from re-intervention curve, based on
age at intervention (p = 0.19).
Discussion
Balloon aortic valvuloplasty offers several potential advan-

tages in the management of AS. It is a less invasive procedure

than SAV or valve replacement and may safely delay surgery

until patients reach an age where there may be fewer post-

surgical re-interventions (i.e. effectively reducing the number

of surgical interventions, particularly with reference to con-

duit changes required post-Ross procedure).

Surgical aortic valvotomy in the neonatal period has been

shown to significantly increase the risk of re-intervention [7].

In our neonatal population, surgical re-intervention was

safely delayed (no mortality and no major adverse events

in this subgroup) beyond the neonatal period in all but one
Table 1 Variables investigated for association with
freedom from re-intervention.

Independent Variable value (range) P-value

Gender 43 male 0.87

Age 135 (2–6872) 0.16

Weight 5.6 (2.5–86) 0.42

Height 60 (48–188) 0.33

BSA 0.29 (0.10–2.03) 0.36

AoV type Uni/bi/tricuspid

(6/44/3)

0.01

Date 2001–2015 0.11

No of Balloons 1 or 2 0.46

AoV annulus (mm) 9.85 (6–30) 0.22

AoV annulus (Z score) 1.52 (0.6–2.2, IQR) 0.39

Balloon/AoV ratio 0.96 (�0.11) 0.20

Cath Gradient (pre) 58.1 ((�15.9) 0.053

Cath Gradient (post) 22.9 (�13.1) 0.04

Peak Echo Gradient (pre) 103 (24.7) 0.53

Mean Echo Gradient (pre) 56 (�14.5) 0.42

AI (pre) None/mild/mod./

severe

0.87

Peak Echo Gradient (post) 49 (�21.9) 0.11

Mean Echo Gradient (post) 25 (�11.7) 0.03

AI (post) None/mild/mod./

severe

<0.01

Abbreviations: BSA, body surface area; AoV, aortic valve; AI, aortic

insufficiency.
neonate. Importantly, the overall FFI in this age group was

66% (mean follow-up 2.06 yrs), which is comparable to the

best reported primary surgical results [7,13,14].

Based upon re-intervention and complication rates, Moore

et al. (2014), Prijic et al. (2015) and Pedra et al. (2004) [3,14,15]

have all demonstrated BAV to be a valid alternative to sur-

gery throughout the paediatric age group. Similarly, McCrin-

dle et al. (2001) [13] found BAV to be a viable alternative to

surgery in patients <30 days old. Systematic review of the

combined surgical and interventional literature showed sig-

nificant heterogeneity in results [9]. In this review no differ-

ence in post-intervention gradients were seen, and no

difference in long-term survival or aortic replacement rates.

It did show an increase in re-intervention with BAV com-

pared to SAV. However, this was seen to be centre-depen-

dent and interpretation was guarded based on seemingly

arbitrary re-intervention criteria. Balloon aortic valvulo-

plasty offers additional benefits as it is a less invasive pro-

cedure, usually reduces admission duration, reduces

intensive care and theatre costs [16], and reduces parental

and family stress [17].

The available length of follow-up in our study is somewhat

limited in comparison to previous BAV reports. However,

throughout the study period the mean pre- and post- BAV

haemodynamics are similar to large database publications

[3]. Our patients achieved a reduction in stenosis with no

mortality and a low number of adverse events, whilst achiev-

ing an overall rate of 75% FFI. It is likely some of the larger

BAV reports and previously discussed comparative papers

on BAV vs SAV include a significant sample from an earlier

era in BAV. While surgical techniques have evolved, the

current cohort of patients have largely undergone BAV using

uniform techniques in the modern era utilising advanced

balloon technology.

There has been recent interest in aortic valve morphology

as a predictor of response to balloon dilation. Maskatia and

colleagues showed in a large cohort that re-intervention was

less likely to occur in bicuspid aortic valves while it was more

likely to occur in all forms of unicuspid valve [18]. This trend

was reiterated in the current series, with 66% of unicuspid
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valves requiring re-intervention while only 16% of bicuspid

valves went on to a further procedure. Further investigation

on pre-procedure aortic valve morphology by Petit et al. [19]

has examined leaflet fusion length, opening area and leaflet

excursion angle as predictors of AI post BAV, however, this

was not included in the scope of our study.

Of 15 patients who went on to have a secondary procedure,

four had re-intervention due to aortic regurgitation. The

development of regurgitation was independent of bal-

loon/annulus ratio (p = 0.74). In the context of normal LV

systolic function there were no patients who had a mean echo

gradient post-procedure <30 mmHg who had re-interven-

tion for restenosis. This suggests the relief of obstruction seen

immediately post-BAV on echo is maintained over time.

The limitations of our study include that data are from a

single centre and therefore total procedure numbers are

limited, though the procedure is completely standardised.

There was no scope for statistical comparison between SAV

and BAV as BAV continues to be utilised as the first-line

strategy.
Conclusions
Balloon aortic valvuloplasty is a safe and effective primary

procedure in all age groups, with no significant difference in

outcomes when performed in the neonatal period. Freedom

from re-intervention was associated favourably with the

bicuspid aortic valve type and post-BAV catheter and echo

gradient. Even in those patients who required re-intervention

(including those with unicuspid valve morphology) BAV

safely delayed SAV, permitting growth and potentially

improved surgical options. These findings support primary

balloon dilation as the initial management of choice for

patients with aortic valve stenosis.
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