Immediate and Short Term Results of Balloon Pulmonary Valvuloplasty from Neonates
to Grown Up Children with Critical Pulmonary Stenosis: Experience from a Tertiary

Care Centre in Bangladesh

Abstract

Background: Although neonates present with critical pulmonary stenosis (PS)it is equally
found in grown up children in developing country like Bangladesh.Balloon pulmonary
valvuloplasty (BPV)is one of the most common catheter- based intervention. Transcatheter
interventions in critical PS present unique challenges in Bangladesh due to unavailability of
expert centre &hardware, cost of procedure, low weight and delayed diagnosis.Careful
technique, proper planning & safety measures reduces the incidence of
complications.Objective: The study was undertaken to find out the immediate & mid term
outcome of critically ill neonates, infants, children, adolescent who needed emergency
pulmonary valvuloplasty for critical PS.Methods: This retrospective study was conducted in
the cardiac centre of Bangladesh Shishu Hospital & Institute between June 2014 to June
2022. Percutaneous balloon pulmonary valvuloplasty done in 54 children having critical
stenosis or membranous pulmonary atresia. Clinical parameters, SPO,, echocardiographic
data, cathlab data & outcome were recorded. Statistical analysis was done by using SPSS
version 24. Result:Among these neonates were 6(11.8%), infants between 1 month to one
year was 30(58.8%), from 1 year to 5 years 10(19.6%), more than 5 years 5(9.8%). Median
weight was 6.5 kg; lowest weight was 1.96 kg. The peak systolic gradient reduced from an
average of 66 + 7 mm Hg to 16.5 £ 5 mm Hg (P value <0.05). No major complication
occurred except mild PR,RV dysfunction, transient bradycardia. Two patients died due to
sudden cardiac arrest after six hours of procedure. At 1 month follow up 12 patients had mild
residual stenosis, 5 had moderate residual pulmonary stenosis, 2 had severe residual
pulmonary stenosis. At 6 month follow up four patient had mild residual pulmonary stenosis
& one had moderate pulmonary stenosis.Conclusion: Balloon pulmonary valvuloplasty
appears feasible, effective and relatively safe initial management & having encouraging
immediate & short term results of critical pulmonary valve stenosis in the neonate to grown
up children.
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Introduction

Children with critical pulmonary stenosis with right ventricular (RV) pressure equal to or
greater than systemic pressure usually critically ill with cyanosis because of right to left shunt
at atrial level. They require urgent relief of obstruction at pulmonary valve. Percutaneous
balloon pulmonary valvuloplasty (BPV) is the treatment of choice since it was introduced by
Kan et al. in1982*.The short- and mid-term results of BPV is very good that nowadays it has
become the preferred method of therapy for moderate and severe PS both in children as well
as adults. 2%, It is also safe and effective for relief of PS in neonates *. The success rates of
BPV in infants with critical PS have been reported to be 55-94%; however, restenosis has
been reported in 17-36% of these patients>°. The purpose of this study was to review our
experience with percutaneous balloon valvotomy in neonates to grown up children with

critical pulmonary stenosis or membranous pulmonary atresia with intact ventricular septum.

Materials & Methods

This retrospective study was conducted in the cardiac centre of Bangladesh Shishu Hospital
& Institute between June 2014 to June 2022. Children with critical pulmonary who presented
to us with respiratory distress, metabolic acidosis were admitted to the paediatric cardiac
intensive care unit for stabilisation before the procedure. Prostaglandin E1 (PGE1) was
initiated in neonates if the level of O2 saturation was below 75%.The detailed diagnoses were
first established by two dimensional and Doppler echocardiographyusing a Vivid E9 system
(GE Medical System, Inc, Horten, Norway).

Informed consent was obtained from the parents. The procedure was done under general

anesthesia & endotracheal intubation. Oxygen saturation, arterial blood O, level, and blood

pressure were continuously monitored during the procedure. The intracardiac pressure was
measured with a fluid-filled catheter system. RV angiogram was done at AP & lateral view to
see the valve morphology & to measure annulus size (Figurel).Before and after BPV, the
right ventricle to pulmonary artery pressure gradient were measured. A 4-F or 5-F Judkins
catheter was placed in the RVOT, and a 0.014/0.021 guide wire was passed through the
pulmonary valve into the ductus arteriosus and the descending aorta, if accessible, or the
pulmonary branches.

Clinical and hemodynamic profile, associated cardiac and noncardiac structural anomalies,
procedural details and complications, immediate outcome were collected from patient record

file. The right ventricle function, severity of tricuspid and pulmonary regurgitation (PR),



residual pulmonary stenosis and intra- atrial shunts in the ASD/PFO levels were evaluated
post BPV and subsequently 1 and 6 months afterward in the outpatient follow-up.

Statistical analysis was done by using SPSS version 24. The descriptive statistical analysis of
the quantitative variables was carried out by calculating the median, mean and standard
deviations. The Student paired t test was used to compare pre procedure and post procedure

SpO2, pressure gradients. A p value <0.05 was considered statistically significant.

Figure-1: RV angiogram at lateral view showed systolic diming of pulmonary valve.

Result

Percutaneous balloon pulmonary valvuloplasty done in 54 children having critical stenosis or
membranous pulmonary atresia. This representing 28.4% of the total number of patients
referred for BPV in our institute during the given period of the study. Among these neonates
were 6(11.8%), infants between 1 month to one year was 30(58.8%),from 1 year to 5 years
10(19.6%), more than 5 years 5(9.8%) (Table-1). The youngest patient was 5 days and eldest
was 16 years. Median weight was 6.5 kg,lowest weight was 1.96 kg. Male to female ratio was
1.3: 1(fig-2).Three patients were syndromic.All the neonates were duct dependent & got
prostaglandin infusionbefore the procedure. Most common associated cardiovascular lesion
was patent foramen ovale (PFO) which was present in 26 patients, secundum ASD in four
patients.This interatrial communication was shunting mostly right to left. Others included
small PDA in 18 patients, one patient had tricuspid stenosis (Table-2).



Table 1: Showed Distribution of Age range (N=54)

Age range Frequency(Number) Percentage (%)
Less than 1 month 6 11.8
1 month to 3 months 11 21.6
3 months to six months 4 7.8
Six months to 1 year 15 29.4
1 year to five years 10 19.6
>5 years 5 9.8

Distribution of Gender

Emale =female =

Fig-2: Distribution of gender.

Table-2: Showed Distribution of additional defect (N=54)

Additional defect Frequency (Number) Percentage (%0)
Patent foramen ovale (PFO) | 19 37.3

Patent ductus arteriosus | 11 21.6

(PDA)

PFO + PDA 7 13.7

Secundum ASD 4 7.8

Ventricular septal defect | 2 3.9

(VSD)

Infundibular stenosis 1 2

Tricuspid stenosis 1 2

The pulmonary balloon size was between 120% and 140% of the diameter of the pulmonary




valve annulus in 32 (62.7%) patients and between 100% and 120% in 16 (31.3%) [Figure 3].
Median size of the balloon was 12 X 30 mm Tyshak Il balloon.Predilatation of the balloon
for the pulmonary valve was not required in 24 (47%) cases, while predilation was done in 27
(53%) with smaller to larger balloons sequentially in 2 to 3 steps due to significant residual

pulmonary stenosis after the first pulmonary valvuloplasty.

Figure-3: Showed balloon angioplasty of pulmonary valve.

Table-3: Showed Improvement of SpO2 after BPV.

Sp0O2 Mean =+ (SD) P Value
(%)

SpO2 before procedure 40.55%= 9.8 0.012

Spo2 at discharge 65.30%+9.67

Table-4: Showed reduction of RVSP before & after procedure.

Right ventricular systolic | Mean + (SD) P Value

pressure(RVSP) (%)

Before procedure 107.68 £ 39.9 mm Hg 0.000

After procedure 54.46 + 24.8 mm Hg

Table-5: Showed Reduction of peak to peak systolic gradient before & after procedure.



Peak to peak systolic | Mean + (SD) P Value
gradient between RV to | (%)

PA
Before procedure 85.70 + 38.2 0.000
After procedure 27.2+ 24.6

Mean fluro time was 45 minutes. Baseline SPO, was significantly improved after the
procedure from 40.55%z+ 9.8 to 65.30%+9.67 (p<0.05) (Table-3). The right ventricular
systolic pressure reduced from an average of 66 + 7 mm Hg to 16.5 £ 5 mm Hg (P value
<0.05) (Table-4). The peak systolic gradient reduced from an average of 66 £ 7 mm Hg to
16.5 £ 5 mm Hg (P value <0.05) (Table-5). The pressure gradient was decreased to less than
30 mm Hg in 49 children (76.4%) which was considered as optimal effect, residual gradient
between 30 — 50 mm Hg was seen in 7 patients (13.7%) which was considered as suboptimal
effect & residual gradient more than 50 mm Hg was seen in 5 patients (9.8%) which was
considered as poor effect.

Table-6:Showed severity of residual stenosis at 1 month follow up.

Severity of residual | Frequency (number) Percent (%)
stenosis

Mild residual stenosis 5 9.8
Moderate residual stenosis | 4 7.8

Severe residual stenosis 1 2

Table-7: Showed severity of residual stenosis at 6 month follow up.

Severity of residual | Frequency (number) Percent (%)
stenosis

Mild residual stenosis 4 7.8
Moderate residual stenosis 1 2

Severe residual stenosis Nil Nil

No major complication occurred except mild PR,RV dysfunction, transient bradycardia. Two
patients died due to sudden cardiac arrest after six hours of procedure. It was thought due to
pulmonary over circulation or due to unrecognised ventricular arrhythmia. Thereafter all
critical PS patients ventilated & sedated for 24 hours after procedure & low dose diuretics

was given. Additional three patients died due to sepsis, aspiration pneumonia. One patient



procedure could not be done due to failure to take vascular access at the beginning of our
series.

Transcatheter intervention for pulmonary atresia with intact ventricular septum (IVS) is an
effective but technically difficult primary palliative treatment in newborns. Three neonates
with membranous pulmonary atresia with intact 1VS underwent pulmonary valve perforation
using coronary total occlusion (CTO) guide wire conquest Pro. We also incorporate ductal
stenting as RV was intermediate or borderline. Mean age was 29 days & mean weight was 3
Kg. Detailed echocardiographic examination focused on right ventricle size, and tricuspid
valve morphology and coronary sinusoids were performed in all the patients before the
intervention. Right ventricular systolic pressure fell significantly from 112+21 to 49.6+9.7
mm Hg (p value 0.001).

At 1 month follow up 12 patients had mild residual stenosis, 5 had moderate residual
pulmonary stenosis, 2 had severe residual pulmonary stenosis (Table-6). Among severe
residual pulmonary stenosis one was our eldest patient of 16 years other one was
membranous pulmonary atresia patient. Both underwent repeat valvuloplasty after 6 months
of initial procedure. At 6 month follow up four patient had mild residual pulmonary stenosis
& one had moderate pulmonary stenosis (Table-7). Among three membranous pulmonary
atresia patient one patient who required repeat valvuloplasty, stented duct closed on its own.
Other two patients require addition of bidirectional Glenn shunt. Moderate pulmonary
regurgitation (PR) was seen among 7 patients & mild in 14 patients (39%) at 1 month follow
up. The incidence of pulmonary regurgitation was declined to mild pulmonary regurgitation
in 8 patients (15%) at 6 months after procedure. Mild RV systolic dysfunction was present
six patients & moderate RV systolic dysfunction was still present in our eldest patient of 16
years at 6 month follow up. Bidirectional shunt across ASD was persistent in twenty-two
patients at 1 month follow up and twelve patients at six month follow up due to impaired
relaxation of RV.

Discussion

Pulmonary stenosis occurs in approximately 6.6/1000 live births and slightly higher in Asian
countries compared to Europe and the United States™®.For a successful balloon pulmonary
valvuloplasty it is crucial to select appropriate balloons. Several previous studies have
focused on the relationship between balloon selection and valve annulus; the most widely

accepted ratio is 1.2-1.4, which has already been mentioned in some guidelines and



91
recommendations

O.We use this ratio in our clinical practice in 62.7% cases as well. The
significant immediate reduction of both the Right ventricular systolic pressure (RVSP) and
the Pressure gradient across the RVOT in our study was consistent with the data published by
Karagoz et al**. Saad et al.,defined immediate success rate as the drop in the RVSP to less
than or equal to 50% of the baseline measurement &was achieved in 85% of the cases of
critical pulmonary stenosis in infants'?. In our series we have shown thepullback pressure
gradient between PA to RV was decreased to less than 30 mm Hg in 49 children (76.4%)
which was considered as optimal effect. There was also a progressive decrease in the pressure
gradient across the RVOT throughout the follow-up period from 12 patients with mild
residual stenosis,5 patients with moderate residual pulmonary stenosis & 2 patients with
severe residual pulmonary stenosis at 1 month follow up to 4 patients with mild residual
pulmonary stenosis & 1 patient with moderate residual stenosis after 6 months. This was
consistent with the data published in other age groups like that of Sharieff et al.,who reported
a decrease in the PG from 33.5 + 9.7 mm Hg immediately after BPV to 18.6 £ 3.4 mm Hg at
follow-up™. This finding might be explained by the gradual regression of infundibular
hypertrophy. Werynski et al.,reported PR in 39.5% of children with critical PS immediately
after BPV which was consistent with our series'®. We report a gradual decline in the
incidence of PR to about 15% at 6 months follow up which was consistent with Saad et al.
series’>. Though BPV in older age group reported with almost no mortality but critical
pulmonary stenosis in mostly neonates, infants & early childhood in our series showed
mortality rate of 9.2 % compared to 8% of the patients as reported by Tabatabaei et al.,*>and
14% of the patients as reported by Karagoz et al**.

Conclusion

Balloon pulmonary valvuloplasty appears feasible, effective and relativelysafe initial
management of critical pulmonary valvestenosisin the neonate to grown up
children.Immediate & short term results are encouraging.BPV is likely to provide definitive

therapy in neonates,infants& grown up children.
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