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Abstract Infants with tetralogy of Fallot (ToF) present-

ing with desaturation may require augmentation of the

pulmonary blood flow, usually in the form of a Blalock–

Taussig shunt. Shunts may result in a preferential increase

in blood flow to one lung. They also may be associated

with significant morbidity and possibly mortality of pre-

mature infants. Balloon dilation of the pulmonary valve is

reported to improve saturation in early infancy. This report

describes two premature infants (weighing, respectively,

1.8 and 1.6 kg) with ToF and desaturation for whom bal-

loon dilation of the pulmonary valve showed good results.

Neither infant required palliative surgery. At this writing,

one infant has already undergone complete repair.
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Children with tetralogy of Fallot (ToF) presenting with

significant desaturation during early infancy require a

Blalock–Taussig (BT) shunt as a palliative measure. Shunt

surgery may be associated with significant morbidity, and

neonatal shunts may be associated with a higher mortality

rate [3]. Balloon dilation of the pulmonary valve as an

alternative to a shunt is reported to improve and palliate a

significant number of patients with ToF and desaturation

[13]. We report two premature infants with ToF accom-

panied by significant desaturation who were palliated

successfully by balloon pulmonary valvuloplasty.

Case 1

Infant S, a 25-day-old preterm infant born at 29 weeks

gestation and weighing 1.4 kg at birth was referred to us

for management of ToF, prematurity, and severe desatu-

ration. The infant weighed 1.8 kg at the time of admission.

The oxygen saturation was 55% to 60% in room air.

An echocardiographic study showed ToF with predom-

inantly valvular pulmonary stenosis (valve annulus of

4 mm) and confluent right and left branch pulmonary

arteries measuring 3 and 3.3 mm, respectively. Augmen-

tation of the pulmonary blood flow by balloon pulmonary

valvuloplasty was planned (Fig. 1a).

Procedure

The child was electively intubated. Right femoral venous

access was obtained using a 4-Fr sheath. A right ventricular

angiogram showed a hypertrophied right ventricle with

severe pulmonary valvular stenosis (Fig. 2a). The pul-

monary annulus measured 4.2 mm. The pulmonary valve

was crossed with a 0.014-in. coronary wire.

After a stable position had been obtained, a 4 9 20-mm

balloon was tracked over the wire across the pulmonary

valve and inflated twice to 8 atmospheres.

Results

A repeat angiogram showed an improved antegrade flow

(Fig. 2b). The child was gradually weaned from the ven-

tilator. At the time of discharge, the saturations were 95%.
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Follow-up Evaluation

The patient was subsequently followed up at the referring

center and reevaluated a year later. An echocardiogram at

the age of 13 months showed a pulmonary annulus of

9 mm (z-score, –1) and confluent right and left branch

pulmonary arteries measuring 4.6 and 4.5 mm, respectively

(z-score, -3). The patient underwent complete repair

including ventricular septal defect closure, infundibular

resection, and a small transannular patch.

Case 2

Baby E was born by cesarean section (indication, twin

delivery at 32 weeks gestation) and weighed 1.6 kg at both

birth and presentation to our center at the age of 28 days.

At evaluation, the infant was found to have ToF with an

oxygen saturation of 60%. Echocardiogram showed the

right ventricular outflow tract (RVOT) obstruction to be

predominantly at the pulmonary valvular level (Fig. 1b).

The pulmonary valve annulus measured 2.6 mm, and the

branch pulmonary artery measured 3 to 3.5 mm.

After informed consent was obtained, balloon pulmon-

ary valvuloplasty was undertaken. The child also was noted

to have apneic episodes. As part of the workup for apnea,

blood cultures were performed.

Procedure

The procedure was planned within 24 h of hospital

admission because of the low saturations. The newborn

was electively intubated before the procedure. Injection

esmolol and phenylepherine were prepared before the

procedure and kept ready for use in case of desaturation

unresponsive to volume and sodium bicarbonate. In-house

surgical backup was available in case an emergency BT

shunt needed to be placed.

Fig. 1 (a) Parasternal short-

axis view of case 1 showing the

right ventricular outflow tract

(RVOT) and pulmonary annulus

measurement. The obstruction is

mainly at the valvular level. (b)

Subcostal view of case 2

showing color flow mapping of

the RVOT and branch

pulmonary arteries. Note the

turbulence starting at the level

of the valve. AO, aorta; RV,

right ventricle; VSD, ventricular

septal defect

Fig. 2 (a) Case 1: Preprocedure

right ventricular outflow tract

(RVOT) angiogram in lateral

projection showing mainly

annular and valvular

obstruction. (b) Case 1:

Postprocedure angiographic

frame in lateral projection

showing improved antegrade

flow with lesser valvular

obstruction
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Right femoral venous access was obtained, and a 3-Fr

sheath was inserted. An angiogram was performed over the

wire using a cut 3-Fr pigtail in the RVOT. The pulmonary

annulus measured 2.6 mm. The pulmonary valve was

crossed using a 0.014-in. coronary wire positioned in the

right pulmonary artery for stabilization. A coronary balloon

measuring 2.5 9 15 mm was taken over the wire across

the pulmonary valve. After confirmation of its position on

fluoroscopy, the balloon was inflated to a pressure of 9

atmospheres twice. Subsequently, a 3 9 18-mm balloon

was inflated to 14 atmospheres.

Results

Immediately after the procedure, the pulse oximetry dipped

to 50% to 55%. The child was given a 5-ml/kg normal

saline bolus directly into the right ventricle and injection

sodium bicarbonate intravenously. After these measures,

the saturation gradually improved to 80%.

The child was shifted to the neonatal intensive care unit,

where the saturations persisted at low levels (60%) for a

few hours. Hemoglobin was optimized. Other possibilities

considered included reperfusion lung injury and infundib-

ular reaction. A chest X-ray ruled out the first possibility. A

postprocedure echocardiogram showed an open RVOT

(Fig. 3).

The saturations improved to 90% several hours after the

procedure. The child was weaned from the ventilator.

Preprocedure apnea workup showed a positive fungal

blood culture, which was treated with antifungals for

4 weeks, especially in view of the cardiac intervention. At

the time of the child’s discharge from the hospital, the

saturations were between 85% and 90% with room air.

An echocardiogram done at discharge showed a RVOT

with a gradient of 40 mmHg mainly at the infundibular

level. The follow-up assessment 6 months after the pro-

cedure showed the child’s saturations to be 82%. At this

writing, reparative surgery is planned in the near future.

Discussion

Patients with ToF presenting in early infancy with low

saturations require augmentation of their pulmonary blood

flow, which usually is performed using a BT shunt. A

central increase in the pulmonary blood flow, as happens

with balloon dilation of the pulmonary valve, has been

shown to obviate the need for a BT shunt and to allow

acceptable saturations until final reparative surgery can be

performed [7, 10, 16].

Several issues are related to palliative surgical proce-

dures for premature infants. The infants may outgrow the

shunt and require a repeat procedure. If a larger shunt is

implanted in anticipation of growth, the child may be

symptomatic due to heart failure. In addition, a surgical

mortality rate of 10–18% has been reported for low-birth-

weight and premature neonates (weight, \2,500 grams)

with congenital heart disease undergoing cardiac surgery

[1, 12, 14, 15]. Balloon dilation in selected cases with

dominant valvular stenosis may provide advantages over

BT shunt including a shorter recovery period, a shorter in-

hospital stay, and a more evenly distributed bilateral flow

to the pulmonary arteries.

After balloon dilation, several parameters have been

studied including the pulmonary annulus z-score, the pul-

monary artery z-score, the requirement for shunt surgery,

and the need for a transannular patch at the time of total

correction. A review of the available literature shows an

improvement in the pulmonary artery z-score, the branch

pulmonary artery size, and saturation [4–6, 9]. Complica-

tions are reported mainly for older children in whom the

infundibular component is greater or for newborns in

whom crossing the valve was difficult [4–6, 9].

Challenges related to interventions for premature infants

are similar to those for newborns and include issues related

to maintaining temperature and glucose homeostasis. Other

reports of interventions for premature and low-birth-weight

infants have resulted in reports of a high success and a low

complication rate, with palliative surgery postponed or not

needed [2, 8, 11].

The importance of preprocedural preparedness, namely,

maintaining the 3-Fr sheath and catheter in stock, having

drugs such as esmolol and phenylepherine available, and

providing for surgical backup, are highlighted in these cases.

We had to use a pigtail catheter (with the tip cut off) for the

angiogram because it was the only 3-Fr catheter available.

Fig. 3 Postballoon pulmonary valvuloplasty of case 2. Parasternal

short-axis view with color flow mapping showing improved antegrade

flow across the right ventricular outflow tract (RVOT)
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The issues related to postprocedure desaturation, starting

an hour after the procedure (case 2), highlight the potential

problems. Possible etiologies we had to consider included

transient infundibular reaction, reperfusion injury to the

lung, decreased hemoglobin resulting in decreased oxygen-

carrying capacity, pulmonary issues such as atelectasis, and

preexisting systemic infection. Comorbidities including

apnea and preprocedure fungemia in case 2 highlight the

noncardiac problems that may alter the postprocedure

course.

In conclusion, balloon dilation of the pulmonary valve

to palliate low-birth-weight desaturated infants with ToF

appears to be a safe alternative to a BT shunt. Confirming

the etiology of obstruction (valvular) ensures a better out-

come. Postprocedure desaturation for a few hours may be

anticipated. Findings have shown the procedure to be safe

for a small number of patients. Comorbidities related to

prematurity may affect the outcome, and the long-term

result is encouraging.
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