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INTRODUCTION

Pulmonary atresia with intact ventricular septum (PA-IVS) 
is a rare cyanotic congenital heart defect characterized by 
right ventricular (RV) outflow tract obstruction, with survival 
dependent on preserved RV function and a balanced 
pulmonary-to-systemic blood flow ratio (Qp:Qs).[1,2]

Early palliation is required to maintain pulmonary perfusion. 
Contemporary management options include transcatheter 

valvuloplasty or a modified Blalock-Taussig (BT) shunt. In 
selected neonates with favorable RV morphology, surgical 
valvotomy using the Brock procedure may restore antegrade 
flow without cardiopulmonary bypass (CPB).[3] This report 
describes the perioperative management of a neonate with PA-
IVS undergoing the Brock procedure at a center with limited 
resources.
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Abstract

Pulmonary atresia with intact ventricular septum (PA-IVS) is a rare cyanotic congenital heart disease characterized by unstable neonatal 
physiology and considerable perioperative complexity. We report the case of an 8-day-old male neonate with PA-IVS who presented with 
fluctuating oxygen saturation despite receiving prostaglandin E1 infusion. Alternative strategies include transcatheter pulmonary valvuloplasty 
and a systemic-to-pulmonary shunt. However, primary surgical pulmonary valvotomy was selected in this case, given the favorable right 
ventricular (RV) growth potential and the physiological imperative to establish antegrade pulmonary blood flow while avoiding shunt-dependent 
circulation. Perioperative management emphasized preserving RV preload, maintaining systemic vascular resistance, and maintaining balanced 
pulmonary-to-systemic blood flow. Intraoperative reassessment supported the chosen surgical strategy. The patient achieved sustained 
hemodynamic stability and progressive improvement in oxygenation throughout the postoperative period. This case underscores the critical 
role of multidisciplinary decision-making in determining the optimal palliation strategy for PA-IVS, particularly in centers with limited access 
to advanced congenital cardiac services.
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CASE REPORT 

An 8-day-old male neonate with a birth weight of 2600 g, 
born at 35-36 weeks of gestation (Apgar 7/8), was referred for 
early respiratory distress and persistent hypoxemia. Initial 
management included continuous positive airway pressure 
(CPAP). 

Physical examination revealed peripheral cyanosis. Respiratory 
rate was 45-55 breaths/min, oxygen saturation fluctuated 
between 50-85%, and there was a significant pre- and post-
ductal gradient (64% vs. 51%). Heart rate was 135-145 beats/
min, S1S2 were normal, and a cardiac murmur was present. 

Arterial blood gas showed severe hypoxemia with mild 
metabolic acidosis (pH 7.31, PaO

2
 31 mmHg, HCO

3
 18.6 

mmol/L). Given the marked desaturation and a ductal gradient, 
a duct-dependent congenital heart defect was suspected. 
Echocardiography identified PA-IVS, a 6-7 mm secundum atrial 
septal defect (ASD) with bidirectional shunt, patent ductus 
arteriosus (PDA), along with hypoplastic pulmonary arteries, 
and moderate tricuspid regurgitation. Further assessment 
demonstrated a tripartite RV with preserved inlet, trabecular, 
and outlet components; the ventricles appeared relatively 
balanced, without severe RV hypoplasia. The tricuspid annulus 
measured approximately 13 mm, which is within the normal 
range for age. Although a formal tricuspid valve Z‑score was 
not available, the echocardiographic findings supported the 
feasibility of a biventricular repair pathway. The absence of 
a Z‑score is acknowledged as a limitation of this assessment 
(Figure 1). The neonate was admitted to the neonatal intensive 

care unit (NICU) and was started on a prostaglandin E1 (PGE1) 
infusion to maintain ductal patency.

Urgent surgical palliation was planned because persistently 
unstable oxygenation despite PGE1 infusion and noninvasive 
respiratory support indicated duct-dependent pulmonary 
blood flow. The patient was classified as ASA physical status 
IV; informed consent was obtained, and standard preoperative 
fasting was followed.

Preoperatively, the patient remained on CPAP under continuous 
monitoring and received premedication with intravenous 
atropine sulfate 0.1 mg and fentanyl 10 mcg. General anesthesia 
was induced with an additional 10 mcg of fentanyl and 1 mg 
of atracurium, and was maintained with inhaled oxygen and 
sevoflurane at approximately 1%. An opioid-based technique 
was used to maintain hemodynamic stability, with invasive 
arterial and central venous monitoring. Mean arterial pressure 
was maintained between 45-55 mmHg with a stable heart rate; 
central venous pressure ranged from 8 to 10 mmHg. Pressure-
controlled ventilation, aimed at maintaining normocapnia with 
an FiO

2
 of 40-50% and positive end-expiratory pressure of 4 

cmH
2
O, ensures balanced Qp:Qs and stable SVR while avoiding 

excessive drops in pulmonary vascular resistance (PVR).

The surgical procedure was performed via median sternotomy 
without CPB. Intraoperative observations revealed hypoplastic 
branch pulmonary arteries and a diminutive main pulmonary 
artery. A Brock procedure, which included commissurotomy 
and dilation of fused valve leaflets, was performed. A purse-
string suture was placed near the pulmonary annulus, and 
transventricular perforation of the atretic pulmonary valve was 
then performed using a 14-gauge catheter. Subsequent dilation 
using a 5 mm Hegar dilator restored antegrade flow across the 
RV outflow tract. After restoration of antegrade pulmonary 
flow, oxygen saturation improved to approximately 80% at FiO

2
 

of 50%. Blood loss was minimal. The patient was transferred to 
the NICU, mechanically ventilated and receiving a dobutamine 
infusion (10 mcg/kg/min).

The postoperative course was hemodynamically stable. 
Echocardiography showed preserved left ventricular 
systolic function (ejection fraction 75%), moderate tricuspid 
regurgitation, PDA (+), and residual ASD (Figure 2). Mechanical 
ventilation was maintained until postoperative day 7 to allow for 
gradual cardiopulmonary adaptation after RV decompression. 
The patient was subsequently extubated and discharged on day 
9 post-surgery. At outpatient follow‑up, antegrade RV-PA flow 
remained patent, although the channel was relatively small. 
The patient remained under serial cardiology surveillance 
and was being evaluated for future staged palliation with a 
modified BT shunt, if required.

Figure 1. Preoperative echocardiography demonstrating 
pulmonary atresia with intact ventricular septum, 
secundum atrial septal defect with bidirectional shunt, 
patent ductus arteriosus, hypoplastic pulmonary arteries, 
right-sided chamber dilation with moderate tricuspid 
regurgitation and preserved left ventricular systolic function
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DISCUSSION

PA-IVS is a complex, cyanotic congenital heart disease. The 
therapeutic strategy depends on RV morphology, coronary 
anatomy, pulmonary artery development, and institutional 
resources.[4] Determining the optimal initial palliation for 
neonates weighing less than 3 kg remains a formidable clinical 
challenge, as duct-dependent physiology carries risks of severe 
morbidity and mortality. Although the modified BT shunt 
is widely employed to augment pulmonary blood flow, it is 
associated with significant morbidity and mortality in low-birth-
weight neonates. Lower body weight and complex anatomy 
have been associated with unfavorable early outcomes after 
shunt placement.[5,6] 

The risk of postoperative hemodynamic instability is further 
amplified by a decline in PVR following shunt placement. In our 
2.6 kg patient, the smallest available graft (4 mm) raised concerns 
about potential overshunting. Treatment selection was further 
influenced by local resource constraints. Ideally, pulmonary 
blood supply, including major aortopulmonary collateral 
arteries, should be evaluated by cardiac catheterization.[3,4] 

In resource-limited centers, inadequate pediatric cardiac 
intensive care and limited access to extracorporeal membrane 
oxygenation (ECMO) can exacerbate postoperative instability.[7] 
Undetected collateral flow may lead to unpredictable 
pulmonary overcirculation after shunt placement.[6] 

Transcatheter pulmonary valvuloplasty is an alternative to 
RV decompression in selected patients.[8] However, surgical 
valvotomy remains more reliable in cases with complex 
anatomy or limited catheter capabilities.[9] At the time 
of the intervention, neonatal transcatheter procedures, 
hybrid procedures, and ECMO were not available, further 
influencing treatment decisions. In this patient, duct-
dependent hemodynamic instability, uncertain pulmonary 
vascular anatomy, and concerns regarding shunt-related 
hemodynamic imbalance favored the primary Brock 
procedure as the initial palliative strategy. This decision was 
further supported by anatomical considerations, namely the 
presence of a tripartite RV, balanced ventricular dimensions, 
and preserved tricuspid annular size, all of which favored RV 
decompression and the potential for biventricular circulation. 
Furthermore, echocardiography demonstrated no evidence of 
major coronary sinusoids, coronary fistulae, or right-ventricle-
dependent coronary circulation, thereby reducing concerns 
about myocardial ischemia after decompression.[2]

Although a modified BT shunt was initially considered, 
concerns regarding overshunting in a low‑weight neonate with 
favorable RV morphology supported an initial decompressive 
strategy using the Brock procedure. Given the anatomical 
findings, a single-ventricle approach was not pursued as the 
initial strategy because these features were deemed supportive 
of biventricular circulation and RV decompression.[3]

Collectively, these findings support the Brock procedure as a 
suitable initial strategy for establishing antegrade pulmonary 
blood flow. This technique permits transventricular valvotomy 
without CPB, thereby avoiding capillary leak, coagulopathy, and 
inflammatory sequelae associated with CPB.[3,10] Compared with 
the modified BT shunt, which carries vascular, prosthetic and 
antithrombotic risks, the primary Brock procedure preserves 
native pulmonary blood flow and may simplify postoperative 
care.[6]

Urgent intervention was required because the neonate was 
dependent on continuous PGE1 infusion to maintain ductal 
patency. Despite pharmacological and noninvasive ventilatory 
support, oxygen saturation fluctuated between 50-75%, with 
persistent respiratory distress and metabolic acidosis, reflecting 
a critically limited cardiopulmonary reserve. 

Nevertheless, important physiological trade-offs must be 
recognized following RV decompression. Sudden decompression 
may alter ventricular load and increase pulmonary blood flow, 
potentially precipitating systemic hypotension, pulmonary 
overcirculation, or transient ventricular dysfunction in neonates 
with a hypertrophied, noncompliant RV.[1,11] Restoration 
of antegrade pulmonary flow improved hemodynamic 
responsiveness during the perioperative period and permitted 

Figure 2. Postoperative echocardiography showing restored 
antegrade pulmonary blood flow, preserved left ventricular 
systolic function (ejection fraction 75%), persistent 
moderate tricuspid regurgitation, residual secundum atrial 
septal defect with bidirectional shunt and patent ductus 
arteriosus
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modulation of the Qp:Qs balance by adjusting ventilation, SVR, 
and inotropic support.[1] 

In this patient with a hypertrophied and relatively noncompliant 
RV, anesthetic management prioritized the maintenance of RV 
performance and coronary perfusion. Anesthetic induction 
was conducted gradually to avoid abrupt reductions in SVR, 
and ventilatory parameters were carefully titrated to prevent 
decreases in PVR.[2,12] 

Perioperative priorities included oxygenation control, SVR 
maintenance, RV preload preservation, and continuous 
invasive hemodynamic monitoring. An opioid-based induction 
combined with low-dose inhalational anesthesia was 
selected to reduce sympathetic responses while maintaining 
hemodynamic stability.[1,13] Prolonged mechanical ventilation, 
in this case, reflected the physiological challenges associated 
with acute decompression of a hypertrophied and relatively 
noncompliant RV, including the potential for persistent 
diastolic dysfunction and the need for gradual hemodynamic 
adaptation. Mechanical ventilation was progressively weaned 
while maintaining adequate oxygenation and hemodynamic 
stability, with transition to noninvasive ventilation and then to 
low-flow supplemental oxygen prior to discharge. This staged 
approach facilitated progressive cardiopulmonary adaptation 
while avoiding abrupt perturbations in RV loading conditions.

Study Limitations

This report has several limitations. Formal tricuspid valve 
Z-score calculations and quantitative RV volume measurements 
were not available in the retrospective echocardiographic 
records. During follow-up, serial quantitative assessments of 
RV growth and residual pulmonary regurgitation could not be 
consistently obtained.

CONCLUSION

In neonates with PA-IVS, the selection of the primary Brock 
procedure should be guided by patient-specific anatomy and 
physiology, especially the presence of unstable duct-dependent 
circulation and the risk of shunt-related imbalance. Restoration 
of antegrade pulmonary blood flow enabled more physiologic 
perioperative regulation of Qp:Qs. In resource-limited cardiac 
settings, optimal outcomes depend on close multidisciplinary 
collaboration and careful perioperative anesthetic management 
to preserve systemic perfusion.
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