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Cerebral and somatic near infrared spectroscopy (NIRS) during Kasai portoenterostomy in a neonate following first-
stage palliation for hypoplastic left heart syndrome (HLHS). 
 
Zabala L, 1 Ullah S, 1 Schmitz ML, 1 Watkins WB.1 

1Division of Pediatric Anesthesiology & Pain Medicine, Arkansas Children’s Hospital & University of Arkansas for Medical 
Sciences. 
 
The Kasai portoenterostomy is a palliative procedure that if successful, may restore bile flow and prevent rapid progression 
to end stage liver failure in patients with extra-hepatic biliary atresia (EHBA). Associated congenital  anomalies are found in 
20% of cases of EHBA (1). In patients who have EHBA and congenital heart disease, a large portion are associated with 
heterotaxy syndrome, including hypoplastic left heart (HLHS) variance. 
Following first-stage palliation for HLHS, patients are at risk of decrease systemic oxygen delivery due to sudden alterations 
in cardiac output, imbalance between pulmonary (Qp) and systemic blood flow (Qs), or both.  Monitoring modalities for 
direct measurement of cardiac output and pulmonary-systemic blood flow ratio (Qp:Qs) are often technically difficult in the 
general operating room. Typically, systemic oxygen saturation is used to estimate Qp:Qs. However, measurement of arterial 
oxygen saturation and derived pulmonary/systemic blood flow ratio (Qp:Qs) may be misleading in assessing the circulatory 
status of infants after first-stage palliation for hypoplastic left heart syndrome (2).  
The use of near infrared spectroscopy (NIRS) as a non-invasive measurement of regional cerebral oxygenation (rSO2-C) is 
becoming increasingly common in clinical practice as a marker of adequate regional tissue oxygenation.  Two-site NIRS can 
track simultaneous variations in oxygenation from rSO2-C and other somatic site (rSO2-S), which provides unique 
information important for the anesthetic management of children with single ventricle physiology. 
 
A 2.5 kg female with the diagnosis of heterotaxy/ HLHS underwent modified first-stage palliation with the placement of a 6 
mm Gore-Tex right ventricle to pulmonary artery conduit at 6 days of age. Postoperatively, she was noted to have 
progressive elevation of total and direct bilirubin. Diisopropyl iminodiacetic acid scan (DISIDA) was consistent with the 
diagnosis of biliary atresia. On the 28th day of life the patient underwent exploratory laparotomy for intraoperative 
cholangiogram, liver biopsy and Kasai portoenterostomy. Invasive monitoring included a left internal jugular central venous 
catheter and a left radial arterial catheter. Near infrared spectroscopy (NIRS) monitors were placed in the forehead and left 
thigh for assessment of regional cerebral (rSO2-C) and somatic (rSO2-S) tissue oxygenation respectively throughout the 
surgical procedure. A marked decrease in the rSO2-S was noted with liver retraction and mobilization during (1) initial 
exposure of porta hepatis for intraoperative cholangiography, (2) choledochal cyst excision and (3) Kasai 
portoenterostomy.(Fig 2). These changes in rSO2-S were also associated with abrupt increases in ventilation requirements, 
end tidal CO2  and central venous pressure.  
 
Although a Qp:Qs ratio near one indicates that pulmonary and systemic circulations may be balanced in an infant with single 
ventricle physiology, it is not an indicator of adequate perfusion or oxygen delivery to tissues. Two-site NIRS monitoring 
allows recording of regional oxygen saturation trends in two very different areas of the body.  Inferences can be made as to 
overall adequacy of oxygen delivery, not just oxygen saturation, and indeed note apparent redistributions of oxygen delivery 
in these 2 locations. An acute increase in PaCO2 within the cerebral autoregulatory range induces cerebrovascular 
vasodilation, reducing cerebrovascular resistance and increasing cerebral blood flow. Simultaneously, the opposite occurs in 
the somatic site due to influences from increased sympathetic tone.  Such an increase in cerebral blood flow may explain why 
rSO2-C was minimally affected in this case during liver resection. An infant with single ventricle physiology may not be able 
to increase cardiac output sufficiently to provide “luxuriant” flow to the brain and adequate flow to the body under such 
conditions.  The marked decrease in rSO2-S may reflect poor somatic perfusion under conditions of limited cardiac output.   
The trend in rSO2-S: 1.) may be an earlier indicator of poor perfusion as lactatic acidosis takes time to develop; 2.) may show 
a decline before systemic blood pressure as vasoconstriction preserves blood pressure at the cost of perfusion; and 3.) may 
show changes under conditions of poor perfusion where pulse oximetry may fail.  This report suggests the utility of NIRS as 
a noninvasive indicator of regional tissue oxygenation that may enhance clinical assessment of cardiac output distribution 
when combined with standard intraoperative anesthetic monitoring. 
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