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Introduction: The safety of deep hypothermic circulatory arrest (DHCA) in neonates is an area of great interest 
and has been extensively studied as a potential source of neuropsychological disability (NPD).  Both experimental 
and clinical studies have suggested a relationship between the duration of circulatory arrest and NPD.  During 
cooling before DHCA two strategies of blood gas management can be used: alpha-stat and pH-stat. The pH-stat 
strategy, which temperature-corrects pH by adding CO2, increases cerebral blood flow during cooling, and has 
theoretical advantages over alpha-stat in terms of oxygen delivery to the brain. We hypothesized that pH-stat may 
provide better metabolic conditions for tolerating circulatory arrest, would delay the onset of brain injury and 
prolong the 'safe' duration of DHCA. We therefore studied the effect of pH-stat management on brain oxygenation 
and the level of striatal extracellular dopamine in an experimental piglet model of DHCA. Dopamine is a very 
sensitive marker of the adequacy of brain oxygenation and the release of dopamine during ischemic conditions 
may play a major role in mediating neuronal damage within the striatum. 
 
Methods: After a 2hr baseline, newborn piglets were placed on CPB. In the pH-stat group (n=6) the temperature 
corrected arterial blood pH was maintained at 7.4 by the addition of CO2 (typical fresh gas flow 1.5 l/min with 50 
ml/min of CO2 in CPB sweep). In the alpha-stat group (n=6) the non-temperature corrected pH was maintained at 
7.4 (typical fresh gas flow 300 ml/min).  All animals were cooled for 30 minutes to 18oC.  The animals were then 
subjected to 90 min of DHCA. All were rewarmed using alpha-stat management, separated from CPB and 
maintained for 2-hrs (recovery). 
The distribution of oxygen in the microcirculation of brain tissue was measured by quenching of the 
phosphorescence of a near infrared phosphor, Oxyphor G2, which was injected IV at 3 mg/kg.  A multifrequency 
phosphorescence lifetime instrument was used to determine the distribution of phosphorescence lifetimes and 
thereby the distribution of oxygen in the microcirculation of the tissue.  The extracellular levels of dopamine in 
the striatum were determined by in vivo microdialysis.  The results are presented as the mean ± SEM. 
 
Results:  Prebypass cortical oxygen pressures were between 45-60 mm Hg. During cooling with pH-stat 
management cortical oxygen pressure was 60±4.9mm Hg. During cooling with alpha-stat management cortical 
oxygen was 30.1±2.5mm Hg, significantly lower than in the pH-stat group (p<0.001). The cortical oxygen 
decreased during the first 15 minutes of DHCA to almost zero (3.2±1.8mm Hg) in both experimental groups. The 
statistically significant increase in extracellular striatal level of dopamine in the alpha-stat group was observed 
after 30 min of DHCA whereas in pH-stat group did not occur until after 45 min of DHCA. 
 
Discussion:  We conclude that pH-stat management, compared to alpha-stat increased cortical oxygen during 
cooling and probably caused a slower decrease in cortical oxygen tension during first few minutes of DHCA. 
During the earliest phases of cooling, increasing affinity of hemoglobin for oxygen and increasing solubility of 
CO2 occur.  The addition of CO2 to the perfusing blood in pH-stat management reduces hemoglobin oxygen 
affinity changes, and also increases cerebral blood flow, and may account for our observations of increased 
oxygen delivery.  This hypothesis is consistent with our results showing a approximately 15 minutes delay in 
release of dopamine by using pH-stat management as compared to alpha-stat management.  We therefore 
conclude that pH-stat management may increase the 'safe' period of DHCA. 
 
 
 

 


