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Abstract:    Objective: There is a remarkable lack of scientific evidence to support the option to use alpha-stat or pH-stat 
management, as to which is more beneficial to brain protection during deep hypothermic CPB. This study examined cortical 
blood flow (CBF), cerebral oxygenation, and brain oxygen consumption in relation to deep hypothermic CPB with alpha-stat 
or pH-stat management. Methods: Twenty-two pigs were cooled with alpha-stat or pH-stat during CPB to 15 °C esophageal 
temperature. CBF and cerebral oxygenation were measured continuously with a laser flowmeter and near-infrared spec-
troscopy, respectively. Brain oxygen consumption was measured with standard laboratory techniques. Results: During CPB 
cooling, CBF was significantly decreased, about 52.2%±6.3% (P<0.01 vs 92.6%±6.5% of pH-stat) at 15 °C in alpha-stat, 
whereas there were no significant changes in CBF in pH-stat. While cooling down, brain oxygen extraction (OER) pro-
gressively decreased, about 9.5%±0.9% and 10.9%±1.5% at 15 °C in alpha-stat and pH-stat, respectively. At 31 °C the 
decreased value in pH-stat was lower than in alpha-stat (29.9%±2.7% vs 22.5%±1.9%; P<0.05). The ratio of CBF/OER were 
2.0±0.3 in alpha-stat and pH-stat, respectively; it was kept in constant level in alpha-stat, and significantly increased by 19 
°C to 15 °C in pH-stat (4.9±0.9 vs 2.3±0.4; P<0.01). In mild hypothermia, cerebral oxyhemoglobin and oxygen saturation in 
alpha-stat were greater than that in pH-stat (102.5%±1.4% vs 99.1%±0.7%; P<0.05). In deep hypothermia, brain oxygen 
saturation in pH-stat was greater than that in alpha-stat (99.2%±1.0% vs 93.8%±1.0%; P<0.01), and deoxyhemoglobin in 
pH-stat decreased more greatly than that in alpha-stat (28.7%±6.8% vs 54.1%±4.7%; P<0.05). Conclusions: In mild hy-
pothermic CPB, brain tissue oxygen saturation was greater in alpha-stat than in pH-stat. However, cerebral oxygenation and 
brain tissue oxygen saturation were better in pH-stat than in alpha-stat during profound hypothermia. PH-stat strategy 
provided much more oxygen to brain tissue before deep hypothermic circulatory arrest. 
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INTRODUCTION 
 

Neuropsychological deficits are still major 
causes of mortality and morbidity after cardiac 
operations. Although hypothermia reduces the 
metabolic rate and oxygen demand, and thus pro-
vides cerebral protection, the neurological com-
plications of cardiopulmonary bypass (CPB) are 
significant with the neuropsychological impairment 

in 50% (Mora et al., 1996) and stroke in 2.5%, of 
patients (Gardner et al., 1985). The optimal pH 
strategy during CPB with deep hypothermic cir-
culatory arrest remains controversial. The al-
pha-stat strategy continues to be widely used for 
pediatric and adult cardiac surgery though there are 
no good data to support this practice. A recently 
study demonstrated improved neurological out-
come with pH-stat (Priestley et al., 2001). These 
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findings were also confirmed in infants who un-
derwent profound hypothermic bypass with or 
without circulatory arrest (du Plessis et al., 1997). 

Clearly the optimal pH strategy during CPB 
with deep hypothermia requires further study. In 
the present study cerebral blood flow during pro-
found hypothermic CPB with alpha-stat or pH-stat 
managements was monitored by laser Doppler 
flowmetry, a standard technique for flow meas-
urements. Cerebral oxygenation was monitored 
using an experimental technique, near-infrared 
(NIR) spectroscopy. The combination of NIR 
spectroscopy, Laser Doppler Flowmetry, and 
standard laboratory techniques can provide infor-
mation on the effects of different pH strategies on 
cerebral oxygenation, and changes in brain oxygen 
consumption during profound hypothermic CPB. 
The aim of this study was to determine whether 
pH-stat management has beneficial effect on brain 
oxygenation relative to the alpha-stat strategy in 
adult pig model.  

 
Surgical preparation 

Twenty-two adult pigs aged less than 5 months 
and weighing 56 to 73 kg were used after an ac-
climatization period of at least 12 days in the ani-
mal facility; feeding was withheld but water was 
given for 12 hours before surgery. Preanesthesia 
was induced with midazolam (0.3 mg/kg IM), 
ketamine (20 mg/kg IM), and atropine (0.02 mg/kg 
IM). After endotracheal intubation, the pig was 
ventilated mechanically with 60% oxygen and 40% 
air. The ventilator rate and tidal volume were ad-
justed to maintain arterial CO2 tension of 35 to 45 
mmHg. Anesthesia was maintained with 1.5% to 
2.0% isoflurance. Muscular paralysis was main-
tained with pancuronum 0.1 mg/kg given intrave-
nously. A temperature probe was placed in the 
esophagus to monitor core temperature. Urine 
output was collected through a bladder catheter. 

The right temporal muscle was partly excised. 
Two small holes (0.5 cm, 0.3 cm in diameter re-
spectively) were made in the skull bone using a burr 
drill. The dura was exposed and intact. These holes 
were prepared for NIR spectroscopy and laser 
flowmeter probes. A median sternotomy was done 

by saw. The heart and cervical vessels were ex-
posed. One small cannula was placed in the 
brachiocephalic artery through the right internal 
mammary artery for measuring the blood pressure 
and taking the blood samples during bypass. An-
other small cannula was placed in the right internal 
jugular vein beyond the venous valves via left in-
ternal mammary vein for taking venous blood 
samples. After treatment with Heparin (500 IU/kg), 
the CPB circuit was set up with the ascending aortic 
cannulation (22F) and a single atrium-cava tube (32 
F) via the right atrium.  The lungs were not inflated 
during bypass. 

The CPB circuit consisted of Cobe roller 
pumps (model C22.2, Cobe, Arvada, CO), car-
diotomy reservoir (Cobe HVRF 3700), arterial 
filter (40 micro, dideco D 733, Mirandola, Italy), 
water bath (Lauda MGW type RMSG, Postfach, 
Germany), and membrane oxygenator (Cobe Op-
tima) with integrated heat exchanger. The circuit 
was primed with 1000 ml lactated Ringer’s solution, 
500 ml Pentaspan, 25 ml of 1 mol/L sodium bi-
carbonate, and 5000 IU heparin. Sodium bicar-
bonate was administered as needed to maintain 
arterial blood pH within the normal range of 7.35 to 
7.45. Steady CPB pump flow of 65−80 ml/(kg·min) 
was initially established, keeping mean BP>60 
mmHg, a hematocrit of 20% during the bypass 
period. No intervention was made to control blood 
pressure during this study. Mean arterial blood 
pressure, central venous pressure, pump flow, and 
temperatures were followed continuously.  

 
Experimental groups and protocol 

Twenty-two pigs were randomly assigned to 
one of the following two groups. The alpha-stat 
animals (N=11) were maintained with an arterial 
carbon dioxide tension of 35−40 mmHg uncor-
rected for body temperature during deep hypo-
thermic CPB. The pH-stat animals (N=11) received 
supplemental 5% carbon dioxide in the oxygenator 
gas mixture to maintain the temperature-corrected 
arterial carbon dioxide tension in the same range.   

The pig was initially perfused for 15 min at 
normothermia (37 °C esophageal temperature) to 
stabilize body temperature, and check pH and gas 
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results. Then, the CPB was cooled to an esophageal 
temperature of 15 °C with a temperature gradient 
maintained at less than 10 °C between the water 
bath and blood. It took about 30 to 35 min to cool 
down to 15 °C. The results of rCBF and NIR spectra 
were used for calculating the mean value for base-
line from acquired three samples during 15 min 
CPB at 37 °C. Blood gases samples were taken 
every six-degree temperature down. Arterial and 
venous (jugular bulb) blood samples were obtained 
at fixed intervals: (1) 37 °C at 15 mins CPB, (2) 31 
°C cooling, (3) 25 °C cooling, (4) 19 °C cooling, (5) 
15 °C cooling. 

  
Measurements 

Cerebral cortical blood flow: Regional cere-
bral blood flow (rCBF) was continuously measured 
using an ALF 21R (Advance Company LdD, Tokyo, 
Japan) laser Doppler flowmeter fitted with a nee-
dle-type probe (Type Nspi: 9051 U). The data were 
recorded in absolute blood flow units once the 
reading was stable. 

Cortical tissue oxygenation: Cerebral 
oxygenation was monitored using NIR 
spectroscopy (6500 NIR).  

Brain oxygen consumption: Arterial and ve-
nous blood samples were obtained simultaneously 
at each stage of the protocol to monitor blood gases, 
pH and electrolytes. Blood gases were measured 
immediately after sample collection using a blood 
gas analyzer (Stat 9, NOVA Biomedical, Waltham, 
MA). Alpha-stat and pH-stat were used to manage 
blood pH. Oxygen content was calculated based on 
the formula: O2 content (vol%)=[HB]×1.36×

2OS +  

2OP ×0.003 (HB=hemoglobin concentration, 
2OS =  

oxygen saturation). Oxygen extraction was calcu-
lated using the formula: oxygen extraction (%)= 
(inflow O2 content−outflow O2 content)/inflow O2 
content×100%. 

Cerebral cortical blood flow/brain oxygen 
consumption ratio: It was calculated by the formula: 
rCBF:OER ratio=cerebral cortical blood flow/oxy-
gen extraction. 

 
Statistical analysis 

All data are presented as mean±standard error 
of the mean (SEM). Mean cerebral blood flow, 
oxyhemoglobin, deoxyhemoglobin obtained during 
initial normothermic CPB were used as baseline 
levels and set at 100%. Statistical analysis was 
performed using the Statistical Analysis System 
(SAS Institute, Cary, NC). A repeated-measures 
ANOVA and Duncan’s multiple range test were 
used for comparison between different time points 
within a group, and Students’ t test was used for 
comparison between the two groups. A P value of 
less than 0.05 was considered significant. 

 
 

RESULTS 
 
Animal characteristics 

The mean weight of the pigs was 60.5±0.8 kg 
and 60.7±0.9 kg in the alpha-stat and the pH-stat 
groups, respectively. Table 1 shows that hemody-
namics were stable during the entire protocol in 
both groups. There were no differences between the 
two groups in blood pressure or pump flow during 
CPB. Hemoglobin levels in both groups decreased 
slightly due to fluid retention in the body requiring 
the use of additional crystalloid solution during 
cooling. There were no significant differences in 
the changes in hemoglobin between the two groups. 
Blood pH was maintained within normal ranges in 
both groups. The CPB perfusate temperature was 
similar in alpha-stat and pH-stat groups. 

 
Regional cerebral blood flow 

The mean value obtained during normother-
mic CPB was initially used as the baseline (100%). 
The rCBF response to CPB cooling was signifi-
cantly different in the alpha-stat and pH-stat groups 
(Fig.1). In the alpha-stat group, rCBF at 15 °C 
decreased steadily to 52.2%±6.3% of the baseline 
level. Whereas, in the pH-stat group, there were no 
significant changes in the cerebral blood flow from 
CPB at 37 °C to 17 °C, but there was significant 
statistical difference during CPB at 15 °C (88.9%± 
6.6%) (P<0.05); which indicated a significant ef-
fect of temperature on rCBF during hypothermic 
CPB in alpha-stat protocol.  
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Tissue oxygenation 

Oxyhemoglobin and deoxyhemoglobin were 
expressed as the ratio of oxyhemoglobin/total he-
moglobin and deoxyhemoglobin/total hemoglobin. 
The level obtained during initial normothermic CPB 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
was used as the baseline level (100%). The oxy-
hemoglobin level (Fig.2a) gradually increased 
when the esophageal temperature reached 15 °C in 
both groups. There were significant statistical dif-
ferences in oxyhemoglobin during CPB at 27 °C to 
15 °C compared with normothermic CPB within 
each group (P<0.01). There was no significant 
difference in oxyhemoglobin except at 35 °C 
(P<0.05) between the two groups. In contrast, the 
deoxyhemoglobin level (Fig.2b) progressively de-
creased during cooling, but the decreasing level at 
15 °C expressed as a percent change from baseline 
in the pH-stat cooling groups (28.7%±6.8%) was 
greater than that in the alpha-stat cooling groups 
(54.1%±4.7%) (P<0.01). 

Tissue oxygen saturation was calculated using 
the formula: tissue oxygen saturation (%)=oxy- 
hemoglobin/(oxyhemoglobin+deoxyhemoglobin)× 
100%. Tissue oxygen saturation (Fig.2c) during 
initial normothermic CPB was 88.7%±1.6% and 
88.1%±1.7% in alpha-stat and pH-stat groups res- 

Variable Group 37 °C CPB 31 °C CPB 25 °C CPB 19 °C CPB 15 °C CPB 
PH      
Alpha-stat 7.42±0.01 7.35±0.01 7.35±0.02 7.41±0.01 7.45±0.01 
PH-stat 7.39±0.02 7.31±0.02 7.28±0.02 7.26±0.03* 7.13±0.04* 

      

2COPa (mmHg)      
Alpha-stat 42.3±1.68 47.2±1.35 45.8±1.49 38.5±1.78 34.0±1.45 
PH-stat 46.3±2.15 49.9±2.29 46.6±2.28 63.1±5.20* 84.1±8.21* 

      

2OPa (mmHg)      
Alpha-stat 396±24 411±26 416±25 421±27 428±30 
PH-stat 394±22 408±24 411±25 419±26 422±28 

      

Hematocrit (%)      
Alpha-stat 24.1±1.00 22.9±0.94 21.1±0.74 19.5±0.64 19.4±0.62 
PH-stat 23.9±1.12 22.7±1.10 20.9±0.85 19.4±0.73 19.2±0.78 

      

Mean BP (mmHg)      
Alpha-stat 63.6±2.14 58.7±2.11 59.1±1.86 61.2±1.78 64.5±1.82 
PH-stat 62.6±1.50 60.0±1.39 59.1±0.68 60.6±1.05 60.2±0.17 

      

Pump flow [ml/(kg·min)]      
Alpha-stat 68.9±3.07 68.1±2.97 69.3±2.63 68.1±2.79 67.3±2.68 
PH-stat 70.2±3.45 69.5±3.26 70.8±3.47 68.9±3.12 67.8±2.98 

 

Table 1 Blood gases, hematocrit, mean arterial pressure, and pump flow 

Values are mean±SEM. *P<0.05 vs alpha-stat; CPB=cardiopulmonary bypass; Alpha-stat=alpha-stat group;
pH-stat=pH-stat group 

37   35   33   31   29   27   25    23   21  19    17  15  
Temp. (°C) 

0 

20 
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80 

Fig.1  Change in brain tissue blood flow determined by
laser flowmetry during hypothermia in both the alpha-stat
and pH-stat. Levels obtained during initial cardiopul-
monary bypass (CPB) at 37 °C were used as baseline 
 *P<0.05 vs alpha-stat, †P<0.05 vs baseline within the group
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pectively. Following cooling down, oxygen satu-
ration similarly increased; but the increasing level 
in the pH-stat groups (99.2%±1.0%) was greater 
than that in the alpha-stat groups (93.8%±1.0%). 
Existence of significant statistical differences in 
tissue oxygen saturation at 21 °C to 15 °C between 

the two groups (P<0.05) indicated that tissue oxy-
gen saturation is greater in the pH-stat group was 
greater than that in the alpha-stat group during deep 
hypothermia. 
 
Brain oxygen extraction 

Brain oxygen extraction during initial nor-
mothermic CPB was 32.3%±1.9% and 32.2±3.5% 
in alpha-stat and pH-stat groups, respectively. 
When cooling down, brain oxygen extraction pro-
gressively decreased, about to 9.5%±0.9% and 
10.9%±1.5% in alpha-stat and pH-stat groups at 15 
°C respectively. At 31 °C the decreasing level in the 
pH-stat group was lower than that in the alpha-stat 
group (29.9%±2.7% vs 22.5%±1.9%; P<0.05) 
(Fig.3). 

 
The ratio of cortical cerebral blood flow/brain 
oxygen consumption 

The rCBF:OER ratios were initially 2.0±0.3 
and 2.0±0.3 in alpha-stat and pH-stat groups, re-
spectively. The ratio kept on the same level in al-
pha-stat group during hypothermia, but from 19 °C 
to 15 °C significantly increased in pH-stat group; 
and there were significant statistical differences 
within the group, compared with alpha-stat group 
(4.9±0.9 vs 2.3±0.4; P<0.01) (Fig.4).  

 
 

DISCUSSION 
 

Two distinct protocols for acid-base manage-
ment are used in hypothermic cardiopulmonary by-
pass in clinical practice. Alpha-stat arterial blood 
measured at 37 °C, pH 7.40 had 

2COP of 40 mmHg, 

whereas the in vivo hypothermic blood is hypocap-
nic and alkalotic. In pH-stat, arterial pH and 

2COP are 

maintained at constant values during cooling, such 
that pH-stat in vivo hypothermic blood is pH 7.40, 
the 

2COP is 40 mmHg, whereas the blood measured at 

37 °C is hypercapnic and acidotic. Until recently, 
there has been a remarkable lack of evidence in the 
literature of consistent physiological benefit pro-
vided by one protocol over the other.  

Fig.2  Changes in brain tissue oxyhemoglobin (a) and
deoxyhemoglobin (b), as well as brain tissue oxygen
saturation (c) determined by NIR spectroscopy during
deep hypothermic CPB in both the alpha-stat and
pH-stat. In (a) and (b), the levels obtained during initial
CPB at 37 °C were used as baselines. The plus and
double plus sign indicate P<0.05 vs levels obtained at 37
°C CPB within the group. *P<0.05 vs pH-stat 
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In our study, decreased cerebral blood flow has 
been demonstrated following cooling down in the 
alpha-stat management, but no significant changes 
were observed in the pH-stat protocol. Cerebral 
blood flow at 15 °C was down 48% compared with 
37 °C baseline in the alpha-stat protocol. The 
changes associated with downward temperature 
mainly depend on the cerebral metabolism. At very 
low hypothermic temperatures, severe temperature 
reductions may impair cerebral vascular relaxation, 
which results in a disruption of pressure-flow 
autoregulation and changes in cerebral perfusion 
(Civalero et al., 1962). Theoretically, the arterial 

2COP decreases about 4.5% each °C and pH in-

creases about 0.015 units each °C following in-

creased carbon dioxide solubility in aqueous solu-
tions during hypothermic temperature in alpha-stat 
protocol. The pH-stat method, compared to al-
pha-stat method, results in much greater 

2CO ,Pa  

due to the addition of extra carbon dioxide to the 
blood. So the difference in rCBF between alpha-stat 
and pH-stat during hypothermic CPB reflects the 
carbon dioxide effect on cerebral blood flow, be-
cause it is a potent cerebrovasodilator. 

The oxygen extraction ratio reflects the cere-
bral metabolic activity and global oxygen supply: 
demand ratio. The brain normally extracts 
approximately 25%−30% of the oxygen supplied. 
Cerebral blood flow and cerebral metabolic rate are 
not uniform throughout the brain, because 80% of 
cerebral blood flow is distributed to gray matter and 
20% to white matter. Actually, the percentage may 
reflect global oxygen metabolism and represents an 
average level during different hypothermic times. 
Our experimental results showed that the changes 
in brain oxygen extraction during deep hypother-
mia were the same in both groups, although its 
value at 31 °C was significantly greater in pH-stat 
than in alpha-stat groups. It is not certain whether 
the alpha-stat or pH-stat strategy has to reduce the 
brain oxygen metabolism following cooling down; 
as the brain still consumes oxygen even at 15 °C.  
The CBF was greater in pH-stat, and the cerebral 
oxygen extraction ratio in pH-stat is believed to be 
higher than that in alpha-stat. The data described 
previously showed that with mild-moderate degrees 
of hypothermia, pressure-flow autoregulation is 
intact, whereas deep hypothermic temperatures of 
15 °C~20 °C increase the ratio of CBF/CMRO2 and 
result in a loss of pressure-flow autoregulation in 
alpha-stat (Schell et al., 1993). However, under 
controlled cerebral perfusion pressure, the ratio of 
cerebral blood flow and brain oxygen extraction 
kept at a constant level in alpha-stat group in our 
results, but increased during 15 °C−19 °C CPB in 
pH-stat. These results suggested that in an adult pig, 
there is “flow-metabolism coupling” during deep 
hypothermic CPB in alpha-stat strategy; and that 
the coupling is lost and resulted in profuse brain 
blood flow in pH-stat management. 
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Near infrared spectrophotometry had been 
used as a noninvasive, real-time, online monitor to 
determine cerebral oxygenation state in humans 
and other animals (Lassnigg et al., 1999; Kadoi et 
al., 1999). In our study, the initial value of cortical 
O2 sat at 37 ºC CPB was 88.7%±5.2% and 88.1%± 
5.3% in alpha-stat and pH-stat groups, respectively. 
These values are reasonable because NIRS views 
the entire vascular bed (arterial, capillary, venous) 
in an NIR spectrum. However, more than 80% of 
cerebral blood volume is capillary and venous 
blood, and the probability of a photon’s emerging 
from a large vein or artery is small. Actually, these 
data that were measured with NIRS at 37 °C were a 
little bit higher than those in other reports (Undar et 
al., 2000). The reason probably was that we directly 
placed the optode on the dura, thus getting rid of the 
effects from blood flow of scalp and skull during 
the experiment. During mild hypothermic CPB, the 
oxyhemoglobin and oxygen saturation in the brain 
were greater in alpha-stat than in pH-stat man-
agement. This should explain the balance between 
brain blood flow and oxygen metabolism. Our 
finding that pH-stat management decreases oxy-
hemoglobin affinity and may enhance oxygen 
availability, was confirmed by the brain oxygen 
extraction ratio at 31 °C CPB in our experiment 
(29.9%±2.7%:22.4%±2.2%, pH-stat vs alpha-stat 
P<0.05). Mild hypothermic temperature slightly 
affected the CBF in alpha-stat management. Be-
cause the oxygen availability in the brain is lower, 
the oxyhemoglobin and oxygen saturation were 
relatively higher in the alpha-stat group. Following 
continued significant lowering of temperature, the 
CBF was considerably affected in alpha-stat strat-
egy, and cerebral oxygen metabolic rate decreased 
equally in alpha-stat and pH-stat strategies. The 
cerebral oxyhemoglobin and oxygen saturation 
tended to be higher in pH-stat than in alpha-stat 
strategies during moderate hypothermic CPB. 
Cerebral oxygen saturation significantly increased 
and deoxyhemoglobin decreased in the pH-stat 
strategy during profound hypothermic CPB; which 
revealed that in pH-stat, the brain tissue owned 
more oxygen than that in alpha-stat. 

 

globin and O2 sat were relatively high during deep 
hypothermia, these changes should not be consid-
ered as indications of  “luxury perfusion”. Hypo-
thermia decreases cerebral oxygen consumption; 
but also greatly increases the oxygen affinity of 
hemoglobin or results in alterations in tissue oxy-
gen diffusion. As temperature decreases, increased 
hemoglobin oxygen affinity may impair oxygen 
transfer from hemoglobin to mitochondria of brain 
cell. Thus, oxygen availability at the tissue level 
was diminished. Cytochrome aa3 is the terminal 
oxidase which accepts oxygen at the end of the 
respiratory chain and is responsible for nearly 90% 
of oxygen consumption in humans (Chan and Li, 
1990). In alpha-stat, deep hypothermia causes in-
crease of oxygen affinity of hemoglobin, decrease 
of hemoglobin values and alkalotic pH, which af-
fects the function of cytochrome aa3, leading pos-
sibly to impaired tissue oxygenation. PH-stat 
management during deep hypothermic CPB in-
creases cortical blood flow and cerebral oxygen 
saturation and may increase tissue hemoglobin 
concentration and dissolved oxygen. It is believed 
that the higher the dissolved oxygen concentration 
in the pH-stat group relative to alpha-stat man-
agement is (because pH-stat management increases 
brain oxygen supply, and acidosis shifts the oxy-
hemoglobin curve to the right), the greater is the 
amount of brain tissue 

2O .P  During deep hypo-

thermia, the dissolved oxygen concentration con-
tributes to the total tissue oxygen concentration, 
and the brain uses mostly dissolved oxygen (Dexter 
et al., 1997).  

In conclusion, in an adult porcine model which 
underwent deep hypothermic CPB, cortical cerebral 
blood flow significantly decreased and the ratio of 
rCBF/OER remained at constant level following the 
cooling down of temperature in alpha-stat man-
agement, but there were no significant changes in 
cortical cerebral blood flow and increased 
rCBF/OER ratio in pH-stat management. In mild 
hypothermia, brain tissue oxygen saturation in 
alpha-stat was greater than that in pH-stat. Cerebral 
oxygenation and brain tissue oxygen saturation in 
the pH-stat strategy were better than those in al-
pha-stat in profound hypothermia and provide Although cerebral blood flow and oxy-hemo-
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much more oxygen to brain tissue before deep 
hypothermic cardiac arrest.     
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