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ABSTRACT. The effect of preasphyxia blood glucose 
concentration on postasphyxia (PA) cerebral hemody- 
namics was examined in 21 newborn lambs. Glucose was 
unregulated in one group (n = 7), and controlled throughout 
the study by glucose clamp in hyperglycemic (n = 7) and 
hypoglycemic (n = 7) groups. Cerebral blood flow, deter- 
mined using radiolabelled microspheres, and arterial and 
sagittal sinus Oz contents were measured at control, 5 min, 
1, 2, and 4 h after resuscitation from an asphyxia1 insult. 
Preasphyxia blood glucoses were 6.48 f 0.55 mM (mean 
f SEM), 12.08 f 0.80, and 2.66 f 0.14 in the three study 
groups. In all three groups, 5 min PA cerebral blood flow 
was significantly increased from control. In the late period 
after asphyxia, the unregulated group had decreased cere- 
bral blood flow compared with control, 53.2 f 3.8 mL. 100 
g-' . min-I, mean f SEM, p < 0.01; 49.6 f 2.0, p < 0.005; 
53.4 2 3.0, p < 0.01, at 1, 2, and 4 h PA, respectively, 
versus 85.7 + 6.9 at control, whereas both the hyper- and 
hypoglycemic groups did not differ significantly from 
control measurements. Cerebral oxygen consumption 
(CMR02) was significantly decreased in all three groups 
5 min PA and remained decreased in the late period after 
asphyxia in both the unregulated and hypoglycemic groups. 
In the unregulated group, CMRO? was 191 2 14 pM. 100 
g-' . min-I, mean 2 SEM, p < 0.05; 200 +. 4; and 181 + 
10, p < 0.05 at 1, 2, and 4 h, respectively, PA versus 251 
+ 12 at control. In the hypoglycemic group, CMRO? was 
170 + 9 pM. 100 g-' . min-I, mean + SEM, p < 0.05; 174 
f 14, p < 0.05; and 183 f 17 at 1, 2, and 4 h PA, 
respectively, versus 231 f 15 at control. CMRO? did not 
differ from control in the hyperglycemic group at 1, 2, and 
4 h PA. In our newborn lamb postasphyxia model, CMRO? 
was best maintained PA when the lambs were hypergly- 
cemic before asphyxia and throughout the recovery period. 
To the extent that more rapid recovery of CMROz postas- 
phyxia is a favorable outcome, these data may have impli- 
cations for clinical management. (Pediatr Res 27: 454- 
459,1990) 
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Previous studies in a newborn lamb postasphyxia model have 
demonstrated abnormalities in PA CBF and CMR02. Immedi- 
ately after resuscitation from asphyxia, there was a marked 
increase in CBF. However, despite this overperfusion, CMR02 
was decreased. Thirty min to 4 h after resuscitation, both CBF 
and CMROl were decreased ( 1-3). 

One of the variables that may influence the response to peri- 
natal asphyxia is preasphyxia blood glucose concentration. Myers 
and Yamaguchi (4) found that food-deprived juvenile monkeys 
recovered with minimal damage after a 10- 14 min cardiorespi- 
ratory arrest, whereas fed or glucose-pretreated animals devel- 
oped signs of increased intracranial pressure and died. Consid- 
erable data exist in adult ischemia models demonstrating worse 
neurologic outcome (5), increased pathologic damage and cere- 
bral edema (5-7), impaired cerebral perfusion (8), and poorer 
recovery of brain energy metabolism (9, 10) with glucose admin- 
istration prior to asphyxia. However, data from newborn rats 
and mice have demonstrated longer survival in the presence of 
anoxia/asphyxia with glucose pretreatment, with the most lim- 
ited survival seen in hypoglycemic animals ( 1  1- 13). Further- 
more, no increase in PA pathologic damage was seen in glucose 
pretreated animals (12). The role of blood glucose concentration 
in the response of the developing CNS to asphyxia is clinically 
relevant to perinatology from the standpoint of whether or not 
to use i.v. solutions containing glucose during labor of high-risk 
pregnancies. 

Therefore, the newborn lamb PA model was used to further 
examine the effect of preasphyxia glucose concentration. Three 
groups of lambs were studied: hyperglycemic, hypoglycemic, and 
a control group in which blood sugar was not regulated. The 
hypothesis tested was that preasphyxia glucose concentration 
would influence previously described abnormalities in postas- 
phyxia CBF and CMR02. 

MATERIALS AND METHODS 

Surgicalprocedure. Twenty-one newborn lambs were operated 
on under pentobarbital anesthesia on d 1-5 of life. Polyvinyl 
chloride catheters (0.034 inner diameter x 0.054 outer diameter; 
Martech Medical Products, Lansdale, PA) were placed in the left 
ventricle via an axillary artery, in the brachiocephalic artery via 
an axillary artery, in the abdominal aorta via a femoral artery, 
in the inferior vena cava via a femoral vein, and in the posterior 
sagittal sinus proximal to the confluence of the veins. The sagittal 
sinus catheter was placed through a 1-inch burr hole in the 
midline proximal to the lambdoidal sutures. The catheters enter- 
ing through the animal's extremities were protected in a pouch 
on the abdomen. The sagittal sinus catheter was cut, pinned, and 
sutured to the lamb's scalp. The animals were returned to their 
mothers and allowed a 24-48 h recovery period before study. At 
that time, all lambs were standing and feeding normally. Previous 
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work has demonstrated that 24-48 h is an adequate time interval 
to eliminate any pentobarbital effect on CBF (14). 

Physiologic measurements. CBF was measured using the ref- 
erence organ radiolabeled-microsphere technique as previously 
described (1, 14- 16). The reference organ was withdrawn through 
the brachiocephalic artery catheter into a counting vial by a 
precalibrated pump (2.47 mL. min-'; Harvard Apparatus, 
Dover, MA). After completion of the study, animals were killed 
with T-6 1 euthanasia solution (American Hoechst, Summerville, 
NJ), position of the catheters was checked, and brains were 
removed. Brains were placed in formalin for 1 wk and then 
divided into regions as previously described (1). Regions exam- 
ined were brainstem (medulla and pons), right and left cerebel- 
lum, midbrain/diencephalon, frontal lobes, temporal lobes, oc- 
cipital lobes, parietal lobes, hippocampi, and caudate nuclei. The 
radioactivity in each sample was determined using a 3-channel 
gamma counter (Tracor Analytic, Des Plaines, IL) and regional 
blood flows calculated as previously described (14). Whole brain 
flow was calculated using the sum of the radioactive counts and 
wt for all regions except brainstem and cerebellum. Adequate 
central mixing of microspheres using a left ventricle injection 
site has been confirmed in the newborn lamb (1 5). All reference 
blood samples and tissue samples contained >400 microspheres 
(17). 

Blood samples for pH, Pco2, Po2, and O2 content were with- 
drawn anaerobically into heparinized Natelson glass pipettes 
from the brachiocephalic artery and sagittal sinus catheters.  PO^, 
Pco2, and pH were measured at 39.5"C using the radiometer 
BMS3 MK2 (Radiometer, Copenhagen, Denmark). Blood Hb 
concentration expressed at O2 capacity and Oz saturation were 
measured calorimetrically in duplicate by a hemoximeter (Ra- 
diometer), and O2 content was calculated as the product of Hb 
and O2 saturation. Blood glucose measurements were made using 
a Yellow Springs glucose analyzer (Yellow Springs Instrument 
Co., Yellow Springs, OH). Blood pressure (referenced to the right 
atrium) and heart rate were continuously monitored in the 
abdominal aorta (Gould Instruments, Oxford, CA). 

Experimental procedure. Three groups (n = 7) were studied. 
In the first group (unregulated glucose), no effort was made to 
control glucose concentration. The animals were taken from the 
mother just before the study and received neither glucose nor 
insulin infusions before or during the study. The hyperglycemic 
group received a bolus of glucose (30 mM. kg-') followed by a 
continuous infusion (0.66 mM . kg-' . min-') for 2 h before the 
study and as needed during the study to maintain a blood glucose 
r 1 1.1 mM. The hypoglycemic group was fasted for 8 h before 
the study. Blood glucose was then decreased with a bolus of 
insulin (1 3.5 m u .  kg-') followed by an insulin infusion (1 m u .  
kg-'.min-') to maintain a blood glucose 52.77 mM for 2 h 
before and during the study. An infusion of glucose was main- 
tained as needed. Frequent (every 10-1 5 min) determinations of 
blood glucose were performed to allow adjustment of infusions 
to maintain the desired glucose concentration in the hyper- and 
hypoglycemic groups (18, 19). The animals were anesthetized 
with fentanyl(20 pg. kg-' loading dose followed by 10 pg. kg-'. 
h-' infusion), paralyzed with pancuronium (0.1 mg. kg-'), intu- 
bated, and ventilated with an infant ventilator (Bird Co., Palm 
Springs, CA) with a baseline gas mixture of 30-35% O2 and 65- 
70% N2 to provide a Pa02 of 10.7-16.0 kPa, and a baseline 
ventilator rate of 25-35 breathslmin to provide a PaC02 of 4.4- 
5.1 kPa. Pancuronium and fentanyl have been shown at the 
doses used in our studv to have no effect on CBF and CMRO? 
(2,201. 

Measurements of CBF (radiolabeled microspheres), arterial 
and venous blood gases, and O2 contents were made during the 
control period. The animals were then subjected to a gradual 
asphyxia1 insult by altering inspired gas concentrations and ven- 
tilator rate as previously described (1-3). In a stepwise fashion 
over 30 min, PaOz was decreased to 2-2.66 kPa, arterial oxygen 
content was decreased to 0.67-1.12 mM, and PaC02 was in- 

creased to 8-9.33 kPa. Over the first 60 min of asphyxia, heart 
rate and blood pressure were stable, but during the final 10- 15 
min, the lambs become bradycardic (heart rate <I00 beatslmin) 
and hypotensive (mean arterial blood pressure, 20-35 mm Hg). 
The lambs were then returned to baseline ventilator settings and 
fractional inspired oxygen concentration. CBF (microspheres), 
arterial and venous blood gases, and O2 contents were measured 
at 5 min, 1, 2, and 4 h after the termination of the insult. After 
the 4 h measurement, the animals were killed. Care and handling 
of animals were in accord with the published guidelines of the 
National Institutes of Health and has been approved by the 
Animal Care Committee of the University of Colorado. 

Data analysis. CMR02 and fractional O2 extraction were 
calculated as previously described (14, 21). Comparisons were 
made for cerebral hemodynamic and other physiologic variables 
among control and the four postasphyxia determinations within 
each of the three experimental groups using analysis of variance 
with a repeated measures design. Postanalysis of variance com- 
parisons were performed using t tests with a Bonferroni correc- 
tion for multiple comparisons. Regional flow data from the right 
and left sides of the brain were combined before analysis because 
no left-right differences were seen. Significance compared to 
control was determined at the p < 0.05 level. CBF, CMR02, and 
fractional O2 extraction data are also presented as percent of 
control measurements for the three groups. 

RESULTS 

Blood glucose concentrations during the course of the study 
are presented for the three study groups in Figure 1. In the 
unregulated group, glucose concentration was significantly in- 
creased from the control at 5 min PA. In the hypoglycemic 
group, glucose did not differ from control at anytime, whereas 
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Fig. 1. Blood glucose concentration (mM) over time in the unregu- 

lated glucose, hyperglycemic, and hypoglycemic groups. Zero (0) time 
represents the control measurement that is followed by the 75-min period 
of asphyxia. Measurements were then made at 5 min, 1, 2, and 4 h PA. 
Values are mean ? SEM. + p < 0.01 compared to control; ** p < 0.00 1 
compared to control. 
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in the hyperglycemic group, glucose concentration was signifi- 
cantly greater than control at 5 min and 1 h PA. 

CBF for the unregulated glucose, hyperglycemic, and hypogly- 
cemic groups are presented in Figure 2. Control CBF did not 
differ among the three groups and was 85.7 k 6.9, 80.3 + 9.2, 
and 76.2 + 2.4 m L  100 g-I .min-I in the unregulated, hypergly- 
cemic, and hypoglycemic groups, respectively. Five min after 
resuscitation from asphyxia, CBF was significantly increased in 
all three groups. Cerebral hypoperfusion was seen in the unreg- 
ulated glucose group at 1, 2, and 4 h PA, but was absent in the 
hypo- and hyperglycemic groups. Regional brain blood flows 
(Figs. 3-5) demonstrated changes similar to those seen with 
whole brain flow. No differences were present among the three 
study groups in physiologic variables (Pa02, arterial oxygen 
content, PaC02, mean arterial blood pressure) known to affect 
postasphyxia CBF (Table I). 

Changes in postasphyxia CMR02 are presented in Figure 6. 
Control CMR02 did not differ among the three groups and was 
25 1 + 12, 222 k 14, and 23 1 + 15 FM. 100 g-I. min-' in the 
unregulated, hyperglycemic, and hypoglycemic groups, respec- 
tively. In all three study groups, CMR02 was significantly de- 
creased from control 5 min PA. In the hyperglycemic group, 
CMR02 returned to control levels at 1,  2, and 4 h PA. In the 
hypoglycemic group, CMR02 remained significantly below con- 
trol at 1 and 2 h PA, whereas significant decreases compared to 
control were present at 1 and 4 h PA in the unregulated glucose 
group. In the unregulated glucose group, the late decrease in 
CMR02 was associated with a significant decrease in CBF and 
no change in fractional O2 extraction compared with control 
(Fig. 7). In the hypoglycemic group, CBF was equal to or greater 
than control. Thus, the decrease in CMR02 was related to a 
decrease in fractional 0 2  exfracfion (Fig. 7). 

A Hypoglycemia - Hyperglycemia 

Asphyxia 

0 r ' / / / / / A 1  
I I I 

0 5 60 120 240 

Time (min) 
Fig. 2. CBF (% of control) over time in the unregulated glucose, 

hyperglycemic, and hypoglycemic groups. Zero (0) time represents the 
control measurement that is followed by the 75-min period of asphyxia. 
Measurements were then made at 5 min, 1, 2, and 4 h PA. Values are 
mean k SEM. + p < 0.01 compared to control, * p < 0.005 compared 
to control, ** p < 0.00 1 compared to control. 

Braln- Cere- Mldbralnl Frontal Temporal Occ~pltal Parietal Hnppo- Caudale 
stem bellum Dlen- lobes lobes lobes lobes camp, nuclei 

cephalon 

Fig. 3. Regional brain blood flows (mL. 100 g - ' .mi - ' )  at control, 5 
mln, 1, 2, and 4 h PA for the unregulated glucose group. All values are 
mean + SEM. ++ p < 0.05 compared to control; + p < 0.01 compared 
to control, * p < 0.005 compared to control. 

O Control 
e3 5mrn 

Brain- Cere- Mldbralnl Frontal Temporal Occlpltal Parletsl Hlppo- Caudate 
stem beltum Olen- lobes lobes lobes lobes camp, nuctel 

cephalon 

Fig. 4. Regional brain blood flows ( m L  100 g-'.min-') at control, 5 
min, 1, 2, and 4 h PA for the hyperglycemic group. All values are mean 
k SEM. ** p < 0.001 compared to control. 

Braln- Cere- Mtdbralnl Frontal Temporal Occlpltal Parletal Hlppo Caudate 
stem bellum Dlen- lobes lobes lobes lobes camp, nuclei 

cephalon 

Fig. 5. Regional brain blood flows (mL. 100 g-I .min-') at control, 5 
min, 1, 2, and 4 h PA for the hypoglycemic group. All values are mean 
+ SEM. ** p < 0.001 compared to control. 
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Table 1. Physiologic variables* 

Control 5 min PA 1 h P A  2 h PA 4 h PA 

Pa02 (kPa) 
Unregulated 15.4 t 0.9 21.9 + 1.2$ 15.1 + 0.8 14.7 + 0.7 14.6 + 0.6 
Hypoglycemia 16.6 t 0.7 23.3 ? 1.5$ 17.2 + 1.4 14.8 + 0.7 15.8 +- 0.8 
Hyperglycemia 15.0 + 0.8 21.7 + 2.5$ 14.6 + 0.8 14.2 + 1.0 14.8 + 0.5 

PaC02 (kPa) 
Unregulated 4.46 ? 0.12 3.88 + 0.16 4.20 + 0.15 4.47 ? 0.16 4.44 t 0.16 
Hypoglycemia 4.13 +. 0.09 4.40 + 0.17 4.45 + 0.2 1 4.55 + 0.24 4.19 + 0.11 
Hyperglycemia 4.57 + 0.24 4.35 + 0.25 4.41 + 0.28 4.65 + 0.21 4.52 + 0.08 

pH 
Unregulated 7.42 + 0.02 6.95 + 0.034 7.14 & 0.057 7.24 + 0.057 7.35 t 0.03 
Hypoglycemia 7.40 + 0.02 6.91 t 0.02$ 7.14 + 0.037 7.27 + 0.037 7.28 + 0.037 
Hyperglycemia 7.40 + 0.02 6.95 + 0.04$ 7.20 + 0.051- 7.30 + 0.04 7.35 +- 0.03 

Ca02 (mM) 
Unregulated 6.79 + 0.67 7.26 + 0.77 7.08 f 0.59 7.3 1 + 0.48 6.89 + 0.53 
Hypoglycemia 7.54 t 0.36 7.63 + 0.40 7.54 + 0.49 7.28 f 0.45 6.83 + 0.45 
Hyperglycemia 7.41 f 0.58 7.46 t 0.54 7.54 ? 0.54 7.50 f 0.54 7.28 + 0.54 

MAP (kPa) 
Unregulated 1 1 . 1  k 0 . 9  13.1 + 0.7 1 1.5 + 0.4 1 1 . 1  + 0.5 10.1 + 0.3 
Hypoglycemia 11.3 + 0.7 12.4 + 0.8 12.0 + 0.9 11.2 t 0.8 1 1 . 1  t 0 . 9  
Hyperglycemia 11.5 k 0 . 5  12.5 f 0.8 10.9 + 0.5 10.5 + 0.7 10.1 t 0.7 

* All values are mean t SEM. CaOz, arterial O2 content; MAP, mean arterial blood pressure. 1 mm Hg = 0.1333 kPa. 
7 p < 0.05. 
$ p <  0.01. 
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Fig. 6. CMR02 (% of control) over time in the unregulated glucose, 
hyperglycemic, and hypoglycemic groups. Zero (0 )  time represents the 
control measurement that is followed by the 75-min period of asphyxia. 
Measurements were then made at 5 min, 1, 2, and 4 h PA. All values 
are mean f SEM. ++ p < 0.05 compared to control, * p < 0.005 
compared to control. 

DISCUSSION 

The role of glucose in postasphyxia/ischemia CBF, cerebral 
metabolism, and brain injury has been extensively studied, par- 
ticularly in adult models. The majority of this work suggests that 
elevated blood glucose is deleterious. Increased blood glucose 
levels have been associated with worse neurologic outcome (4- 
5), increased pathologic damage and cerebral edema (5-7), im- 
paired cerebral perfusion (8), and poorer recovery of brain energy 
metabolism (9, 10). The proposed mechanism for the deleterious 
effect of increased glucose is excessive production of lactic acid 
by anaerobic metabolism during asphyxia/ischemia (10, 22-26). 
The mechanism by which lactic acidosis enhances tissue injury 
and influences postischemic metabolism and blood flow is not 
clear. Speculation includes inhibition of oxidative enzymes by 
lactic acid (25) and increased production of oxygen-free radicals 
by acidosis-induced enhancement of ferrous iron release (22). 

In contrast to the above information, the current investigation 
suggests a beneficial effect of pretreatment with glucose in the 
newborn lamb PA model. However, this finding does agree with 
other data available from studies in immature animals. Newborn 
rats and mice demonstrate longer survival in the presence of 
anoxia/asphyxia with glucose pretreatment, with the most lim- 
ited survival seen in hypoglycemic animals (1 1-13). Further- 
more, PA pathologic damage is not increased in glucose pre- 
treated animals (12). This paradoxical response in the newborn 
has been examined by Vannucci et a/. (27) in greater detail using 
a model of unilateral carotid artery ligation with superimposed 
hypoxia in newborn rats in which animals were pretreated with 
either 50% glucose or saline solutions. In the glucose pretreated 
group, brain glucose was maintained at a higher level than in the 
saline-treated animals through the first 60-90 min of hypoxia in 
the hemisphere ipsilateral to carotid artery ligation. Brain lactate 
increased to a similar extent in glucose- and saline-treated ani- 
mals, and although not statistically significant, adenine nucleo- 
tides tended to be better maintained in glucose-treated animals. 
Glucose use did not differ between the two groups. These findings 
support the concept that increased cerebral glucose delivery to 
the immature brain does not result in increased cerebral glucose 
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Fig. 7. Cerebral fractional 0 2  extraction (% of control) over time in 
the unregulated glucose, hyperglycemic, and hypoglycemic groups. Zero 
(0) time represents the control measurement that is followed by the 75- 
min period of asphyxia. Measurements were then made at 5 min, 1, 2, 
and 4 h PA. All values are mean + SEM. ++ p < 0.05 compared to  
control; * p < 0.005 compared to  control, ** p < 0.001 compared to 
control. 

Asphyxia 

use and lactate production. Thus, elevated blood glucose concen- 
tration is not detrimental in the newborn due to limited entry 
into and metabolism by the brain. This finding is likely related 
to low blood-brain barrier transport of glucose (28) and low 
activity of hexokinase (29). 

Although developmental differences may explain variable re- 
sponses to preasphyxial glucose concentration, the issue cannot 
be settled that easily. Discrepant data exist in both adult and 
newborn models. As examples, Ibayashi et al. (30), using an 
acute incomplete ischemia model in spontaneously hypertensive 
rats, found hyperglycemia was not detrimental to postischemia 
CBF and recovery of ATP levels, whereas studies by Zasslow et 
al. (31) found that cats exvosed to focal ischemia had smaller 

0 IV/////'ll 
I I I 

0 5 60 120 240 

infaicts in a hyperglycemic group than in control animals. In. 
contrast. Blomstrand et al. (32) demonstrated ravid develovment 
of acidosis and reduction df CMRO~, along with a deteridration 
in neurophysiologic characteristics, during asphyxia in hypergly- 
cemic fetal sheep. It must be noted, however, that the design of 
their study was very different from our investigation and some 
of the other studies in immature animals (1 1-13). Nevertheless, 
in certain adult models, elevated preasphyxia/ischemia glucose 
concentration has not been detrimental, whereas it has been 
associated with negative consequences in at least one perinatal 
model. Along with developmental differences, species, type of 
protocol, and type of ischemia (complete versus incomplete, 
global versus focal) may also influence the response to varying 
blood glucose concentrations. 

Hyperglycemia was associated with a return of CBF, CMR02, 
and fractional 0 2  extraction to control levels during the late 
period after asphyxia. Neither hyperglycemia (33) nor hyperin- 
sulinemia (34) per se have been shown to increase CBF. Thus, 

consideration of improved PA perfusion in the hyperglycemic 
group must evaluate the mechanism of the late hypoperfusion 
seen in the unregulated glucose group. One possible explanation 
is cerebral edema impinging on capillaries, thus impairing blood 
flow (35). Inducing hyperglycemia by increasing serum osmolal- 
ity might serve to ameliorate cerebral edema and thereby im- 
prove cerebral perfusion. However, previous work in the new- 
born lamb has failed to demonstrate cerebral edema during the 
period of late hypoperfusion (2). Alternatively, previous work in 
the newborn lamb has suggested a role for oxygen-free radical- 
mediated vascular injury in late PA hypoperfusion (3). We can 
only speculate as to whether the hyperglycemic state may, in 
some way, influence production of oxygen-free radicals or protect 
against oxygen-free radical-mediated injury. This speculation 
must be tempered by the fact that hyperglycemia potentially 
enhances production of oxygen-free radicals by increasing ferrous 
iron release (22). 

The rapid return of CMR02 to control levels in the hypergly- 
cemic group could be the result of better mitochondrial perform- 
ance. However, previous work in the newborn lamb PA model 
has shown that mitochondrial function in animals in which 
glucose was not regulated did not differ significantly from control 
2 h PA (36). It should be noted, however, that on average, 
mitochondrial state 3 respiration, although not significantly dif- 
ferent from control, was 70% of control levels. This is precisely 
the decrease in CMR02 that was demonstrated in vivo in the 
unregulated glucose group in our investigation. This issue merits 
future evaluation of mitochondrial function PA with variable 
preasphyxia glucose concentrations. Alternatively, the improved 
CMR02 may simply be the result of improved O2 delivery. This 
concept is supported by our data. At 1, 2, and 4 h PA, the 
cerebral fractional O2 extraction, which describes the relationship 
between CMR02 and cerebral 0 2  delivery, is normal. 

Hypoglycemia, in contrast to hyperglycemia, led to late PA 
decrease in CMR02 despite cerebral perfusion at or above control 
levels. Hypoglycemia per se has been shown to increase CBF, 
thus providing an explanation for the return of CBF to control 
levels (37). CMR02 likely remains depressed due to a limitation 
of metabolizable substrate. This conclusion is supported by the 
observed decrease in fractional extraction of oxygen by the brain. 

A few other issues need to be addressed concerning our study. 
The first is that microsphere measurement of CBF precluded a 
determination of brain lactate. Therefore, inferences about the 
role of lactate or lack thereof in PA abnormalities of CBF and 
CMR02 cannot be made from our investigation. Second, the 
newborn lamb PA model has, to date, assessed only physiologic 
and biochemical parameters PA. The relationship of abnormal- 
ities in CBF, CMR02, and mitochondrial function have not been 
related to pathologic brain injury. With that in mind, although 
we speculate that improved CMR02 seen in the hyperglycemic 
animals is good, this has not been proven to be the case and 
awaits further studies. 

Our data demonstrate improved CBF and CMR02 after as- 
phyxia in the hyperglycemic newborn lamb. To the extent that 
improved CBF and CMR02 during this late period after asphyxia 
is beneficial, these results may have implications for the manage- 
ment of the high-risk pregnancy and the asphyxiated newborn. 
The exact mechanism of the role of preasphyxia glucose concen- 
tration in postasphyxia CBF and CMR02 regulation remains to 
be determined. 
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