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Abstract

In this study, we explored the effect of moderate hypothermia on brain tissue oxygenation following acute
intracranial hypertension in micropigs. Twenty healthy juvenile micropigs weighting 4–6 kg were randomized
into two groups: a normothermia group (n¼ 10) and a moderate hypothermia group (n¼ 10). The animals were
intravenously anesthetized with propofol (4 mg=kg), an endotracheal tube was inserted, and mechanical ven-
tilation was begun. Autologous arterial blood was injected into the left frontal lobe to establish acute intrace-
rebral hematoma and intracranial hypertension (intracranial pressure [ICP]>40 mm Hg) in all animals. Cooling
was initiated at 30 min after injection of the blood, and was achieved via the use of an ice bath and ice packs. In
the hypothermia group, the brain temperature decreased to 33–348C. Brain temperature was maintained at
37� 0.38C in the normothermia group. The ICP, cerebral perfusion pressure (CPP), brain tissue oxygen pressure
(PbrO2), brain tissue carbon dioxide pressure (PbrCO2), and brain tissue pH value (pHbr) were continuously
monitored for 3 h in all animals. Compared to normothermia group, ICP values significantly decreased and CPP
markedly improved in the hypothermia group ( p< 0.05). Further, pHbr also markedly increased and PbrCO2

decreased significantly in the hypothermia group ( p< 0.05). However, PbrO2 did not statistically significantly
improve in the hypothermia group ( p> 0.05). In sum, moderate hypothermia significantly decreased ICP,
reduced PbrCO2, and increased pHbr values, but did not improve cerebral oxygenation following acute intra-
cranial hypertension.
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Introduction

Severe traumatic brain injury (TBI) causes high rates of
morbidity and mortality, not only as the result of the

primary cerebral disruption, but also as a consequence of the
post-traumatic ischemic sequelae (Bouma et al., 1991; Burger
et al., 1999; Lobato et al., 1991 ). Cerebral oxygenation can be
greatly decreased by intracranial hypertension resulting from
progressive intracranial hematoma and=or brain edema fol-
lowing TBI (Burger et al., 2004).

Previous laboratory studies have demonstrated that mild
to moderate hypothermia significantly reduces mortality and
morbidity in traumatically brain-injured rats (Clifton et al.,
1991; Jiang et al., 1991). Recent clinical trials have also shown
that moderate hypothermia significantly improves the out-
come of patients with cerebral ischemia due to cardiac arrest
(Bernard et al., 2002; The Hypothermia after cardiac arrest
study group, 2002). It is believed that the beneficial effects
of mild to moderate hypothermia occur due to metabolic

and biochemical processes. These mechanisms include tem-
perature-dependent reductions of cerebral metabolic rate of
oxygen consumption (CMRO2), decreases in free radical
production (Hagerdal, 1979; Vink et al., 1987), attenuation of
disruption of the blood–brain barrier ( Jiang et al., 1992; Smith
and Hall, 1996) and brain edema (Shiozaki et al., 1993), at-
tenuation of ionic disruption (Welsh et al., 1990), decreased
excitatory amino acid release (Busto et al., 1989; Mitani and
Kataoka, 1991), reduced cerebral lactate accumulation ( Jiang
et al., 2004), increased fractional glucose metabolism shunting
(Kaibara et al, 1999), and inhibition of excessive neuronal
calcium uptake and intracellular calcium overloading (Mitani
et al., 1991).

The measurement of brain tissue oxygen pressure (PbrO2),
brain tissue carbon dioxide pressure (PbrCO2), and brain tis-
sue pH value (pHbr) may also provide additional insight into
the influence of CMRO2 on the cellular oxygen supply after
TBI or intracranial hypertension (Meixensberger et al., 2003).
With the development of continuous monitoring techniques
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of PbrO2, PbrCO2, and pHbr, we are better positioned to ex-
plore the status of brain tissue oxygenation following brain
injury, and to demonstrate the effect of hypothermia on PbrO2

following traumatic or ischemic brain injury or acute intra-
cranial hypertension.

Burger and associates demonstrated that intra-ischemic
hypothermia significantly improves PbrO2, while reducing the
associated ischemic tissue damage and hippocampal neuro-
nal cell injury in an extra-axial mass lesion model (Burger
et al., 2004). However, there have been no reports of hypo-
thermia’s effect on PbrO2, PbrCO2, and pHbr values following
acute intracranial hypertension in an intracranial hematoma
model. The aim of this study was to assess the effects of

moderate hypothermia on PbrO2, PbrCO2, pHbr, ICP, and CPP
values following acute intracranial hypertension in an intra-
cranial hematoma model in pigs.

Methods

Animal preparation

After approval by the Institutional Animal Care and Use
Committee of the Animal Institute, Chinese Academy of Sci-
ence, 20 healthy micropigs 2 months of age and weighing 4.5–
5.5 kg received humane care in compliance with the principles
of laboratory animal care formulated by the National Com-
mittee of Medical Research, and the ‘‘Guidelines for the Use of

FIG. 1. (A) Gross appearance of pathological changes in the brain tissue after intracerebral hematoma. (B) Photomicrograph
of a tissue sample from an animal after intracranial hematoma (original magnification�200).
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Laboratory Animals’’ issued by the Institute of Laboratory
Animal Resources of China.

The micropigs were randomized into two groups: a nor-
mothermia group (n¼ 10), and a moderate hypothermia
group (n¼ 10). The animals were initially anesthetized by an
IM injection of ketamine hydrochloride (10 mg=kg), followed
by propofol (4 mg=kg) administered IV and continuously
maintained for 3 h. A tracheotomy was performed and an
endotracheal tube was inserted. The animals were then me-
chanically ventilated. Both the femoral artery and vein on the
right side were cannulated with polyethylene tubing for
monitoring arterial blood pressure and to facilitate blood gas
analysis.

Acute intracerebral hematoma model

After surgical exposure of the skull, a cranial burr hole
(5 mm) was drilled 5 mm anterior to the coronal suture and
15 mm to the left of the sagittal suture. The dura mater was
opened and a polyethylene catheter was inserted into the left
frontal lobe to a depth of about 10 mm. The burr hole was then
sealed with dental cement. Fresh autologous blood was
drawn from the femoral artery catheter with a 10-mL syringe,
and it was immediately placed in a microinjection pump.
Approximately 5 mL of non-heparinized fresh blood was in-
fused into the cranium at a rate of 0.5 mL=min to increase the
ICP (>40 mm Hg).

Intracranial pressure monitoring

A cranial burr hole (5 mm) was drilled 5 mm posterior to
the coronal suture and 10 mm to the right of the sagittal su-
ture, and a transcranial bolt was placed. The dura mater was
opened and a calibrated intracranial pressure probe with
pressure sensor (Camino Laboratories, San Diego, CA) was
placed in the frontal lobe. The burr hole was then sealed and
ICP was continuously monitored for 3 h.

Brain tissue oxygen, carbon dioxide, and pH monitoring

A cranial burr hole was drilled 5 mm posterior to the cor-
onal suture and 15 mm to the right of the sagittal suture. The
dura mater and arachnoid membrane were opened. Then a
Neurotrend multiparameter monitoring sensor was inserted
into the frontal lobe (Neurotrend, Diametric Corp., United
Kingdom), and the sensor was connected to a Neurotrend
multiparameter monitoring system. Prior to the insertion of
the catheter, the sensor was calibrated using sterile precision
gases bubbling in a digitally controlled fashion through the
calibration chamber. All values measured by the sensor were
displayed on a monitor and stored in the on-board computer
of the device.

Temperature measurement and manipulation

Frontal cortex brain temperature was monitored with a
digital electronic thermometer (model DP 80; Omega En-
gineering, Inc., Stamford, CT) with a temperature probe
0.15 mm in diameter (model HYP-033-1-T-G-60-SMP-M;
Omega Engineering) inserted 6 mm ventral to the surface of
the skull. Rectal temperature was measured with an analog
electronic thermometer (model 43 TE; YSI Telethermometer,
San Jose, CA) and a temperature probe (YSI series 400).
Cooling was initiated 30 min after injection of the blood into

the cranium, and was achieved via the use of an ice bath and
ice packs as previously described ( Jiang et al., 1991). Ap-
proximately 15 min were required to reach the target brain
temperature (33–348C), which was maintained for 3 h under
general anesthesia on room air by intermittent application of
ice packs as needed. A brain temperature of 37� 0.38C was
achieved under general anesthesia with a heating blanket in
the normothermia group.

All animals were sacrificed at 6 h after the injection of blood
into the cranium. The brain was removed, fixed in 10%
formaldehyde, and examined with light microscopy with
hematoxylin and eosin stain.

Statistical analysis

Physiological data including ICP, CPP, PbrO2, PbrCO2, and
pHbr were analyzed using a repeated-measures analysis of
variance (ANOVA) for differences between time points and
groups, followed by Fisher’s post-hoc test. Statistical signifi-
cance was set at p< 0.05. Data are expressed as absolute val-
ues (means� SD).

Results

Effects of acute intracranial hypertension
on physiological parameters and cerebral oxygenation

The acute intracranial hematoma model generated consis-
tent results (Fig. 1A and B). None of the monitored parameters
were significantly different between the two study groups
prior to cooling (Table 1). ICP was significantly elevated and
CPP was decreased following acute intracranial hypertension.
PbrO2 and pHbr values were significantly decreased, and the
PbrCO2 value was markedly elevated during acute intracra-
nial hypertension ( p< 0.01) (Fig. 2).

Histological findings

Macroscopic slice preparation verified that hematoma was
localized in the left frontal lobe. Light microscopic examina-
tion showed massive hemorrhage and neuronal cell loss in the

Table 1. Physical Parameters in the Two Groups

before Cooling

Hypothermia
group (n¼ 10)

Normothermia
group (n¼ 10)

MBP (mm Hg) 122.0� 15.2 119.4� 14.7
Heart rate (beats=min) 112� 15 108� 13
Brain temperature (8C) 37.3� 0.3 37.2� 0.2
Rectal temperature (8C) 36.8� 0.3 36.9� 0.4
Pao2 (mm Hg) 82.4� .5 81.8� 4.8
Paco2 (mm Hg) 55.5� 7.3 54.2� 6.8
pHa 7.42� 0.12 7.44� 0.14
PbrO2 (mm Hg) 17.8� 3.6 17.1� 3.3
PbrCO2 69.9� 7.4 70.5� 9.2
pHbr 7.29� 0.16 7.30� 0.17
ICP (mm Hg) 40.1� 6.6 40.9� 7.1
CPP (mm Hg) 81.9� 16.4 78.5� 15.1

CPP, cerebral perfusion pressure; ICP, intracranial pressure; MBP,
mean blood pressure; Pao2, partial arterial oxygen pressure; Paco2,
partial arterial carbon dioxide pressure; pHa, arterial pH; PbrO2,
brain tissue oxygen pressure; PbrCO2, brain tissue carbon dioxide
pressure; pHbr, brain tissue pH value.
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FIG. 2. Changes in the monitored parameters after blood injection in the two study groups. After injection of blood into the
cranium, intracranial pressure (ICP) was significantly elevated, cerebral perfusion pressure (CPP) was decreased, and brain
tissue oxygen pressure (PbrO2) and brain tissue pH value (pHbr) were significantly decreased, and brain tissue carbon dioxide
pressure (PbrCO2) was markedly elevated ( p< 0.01). The ICP, PbrO2, PbrCO2, and pHbr values were no different between two
groups before cooling. After cooling to 33–348C, the ICP decreased, the CPP significantly improved, the PbrCO2 decreased,
and the pHbr increased in the hypothermia group compared to the normothermia group ( p< 0.05). However, the PbrO2 value
in the hypothermia group was not statistically significantly different from the normothermia group ( p> 0.05; *statistically
significant).
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brain tissue in and around the hematoma. The probe, how-
ever, did no harm to the brain tissue (Fig. 1A and 1B).

Effects of moderate hypothermia on ICP, CPP, PbrO2,
PbrCO2, and pHbr values

In the hypothermia group, the ICP decreased from 40.1�
6.6 mm Hg to 28.6� 4.8 mm Hg at 3 h after cooling. In contrast,
in the normothermia group, the ICP values ranged from
40.9� 7.1 mm Hg to 40.5� 8.1 mm Hg in the same time frame
( p< 0.05). In the hypothermia group, the CPP values signifi-
cantly improved, from 81.9� 16.4 mm Hg to 87.0� 16.3 mm
Hg at 3 h after cooling, while in the normothermia group, the
CPP decreased from 78.5� 15.1 mm Hg to 57.7� 11.4 mm Hg
in the same time frame ( p< 0.05). In the hypothermia group,
the PbrCO2 value decreased from 69.9� 7.4 mm Hg to
56.6� 11.3 mm Hg at 3 h after cooling, while in the normo-
thermia group, the PbrCO2 values ranged from 70.5� 9.2 mm
Hg to 72.4� 14.4 mm Hg in the same time frame ( p< 0.05). In
the hypothermia group, the pHbr value increased from
7.29� 0.16 to 7.37� 0.15 at 3 h after cooling, while in the nor-
mothermia group, the pHbr value decreased from 7.30� 0.17
to 7.19� 0.14 in the same time frame ( p< 0.05). In the hypo-
thermia group, the PbrO2 values ranged from 17.8� 3.6 mm
Hg to 15.8� 3.7 mm Hg at 3 h after cooling, while in the nor-
mothermia group, the PbrO2 values were from 17.1� 3.3 mm
Hg to 13.2� 2.6 mm Hg in the same time frame, but this dif-
ference was not statistically significant ( p> 0.05; Fig. 2).

Discussion

In present study, we found that moderate hypothermia
significantly decreases ICP, increases brain tissue pHbr, and
reduces PbrCO2 ( p< 0.05), but does not statistically signifi-
cantly improve PbrO2. This indicates that the cerebral pro-
tection provided by moderate hypothermia most likely is not
related to an improvement of cerebral oxygenation following
intracranial hypertension.

The effects of moderate hypothermia on PbrO2 values fol-
lowing brain injury were inconsistent (Burger et al., 2004;
Gupta et al., 2002). Burger and colleagues assessed the effects
of moderate intra-ischemic hypothermia on cerebral oxygen-
ation using an epidural balloon compression model in rats,
and found that PbrO2 in the hypothermic animals was 19%
higher than that of normothermic animals ( p¼ 0.042). Fur-
ther, they found that moderate hypothermia attenuated a
secondary increase in ICP ( p< 0.05), and electroencephalo-
graphic findings indicated a trend toward faster recovery
( p> 0.05). Lesion size was reduced by 35% in MRI volumetric
evaluations, and by 24.5% in histological morphometric ana-
lyses (Burger et al., 2004). Gupta and associates, investigating
the effects of hypothermia on PbrO2 in 30 patients with se-
vere TBI, demonstrated that brain parenchymal oxygena-
tion was maintained with hypothermia to 358C. However,
they observed a significant decrease in PbrO2 below 358C
( p< 0.05), with a highly significant reduction seen below 348C
( p< 0.001) compared with 378C, whereas PaO2 was increased
below 378C. PbrCO2 and arterial CO2 both decreased when
brain temperature was reduced to 348C. Their results imply
that the neuroprotective effects of induced hypothermia may
be most beneficial at a temperature of 358C, as hypothermia to
temperatures below 358C may result in impaired cerebral
oxygenation (Gupta et al., 2002). This shows that moderate

hypothermia (33–348C) does not significantly affect brain
tissue oxygenation following acute intracranial hypertension
after intracranial hematoma in pigs.

The differential effect of hypothermia on brain tissue oxy-
genation is not clear. Brain tissue oxygenation depends on the
balance between oxygen delivery and consumption. Moder-
ate hypothermia undoubtedly reduces cellular metabolism
and oxygen consumption of brain tissue, which suggests that
moderate hypothermia may increase PbrO2 values. However,
moderate hypothermia may also cause a leftward shift of the
oxygen dissociation curve, which enhances the affinity of
oxygen to hemoglobin, causing reduced oxygen release,
thereby reducing the availability of oxygen to diffuse into
brain cells. Further, an oxygen delivery=metabolism mis-
match may develop after head injury (Menzel et al., 1999), as a
result of a combination of diffusion abnormalities (micro-
vascular failure), arteriovenous shunts directing flow away
from capillaries, increased diffusion distances because of cy-
totoxic edema, or mitochondrial abnormalities resulting from
membrane alterations. All of these factors may contribute to
the effect of moderate hypothermia on brain oxygenation
following brain injury.

Our results clearly show that acute intracranial hyperten-
sion significantly decreases brain tissue pH, and that moder-
ate hypothermia markedly attenuates decreases in brain
tissue pH. In previous studies, researchers have found that
cerebral lactate accumulation and acidosis occur following
brain injury. Yang and colleagues performed tissue bio-
chemical analyses, and found elevations of brain tissue lactate
levels at 1 h after mild percussion injury (Yang et al., 1985).
Inao and associates demonstrated a rise in brain tissue lactate
content and a reduction in brain tissue pH, providing evi-
dence for mild brain tissue acidosis caused by excessive
lactate accumulation (Inao et al., 1988). Unterberg and co-
workers also reported transient brain tissue pH reductions
after severe fluid percussion injury as assessed by 31P MRS,
confirming a mild tissue acidosis (Unterberg et al., 1988).
Andersen and Marmarou demonstrated that whole brain
lactate, as well as CSF lactate, increased after fluid percussion
TBI, although the simultaneously measured cerebral blood
flow was unchanged, suggesting that TBI itself, rather than
secondary ischemia, caused this lactate increase (Andersen
and Marmarou, 1992). They proposed the energy compart-
mentalization hypothesis to explain these findings, suggest-
ing that mitochondrial function is depressed after brain
injury, and that anaerobic glycolysis is facilitated. Further,
Jiang and colleagues found that cerebral extracellular fluid
lactate levels significantly increase following fluid percussion
brain injury. Pre-injury mild hypothermia completely inhibits
cerebral lactate accumulation, and early post-injury mild hy-
pothermia significantly blunts the increases in cerebral lactate
levels seen following fluid percussion injury ( Jiang et al.,
2004). Thus reductions in cerebral lactate content induced by
moderate hypothermia may be related to the attenuation of
decreased brain pH, and this may reduce brain acidosis fol-
lowing acute intracranial hypertension.

Acknowledgments

This work was supported by the National Key Basic
Research Project (grant no. 2005CB522604), a National Sci-
ence and Nature Grant (no. 30571908), the Science and

EFFECT OF MODERATE HYPOTHERMIA ON CEREBRAL OXYGENATION 437



Technology Committee of Shanghai (grant no. 04DZ14005),
and the Program for Shanghai Outstanding Medical Aca-
demic Leader.

Author Disclosure Statement

No competing financial interests exist.

References

Andersen, B.J., and Marmarou, A. (1992). Functional compart-
mentalization of energy production in neural tissue. Brain Res.
585, 190–195.

Bernard, S.A., Gray, T.W., Buist, M.D., Jones, B.M., Silvester, W.,
Gutteridge, G., and Smith, K. (2002). Treatment of comatose
survivors of out-of-hospital cardiac arrest with induced hy-
pothermia. N. Engl. J. Med. 346, 557–563.

Bouma, G.J., Muizelaar, J.P., Choi, S.C., Newlon, P.G., and
Young, H.F. (1991). Cerebral circulation and metabolism after
traumatic brain injury: the elusive role of ischemia. J Neuro-
surg. 75, 685–693.

Burger, R., Bendszus, M., Hamilton, G., Solymosi, L., and Roo-
sen, K. (2004). Neurophysiolgical monitoring, magnetic reso-
nance imaging, and histological assays confirm the beneficial
effects of moderate hypothermia after epidural mass lesion
development in rodents. Neurosurgery 54, 701–711.

Burger, R., Vince, G.H., Meixensberger, J., Bendszus, M., and
Roosen, K. (1999). Interrelations of laser doppler flowmetry
and brain tissue pressure during ischemia and reperfusion
induced by an experimental mass lesion. J. Neurotrauma 16,
1149–1164.

Busto, R., Globus, M.Y.T., Dietrich, W.D., Martinez, E., Valdes,
I., and Ginsberg, M.D. (1989). Effect of mild hypothermia on
ischemia-induced release of neurotransmitters and free fatty
acids in rat brain. Stroke 20, 904–910.

Clifton, G.L., Jiang, J.Y., Lyeth, B.G., Jekins, L.W., Hamm, R.J.,
and Hayes, R.L. (1991). Marked protection by moderate hy-
pothermia after experimental TBI. J. Cereb. Blood Flow Metab.
11, 114–121.

Gupta, A.K., Rawi, P.G., Hutchinson, P.J., and Kirkpatrick, P.J.
(2002). Effect of hypothermia on brain tissue oxygenation in
patients with severe head injury. Br. J. Anaesth. 88, 188–192.

Hagerdal, M. (1979). Additive effects of hypothermia and phe-
nobarbital upon cerebral oxygen consumption in the rat. Acta
Anesthesiol. Scand, 23, 89–92.

Inao, S,. Marmarou, A., Clarke, G.D., Anderson, B.J., Fatouros,
P.P., and Young, W. (1988). Production and clearance of lac-
tate from brain tissue, cerebrospinal fluid, and serum follow-
ing experimental brain injury. J. Neurosurg. 69, 736–744.

Jiang, J.Y., Liang, Y.M., Luo, Q.Z., and Zhu, C. (2004). Effect of
mild hypothermia on brain dialysate lactate after fluid per-
cussion brain injury in rodents. Neurosurgery 54, 713–718.

Jiang, J.Y., Lyeth, B.G., Clifton, G.L., Jenkins, L.W., Hamm, R.J.,
and Hayes, R.L. (1991). Relationship between body and brain
temperature in traumatically brain-injured rodents. J. Neuro-
surg. 74, 492–496.

Jiang, J.Y., Lyeth, B.G., Kapasi, M.Z., Jenkins, L.W., and Pov-
lishock, J.T. (1992). Moderate hypothermia reduces blood-
brain barrier disruption following traumatic-brain injury in
the rat. Acta Neuropathol. 84, 495–500.

Kaibara, T., Sutherland, G.R., and Colbourne, F. (1999). Hy-
pothermia: depression of tricarboxylic acid cycle flux and evi-
dence for pentose phosphate shunt upregulation. J. Neurosurg.
90, 339–347.

Lobato, R.D., Rivas, J.J., Gomez, P.A., Castaneda, M., Canizal,
J.M., Sarabia, R., Cabrera, A., and Munoz, M. (1991). Head-
injured patients who talk and deteriorate into coma: analysis
of 211 cases studied with computerized tomography. J. Neu-
rosurg. 75, 256–261.

Meixensberger, J., Jaeger, M., Vath, A., Dingas, J., Kunze, E., and
Roosen, K. (2003). Brain tissue oxygen guided treatment
supplementing ICP=CPP therapy after traumatic brain injury.
J. Neurol. Neurosurg. Psychiat. 74, 760–764.

Menzel, M., Doppenberg, E.M.R., Zauner, A., Soukup, J., Re-
izert, M.M., and Bullock, R. (1999). Increased inspired oxygen
concentration as a factor in improved brain tissue oxygenation
and tissue lactate levels after severe human head injury.
J. Neurosurg. 91, 1–10.

Mitani, A., and Kataoka, K. (1991). Critical levels of extracellular
glutamate mediating gerbil hippocampal delayed neuronal
death during hypothermia: brain microdialysis study. Neu-
roscience 42, 661–670.

Mitani, A., Kadoya, F., and Kataoka, K. (1991). Temperature
dependence of hypoxia induced calcium accumulation in
gerbil hippocampal slices. Brain Res. 562, 159–163.

Shiozaki, T., Sugimoto, H., Taneda, M., Yoshida, H., Iwai, A.,
Yoshioka, T., and Sugimoto, T. (1993). Effect of mild hypo-
thermia on uncontrolled intracranial hypertension after severe
head injuries: a preliminary report. J. Neurosurg. 79, 363–368.

Smith, S.L., and Hall, E.D. (1996). Mild pre-and posttraumatic
hypothermia attenuates blood-brain barrier damage following
controlled cortical impact injury in the rat. J. Neurotrauma 13,
1–9.

The Hypothermia after cardiac arrest study group. (2002). Mild
therapeutic hypothermia to improve the neurologic outcome
after cardiac arrest. N. Engl. J. Med. 346, 549–556.

Unterberg, A.W., Andersen, B.J., Clarke, G.D., and Marmarou,
A. (1988). Cerebral energy metabolism following fluid-
percussion brain injury in cats. J. Neurosurg. 68, 594–600.

Vink, R., McIntosh, T.K., and Weiner, M.W. (1987). Effects of
traumatic brain injury on cerebral high-energy phosphates
and pH: A 31P magnetic resonance spectroscopy study.
J. Cereb. Blood Flow Metab. 7, 563–571.

Yang, M.S., DeWitt, D.S., Becker, D.P., and Hayes, R.L. (1985).
Regional brain metabolite levels following mild experimental
head injury in the cat. J. Neurosurg 63, 617–621.

Welsh, F.A., Sims, R.E., and Harris, V.A. (1990). Mild hypo-
thermia prevents ischemic injury in gerbil hippocampus.
J. Cereb. Blood Flow Metab. 10, 557–563.

Address correspondence to:
Ji-Yao Jiang, M.D., Ph.D.

Department of Neurosurgery
Renji Hospital

Shanghai Jiaotong University School of Medicine
200127, People’s Republic of China

E-mail: jiangjyb@online.sh.cn

438 BAO ET AL.


