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neovascularization, in diseases associated with choroidal 
subretinal neovascularization. 
To summarize, vascular repair of the choroid after laser 
treatment is characterized by recanalization of damaged 
pre-existing vessels and the bidirectional growth of new 
ones, as well as by capillary regression. 
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Cerebral isehemia is the main cause for the onset  o f  heat stroke syndrome in rabbits 1 
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Abstract. During the onset of heat stroke, rabbits displayed hyperthermia (42.8 ~ and decreased cerebral perfusion 
pressure and decreased cerebral blood flow (as reflected by a prolonged cerebral circulation time) compared to those 
of normothermic rabbits. On the other hand febrile rabbits, during the fever plateau did not show the above 
responses, although they had a similar level of hyperthermia (42.4 ~ The data support the concept that cerebral 
ischemia is the main cause for the onset of the heat stroke syndrome. 
Key words. Heat stroke; fever; cerebral blood flow; cerebral perfusion pressure. 

It has frequently been stated that the tissue damage and 
the multiple systemic effects associated with heat stroke 
are caused by a combination of elevated body tempera- 
ture and exposure duration 2. The question of whether 
cerebral blood flow could be an operative factor in heat 
stroke was raised by Wyndham 3. The possibility was 
rejected by Shibolet et al.* on the basis of experiments on 
anesthetized dogs, in which there was no evidence of 
changes in cerebral blood flow at rectal temperatures up 
to 42 ~ However, our previous results 5 showed that in 
unanesthetized rabbits, at the onset of heat stroke both 

a decrease in mean arterial blood pressure and an in- 
crease in intracranial pressure occurred, resulting in a 
reduction in cerebral perfusion pressure. This indicated 
that cerebral ischemia is indeed a factor which deter- 
mines the severity of heat stroke. Therefore, in the 
present study, we sought to ascertain whether the main 
cause for the onset of  heat stroke is thermal injury, cere- 
bral ischemia, or both. Experiments were carried out to 
assess alterations in rectal temperature, arterial blood 
pressure, intracranial pressure, cerebral perfusion pres- 
sure and cerebral circulation time parameters in nor- 
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mothermic rabbits, in hyperthermic rabbits during the 
onset of heat stroke, and in febrile rabbits during the 
fever plateau. 

Materials and methods 
Experiments were performed on male New Zealand rab- 
bits, weighing between 3.0 and 3.5 kg each. Each animal 
was implanted with an indwelling ventricular guide tube. 
All animals were trained to sit quietly under minimal 
restraint in rabbit stocks. Between experiments, the ani- 
mals were individually caged and kept at an ambient 
temperature (Ta) of 22-24 ~ with natural light-dark 
cycles, and were maintained on laboratory rabbit chow 
with tap water available ad libitum. 
Ventricular cannulas were implanted under general anes- 
thesia (pentobarbital sodium, 30ms/ks ,  i.v.). The 
stereotaxic coordinates used were from the atlas of 
Sawyer et al. 6. The cannulas were placed in the third 
ventricle; the stereotaxic coordinates were: A + 1.0 mm; 
L 0.0 mm; and H + 0.5 mm. A period of two weeks was 
permitted to allow the animals to recover before the ex- 
perimentation. 
Three groups of animals were studied. (1) Heat stroke 
rabbits: heat stroke was induced by exposing the rabbits, 
under pentobarbital sodium anesthesia, to a T a of 40 ~ 
the occurrence of hyperthermia (rectal temperature up to 
42.8 ~ wag taken as the onset of heat stroke. (2) Febrile 
rabbits: Th.e rabbits ;were given an i.v. dose of 50 btg/kg 
of polyriboinosinic acid: polyribocytidylic acid (Poly 
I:C; Pharmacia Molecular Biologicals, Uppsala, Swe- 
den) to indfice fever ~42.4 ~ at a T, of 24 ~ (3) Control 
rabbits: The rabbits, :under pentobarbital sodium anes- 
thesia, were given an i.v. dose of normal saline (ml/kg) at 
a T, of 24 ~ The following were measured in these three 
groups of animals: (1) rectal temperature, mean arterial 
blood pressure, intracranial pressure and cerebral perfu- 
sion pressure; and (2) cerebral circulation time parame- 
ters. The rectal temperatures of the control rabbits were 
continuously recorded for 3 h. 
Rectal temperature was measured using a copper-con- 
tantan thermocouple. The arterial blood pressure and the 
intracranial pressure were monitored with a Statham P23 
AC transducer via a cannula insert introduced into the 
central artery of the ear or the cerebral ventricle. All 
recordings were made on a 4-channel Grass 7C 
polygraph. Measurement of cerebral circulation time 
parameters were carried out using an Elscint Apex 410 
gamma camera connected to an Informatek Simis-VI 
computer. The examination was started with the rapid 
injection of 5 mCi of 99myc pertechneate into the ear 
marginal vein, followed by flushing with 1 ml of normal 
saline. Data were collected for 1 min at 0.5-s intervals. 
The activity curves were then analyzed by the modified 
gamma function fitting method 7 As shown in the figure, 
the following cerebral circulation time parameters were 
calculated: (1) rise time (RT): the time interval between 
10 and 80 percent of the peak height; (2) peak time (PT): 
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Schema of the technetium time activity curve and parameters. (1) Rise 
time (RT): The time interval between 10 and 80% of the peak height. 
(2) Peak time (PT): The duration of the peak value. (3) Mean transit time 
(MTT): area (A)/height (H). (4) Transfer time (TT): The parameter cor- 
responds to the time required for the bolus to go through the cerebral 
hemisphere. It was calculated from the mean transit time by correcting 
for the dispersion of the bolus 7. 

the duration of the peak value; (3) mean transit time 
(MTT): area/height; and (4) transfer time (TT): the 
parameter corresponds to the time required for the bolus 
to go through the cerebral hemisphere. It is calculated 
from the mean transit time by correcting for the disper- 
sion of the bolus. 

Results and discussion 
Table 1 contains a summary of the mean and standard 
error values for each of the measured and calculated 
parameters collected from three groups of animals. Hy- 
perthermia (42.8 ~ rectal temperature) or heat stroke 
was induced by exposing 8 rabbits to a T a of 40 ~ The 
latency of the onset of hyperthermia or heat stroke was 
found to be 65 _+ 3 rain for all these animals. Pyrogenic 
fever was induced by administering 50 gg/kg of Poly I :C 
into the ear marginal vein of 10 rabbits at a Ta o f  24 ~ 
The rectal temperature reached its fever plateau (42.4 ~ 
about 160 min after the injection. It can be seen from the 
table 1 that the heat-stroke rabbits had lower values for 
mean arterial blood pressure (65.2 mmHg) and cerebral 
perfusion pressure (18.1 mmHg), but a higher value for 
intracranial pressure (47.1 mmHg), than the control ani- 
mals (acclimatized to a T, of 24 ~ or the febrile rabbits 
during the fever plateau. The reduction in the cerebral 
perfusion pressure that occurred at the onset of heat 
stroke was brought about by both a decrease in mean 
arterial blood pressure and an increase in intracranial 
pressure. 
Table 2 contains a summary of the means and the stan- 
dard error values for each of the cerebral circulation time 
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Table 1. Rectal temperature and pressure values of 8 normal rabbits, 8 rabbits with heat stroke, and 10 rabbits with pyrogen-induced fever 

Group of Rectal temperature, Mean arterial pressure, Intracranial pressure, Cerebral perfusion 
animals ~ mm Hg mm Hg pressure, mm Hg 

Control 38.6 _ 0.1 94.4 + 4.8 14.8 ___ 1.5 79.6 + 3.2 
Heat-stroke 42.8 + 0.4* 65.2_ 1.8" 47.1 + 1.7" 18.1 _+ 1.6" 
Pyrogen fever 42.4 _ 0.3* 101.3 __. 5.6 17.7 _ 1.8 83.6 _+ 3.5 

The values are expressed as mean _+ SEM. * Significantly different from the corresponding control values, at p < 0.01 (one-way analysis of variance). 

Table 2. The values of cerebral circulation time parameters were collected from 8 normal rabbits, 8 rabbits during the onset of heat stroke, and 10 
rabbits during the fever plateau 

Groups of animals Left hemisphere Right hemisphere 
MTT PT TT RT MTT PT TT RT 
(seconds) 

Control 14.1 8.7 44 3.5 13.7 8.5 42 3.4 
_ 0.2 _ 0.5 + 5 ___ 0.4 _ 0.3 + 0.4 + 4 _ 0.3 

Heat stroke 20.4 12.5 68 3.8 19.7 13.8 64 4.0 
+ 0.5* + 0.4* + 4* _+ 0.2 _ 1.0" _ 0.6* ' _ 2* _ 0.4 

Pyrogen fever 13.2 9.2 42 3.3 12.4 8.2 39 2.9 
+ 0.3 + 0.2 _ 3 + 0.4 + 0.6 ___ 0.5 + 4 _ 0.2 

The values are expressed as mean _+ SEM. * Significantly different from the corresponding control values, at p < 0.05 (one-way analysis of variance). 
Abbreviations: MTT, mean transit time; PT, peak time; TT, transfer time; RT, rise time. 

parameters collected from the control animals, the heat- 
stroke animals and the febrile animals. Again, compared 
with the control animals, or the febrile animals, the heat- 
stroke animals showed a lower value of cerebral blood 
flow (as reflected by a higher value of mean transit time, 
peak time or transfer time). In the current study, the 
heat-stroke rabbits and control rabbits were under pen- 
tobarbital anesthesia whereas the febrile rabbits were 
awake. In order to determine the influence of the anes- 
thesia on the parameters measured, experiments were 
carried out to assess the values of these parameters in 
unanesthetized rabbits. It was found that the values of 
these parameters in unanesthetized rabbits were not dis- 
tinguishable from those of the anesthetized rabbits. 
According to the findings of Rowell 8, in humans in a 
warm environment the rate of skin perfusion rises, the 
tone of the capacitance vessels in the skin is reduced, 
heart rate and cardiac output increase, and the arterial 
blood pressure decreases. Both our present and previ- 
ous 5 results showed that at the onset of heat stroke, 
peripheral vasodilation and decreased arterial blood 
pressure are also observed in rabbits. The reduction in 
the arterial blood pressure at the onset of heat stroke may 
be due to decreased tone of the capacitance vessels, and 
peripheral vasodilation 9. On the other hand, intravenous 
administration of Poly I:C produced fever in rabbits 10. 
The Poly I :C-induced fever was due to peripheral vaso- 
constriction and increased metabolism in rabbits at room 
temperature (24 ~ The current results also showed that 
the febrile rabbits still maintained a normal value for 
arterial blood pressure during the fever plateau. 
In addition, the results showed that both increased in- 
tracranial pressure and decreased arterial blood pressure 
resulted in a reduction in cerebral perfusion pressure in 

hyperthermic rabbits during the onset of heat stroke. The 
induced intracranial hypertension could be due to cere- 
bral edema and cerebral vascular congestion 5. Reduc- 
tion of cerebral perfusion pressure to below the auto-reg- 
ulatory level would induce cerebral ischemia 11. This 
concept is fully supported by the present results. In the 
present study, it was found that there was a reduction in 
cerebral blood flow (as reflected by an increase in cere- 
bral circulation time parameters) in rabbits during the 
onset of heat stroke. However, febrile rabbits during the 
fever plateau had values for cerebral circulation time 
parameters which were not different from those of the 
control animals. Thus, it appears that cerebral hypoxia 
(due to cerebral ischemia or decreased cerebral blood 
flow), rather than thermal injury (due to hyperthermia), 
is the main cause for the onset of heat stroke syndrome 
in rabbits. 
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