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SUMMARY
Hyperbaric Oxygen Therapy is an important treatment
in cerebral ischemia caused by cerebrovascular

diseases.

In this experimental study, ten rabbit brains with
cerebral ischemia were treated with Hyperbaric Oxygen
under 2 atm. pressure, and the histopathological fin-
dings compared with those of a control group.

We demonstrate that Hyperbaric Oxygen Therapy has
a considerable effect both in reducing edema and in
preventing micronecrosis and macrocyst formation in
ischemic brain tissue.
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INTRODUCTION
Hyperbaric Oxygen (HBO) can be used as treatment

in a variety of neurological disorders (1). There are
several reports concerning HBO usage in cerebro-
vascular disease, head trauma and cerebral edema
(2-4). Holbach et al (5) have emphasized its role in the
clinical course of traumatic and non-traumatic spinal
cord lesions. HBO is also effective in migraine type

headaches through its role in regulating blood flow (6).
Hyperbaric Oxygen Treatment (HOT) can also be us-

ed in patients with senile dementia, multiple sclerosis
and myasthenia gravis (7-10).

It is known that the oxygen consumption of the brain
is 500-600 ml/min or 25% of the total body 0 2 con-
sumption. More than one litre of oxygen circulates
through the brain per minute. Obstruction in this cir-
culation from any cause will induce a reduction in
neural processes within two minutes and will be follow-
ed by tissue damage in the affected area after five
minutes. If the reduced supply of blood continues, in-
farction or necrosis will occur and the ischemic
changes may be with or without bleeding (11).

The leading cause of these ischemic changes are
vascular in nature. The vascular lumen may be
obstructed by an embolus or by thrombus formation
on the endothelial surface of the affected vascular wall

(12).
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Twenty years ago Whalen (13) showed that HBO causes
vasoconstriction and decreases cerebral blood flow, and
since then the effects of HBO have been intensively in-
vestigated. Recent animal experiments have proved
that HBO is effective in preventing hypoxic brain edema
(14). It is also reported that HBO will decrease cerebral
ischemia and may have a preventative effect on epilep-
tic fits (15). Shiokawa (16) showed that HBO decreases
cerebral lactate levels and has a therapeutic effect on
cerebral ischemia. HBO produces these effects by in-
creasing the amount of oxygen in the plasma, and the
increased partial pressure of oxygen exerts a direct ef-
fect on the cardiac sinus chemoreceptors and cerebral

blood vessels (15).

Although there are several reports concerning HOT, its
action on histopathological changes within the
ischemic brain is not discussed in the literature. The
aim of this paper therefore, is to determine the effects
of HBO on histopathological changes caused by
ischemia in an ischemic rabbit brain model.

MATERIALS AND METHODS

A cylinder-shaped HBO room, 70 centimeters long and
40 centimeters in diameter and resistent to 4 atm.

pressure was constructed for this experiment. It was
connected to an oxygen tube by a three valve system
and had a door and two observation windows. The in-
side pressure could be monitored and adjusted using
a manometer connected to the sytem (Fig. 1). 15 rab-
bits, 40-50 days old were used. The average weight of
the animals was 425 grams and their tolerance to HBO
had been previously tested in the Animal Diseases In-
vestigation Institute.

All the rabbits were anesthetized using Ketamine,
0,6mg/kg and the cervical portion of the right inter-
nal carotid artery was exposed and clipped temporarily
for two hours (Fig. 2). Five rabbits in the control group
(O Group) were sacrificed ten days later, their brains
removed and coronal brain sections fixed in 10% for-
maldehyde. The other ten rabbits constituted the
medical treatment group (T Group) and were treated
with HBO under 2 atm. pressure. Twentyfour hours
following surgery, HBO was commenced and applied
for four sessions of 30,40,40, and 25 minutes with a
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two hours break between each application, for a total
of 150 minutes per day. This treatment was continued
for ten days. At the end of this period the rabbits were
sacrificed and their brains were removed. In both con-
trol and treatment groups, brain coronal sections were
taken in a plane passing from the point where the sep-
tum pellucidum reaches the anterior commissure.
Following fixation in formol, paraffin blocks were
prepared and five micron thick slices were obtained.
Each section was stained with hematoxilen eosin stain,
with Bodien stain for the neural tissue, and with Van
Gieson stain for the vascular walls and connective
tissue. Finally, sections were examined under the light
microscope in order to detect any cellular and stromal

variations.

RESULTS

Microscopic examination of the prepared slices in the
control group revealed karyolytic, karyopyknotic and
cytolytic changes in the neurons and glial cells.
Microcyst and micronecrosis was detected and
macrocyst formation was observed in two cases.
Periventricular lymphocyte deposits, large bleeding
areas, microvacuolisation and porous stroma were seen
in one case each. There was no collateral or wide
necrosis (Figs. 3 and 4).

In the HBO treated group, microcyst formation and,
degenerative neuronal and glial changes were present
in each of the cases. Half of the cases in this group had
micronecrotic areas, and three had mild edema. One
of the cases had porous stromal changes, another had
ependymal cell proliferation expanding into the ven-
tricle. Lymphocyte infiltration was observed in one case
(Table 1). There was no macrocyst formation,
macronecrosis or collaterals. Bleeding areas and gliosis

were also absent (Fig. 5).

DISCUSSION

The resistance of blood flow is higher in veins which
are smaller than 1,5 mm in diameter, and in the
capillaries. As the erythrocytes pass from the capillary
lumen one by one in line, their viscosity is less
(Fahraeus Lindguist effect), but when erythrocytes ac-
cumulate due to microcirculatory defects, the circula-
tion slows and the viscosity of the blood increases enor-
mously. Erythrocyte accumulation on defective
vascular endothelium partially obstructs the vascular
lumen and the blood flow stops for a few seconds; and

Volume 3 Mo: 2 April 1990

of course this leads to ischemia. HBO may protect
against ischemia in three ways (8). Firstly, the higher
partial pressure of oxygen in plasma can feed the tissue
where erythrocyte accumulation has occured. Second-
ly, oxygen can spread into the extravascular spaces.
This property is evident in partially obstructed
capillaries with higher oxygen levels than in obstructed
capillaries. Therefore, if the infarction area is large and
if there is no circulation, HBO will be ineffective. This

explains the effectiveness of HBO in the treatment of
strokes. The third effect of HBO is that of relieving brain

edema. It causes vasoconstriction and reduces ex-
travasation from the dilated capillaries in the hypoxic
tissue. HBO also reduces the swelling of the neurons
(6). Saltzman et al (17) have stated that if oxygen
transport increases, neurological functions will improve
and cerebral tissue death can be prevented in hypoxic
cases. Oxygen transport can be increased by HBO (18).
The therapeutical effectsof HOT may be seen even after
a few treatments (19). Akimov et al (2) reported good
results in a large series with patients suffering from
cerebrovascular accidents. Clinical trials with patients
who had become worse following aneurysm surgery
have shown that HBO has positive effects on the overall
outcome (3,20).

Although the clinical effects of HOT are extensively
discussed in the literature, its effects on histopatholo-
gical changes in the brain are still not clear. In our study
we have investigated the pathological changes occur-
ing in cerebral ischemic tissue and the effect of HBO
on these changes. Degenerative neuronal and glial
changes, micronecrotic foci and microcyst formation
were present in both HBO and control groups. It is
noticeable that the edema was less in the HOT group
when it was compared with the control group.
Macrocysts, macronecrosis and bleeding areas which
were observed in the control group were not detected
in cases treated with HBO (1,21). Increased inflam-
matory cell infiltration was also detected and is a
demonstration of the better blood supply in the HBO
group.

We conclude that, although microcysts and
degenerative neuronal and glial changes occur in both
groups, HOT is effective in reducing edema, decreas-
ing the micronecrosis rate, and in preventing macrocyst
formation. Histopathologically, HOT reduces
significantly the effects of cerebral ischemic conditions.
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TABLE I: HISTOPATHOLOGICAL CHANGES DETECTED IN CONTROL AND TREATMENT GROUPS.

STROMAL CHANGES CELLULAR CHANGES
Porous Microcyst Macrocyst Neuroglial L
stroma formation formation Edema degeneration Gliosis
CONTROL
GROUP 1/5 5/5 2/5 5/5 5/5 2/5
TREATMENT
GROUP 1/10 10/10 0/10 3/10 10/10 0/10

Figure 1 The pressure monitored HBO application
room connected to an Oxygen tube.

Inflammation

1/5

3/10
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Figure 2: Temporary clip application to the cervical
portion of the rabbit internal carotid artery.

Figure 3: Smooth edged micro and macrocyst forma-
tion in rich stroma; O Group, (x 200, HE stain)
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Figure 4: Multiple micronecrotic areas and partially
karyolytic ganglion cells; O Group, (x 200

, HE stain)

Figure 5: Demarcation line surrounding the wide
necrotic area disappeared after treatment;
T Group, (x 100 , HE stain)
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