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Abstract. Following the hypothesis that chronic ische-
mia is the main cause of functional deficiency in glau-
coma, a double blind clinical experiment was carried out
to study the effect of hyperbaric oxygenation in 51 glau-
coma subjects, of which 31 were in the experimental
group and 20 in the control group. In the experimental
group there was a significant improvement of visual
fields (p < 0.05), whereas there was no change in the sub-
jects in the control group. Hyperbaric oxygen did not
have any influence on intraocular pressure. The achieved
visual field improvements remained stable for 3 months
(p < 0.05), except for I; and I, isopters of the left eye and
I, isopter of the right eye, while they were considerably
reduced after 6 months (p > 0.05).
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Primary open-angle glaucoma is a multifactorial
disease of a chronic progressive nature. The
prevention of glaucoma depends on a rational
therapy and recognition of early changes in the
optic nerve head, the retinal nerve fiber layer and
visual field (Tuulonen et al. 1991). The theories
concerning pathogenesis of a reduced visual field
are controversial (Anderson 1977). In addition to
the direct action of the elevated intraocular press-
ure (IOP) on the visual field, deterioration of the
visual field may be caused by blocking of axonic
transport in the extensions of the optic nerve
(Radius 1987; Quigley et al. 1981). A vascular the-
ory of ischemia also is widely accepted (Hayreh et
al. 1970; Phelps 1972; Duke-Elder et al. 1976).

The question remains, however, if an elevated
IOP as a primary mechanical effect blocks axoplas-
matic transport or not, or is a secondary effect as
the consequences of ischemia of the vascular sys-
tem, i.e. in the feeding nutritive capillaries (Ander-
son 1977).

Despite the numerous and often contradictory
opinions, it is broadly accepted that ischemia is
one of the basic causes of glaucoma lesions due toa
vascular nutritive deficiency of the peripapillary
choroid and capillaries of the optic nerve (Hayreh
et al. 1970; Phelps 1972; Duke-Elder et al. 1976).

A therapeutic ideal would be to obtain reversi-
bility of optic nerve head and visual field changes
in glaucoma. The literature on medical treatment
confirms the clinical impression that in a number
of patients the disease progresses despite so-called
controlled IOP (Greve 1989).

Reducing IOP to a statistically ‘normal’ pressure
level may not be sufficient and the aim of the treat-
ment must be to preserve the visual field.

Hyperbaric oxygenation (HBO) has been used
for many years (Cramer 1985). Recent advances in
the knowledge of the effects of HBO on retinal an-
oxia gave rise to a new interest in the possibility of
using it as a therapeutic treatment for ischemic
conditions of the retina (Jain 1990).

The many findings which indicate that ischemia
is one of the leading factors in the eticlogy of glau-
coma, inspired us to conduct a controlled clinical
research project on the effects of HBO in glau-
coma.
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Table 1.
The intraocular pressure was not changed in the experimental or control group
without regard do use of hyperbaric oxygenation.

Before HBO After HBO
Subjects
Left eye Right eye Left eye Right eye
Experimental
group n=31 172102 17603 17.2+0.2 172+0.3
Control
group n=20 17.1£ 0.5 16.6 + 0.5 172+ 0.5 16.4 £ 0.6

Material and Methods

The study was conducted as a double blind clinical
test on 51 Caucasian subject aged 45 to 65 (mean
age 56.9 + SD 6.3 years). Sampling was random
from two groups: one experimental group with 31
patients and a control group with 20 patients. All
patients had open-angle glaucoma and the IOP
was regulated with medication.

Before the start of the study, all subjects had an
ophthalmological examination and a standard
clinical evaluation by which any contraindications
for exposure to high pressure atmosphere and
breathing hyperbaric oxygen were eliminated. All
subjects were told the objective of the study and
had signed an agreement to participate. Prior to
commencing treatment, the visual field of all sub-
jects was determined using a method of kinetic
perimetry by Goldmann (type Marc 2000). Atten-
tion was paid to blind spot and isopters. The ob-

tained areas of the visual fields were digitizedon a
Digital PDP-11/75 computer. Testing was con-
ducted on the Naval Medical Institute in Split,
Croatia, using a large walk-in recompression
chamber. .

The subjects from both groups were exposed in
the chamber to a pressure of 2.0 bars once each day
for 90 min, five times a week, for a total of 30 ses-
sions. During each session in the chamber, the sub-
jects in the experimental group breathed oxygen
for 45 min, then air for 5 min and then again
oxygen for 40 min. Oxygen was supplied from a
subsystem for breathing oxygen type SAA-1, with
an oxygen external dumping system of the ex-
hausted gases rich with oxygen.

The control group breathed air with 10.5% O,,
also under pressure of 2.0 bars. The 5 min inter-
ruption was done to avoid toxic oxygen action on
the experimental group. In order to make the test

Table 2.
By HBO significantly improved visual field remained stable for 3 months except i.e. Iy and 1,.
Isopters
Blind spot
Il IZ 13 14

Surface in cm? before HBO le. 0.68 + 0.06 4.110.7 2781+3.2 73.8+5.2 1212+54

re. 0.8310.11 4107 308128 778138 1248+ 3.9
Surface in ¢cm? after HBO Le. 0.51 £0.03* 8.0+0.9* 37.813.1* 87.0 +4.0* 134.1 + 3.6*

re. 0.52+0.09* 8.4 +0.8* 40.9 +2.8* 89.3 + 3.8* 135.8 + 3.4*
Surface in cm® 3 months later le. 0.58 £0.04* 7.6+ 0.9* 36.8 +3.3* 78.8 £4.9%  128.4t5.1%*

re. 0.53+0.09* 7.9+0.7* 38.7+£2.8*% 88.7 + 3.6* 134.5 + 3.4%*
Surface in cm? 6 months later le. 0.6 +£0.04** 5.5+ 0.6%* 32.7 £ 3.4%* 742 + 4.1%* 124.8 + 3.5%*

re. 0.63 £0.1¥* 5.7+ 0.6%¢ 31.2+£3.1%  80913.7%*  123.8+3.0%*

* p <0.05; ** p > 0.05; Le. = left eye; r.e. = right eye.
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Table 3.
By HBO significantly improved visual field remained stable for 3 months except Le. I;, and L. Results of Student’s +-test
of the experimental group.

Isopters
Blind spot
I| 12 13 I4
After HBO Le. t =23 t =32 t =22 t =19 t =20
p = 0.02 p =001 p =003 p = 0.05 p =004
r.e. t =20 ot =41 t =26 t =19 t =21
p = 0.04 p <001 p = 001 p = 0.03 p =003
3 months later lLe. t =26 t =29 t =19 t =06 t =09
p <0.01 p <0.01 p = 0.05 p >0.05 p >0.05
re. t =20 t =39 t =19 t =21 t =18
p = 0.04 p <0.01 p =0.05 p = 0.03 p >0.05
6 months later le. t =10 t =15 t =0.1 t = 0.05 t =05
p > 005 p >90.05 p >0.05 p >0.05 p > 005
r.e. t =04 t =17 t =07 t =1Ll t =04
p > 005 p >0.05 p >005 p >0.05 p >0.05

Le. = left eye; r.e. = right eye.

identical for both groups, the control group also
had 5 min of interrupted breathing from a system
SAA-1.

A complete ophthalmological examination, in-
cluding a visual field test by the Goldmann me-
thod, was performed 2 to 10 days after treatment,
and then 3 and 6 months after treatment by HBO.

Statistical analysis used arithmetic mean, stan-
dard error, standard deviation, and sampling dis-
tribution. Sampling distribution was done with the
Student’s ¢test. Findings with an error probability
value of < 0.05 were considered to be statistically

significant.

Results

The value of IOP after HBO did not change signifi-
cantly in either the experimental or control group
(Table 1).

The visual field results of the subjects from the
experimental group before and after treatment are
shown in Table 2, and results of Student’s #test in
Table 3.

A significant reduction of the blind spot and an
enlargement of the area inside isopters after HBO
were confirmed in the subjects in the experimental

group (p < 0.05).

Reexaminations after 3 months showed further
detaining-significant changes in the subjects in the
experimental group (p <0.05), except for the I,
and I, isopters of the left eye and I, isopter of the
right eye. :

After 6 months, reexamination of the visual field
showed no significant difference between the ex-
perimental and control group (p > 0.05).

The diagrams of the mean values (mean £ SE) for
the blind spot and isopters before and after trea-
ment, after 3 and 6 months are shown in Figs. 1 and
2,

Within the control group there were no statisti-
cally significant changes in the visual field
(p > 0.05) - Table 4.

The visual acuity did not change in subjects in
either group.

Discussion

An increase in the partial pressure of the oxygen in
the lungs in hyperbaric oxygen breathing results in
an increased uptake of oxygen in the arterial blood
in a physically dissolved form (Jain 1990). This in-
crease in oxygen content in the blood can compen-
sate for a decrease in the blood flow in ischemic
areas (Mathieu 1992). Besides delivering additional
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Fig. 1.
By HBO significantly reduced blind spot area remained
stable for 3 months.

amounts of physically dissolved oxygen to the
tissue, HBO acts antiedematously and stimulates
formation of collagen (Nylander et al. 1983).

The usefulness of HBO in treating retinal ische-
mia is suported by Jampol (1987), who when using
HBO, found an increased pO, in the preretinal
part of the vitreous body.

In treatment of 13 patients with glaucoma, An-
dreev et al. (1978), using HBO, found improvement
of visual acuity and visual fields in about half of the
patients. Unfortunately, they did not make de-
tailed numerical data of their experiments,
thereby enabling us to compare results.

Our study showed a significant reduction
(p < 0.05) of the blind spot in the subjects in the ex-
perimental group after HBO and again 3 months
later. A reduced retinal light sensivitity, mani-
fested as a reduction of the outer isopters, had im-
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Fig. 2.
By HBO significantly improved visual field remained
stable for 3 months, except Le. I;, and I,.

proved significantly after HBO and 3 months later
(p < 0.05), except for I; and I, isopters of the left
eye and I, isopter of the right eye (p > 0.05). Unfor-
tunately, we have not the technical means to em-
ploy computerized perimetry for visual field as-
sessment, which would be better.

The beneficial effects of HBO on visual fields
are probably achieved by the increase in the dis-
tribution of oxygen dissolved per volume unit of
blood circulating through regions suffering from
hypooxygenation. The effects of HBO are more
pronounced in hypoxic tissue and vasoconstriction
doesn’t take place in the hypoxic tissue. HBO im-

Table 4.
Visual fields of the control group before and after hyperbaric normoxic treatment (mean = SE). No significant improve-
ment was found in the control group after hyperbaric normoxic treatment.

Isopters
Blind spot
I, L L I,
Surface in cm? before Le. 0.78 £ 0.08* 394+ 0.9* 28.0 £ 2.5* 72.5 +4.9*% 122.7 + 3.8*
treatment r.e. 0.71 £ 0.04* 48 +0.7* 31.1 £ 3.3* 76.2 + 4.8% 124.0 £+ 5.3*
Surface in cm? after le. 0.82 £ 0.08* 3.87+0.8* 27.7 £ 2.4% 712 £ 4.9* 122.6 + 3.6*
treatment re. 0.72+£0.05%* 49 +0.7*¢ 31 *3.2* 76.5 + 4.7 :119.0 £ 7.7*

* p <0.05; Le. = left eye; r.e. = right eye.
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proves the elasticity of the red blood cells and re-
duces platelet aggregation (Jain 1990; Mathieu
1992). Combined with the ability of the plasma to
carry dissolved oxygen to areas red blood cells can-
not reach,'we presume that HBO has a beneficial
effect on the oxygenation of the optic nerve head
and adjacent retinal structures. These beneficial
effects of HBO slowly decrease and after 6 months
there is no significant effect on visual field.

Our study indirectly points to the role of a vas-
cular mechanism in the pathogenesis of glaucoma.
It is quite possible that the disturbed light sensitiv-
ity of eye tissue in the region of capillary hypoper-
fusion is only of a functional nature and because of
that reacts agreeably to HBO.

No changes in visual fields were found in sub-
jects in the control group. This suggests that
hyperbaric treatment alone without hyperoxyge-
nation has no effect on the visual fields of glau-
coma patients.

We found that HBO had no effect on IOP, which
agrees with the findings of Lyne (1978). On the
other hand, Gallin (1978) found a drop of IOP by
HBO.
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