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The subjects in the study were 111 patients with open angle glaucoma who
were submitted to treatment by hyperbaric oxygenation. Two groups were
formed at random, an experimental one of 91 patients and a control group of
20 patients. The experimental group consisted of four subgroups classified
according to the course of treatment they received: 30 sessions (31 patients),
20 sessions (20 patients), 15 sessions (20 patients) and 10 sessions (20 patients).
For the treatment a large walk-in recompression chamber was utilized, once
a day, at a pressure of 2.0 bars, for 90 minutes. Visual acuity and mean intra-
ocular pressure values taken before and after hyperbaric oxygen treatment did
not show a statistically significant difference either between the treated and
control subjects, or at control examinations after three and six months. During
the follow-up period, changes in the visual field area in control subjects were
discrete and statistically not significant. At the same time the visual field va-
lues increased after the therapy in all the subgroups. In the 10-session course
subgroup the increase was not statistically significant. In all other subgroups,
statistical significance was at the level of P<0.01. Control after three months
demonstrated the same level of statistical significance; control at the end of
six months failed to show a statistically significant difference. The 20-session
course is recommended for initial treatment. When visual field values return
to 50 per cent of the improved values achieved during initial treatment, it is
suggested that hyperbaric oxygen treatment be repeated.

Key terms: hyperbaric oxygenation, intraocular pressure, open angle glaucoma, visual
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Open angle glaucoma is a chronic, progressive disease of multifactorial genesis. To-
gether with intraocular pressure increase and lesions of the optic nerve head it is ma-
nifested mainly by changes in the visual field, leading to complete blindness in the
terminal phase (1, 2).

The etiopathogenesis of the disease is still not completely clear, and none of the pre-
sent-day theories (vascular, axonal transport blockade, mechanical) has satisfactorily
explained the nature of lesions due to open angle glaucoma (2-8). As early as in 1977
Drance (9) brought up a still actual question of whether an increase in intraocular pressure
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is a sign of initial mechanical blockage of axonal transport, or whether it develops se-
condarily, as a consequence of ischaemia. Since circulation problems are involved in all
those theories, it seems reasonable to consider the circulation theory to be the most
acceptable one.

Regulation of increased intraocular pressure can be achieved by drugs and thus, at
least partially, the progression of disease can be stopped. In younger patients, in the
initial phase of the disease, while the neuron lesions are still functional, intraocular pres-
sure reduction could be leading to the regression of the disease, while in older patients,
regardless of decreased intraocular pressure, visual field defects frequently tend to prog-
ress (10, 11). Quite recently, a new, effective method has been introduced for the treatment
of visual field defects caused by open angle glaucoma by hyperbaric oxygen (12, 13).
The method makes use of hyperbaric chambers in which patients breathe 100% oxygen
at a pressure greater than 1.0 bar (hyperbaric oxygen). The widely accepted name for
the method is hyperbaric oxygenation.

The basis for the therapeutic effect of hyperbaric oxygenation is provided by an increase
in oxygen transport capacity in body fluids (higher than tenfold), enabling a very fast,
practically instantaneous, correction of hypoxia. Besides this elementary mechanism sho-
wing effects during hyperbaric oxygenation, it should be emphasized that there are im-
portant late effects, showing after hy perbaric oxygenation, some of them lasting for several
months, which are also useful for correcting hypoxia (14-17).

Pressure and exposure time (dose) are drastically limited by the toxic effects of hyper-
baric oxygen. That fact accounts for the existence of various hyperbaric oxygenation
protocols that are result more of clinical impressions than of research-based experience

14, 16).

: National and international societies have their own lists of approved uses of hyperbaric
oxygenation (18). Apparently, however, there are not many indications for ophthalmo-
logical diseases on current lists (18, 19). This may be due to precaution, since marked,
possibly negative effects of hyperbaric oxygenation on circulation and on structures of
the central nervous system could be expected, therefore also on the organ of vision
(14-17, 20). However, there are reports on some eye diseases, glaucoma among them
(12, 13), being successfully treated by hyperbaric oxygenation (17, 20, 21).

The dominant vascular theory and some improvements of vision in patients having
open angle glaucoma, who had been treated by hyperbaric oxygenation for peripheral
vascular diseases at the Department of Underwater and Hyperbaric Medicine, encouraged
us to apply hyperbaric oxygenation in the treatment of open angle glaucoma in 1986.
Soon after that, in 1988, in the first prospective, placebo-controlled, double-blind clinical
study on the effects of hyperbaric oxygenation on open angle glaucoma, Boji¢ and co-
workers reported that hyperbaric oxygenation significantly increased visual field findings
(P<0.01), and had no effect on intraocular pressure (13).

Encouraged by these results, we continued a double-blind clinical study on the effects
of hyperbaric oxygenation on open angle glaucoma, with a dose of choice as a hall-mark.

PATIENTS AND METHODS

The subjects in the study were 111 patients with a diagnosis of open angle glaucoma,
mean age 56.9+6.4 years. None of the patients had undergone a surgical treatment of
open angle glaucoma. Their intraocular pressure was drug regulated. No contraindica-
tions for hyperbaric oxygenation were present. The patients were all briefed about the
study and signed an agreement consenting to participate. Two groups were formed at
random: a control group (20 patients) and an experimental group (91 patients).
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For hyperbaric oxygenation served a large walk-in recompression chamber at the De-
partment of Underwater and Hyperbaric Medicine, with 10 built-in-breathing-system
units SAA-I Driger. Eight units were adjusted for 100% oxygen breathing for the expe-
rimental group and two for Nitrox-10.5 placebo mixture breathing, providing for the
control group normal oxygen conditions at the pressure applied. Both groups breathed
their mixture five days a week, once a day for 90 minutes with a five minute air-break
in the middle, at a pressure of 2.0 bars.

Control patients were exposed to hyperbaric placebo treatment in a 30-session course.
The patients in the experimental group were randomly classified into four subgroups
and exposed to a hyperbaric oxygenation course of 30 sessions (31 patients), 20 sessions
(20 patients), 15 sessions (20 patients) and 10 sessions (20 patients).

All the patients were examined by an ophthalmologist. The examination included the
determination of visual acuity by standard methods, of intraocular pressure by the method
of applanation tonometry using biomicroscope Haag-Streit 900, and of visual field by
quantitative kinetic perimetry after Goldman using a Marc 2000 perimeter. The visual
field areas obtained in that way were digitalized by a Calcomp 9000 digitizer and con-
verted to square centimetres by a Digital PDP-11/75 computer. The results obtained were
compared with »normal« results, represented by those of a group of 29 healthy, young
soldiers, mean age 21.5 years, with normal neurological and ophthalmological findings.
Visual field and intraocular pressure values were determined in the patients before and
after hyperbaric exposure, as well as at control examinations after three and six months.

Standard methods and computer software support were used for statistical analysis.

RESULTS

During the follow-up, no changes in visual acuity were noted either in the experimental
or in the control group. In the experimental group the mean intraocular pressure values

were 17.2 mmHg before treatment and 17.1 mmHg after hyperbaric exposure showing
no statistically significant differences. In the control group the mean intraocular pressure
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Figure 1. The blind spot area in the experimental group before and after hyperbaric oxygenation
treatment
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Figure 2-5. Isopter 1, 2, 3, 4 areas in the experimental group before and after hyperbaric
oxygenation treatment

before treatment was 16.9 mmHg and after treatment 16.7 mmHg. The values did not
differ when measured after three and six months.

Figures 1-5 show the mean blind spot areas and isopters (I-1 to I- 4) for the experimental
group before and after the 30, 20, 15 and 10 hyperbaric oxygenation session courses, in
comparison with normal values.

Comparison of the visual field values before and after hyperbaric oxygenation with
normal values in respect to the number of course sessions shows that the blind spot
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area decreased by 78.5% in the 30-session course, 68.5% in the 20-session course, 39.5%
in the 15-session course and by 8.5% in the 10-session course. At the same time, the
areas within isopters I-1 to [-3 increased: in the 30-session course from 20.5 to 6.5%, in
the 20-session course from 9.0 to 8.0% and in the 15-session course from 7.5 to 5.0%. In
the 10-session course (I-4) slight lowering of values, from -0.6 to -5.8%, was noted. The
effectiveness level was the most prominent in the blind spot area, decreasing peripherally.
It was also noted that the level of effectiveness was inversely proportional to the deve-
lopment of the scotoma area as indication of the severity of the disease, and directly
proportional to the number of sessions.

The increase in the visual field area was statistically significant at the level of P<0.01
in the 30-, 20- and 15-session courses, whereas no significance was established in the
10-session course.

Comparison of the visual field areas before and after hyperbaric oxygenation to normal
values and the number of course sessions gave the following ranges of correlation levels:
for the blind spot from 0.20 to 0.96 and for isopters from -0.24 to +0.95. Regarding
hyperbaric oxygenation courses that showed statistically significant differences, an ave-
rage correlation level was the highest for the 20-session course, ranging from 0.86 for
isopter I-3 to 0.89 for the blind spot.

During the follow-up, changes in the visual field in control patients were discrete and
statistically not significant (Figure 6). In the experimental group, the visual field values
taken immediately after hyperbaric oxygenation treatment had the same level of statistical
significance as the control values measured at the end of three months. After six months
the values decreased from 48 to 55%. The decrease was the most prominent in the blind
spot area.

pImrnecliately after hyperbaric oxygenation, as well as at later controls in both groups,
a slight depression was noted in two patients (1.8%) regarding the blind spot, and in
nine patients (8.1%) regarding peripheral isopters.

Mainly after longer courses, in nine presbyopic patients an improvement of short
vision was noted, ranging from -0.5 to -1.5 dpt. At the controls within three months
this effect was no longer present. No other ocular side-effects were noted.

100 il before treatment
O normal values
after treatment
........ .l 1 1-4 isopters

Visual field area (cm?)

0 f T
1 2 3 4

Blind spot 1-1 -2 -3 1-4

Figure 6. Visual fields in the control group before and after hyperbaric oxygen treatment
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DISCUSSION

In general, the method of hyperbaric oxygenation is rarely applied in the treatment
of eye diseases, especially when the management of open angle glaucoma is concerned.
We have found only two relevant reports in literature (12, 13).

In 1978 Andreyev and co-workers applied hyperbaric oxygenation in treating 13 patients
with open angle glaucoma. They used pressures from 1.5 to 3.0 bars, once a day, up to
15 sessions in total. In about half of their patients they observed moderate amelioration
of the visual field and visual acuity (12).

In this study we have found no effect of hyperbaric oxygenation on visual acuity and
intraocular pressure in patients with open angle glaucoma. Lyne reported in 1978 that
hyperbaric oxygenation treatment of patients with diseases of the eye, among whom
there were no patients with glaucoma, caused no changes in intraocular pressure (22).
Gallin and co-workers however, found a decrease in intraocular pressure values in their
group of patients treated by hyperbaric oxygenation (23).

In our control patients there were practically no changes in visual field areas. That
suggests that hyperbaric treatment alone, without hyperbaric oxygen, had no effect on
the vision in patients with open angle glaucoma. On the other hand, hyperbaric oxyge-
nation caused a significant increase in visual field values in the experimental group.
This is in agreement with the findings of Andreyev and co-workers concerning the beneficial
effects of hyperbaric oxygenation in the treatment of glaucomatous lesions of the visual
field (12). Unfortunately, as the authors failed to provide detailed numerical data about
the level of improvement achieved, we have been unable to compare the results. The
level of improvement in our patients was inversely proportional to the distance from
the blind spot and to the disease severity, while directly proportional to the number of

hyperbaric oxygenation sessions.
With the 10-session course no satisfactory results were obtained, there was no statis-

tically significant difference, and the correlation level was low. The effectiveness and the
correlation level increased with the course length. Statistically significant differences
(P<0.01) were noted immediately after hyperbaric oxygenation treatment in the other
courses as well as at the control examination three months later. The best results were
achieved with the 30-session course. The most rational relationship between the results
and the course length was found in the 20-session group, which had the highest average
correlation level, suggesting that in an initial treatment a course of 20 hyperbaric oxyge-
nation sessions should be applied.

At the control examination six months after the treatment, statistical significance was
no longer present with any of the courses, showing that the disease was not cured, and
that hyperbaric oxygenation treatment should be repeated if the effect is to be preserved.

Vascular theory supporters, like Hayrech and co-workers (7), think that visual field lesions
are a result of vascular insufficiency of peripapillary chorioidea and nutritive capillaries
of the optic nerve head.

Our results confirmed a statistically significant and more beneficial effect of hyperbaric
oxygenation on the visual field in patients with open angle glaucoma, in comparison
with classical treatment by drugs. Vascular theory is indirectly supported by the locali-
zation, dynamics, level of increase and regression of the visual field. It is very probable
that, in a low-perfusion capillary network, changes in nerve cells sensibility are of func-
tional nature, thus reacting well to hyperbaric oxygenation. However, in the case of a
perfusion neuronal damage is final, therefore visual field loss permanent.
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Rich oxygenation acting practically instantaneously during a hyperbaric oxygenation
session, oedema reduction, stabilization of connective complexes of the interendothelial
tissue, improvement of rheological blood properties and an increased level of antioxidant
defense system showing after hyperbaric oxygenation, are the major mechanisms of
hyperbaric oxygenation action in general (14). In the management of visual field lesions
in patients with open angle glaucoma, those mechanisms act more efficiently than the
classical drug therapy. The kind, frequency and level of the depression noted, as well
as its distribution in groups, allow to conclude that it is not a matter of hyperbaric
oxygenation effects, but merely a natural course of the disease.

Hyperoxic myopia is the most frequent side-effect of hyperbaric oxygenation therapy.
It is a transient and relatively benign result of hyperbaric oxygenation action on lens,
causing changes in its diameter (24). Because of that and because of other possible ocular
side- effects, certain authors advocate extreme cautiousness when applying hyperbaric
oxygenation in general (25). Its incidence and duration in our patients were the same
as reported earlier by Anderson (24). The fact that no other serious side-effects have been
registered, suggests that hyperbaric oxygenation should be applied with more optimism
when side-effects are concerned.

CONCLUSION

The results of this study have confirmed those of our earlier investigation (13). They
allow to conclude that in comparison with classical drug therapy hyperbaric oxygenation
significantly (P<0.01) ameliorates the visual field in patients with open angle glaucoma,
while having practically no effect on intraocular pressure.

The increase in the visual field was directly proportional to the number of hyperbaric
oxygenation sessions. The best results were achieved with the 30-session »dose«. However,
the results obtained after the 20-session course did not show much difference. That is
why we consider the 20-session course to be a rational dose for the initial treatment.

Six months after hyperbaric oxygenation, beneficial effects were still registered, but
statistical significance was lower suggesting the necessity of repealing hyperbaric oxyge-

nation.
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SaZetak
[ZBOR DOZE HIPERBARICKOG KISIKA U LIJECEN]U GLAUKOMA

Istrazivanje je obuhvatilo 111 bolesnika s glaukomom otvorenog kuta, podijeljenih u kontrolnu
skupinu (20 bolesnika) i eksperimentalnu skupinu (91 bolesnik) s Cetiri podskupine za hiperbari¢ku
oksigenaciju: od 30 seansi (31 bolesnik), 20 seansi (20 bolesnika), 15 seansi (20 bolesnika) i 10 seansi
(20 bolesnika). Upotrijebljena je vifemjesna stacionarna rekompresijska komora jednom na dan, na
tlaku od 2,0 bara tijekom 90 minuta. Vidna ostrina i prosje¢na vrijednost intraokularnog tlaka prije
i nakon hiperbaritkog tretmana nisu se statisti¢ki znacajno razlikovale ni kod jedne skupine, $to se
odrzalo i na kontrolnim pregledima nakon tri i $est mjeseci. Tijekom razdoblja pracenja promjene
povrsine vidnog polja bolesnika kontrolne skupine bile su diskretne i bez statisticke znacajnosti. U
isto vrijeme povecale su se povrsine vidnog polja bolesnika eksperimentalne skupine nakon hiper-
bari¢ke oksigenacije u svim podskupinama. U seriji od 10 seansi hiperbaricke oksigenacije, povecanje
vidnog polja nije bilo statisticki znacajno. U ostalim serijama hiperbaricke oksigenacije, statisti¢ka
znacajnost bila je na nivou P<0,01. Na kontrolnim pregledima nakon tri mjeseca ofuvao se isti nivo
statisticke znacajnosti, koji je nestao na pregledima nakon Sest mjeseci. Preporucuje se u inicijalnom
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lije¢enju provesti niz od 20 seansi hiperbari¢ke oksigenacije. Kada vrijednosti vidnog polja opadnu

na oko 50% poboljsanja postignutog u inicijalnom tretmanu, sugerira se ponavljanje hiperbaritke
oksigenacije.

Ocni odjel Nove bolnice, Split®, Odjel za podvodnu i hiperbaricku medicinu
Instituta pomorske medicine, Split 2’ Hroatska

Kljucne rijeci: glaukom otvorenog kuta, hiperbaricka oksigenacija, intraokularni tlak, vidno polje
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