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Opric nerve head circulation in untreated ocular hypertension
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Figure 2 Doppler broadening (DB) measured at superior
and inferior temporal disc sites in untreated ocular
hypertensive patients plotted as a function of the retinal
nerve fibre layer thickness divided by the vertical disc
radius (NFLT/VDR) measured at the disc margin
adjacent to the laser Doppler measurement site. Results are
shown separately for left eyes (A) (20 sites) and right eyes
(B) (16 sites). Lines represent the linear regression fits to
the data.
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abnormal increase in optic nerve head blood
speed in clinically stable, untreated ocular
hypertensive patients.

The only previous studies of the optic nerve
head circulation in ocular hypertensive
patients have been qualitative - utilising
fluorescein angiography to locate regions of
hypofluorescence, indicating circulatory deficits,
on the optic disc. Nanba and Schwartz!4
examined primary open angle glaucoma
patients and ocular hypertensive patients for
these filling defects of the optic disc and for the
retinal nerve fibre layer defects. They found
that while filling defects could be observed in
all 31 glaucoma patients studied, they were
present in only 14 out of the 43 ocular
hypertensive patients studied. Furthermore,
Fishbein and Schwartz!5 had previously shown
that the filling defects of the optic disc in glau-
coma patients tended to cluster at the inferior
and superior poles, with most sites located
slightly nasally. In our ocular hypertensive
patients, only six of the 36 laser Doppler
measurements sites were located near the
inferior or superior poles, with the remainder
located in the temporal quadrant. Our finding
of elevated blood speeds at localised disc sites
is therefore not in direct conflict with the
fluorescein studies, but instead serves to
emphasise the spatial heterogeneity of optic
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nerve head microcirculatory changes. Finally,
it should be pointed out that the observations
of the fluorescein studies were not analysed to
determine whether there was any evidence of
areas of increased perfusion at localised disc
sites.

In a previous study of open angle glaucoma
patients with advanced visual field loss, Lee
and Schwartz!® found that significant differ-
ences were obtained when eyes with and
without cilioretinal arteries were compared
for retention of central visual field and visual
acuity. They hypothesised that the presence of
a temporal cilioretinal artery might provide an
enhanced blood supply to the temporal rim of
the optic disc which would aid in the retention
of the central field and acuity. In our ocular
hypertensive patients, eight of the 36 laser
Doppler measurement sites were located near
cilioretinal arteries. On average, the Doppler
broadening measured at these sites was 9%
higher than at the other sites, but the difference
was not statistically significant.

It is interesting to note that while Wolf ez al 7
and Hamard ez al 8 found abnormal haemorhe-
ological characteristics in patients with open
angle glaucoma or normal pressure glaucoma,
Garcia-Salinas et al 7 found haemorheological
differences in patients with ocular hyperten-
sion compared with patients with open angle
glaucoma. Specifically, they found that blood
viscosity was significantly higher in open angle
glaucoma patients than in ocular hypertensive
patients or control subjects, but that blood
haematocrit was significantly lower in the
ocular hypertensive patients than in glaucoma
patients or control subjects. They speculated
that the low haematocrit observed in the
patients with ocular hypertension may act to
normalise the overall blood viscosity and in
some measure protect these patients from
glaucomatous damage.

We had previously shown!? that optic nerve
head blood speed in normal subjects decreases
with age in the range 31 to 76 years. Our find-
ing of a similar trend in this study is consistent
with that result. Interestingly, we did not
observe such an apparent decrease of blood
speed with age in the ocular hypertensive
patients.

Our results do show that the elevated optic
nerve head capillary blood speeds occur specif-
ically in regions adjacent to the thinnest retinal
nerve fibre layer. The inverse linear relation
between Doppler broadening and NFLT/VDR
was statistically significant in left eyes (n=20)
and nearly statistically significant in right eyes
(n=16). It is likely that the results would have
been statistically significant in right eyes as well
if the number of measurement sites in right
eyes were the same as in left eyes.

Our finding suggests that either (1) a thinner
nerve fibre layer alters the depth of the optic
nerve tissue that is sampled by the laser

. Doppler measuring beam,!8 perhaps allowing

the beam to sample deeper vessels with higher
speeds, or (2) there is a compensatory relation
between a thinning nerve fibre layer and a
locally increasing blood supply to the optic
nerve head. The first alternative is not likely.
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Takamoto and Schwartz!? have shown that
patients with primary open angle glaucoma
have a thinner nerve fibre layer than ocular
hypertensive patients. Yet, Hamard et al®
using a laser Doppler technique similar to ours
have reported that optic nerve head capillary
blood speeds are abnormally low in both
primary open angle glaucoma and normal
pressure glaucoma patients. Their results are
in agreement with our unpublished findings in
such patients.

Thus, our results suggest that there is a
compensatory relation between a thinning
nerve fibre layer and a locally increasing blood
supply. The increased blood supply may serve
to maintain the viability of the nerve fibre layer,
and thus forestall the onset of visual field loss
in these stable ocular hypertensive patients.

The inference from our capillary blood
speed measurements that there are localised
increases in the blood supply to the optic nerve
head in ocular hypertensive patients depends
upon assumptions involving the capillaries
themselves. Increased blood speed translates
into increased blood flow only if the capillaries
are not constricted and only if the number of
capillaries per tissue volume is not decreased.
Experimental studies conducted by Quigley
et al'® on glaucomatous optic nerves showed
that the number of capillaries per unit volume
of tissue did not change with neural loss and
that capillary diameters in glaucomatous eyes

were the same as in contralateral normal eyes.

We assume, therefore, that since capillary
diameters and number of capillaries per tissue
volume are not different from normal in
glaucomatous eyes, they are also not different
from normal in ocular hypertensive eyes.

An interesting parallel exists between our
findings and the temporal modulation
perimetry results recently reported by Casson
and Johnson.2? In measurements of the sensi-
tivity to sinusoidal flicker in ocular hyperten-
sive patients, early glaucoma patients, and
normal subjects, they found that the glau-
coma patients showed reduced sensitivity
compared with normal, while the ocular
hypertensive patients showed, on average, a
slightly increased sensitivity compared with
normal, reflecting the fact that both abnor-
mally high and abnormally low sensitivities
were measured in the visual fields of the
patients with ocular hypertension. When the
patients with ocular hypertension were sepa-
rated into two groups, those that subse-
quently progressed to visual field loss and
those that remained stable, it was found that
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the abnormally high sensitivity to flicker
occurred mainly in the group that remained
stable.

In summary, we are led to speculate that the
eventual onset of visual field loss in ocular
hypertensive patients may coincide with either
the attainment of a minimum nerve fibre layer
thickness for which circulatory compensation
is not possible, or the failure of a mechanism
that facilitates the compensatory circulatory
increase. An investigation into the nature of
such a mechanism could be beneficial in the
understanding and treatment of glaucomatous
visual field loss.
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