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Results
The DB value at each of the measurement sites
in the ocular hypertensive patients and the
normal subjects are shown in Tables 1 and 2.
The mean coefficient of variation of the five
measurements at each of the sites was 9% (SD
4%). In the ocular hypertensive patients, the
mean Doppler broadening in each eye
(DBeye) was 937 (148) Hz in left eyes (n= 10)
and 907 (95) Hz in right eyes (n=8). In the
normal subjects, DBeye was 845 (111) Hz in
left eyes (n=5) and 808 (157) Hz in right eyes
(n= 7). There were no significant differences in
DBeye between left and right eyes in the
patients or in the normal subjects.

Figure 1 shows the mean Doppler broaden-
ing for each subject (DBsubject) measured in
the ocular hypertensive patients and in the
normal subjects. In the patients, the group
average DBsubject (n=10) was 935 (96) Hz;
in the normal subjects, the group average
DBsubject (n=7) was 797 (119) Hz. The 170/c
difference was statistically significant
(p=0018).

Linear regression analysis showed no signifi-
cant correlations between Doppler broadening
and intraocular pressure measured just before
laser Doppler testing in the patients or in the
normal subjects, or between Doppler broaden-
ing and mean intraocular pressure over the
previous 2 years in the patients. Linear regres-
sion analysis did show an inverse trenc
(r=-0-68, p=0096) in the relation betweer
Doppler broadening and age in the norma
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Figure 1 The mean Doppler broadeningfor each subject
(DBsubject) measured in untreated ocular hypertensive
patients (A) and in normal subjects (B). Doppler
broadening is directly proportional to the speed of red blood
cells flowing through the capillaries of the optic nerve head.
Lines indicate mean value for each group.

Table 1 Doppler broadening (DB) measured at temporal
sites of the optic nerve head in ocular hypertensive patients

Left eye (DB (Hz)) Right eye (DB (Hz))

Subject Superior Inferior Superior Inferior

1 651 723 949 1203
2 530 847 813 686
3 826 852 1129 693
4 1225 771 805 982
5 1131 912 1091 880
6 1010 1193 886 829
7 938 1037 1032 750
8 975 965 642 1138
9 1028 1102 - -
10 830 1186 - -

Table 2 Doppler broadening (DB) measured at temporal
sites of the optic nerve head in normal subjects

Left eye (DB (Hz)) Right eye (DB (Hz))

Subject Superior Inferior Superior Inferior

1 850 815 1177 953
2 955 894 711 967
3 1077 876 657 850
4 679 705 960 937
5 652 948 717 818
6 - - 688 601
7 - - 704 565

subjects that was not as apparent (r=-0-19,
p=0-595) in the patients. In both patients and
normal subjects, Spearman correlation analysis
showed no significant relations between the
Doppler broadening measured at superior
versus inferior sites in left or right eyes, or
between the Doppler broadening measured in
left versus right eyes at superior or inferior
sites.
Spearman correlation analysis was also used

to examine the site to site relations between
NFLT/VDR measured at the disc margin
adjacent to the laser Doppler measurement
sites in the patients. There were no significant
correlations between NFLT/VDR measured
at superior versus inferior sites in left or right
eyes, or between NFLT/VDR measured in left
versus right eyes at superior sites. However,
there was a significant correlation (p=004) in
NFLT/VDR measured in left versus right eyes
at inferior sites. Therefore, the relation
between Doppler broadening and NFLTNDR
was analysed separately for left and right eyes.

Figure 2 shows the Doppler broadening
measured at each site plotted as a function of
NFLT/VDR adjacent to the site for left (A)
and right (B) eyes. Linear regression analysis
showed a significant inverse relation (r=
-0-72, p=00004) in left eyes and an inverse
trend (r=-0-48, p=0-06) in right eyes. The
largest values of Doppler broadening were
measured at sites adjacent to the thinnest
retinal nerve fibre layer.

Discussion
Our finding of elevated blood speeds in the
capillaries of the optic nerve head in the ocular
hypertensive patients might seem surprising in
light of the results reported by Hamard et al 8 in
studies on primary open angle glaucoma
patients and on normal pressure glaucoma
patients. While optic nerve head blood speeds
were found to be abnormally decreased in
those patient groups, our results show an
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Figure 2 Doppler broadening (DB) measur
and inferior temporal disc sites in untreated o0
hypertensive patients plotted as a function of t
nerve fibre layer thickness divided by the verti
radius (NFLT/VDR) measured at the disc m
adjacent to the laser Doppler measurement sito
shown separately for left eyes (A) (20 sites) a
(B) (16 sites). Lines represent the linear regr
the data.

abnormal increase in optic nerve I

speed in clinically stable, untrea
hypertensive patients.
The only previous studies of the

head circulation in ocular h
patients have been qualitative
fluorescein angiography to locate
hypofluorescence, indicating circulat
on the optic disc. Nanba and
examined primary open angle
patients and ocular hypertensive I
these filling defects of the optic disc
retinal nerve fibre layer defects. 'I
that while filling defects could be (

all 31 glaucoma patients studied,
present in only 14 out of the
hypertensive patients studied. FL
Fishbein and Schwartz15 had previc
that the filling defects of the optic c

coma patients tended to cluster at
and superior poles, with most si
slightly nasally. In our ocular h
patients, only six of the 36 las
measurements sites were locatec
inferior or superior poles, with the
located in the temporal quadrant.
of elevated blood speeds at localise
is therefore not in direct conflic
fluorescein studies, but instead
emphasise the spatial heterogenei

nerve head microcirculatory changes. Finally,
it should be pointed out that the observations

--0-72 of the fluorescein studies were not analysed to
= 0-0004 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

o and Schwartz16 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

0.35 0.40 enhanced blood supply to the temporal rim of
the optic disc which would aid in the retention

--0.48 of the central field and acuity. In our ocular
=0.06 hypertensive patients, eight of the 36 laser

0 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 et al 7
and Hamard et al8 found abnormal haemorhe-
ological characteristics in patients with open

o ° angle glaucoma or normal pressure glaucoma,
o Garcia-Salinas et al 17 found haemorheological

differences in patients with ocular hyperten-
i sion compared with patients with open angle

0-35 0-40 glaucoma. Specifically, they found that blood
viscosity was significantly higher in open angle

ed at superior glaucoma patients than in ocular hypertensive
cular patients or control subjects, but that blood
ical disc haematocrit was significantly lower in the
iargin ocular hypertensive patients than in glaucoma
e. Results are patients or control subjects. They speculated
ind right eyes that the low haematocrit observed in the

patients with ocular hypertension may act to
normalise the overall blood viscosity and in

head blood some measure protect these patients from
ited ocular glaucomatous damage.

We had previously shown'0 that optic nerve
optic nerve head blood speed in normal subjects decreases
ypertensive with age in the range 31 to 76 years. Our find-
- utilising ing of a similar trend in this study is consistent
regions of with that result. Interestingly, we did not

tory deficits, observe such an apparent decrease of blood
Schwartz'4 speed with age in the ocular hypertensive
glaucoma patients.

patients for Our results do show that the elevated optic
and for the nerve head capillary blood speeds occur specif-
[hey found ically in regions adjacent to the thinnest retinal
observed in nerve fibre layer. The inverse linear relation
they were between Doppler broadening and NFLT/VDR
43 ocular was statistically significant in left eyes (n=20)

Lirthermore, and nearly statistically significant in right eyes
)usly shown (n= 16). It is likely that the results would have
lisc in glau- been statistically significant in right eyes as well
the inferior if the number of measurement sites in right
ites located eyes were the same as in left eyes.
Lypertensive Our finding suggests that either (1) a thinner
er Doppler nerve fibre layer alters the depth of the optic
I near the nerve tissue that is sampled by the laser
remainder Doppler measuring beam,'8 perhaps allowing
Our finding the beam to sample deeper vessels with higher
.d disc sites speeds, or (2) there is a compensatory relation
:t with the between a thinning nerve fibre layer and a
serves to locally increasing blood supply to the optic

ity of optic nerve head. The first altemative is not likely.
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Takamoto and Schwartz'3 have shown that
patients with primary open angle glaucoma
have a thinner nerve fibre layer than ocular
hypertensive patients. Yet, Hamard et al 8
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 ofthe 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 a119 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.20 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

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.

1 Grosskreutz C, Netland PA. Low-tension glaucoma.
Int Ophthalmol Clin 1994; 34: 173-85.

2 Hovding G, Aasved H. Prognostic factors in the develop-
ment of manifest open angle glaucoma. Acta Ophthalmol
1986; 64: 601-8.

3 Lundberg L, Wettrell K, Linner E. Ocular hypertension: a
prospective twenty-year follow-up study. Acta Ophthalmol
1987; 65: 705-8.

4 Drance SM. Bowman lecture. Glaucoma - changing
concepts. Eye 1992; 6: 337-45.

5 Schwartz B, Kern J. Age, increased ocular and blood
pressures, and retinal and disc fluorescein angiogram.
Acta Ophthalmol 1980; 98: 1980-6.

6 Schwartz B, ed. Ocular blood flow in the progression and
therapy of glaucoma. Surv Ophthalmol 1994; 38 (suppl):
S1-S208.

7 Wolf S, Arend 0, Sponsel WE, Schulte K, Cantor LB,
Reim M. Retinal hemodynamics using scanning laser
ophthalmoscopy and hemorheology in chronic open-angle
glaucoma. Ophthalmology 1993; 100: 1561-6.

8 Hamard P, Hamard H, Dufaux J, Quesnot S. Optic nerve
head blood flow using a laser Doppler velocimeter and
haemorheology in primary open angle glaucoma and
normal pressure glaucoma. Br J Ophthalmol 1994; 78:
449-53.

9 Robinson F, Petrig BL, Sinclair SH, Riva CE, Grunwald JE.
Does topical phenylephrine, tropicamide, or proparacaine
affect macular blood flow? Ophthalmology 1985; 92:
1130-2.

10 Rizzo JF, Feke GT, Goger DG, Ogasawara H, Weiter JJ.
Optic nerve head blood speed as a function of age in
normal human subjects. Invest Ophthalmol Vis Sci 1991;
32: 3263-72.

11 Schwartz B. Cupping and pallor of the optic disc. Arch
Ophthalmol 1973; 89: 272-7.

12 Donaldson D, Prescott R, Kennedy S. Simultaneous stereo-
scopic fundus camera incorporating a single optical axis.
Invest Ophthalmol Vis Sci 1980; 19: 289-97.

13 Takamoto T, Schwarz B. Photogrammetric measurement
of nerve fiber layer thickness. Ophthalmology 1989; 96:
1315-9.

14 Nanba K, Schwartz B. Nerve fiber layer and optic disc
fluorescein defects in glaucoma and ocular hypertension.
Ophthalmology 1988; 95: 1227-33.

15 Fishbein SL, Schwartz B. Optic disc in glaucoma: topo-
graphy and extent of fluorescein filling defects.
Arch Ophthalmol 1977; 95: 1975-9.

16 Lee SS, Schwartz B. Role of the temporal cilioretinal artery
in retaining central visual field in open-angle glaucoma.
Ophthalmology 1992; 99: 696-9.

17 Garcia-Salinas P, Trope GE, Glynn M. Blood viscosity in
ocular hypertension. Can J Ophthalmol 1988; 23: 305-7.

18 Koelle JS, Riva CE, Petrig BL, Cranstoun SD. Depth of
tissue sampling in the optic nerve head using laser
flowmetry. Lasers in Medical Science 1993; 8: 49-54.

19 Quigley HA, Hohman RM, Addicks EM, Green WR. Blood
vessels of the glaucomatous optic disc in experimental
promate and human eyes. Invest Ophthalmol Vis Sci 1984;
25: 918-31.

20 Casson EJ, Johnson CA. Temporal modulation perimetry in
glaucoma and ocular hypertension. In: Millis RP, ed.
Proceedings ofthe Xth international perimetric society meeting.
New York: Kugler Publications, 1993: 443-50.

1092

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjo.79.12.1088
 1995 79: 1088-1092Br J Ophthalmol

 
G T Feke, B Schwartz, T Takamoto, et al.
 
ocular hypertension.
Optic nerve head circulation in untreated

 http://bjo.bmj.com/content/79/12/1088
Updated information and services can be found at: 

These include:

References
 http://bjo.bmj.com/content/79/12/1088#related-urls

Article cited in: 

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/content/79/12/1088
http://bjo.bmj.com/content/79/12/1088#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

