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I N T R O D U C T I O N

Vascular alterations, such as a reduction of the blood
supply or a dysregulation of blood flow to the optic
nerve head (ONH), have been implicated in the patho-
genesis of glaucomatous optic neuropathy (1-4), in

particular in normal tension glaucoma (NTG) (5). Hy-
poperfusion of the ONH during nocturnal systemic hy-
potension (6-8), in the presence of other vascular risk
factors, may reduce the ONH blood flow below a crit-
ical level and be a significant factor by compro m i s-
ing blood supply, resulting in pro g ressive glaucoma-
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PU R P O S E. To investigate the regulation of the optic nerve blood flow (Fo n h) in response to an
i n c rease of the perfusion pre s s u re (PPm) in normal tension glaucoma (NTG) patients and in
age-matched normal volunteers.
ME T H O D S. Measurements were performed in 16 eyes of NTG patients and in 10 eyes of age-
matched controls. Laser Doppler flowmetry (LDF) was applied to calculate the relative flux of
red blood cells at the temporal rim of the optic nerve head (ONH) in response to increases in
P Pm. PPm was raised through an increase in systemic blood pre s s u re induced by isometric
exercise. Before being tested, all patients had 3 weeks of washout of any local medication.
RE S U LT S. In the NTG group, mean ophthalmic arterial blood pre s s u re increased during iso-
metric exercise from 73 to 89 mmHg (22%), resulting in a 29% increase of the PPm. This in-
c rease did not induce any significant change in mean Fo n h. For the control group, the 28%
i n c rease of PPm also did not significantly affect Fo n h. There was a trend for a greater in-
c rease in vascular resistance during isometric exercise in the NTG than in the normal con-
trol group (47% versus 25%).
CO N C L U S I O N S. The LDF parameters, measured in the ONH, did not indicate an abnormal Fo n h

regulation in response to an increase of the PPm in either normal subjects or NTG patients.
The maintenance of constant blood flow is achieved by an increase in local vascular re s i s-
tance. Our data show a greater percent increase in vascular resistance in the NTG patients
c o m p a red to the normal subjects for a similar percent increase in PPm in both groups dur-
ing squatting. This suggests some alteration of the vessel tone re g u l a t o ry mechanisms in
NTG patients. (Eur J Ophthalmol 2004; 14: 2 2 6- 3 5 )
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tous damage. The understanding of the etiology of
NTG re q u i res a better knowledge of the role of ONH
blood flow and its re g u l a t i o n .

The ONH is part of the nervous system. As such,
this tissue re q u i res high metabolic activity and oxy-
gen consumption to maintain neuronal activity. Nu-
trition and oxygenation of the ONH depend on blood
flow to this tissue (9), which in turn depends upon the
perfusion pre s s u re (PPm) and vascular resistance (R).
The mean perfusion pre s s u re is defined as the mean
ophthalmic artery blood pre s s u re (MOAP) minus the
intraocular pre s s u re (IOP). The vascular resistance de-
pends upon the contractile state of the smooth mus-
cle of the arterioles irrigating the ONH and, poten-
t i a l l y, of the pericytes of the ONH capillary network
(10). This contractile state is regulated by circ u l a t i n g
vasoactive substances and local metabolic factors such
as partial pre s s u re of oxygen (PO2), carbon dioxide
( P C O2), pH, metabolic products, and endothelium de-
rived substances (endothelin, nitric oxide [NO], and
p rostaglandins) (11, 12). By adaptation of the vascu-
lar resistance (vasodilation or vasoconstriction), the
above regulatory factors ensure constant blood flow
( Fo n h ) (13, 14) and constant oxygen supply (15-17) i n
spite of variations of PPm ( regulation). In addition, ex-
perimental data indicate a constant ONH oxygen sup-
ply during the inhibition of endothelial NO release (16),
suggesting that the lack of NO release should be com-
pensated by the release of some other substances,
such as vasodilating pro s t a g l a n d i n s .

Most of the studies performed so far in animals (17-
20) and humans (13, 14) with the aim of assessing the
regulatory behavior of the ONH circulation have doc-
umented the response of Fo n h to decreases in PPm

achieved by raising the IOP. The investigation of the
e ffect of increases in PPm induced by raising the sys-
temic blood pre s s u re is more recent (21) and has demon-
strated in normal volunteers that Fo n h is maintained
constant over a broad range of PPm i n c re a s e s .

Patients with high-tension and normal tension pri-
mary open-angle glaucoma have a reduced re t ro b u l-
bar vessels blood flow velocity (22). F u r t h e r m o re, laser
Doppler flowmetry (LDF) measurements suggest a re-
duction of the optic disk perfusion in patients with
open angle glaucoma (23-26). The hypothesis has been
made that, in these patients, systemic diseases af-
fect Fo n h regulation (5). To our knowledge, however,
d i rect, quantitative data supporting an alteration of

this regulation are lacking. At best, the findings of
Grunwald et al (27) showing an abnormal autore g u-
lation of macular retinal blood flow in open-angle glau-
coma when PPm is decreased by increasing the IOP
suggest some similar behavior of the optic disk cir-
culation. With re g a rd to the regulation of Fo n h w h e n
P Pm is increased, to our knowledge, no data are avail-
able in eyes with pathologic alterations. 

This investigation reports the response in Fo n h d u r-
ing an increase in PPm induced by isometric exerc i s e .
Responses in NTG patients were compared to those
obtained in age-matched volunteers.

M ATERIALS AND METHODS

Subjects and patients

The study was performed in 10 healthy adult vol-
unteers (2 male, 8 female, control group), whose age
ranged from 52 to 80 years (mean 67 ± 10 standard
deviation [SD]) and in 16 NTG patients (5 male, 11 fe-
male) ranging in age from 50 to 78 years (mean 66 ±
5). The diagnosis of NTG was based on the pre s e n c e
of glaucomatous optic disk damage (mean cup/disc
ratio = 0.74 ± 0.12) and re p roducible visual field de-
fects (mean visual field defect = –12.7 ± 7.06). IOP
prior to the measurements was normal (14.0 ± 2 mm
Hg), and no patient had a measured IOP higher than
21 mmHg. Seven NTG eyes had undergone filtering
s u rgery to further lower the IOP. Among the NTG pa-
tients, two had systemic hypertension.

In 11 of the 16 NTG patients LDF measure m e n t s
w e re performed in both eyes. In the remaining 5 NTG
patients and in all normal subjects, only one eye was
m e a s u red. We compared the mean values of the LDF
parameters of the most affected eye (the one with the
g reater damage of the ONH and larger mean defect
of the visual field) to those obtained from the less af-
fected eye.

B e f o re the LDF measurements, patients on the be-
ta-blockers, latanoprost and/or dorzolamide had a 3-
week washout of these topical eye medications. Ad-
d i t i o n a l l y, in the two systemic hypertensive patients,
the oral treatment by calcium blockers was also stopped
48 hours before the measurements. Six eyes had no
ocular hypotensive medication.

In the control group, subjects had no history of sys-



temic or ocular diseases and the results of the ocu-
lar examination were normal. Subjects and patients
w e re asked to abstain from caffeine, alcohol, and nico-
tine 12 hours before being tested. The eyes of each
subject were dilated with one or two drops of 1% tro p i-
c a m i d e .

The experimental pro c e d u re, approved by the Eth-
ical Committee of the Medical Faculties of the Uni-
versity of Geneva, Lausanne, and Angers, followed
the tenets of the Declaration of Helsinki. Informed con-
sent was obtained from all subjects after the nature
and possible consequences of the study had been
fully explained to them.

M e a s u rement of ONH blood f low by LDF

The LDF technique, as applied in this study, has
been previously described (14, 21). In brief, m e a s u re m e n t s
w e re performed using a Topcon based fundus cam-
era LDF system (28). A probing laser beam (wave-
length = 670 nm, power at the cornea = 60 µW) was
d i rected at temporal rim areas of the disk, away fro m
visible vessels. Diameter of the beam at the fundus
was approximately 150 µm. The position of the laser
beam was continuously monitored by the operator.
The laser light scattered from the tissue and red blood
cells (RBCs) was collected by an optical fiber with its
input aperture focused at the image plane of the fun-
dus camera and centered on the probing laser. The
e ffective diameter of this aperture at the disk was ap-
p roximately 180 µm. The collected laser light was guid-
ed to a photodetector, whose output signal was an-
alyzed by a NeXT computer (29) to obtain relative mea-
s u res of the following flow parameters: Ve lo n h, the mean
velocity of the RBCs, expressed in kHz, Vo lo n h, the
number of RBCs, and Fo n h, the flux of RBCs in the
volume sampled by the laser. Fo n h is proportional to
Ve lo n h x Vo lo n h. Fo n h and Vo lo n h a re expressed in arbi-
trary units. The portion of the Doppler shift power spec-
trum between 32 and 2500 Hz was used for the de-
termination of the flow parameters. The region be-
tween 2500 and 5000 Hz served to determine the shot
noise level, which was subtracted from the spectrum
b e f o re calculating the flow parameters.

The DC of the Doppler signal, which is pro p o r t i o n-
al to the total amount of light reaching the detector,
was also re c o rded and used to monitor the position
of the camera and to remove the portions of re c o rd-

ings associated with blinks. Spikes occurring mainly
in Vo lo n h and lasting less than 0.1 sec were attributed
to micro-saccadic eye motion and were also re m o v e d
f rom the re c o rding, as described elsewhere (21). Pri-
or to the LDF measurements, a Polaroid fundus pho-
tograph was obtained from each eye for documenta-
tion of the measurement sites.

The MOAP was assumed to be 2/3 of the mean ar-
terial blood pre s s u re (MABP), and was calculated as
MOAP = 2/3 [BPd i a s t + 1/3 (BPs y s t – BPd i a s t)]. BPd i a s t

and BPsyst a re the brachial artery blood pre s s u res dur-
ing diastole and systole, re s p e c t i v e l y.

Since isometric exercise does not induce a signifi-
cant change of the IOP (21) the changes in PPm w e re
calculated based on the changes of MOAP, keeping
constant the value of IOP. The mean vascular re s i s-
tance, R, was defined as R = PPm / Fo n h.

Isometric exercise

Squatting was chosen to raise the MABP. Measure m e n t s
of the LDF parameters were first performed with the
subject standing up. The table holding the LDF sys-
tem was placed on a platform at about 30 cm above
g round and the subject maintained his or her head on
the chin rest and against the forehead holder strap.
It was then lowered at a rate of approximately 2 cm/sec,
f o rcing the subject to squat, while maintaining the tor-
so in a near vertical position. MABP was measure d
with a manual sphygmomanometer, before squatting
and every 30 seconds during exercise and re c o v e r y.
Heart rate was continuously measured by means of
a transducer clamped to the subject’s earlobe. When
the subject wished to stop squatting, the table was
raised again. The measurements of heart rate, blood
p re s s u re, and flow parameters were pursued for an-
other 5 min.

Sensitivity of LDF parameters (for example, Fo n h) was
defined as SFo n h. This quantity re p resents the mini-
mum change that can be detected by the LDF tech-
nique for a group of subjects. SFo n h was determined
in each of the two groups of eyes (10 normal and 16
NTG) for the measurements at rest and for the last
10-20 sec of squatting using a pro c e d u re described
in details elsewhere (21). 

Mean changes in the blood flow parameters PPm a n d
R were assessed for statistical significance by paire d
t-test, corresponding to a significance level of 0.05.

Optic nerve blood flow dur ing isometric exercise
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R E S U LT S

F i g u re 1 shows a re p resentative re c o rding of DC,
Ve lo n h, Vo lo n h, and Fo n h obtained in one of the subjects
at baseline, at the end of squatting, and recovery fro m
squatting. In this particular subject, squatting induced
a 31% increase in PPm (64 to 85 mmHg). The LDF sig-
nals were re c o rded with a time constant of 0.047 sec
and displayed with a time constant of 0.186 sec. Spikes
associated with saccadic eye motions have been re-
moved, as described elsewhere (21). During the
re c o rding segments highlighted in gray, the brachial
artery blood pre s s u re was measured and the varia-
tion of each flow parameter during the heart cycle
was obtained by averaging each parameter over the
marked segment, taking the phase of the heart cycle

into account, as previously described (29). Such vari-
ations of the Fo n h a re shown below the LDF re c o rd-
ings, at baseline, just before the end of squatting, and
about 80 sec after squatting was stopped.

Control group

F i g u re 2 shows the percentage changes of the LDF
parameters at the end of squatting (approximately 3
min) for each subject relative to the baseline values.
The average results obtained in the normal volunteers
a re summarized in Table I. Measured at the end of
squatting, group average MOAP was 81 ± 6 mmHg,
which is 22.3% above the baseline values of 66 ± 6
(p < 0.05). Average values of the LDF parameters of
the control group did not change significantly during

Fig. 1 - Representative recording of DC, Velonh, Volonh, and Fonh obtained in one of the subjects at baseline, during squatting, and recovery from
squatting. DC represents the intensity of the detected light and the laser Doppler flowmetry (LDF) flow parameters, Velonh, Volonh, and Fonh, are
the mean velocity, volume, and flux of the red blood cells in the volume sampled by the laser beam, respectively. Highlighted are the recording
segments that have been used to determine the average change of the flow parameters during the heart cycle, at baseline, during squatting,
and approximately 80 sec during recovery from squatting. In this Figure, only the change in Fonh during the heart cycle is shown (three traces
below the LDF parameter recordings). 



squatting for Ve lonh (0.37 ± 0.07 to 0.40 ± 0.07), Vo lo n h

(0.30 ± 0.09 to 0.31 ± 0.09), and Fonh (9.84 ± 2.12 to
9.97 ± 1.54). When subjects stopped squatting, the
mean LDF parameters Ve lonh (0.35 ± 0.05), Vo lo n h ( 0 . 2 8
± 0.12), and Fonh (8.83 ± 2.78) reached values that
w e re not significantly diff e rent from baseline. 

During squatting, PPm i n c reased from 52.4 ± 5.5 mm
Hg to 66.9 ± 6.7 mm Hg, a 28.5% increase. Va s c u l a r
resistance (R) increased significantly (p < 0.001) fro m
5.5 ± 1.3 at baseline to 6.9 ± 1.8 at the end of squat-
ting (26.5%). 

Optic nerve blood flow dur ing isometric exercise
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Fig. 2 - Percentage changes of
the laser Doppler flowmetry
parameters at the end of squat-
ting (approximately 3 min) re l a-
tive to the baseline values for
the normal subjects and the nor-
mal tension glaucoma group. 
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NTG group

The average results obtained in the more aff e c t e d
eye of the NTG patients are summarized in Table II.
F i g u re 2 shows the percentage changes of the LDF
parameters relative to baseline for each subject after
3 min of squatting. During this time, group average
MOAP increased significantly (p < 0.05) from a base-
line value of 73 ± 5 to 89 ± 9 mmHg (22%). Group av-
erage of the three LDF parameters did not change
significantly during squatting (0.32 ± 0.06 to 0.34 ±
0.07 for Ve lo n h, 0.34 ± 0.15 to 0.30 ± 0.09 for Vo lo n h,
7.1 ± 2.6 to 7.4 ± 3.9 for Fo n h). During recovery fro m
squatting, these flow parameters also did not change
s i g n i f i c a n t l y.

During the 3 min of squatting, PPm i n c reased sig-
nificantly (p < 0.001) from 58.9 ± 5 mmHg to 75.7 ±
8.3 mmHg (28.9%). Rm also increased significantly
f rom 9.1 ± 2.8 to 13.4 ± 7.6 (47%). The mean Fo n h v a l-
ues ± SD and MOAP at baseline, during isometric ex-
e rcise, and recovery for normal and NTG groups are
shown in Figure 3. 

In the 11 NTG patients, in whom the LDF parame-
ters were measured in both eyes, the average MOAP
for the better eye group increased significantly dur-
ing isometric exercise from 72.9 ± 5.1 to 92.09 ± 8.32

mmHg, resulting in a significant increase of the PPm

f rom 59.5 ± 5.2 to 78.7 ± 8 mmHg (32%). Similarly, in
the worse eyes group, the MOAP and PPm i n c re a s e d
significantly from 72.5 ± 5.9 to 87.3 ± 8.5 mmHg and

TABLE I - ISOMETRIC EXERCISE: MEAN LASER DOPPLER FLOWMETRY VALUES: NORMAL SUBJECTS (N = 10)

Va l u e s B a s e l i n e Isometric exercise R e c o v e r y

MOAP (mmHg) 66 ± 6 81 ± 6 64 ± 7
Ve lo n h ( k H z ) 0.37 ± 0.07 0.40 ± 0.07 0.35 ± 0.05
Vo lo n h ( A U ) 0.30 ± 0.09 0.31 ± 0.09 0.28 ± 0.12
Fo n h ( A U ) 9.8 ± 2.1 10 ± 1.5 8.8 ± 2.8

MOAP = Mean ophthalmic artery blood pre s s u re; AU = Arbitrary units

TABLE II - ISOMETRIC EXERCISE: MEAN LASER DOPPLER FLOWMETRY VALUES: NORMAL TENSION GLAUCO-
MA PATIENTS (N = 16), WORSE EYE

Va l u e s B a s e l i n e Isometric exercise R e c o v e r y

MOAP (mmHg) 73 ± 5 89 ± 9 72 ± 9
Ve lo n h ( k H z ) 0.32 ± 0.06 0.34 ± 0.07 0.33 ± 0.09
Vo lo n h ( A U ) 0.34 ± 0.15 0.30 ± 0.09 0.39 ± 0.08
Fo n h ( A U ) 7.1 ± 2.6 7.4 ± 3.9 7.3 ± 3

MOAP = Mean ophthalmic artery blood pre s s u re; AU = Arbitrary units

Fig. 3 - Histogram of mean Fonh values ± SD at baseline, at the end
of the isometric exercise and at recovery for normal and normal ten-
sion glaucoma groups. These values are not statistically differe n t
from each other.



f rom 59.5 ± 5.4 to 74.3 ± 8.3 mmHg (25%), re s p e c-
t i v e l y.

G roup average of the Fo n h LDF parameters did not
change significantly during squatting, from 10.2 ± 6.3
to 8.8 ± 3.4 for the better eyes, and from 7.5 ± 2.6 to
7.5 ± 4.1 for the worse eye group (Tab. III). In addi-
tion, the Fonh at baseline and end exercise were not
significantly diff e rent in both groups. Similarly, aver-
age increases of Rm for the groups of better eyes (fro m
7.0 ± 3.6 to 10 ± 3.2) and worse eyes (from 8.7 ± 2.6
to 13.0 ± 8.8) were significant. These increases in R
w e re not statistically diff e rent between the two
g roups, indicating a similar regulation for all patients
of the NTG gro u p .

F rom re c o rdings obtained during the last minute of
squatting, SVe lo n h , s q, S Vo lo n h , s q, and SFo n h , s q w e re
equal to 4.8%, 9.4%, and 9.2%, re s p e c t i v e l y, for the
g roup of normal subjects. For the NTG group, these
sensitivities were equal to 8.8%, 14%, and 14%, re-
s p e c t i v e l y. 

DISCUSSION 

Alterations of Fo n h appear to be of pathogenic re l-
evance in patients with normal pre s s u re glaucoma as

optic nerve damage is weakly related to the level of
the IOP (30). These have been hypothesized to re s u l t
f rom an abnormal regulation of Fo n h in response to
changes in PPm. Although retinal capil lary blood flow
appears to be dysregulated in chronic open-angle glau-
coma (27), there are no data on ONH Fo n h re g u l a t i o n
in this disease. To reveal an abnormal regulation of
Fo n h re q u i res either that the IOP be increased by suc-
tion cup to diminish PPm or that the MOAP be incre a s e d
to raise the PPm. The latter pro c e d u re can be
achieved by means of isometric exercise, which has
the advantage of being noninvasive. In normal vol-
unteers, Fo n h remains constant, in spite of an average
i n c rease in PPm of 30% (21). Beyond this value, Fo n h

i n c reases in parallel with further increases of this pre s-
s u re. Our working hypothesis was, there f o re, that, in
glaucoma, a deficient ONH blood flow regulation would
lead to an observable increase in Fo n h b e f o re re a c h-
ing a 30% increase in PPm. Our data, however, failed
to confirm this hypothesis, since no significant dif-
f e rence in the response of Fo n h was found between
the NTG patients and the control subjects. 

It is conceivable either that the regulation of Fo n h i n
NTG during an increase of the PPm is not diff e re n t
f rom that in normal subjects or that a larger incre a s e
in systemic blood pre s s u re may be necessary in both
normal subjects and patients to demonstrate a dif-
f e rence in their Fo n h regulation. Clinically, however,
this appears to be difficult to realize, particularly in
view of the advanced age of the patients. In addition,
an increase of the PPm by more than 30% should in-
duce a l inear increase of the Fo n h also in normal sub-
jects (21) requiring a larger number of subjects to be
able to detect diff e rences in regulation between the
NTG and normal groups. Another reason for our fail-
u re to confirm our hypothesis could be that the method
used in this study is not sensitive enough to detect a
d i ff e rence between the normal and glaucoma gro u p s .

Although altered blood flow regulation was not demon-
strable in NTG patients, these patients had an aver-
age Fo n h that was approximately 28% lower than the
average Fo n h of normal subjects, in agreement with
p revious LDF data in open-angle glaucoma (23-26).
A decreased Fo n h does not fully exclude, however, the
possibil ity that this decrease could be due to changes
in optical properties as a consequence of the tissue
damage in the glaucomatous ONH, by modifying the
scattering of the laser beam (31).

Optic nerve blood flow dur ing isometric exercise
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TABLE III - Fo n h VALUES IN NORMAL TENSION GLAUCOMA
PATIENTS DURING ISOMETRIC EXERCISE, BET-
TER VERSUS WORSE EYE (N = 11)

Eye B a s e l i n e Isometric exerc i s e

Better eye

MOAP (mmHg) 73 ± 5.3 92 ± 8.3

Ve lo n h ( k H z ) 0.36 ± 0.08 0.37 ± 0.08

Vo lo n h ( A U ) 0.32 ± 0.14 0.27 ± 0.09

Fo n h ( A U ) 10 ± 6.3 8.8 ± 3.2

Worse eye

MOAP (mmHg) 72 ± 6 87 ± 9

Ve lo n h ( k H z ) 0.32 ± 0.06 0.35 ± 0.07

Vo lo n h ( A U ) 0.28 ± 0.09 0.27 ± 0.13

Fo n h ( A U ) 7.5 ± 2.8 8 ± 4

MOAP = Mean ophthalmic artery blood pre s s u re; 
AU = Arbitrary units
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The findings of the present study are similar to those
p reviously observed in a population of younger vol-
unteers and indicate that, during isometric exerc i s e ,
a regulatory mechanism operates to increase the vas-
cular resistance in response to the increase in ocu-
lar perfusion pre s s u re (21). This mechanism could in-
volve factors external to the eye or act locally at the
ONH vasculature .

Isometric exercises are known to increase heart rate,
c a rdiac output, and MABP by stimulating sympathetic
activity (32), an effect known to produce a vasocon-
striction in a number of organs. In addition, squatting
i n c reases venous re t u rn caused by venous compre s-
sion in the legs (33). An increase in the resistance of
the ophthalmic artery and the vessels between this
artery and the site of LDF measurements at the ONH,
secondary to increased sympathetic activity, could
be the main regulatory mechanism of the blood flow
during isometric exercise (34). Whether such a vaso-
constricting mechanism operates in the ONH is sti ll
u n c l e a r, since it is generally accepted that sympa-
thetic innervation stops at the lamina cribrosa (35).
N e v e r t h e l e s s , some studies have reported an auto-
nomic innervation of the pre retinal vessels in mam-
mals (36).

In a previous study (37), it was reported that the
MABP in the ophthalmic and brachial arteries rise in
parallel during squatting, which suggests that the re g-
ulatory increase of the vascular resistance by vaso-
constriction occurs distally to the ophthalmic artery,
at the level of the ONH vasculature. The maintenance
of a nearly constant Vo lo n h value in the ONH capillary
bed (Fig. 2) suggests that this vasoconstriction oc-
curs outside of the sampled volume. Whether it takes
place at the arterioles feeding or at the veins drain-
ing the blood from the ONH cannot be answered by
LDF measure m e n t s .

An autoregulatory mechanism has already been shown
to operate in the normal ONH in response to a step-
wise decrease of the perfusion pre s s u re induced by
raising the IOP by suction cup (13, 14). A time course
analysis of this response concluded that a metabol-
ic rather than a myogenic process of autore g u l a t i o n
was operating (14), probably through the release of
substances inducing vasodilatation of the re s i s t a n c e
vessels of the ONH during a decrease of the PPm.

U n e x p e c t e d l y, the increase in vascular re s i s t a n c e
in response to practically identical increases in PPm

during squatting appears to be more important in the
NTG patients than in the normal subjects (46% ver-
sus 26%), although this diff e rence did not reach sta-
tistical significance. This observation suggests some
alteration of the vessel tone regulatory mechanisms
in glaucoma, possibly through a higher plasma con-
centration of ET1 ( 3 8 ) . Whether a hyper- reactivity of
the vascular resistance in these patients could lead,
in the long term, to insufficient blood flow to the ONH
and subsequent damage to the ONH tissue re m a i n s
to be investigated. 

In conclusion, these results did not reveal an ab-
normal Fo n h regulation in response to an increase of
the ocular perfusion pre s s u re of approximately 30%
in either normal controls or NTG patients. The main-
tenance of constant blood flow is achieved by an in-
c rease in vascular resistance in the vascular bed out-
side of the ONH vessels. Our results do not exclude
an additional mechanism at the site of LDF measure m e n t s .
The greater increase in vascular resistance in re s p o n s e
to a similar increase in ocular perfusion pre s s u re dur-
ing squatting in the NTG patients suggests some al-
teration of the vessel tone regulatory mechanisms in
glaucoma. 
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