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Introduction

Glaucoma is one of the main reasons of irreversible
blindness in the world. It is characterised as multifactorial
progressive optic neuropathy with typical changes in the
optic disc and visual field [1]. Although glaucoma clinical
picture is well described and analysed, little is known
about ethiopathological mechanisms leading to these
specific changes. Meanwhile, a number of major risk
factors are well known. Some of them can not be infuenced
— such as age, gender, refraction and race. Others — such as
intraocular pressure (IOP) and vascular disregulation can
be influenced. Influence on these factors can preserve sight
and help to escape blindness.

Two principal theories in the pathogenesis of
glaucomatous optic neuropathy (GON) have been
described: a mechanical and a vascular theory. Both have
been defended by various research groups over the past
150 years [2]. According to the mechanical theory,
increased intraocular pressure (IOP) causes stretching of
the laminar beams and damage to retinal ganglion cell
axons. The vascular theory of glaucoma considers GON as
a consequence of insufficient blood supply due to either
increased IOP or other risk factors reducing ocular blood
flow (OBF). Normal tension glaucoma (NTG) is a paradox
for the mechanical theories of GON. In patients with NTG
loss of visual function and progressive damage of the nerve
fiber layer occur despite their normal IOP measurements.
These patients would indicate that raised IOP is not the
primary cause of damage to the optic nerve head. Besides
that NTG patients rather often have systemic vascular
disregulation: arterial hypotension, vasospasms, migraine,
etc [3]. The fact that the reduction of OBF often precedes
the damage and blood flow can also be reduced in other
parts of the body of glaucoma patients, indicate that the
hemodynamic alterations may at least partially be primary.
The major cause of this reduction is not atherosclerosis,
but rather a vascular disregulation, leading to both low
perfusion pressure and insufficient autoregulation. This in
turn may lead to unstable ocular perfusion and thereby to
ischaemia and reperfusion damage.

The aim of glaucoma medical therapy is to lower the
IOP and increase ocular perfusion dynamics, preserving
visual function [3]. It is extremely complicated to evaluate
the effect of NTG treatment. The IOP lowering effect can
be evaluated mostly by ocular functional parameters. There
are data that changes in retrobulbar hemodynamics can be
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detected prior to clinical glaucomatous changes [4]. Color
Doppler imaging (CDI) is an ultrasound technique that
combines B-scan gray scale imaging of tissue structure,
color representation of blood flow based on Doppler shift
and pulsed Doppler measurement of blood flow velocities.
In ophthalmology it is used to measure blood flow velocity
in the retrobulbar vessels, using 5-7,5 MHz frequency
transducers.

The main objectives of our work was to evaluate
retrobulbar hemodynamics in ophthalmic artery in NTG
patients and age-matched controls and to evaluate the
effect of initial IOP lowering treatment.

Materials and methods

Twenty patients ( 40 eyes) with newly diagnosed NTG
and 30 healthy age-matched controls (60 eyes) were
enrolled in the study. For the purposes of investigation
glaucoma was defined as characteristic glaucomatous
visual field loss and optic nerve head damage with IOP not
greater than 21 mmHg which was determined by Schoetz
impression tonometry. None of the subjects had a mean
deviation greater than 20dB of visual fields measured by
Humphrey Visual Field Analyser central 30-2 and/or cup
to disc ratio greater or equal 0,7. Best corrected visual
acuity was 0,8 or better.

All the subjects answered the standard questionnaire
for main glaucoma risk factors. The following eye
examination was carried out: visual acuity, visual field
examination, impression tonometry, biomicroscopy and
gonioscopy, fundus examination with 78D lens. OBF
examination was performed using UDD 03 developed on
the bases of IBM PC 386 (Kaunas University of
Technology) working in CDI mode for investigation of
peripheral vessels. This instrument measures automatically
peak systolic (V syst) and end-diastolic (V diast)
velocities, Gossling pulsatility (PI) and Pourcelot
resistivity (RI) indices. The maximum measuring depth —
35 mm. Intensivity of ultrasound < 15 mW/cm’. 7 MHz
frequency transducer was used. The same qualified
investigator carried out the CDI measurements as
reliability and reproducibility of the results also depend on
the experience of the user. Fig.l1 shows CDI of the
ophthalmic artery of the eye with NTG.

Initial treatment of newly diagnosed NTG we started
with B blockers once daily (0,5% Timoptic XE solution
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®). After 4 weeks of treatment [OP and CDI measurements
were repeated.

Statistical analysis was performed using “Microsoft
Excel 2000, “Statistica 5.0”.
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Results and discussion

Age and sex of NTG patients and normal control
subjects are shown in Table 1. There is evidence that
glaucoma increses with age [13]. In our study the mean age
of NTG patients was 51.9 years. There were no significant
differences between the groups according to the age and
sex. NTG is more common in women than in men [12]. In
our study the NTG group included 60% women.

Questionnaire of glaucoma risk factors (Table 2)
revealed that arterial hypotension was more common in
NTG group and the difference was significant. Primary
open angle glaucoma and normal tension glaucoma are
usually more common in patients with arterial hypotension

Table 1. Main characteristics of study subjects

laiko interwvalai

F10 - pabaiga

CDI of the ophthalmic artery of the NTG eye

[18], peripheral vasospasm [19], myocardial infarction
[20], cerebral ischaemia and migraine[21]. In our study all
above mentioned glaucoma risk factors  were
predominating in NTG group compared to normal controls
(p<0,05). Healthy hyperopic and myopic eyes have the
same mean IOP as emmetropic eyes, but myopia is
frequently more common in open angle glaucoma [33]. In
our study myopia was more common in NTG group than in
healthy controls (p<0,05).

In some studies family background — is considered as
glaucoma risk factor [33]. In NTG group family glaucoma
history was found in 10% of patients and there was no
family glaucoma in control group.

Risk factors NTG patients Normal controls p
Age (X£SD) 51,9 49,56 50 £6,4 NS
Male N (%) 8 (40%) 11 (36,7%) NS
Female N (%) 12 (60%) 19 (63,3%) NS
Total N (%) 20 (100%) 30 (100%) -
Table 2. Comparison of glaucoma risk factors among study subjects

Risk factors NTG patients N (%) Normal controls N (%) p
Arterial hypotension 9 (45%) 1(3,3%) <0,05
Family glaucoma history 2 (10%) 0 -
Migraine 2 (10%) 1 (3,3%) <0,05
Myocardial infarction 1 (5%) 0 -
Myopia 5 (25%) 2 (6,7%) <0,05
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Table 3. Comparison of blood flow velocity in the ophthalmic artery between NTG patients and control subjects

Variable NTG patients Normal controls p
Vst [cm/s] 25,69+6,34 31,37+6,48 <0,05
Viast [c1/5] 6,014£2,90 5,67+5,67 NS
PI 1,2440,51 1,38+0,44 NS
RI 0,79£0,09 0,8240,09 NS
Table 4. Comparison of blood flow velocity in the ophthalmic artery in NTG patients before and after treatment
Variable Before treatment After treatment p
Vst [cm/s] 25,69+6,34 29,85+7,34 <0,05
Vdiast [c101/5] 6,01+2,90 8,3944,38 <0,05
PI 1,2440,51 1,6540,62 <0,05
RI 0,794+0,09 0,69+0,18 <0,05
For a long time glaucoma studies were focused only =~ Conclusions:

on evaluation of IOP [6], but the pathogenesis of glaucoma
cannot be explained only by mechanical theory
[7,8,9,10,11,15] as the blood supply of the optic nerve,
especially of the head of the optic nerve is important in the
development of glaucomatous changes. In our study we
chose patients with newly diagnosed normal tension
glaucoma. The mean intraocular pressure (IOP) was higher
in NTG group compared to normal controls, but the
difference was not signifficant (18,6+1,3 mmHg and
16,4+2,1 mmHg; NS).

In recent years many studies discuss the retrobulbar
blood flow parameters [23,24,25,26,27]. CDI is a
quantitative and qualitative method in evaluation of
retrobulbar blood flow. In our work we used the CDI to
evaluate blood flow only in the ophthalmic artery. Data are
presented in Table 3.

Initial treatment of newly diagnosed NTG we started
with B blockers once daily (0,5% Timoptic XE solution
®). After 4 weeks of this kind of treatment there was
significant decrease in IOP (from 18,6+1,3 to 14,6%14;
p<0,05). As there are studies showing that progression of
glaucomatous changes have low relationship with IOP
[14], the aim of our study was to evaluate shift of ocular
blood flow parameters using CDI. According to our data
0,5% Timoptic XE solution ® significantly increased
blood flow velocities and PI, decreased RI.

To summarize the findings of OBF studies in
glaucoma is difficult for the reasons that authors use
different techniques and therefore measuring different eye
vessels, different glaucoma stages (e.g. early vs. late) and
different types of glaucoma are studied (e.g. NTG vs.
primary open angle glaucoma) [26]. Nevertheless, the vast
majority of studies published find on average a reduced
ocular perfusion in glaucoma patients. Blood flow
decreases with increasing damage, however the reduction
occures in both early and late stages of glaucoma [24].
Blood flow disturbances generally seem to be more
pronounced in NTG than high IOP glaucoma [27]. Finally
blood flow reduction is more pronounced in progressive
than non-progressive eyes [24]. Further investigations of
OBF are needed to evaluate disturbances of perfusion with
respect to visual functions.
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1. The peak systolic blood flow velocity was
significantly higher in normal control group compared to
NTG patients group.

2. The initial 4 week treatment with 0,5% Timoptic
XE solution ® increased blood flow velocities and PI,
decreased RI in the ophthalmic artery of NTG patients.

3. Further investigations of small optic nerve blood
vessels could provide more evidence about the role of
vascular factors in glaucoma patients.
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Retrobulbarinés akies kraujotakos tyrimas: lyginamieji sveiky ir
normalaus akispiidZio glaukoma serganciy asmeny duomenys

Reziumé

Straipsnyje pateikiami sveiky ir normalaus akispiidzio glaukoma
serganciy asmeny retrobulbarinés akies kraujotakos tyrimo palyginamieji
duomenys. Akinés arterijos doplerografija atlikta naudojant ultragarsini
kraujo tékmés matavimo aparata, Kauno Technologijos universitete
pritaikyta periferiniy kraujagysliy matavimams (UDD -0,3 su IBM PC
386). Vertinti akinés arterijos kraujo tékmés sistolés ir diastolés greiciai,
Pourcelot rezistentiSkumo bei Gossling pulsacinis indeksai. Rezultatai
rodo, kad glaukoma serganciy pacienty akies retrobulbariné kraujotaka
yra  sutrikusi. Medikamentinis  gydymas  smarkiai  sumaZino
rezistentiSkumo indeksa, padidino diastolinj kraujo tékmeés greiti. Dél to
pageréjo kraujo teékmé akinéje arterijoje. Sureguliavus kraujotaka akinéje
arterijoje, aprupinancioje krauju tinklainés ganglines lasteles, uzkertamas
kelias ischeminiams pakitimams tinklaingje, neziiva ganglinés lastelés.
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