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SUMMARY

Introduction An altered perfusion of the optic nerve head has been proposed as a pathogenic factor
in glaucoma.

Objective To evaluate changes of haemodynamic parameters in the retrobulbar arterial circulation after
adecrease of elevated intraocular pressure (IOP) in patients with primary open angle glaucoma (POAG).
Methods Twenty-six patients were examined, 14 men and 12 women, 21 up to 50 years old and 5 below,
all with previously diagnosed and treated POAG, and all examined at the Eye Clinic, Clinical Centre of
Serbia. |OP was measured both with a Goldmann aplanation tonometer and dynamic contour tonom-
eter. Central corneal thickness was measured with ultrasound pachymeter. Imaging of the retrobulbar
arterial circulation by colour Doppler was performed at the Neurology Clinic, Clinical Centre of Serbia.
Itinvolved measuring of haemodynamic parameters of the ophthalmic artery, central retinal artery, and
posterior ciliary arteries. Peak systolic velocity (PSV) and end-diastolic velocity (EDV) were measured,
and resistive index (RI) and pulsatility index (PI) were calculated.

Results Haemodynamic arterial parameters PSV and EDV in the ophthalmic and central retinal artery
after decrease of IOP were lower, while Rl and Pl were higher. In the posterior ciliary arteries PSV, EDV
and Pl were lower, and Rl was higher.

Conclusion Changes of the retrobulbar arterial circulation after elevated IOP in POAG patients are impor-
tant for approach and treatment, while the role of vascular factors in the supplement of the optic disc
neuroretinal rim could be a key for progression backlash of glaucoma and the radix of neuroprotection.
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INTRODUCTION

Primary open angle glaucoma (POAG) is a
common optic neuropathy that appears to
have a multifactorial origin. A central debate
has focused on the potential disordered perfu-
sion of the optic nerve head [1].

Elevated intraocular pressure (IOP) has been
defined as the most important risk factor in the
pathogenesis of glaucomatous optic neuropa-
thy. Over the past several decades evidence has
grown that vascular factors also contribute to
the pathogenesis of glaucoma [2-5]. Numerous
techniques have been developed in an attempt
to quantify ocular blood flow in the different
ocular vascular beds [3, 4].

The observation of the retrobulbar circula-
tion after IOP elevation in POAG yielded an
improved understanding of glaucomatous optic
neuropathy associated with IOP elevation [6].

Reduction in ocular blood flow parame-
ters in glaucoma has been reported using vari-
ous techniques to measure blood flow velocity,
blood vessel diameter, or oxidative tissue status
within or around the eye [7, 8]. Previous stud-
ies using the Langham pulsatile ocular blood
flow device have indeed shown that pulsa-

tions were reduced in patients with glaucoma,
but whether this is only true for patients with
normal tension glaucoma or also in POAG is
controversial [5, 9].

Colour Doppler Imaging (CDI) of the retro-
bulbar orbit allows real-time imaging of indi-
vidual vessels in this region. These individual
vessels can be investigated, and the Doppler
frequency shifts are received from a specific
sample volume. This sample volume is placed
over a vessel of interest, and the frequency shifts
received can be assembled into a spectral wave-
form. This spectral waveform represents the
cumulative frequency shifts present and can
be displayed as a time-velocity waveform. The
velocities present in the sample volume follow
the cardiac cycle, allowing measurements to be
taken at the peak of systole (peak systolic veloc-
ity - PSV) and at the lowest point of diastole
(end-diastolic velocity - EDV). Both of these
measurements are dependent on the angle
subtended between the probe and the vessel,
the Doppler angle. The Doppler formula used
to compute blood velocity takes this angle into
consideration. Because the PSV and EDV are
both dependent on the Doppler angle, they are
both regarded, to a degree, as operator-depen-
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dent. To relate the systolic and diastolic velocities to each
other, a ratio, the resistive index (Pourcelot’s index), is used
[10]. This ratio is angle-independent and is regarded as
a good method to quantify the vascular resistance of the
circulation, particularly in the cephalic region. The veloc-
ity and resistive index have been studied in the ophthalmic
artery, the central retinal artery, and the short posterior
ciliary arteries of patients with glaucoma. These measure-
ments have been shown to be reproducible [11] and inves-
tigators have followed up by comparing disease popula-
tions and normal subjects to ascertain the basic findings
of CDI within these groups.

OBJECTIVE

The aim of this study was to evaluate changes in the retro-
bulbar arterial vessels circulation before and after decrease
of the elevated IOP in patients with POAG.

METHODS

The research followed the tenets of the Declaration of
Helsinki, and informed consent was obtained after expla-
nation of the nature and possible consequences of the study.

All patients were examined at the Institute of Eye
Diseases and at the Institute of Neurology, Clinical Centre
of Serbia, Belgrade, between December 2009 and March
2010. All patients were obtained from the General Ambu-
latory Ophthalmology Unit.

We examined 26 patients, 14 men and 12 women, 21 up
to 50 years old and 5 below, all with diagnosed and treated
POAG. All patients had elevated IOP (>25 mm Hg) in one
(18 patients) or both eyes (8 patients). IOP was measured
both with a Goldmann Aplanation tonometer (GAT) and
Dynamic Contour tonometer (DCT) developed by Swiss
Microtechnology AG (Port, Switzerland). Central corneal
thickness was measured by ultrasonic pachymetry. Imag-
ing of the retrobulbar arterial circulation using CDI was
performed at the Neurology Clinic of the Clinical Centre of
Serbia. After a decrease (compensation, IOP<20 mm Hg)
of the elevated IOP by medication (21 patients) or surgery
(5 patients) we repeated Goldmann and Dynamic contour
tonometry and CDI of the retrobulbar arterial vessels.

Haemodynamic parameters were measured in the
ophthalmic artery (OA), central retinal artery (CRA),
and posterior ciliary arteries (PCA). PSV and EDV were
measured, and resistive index (RI) and pulsatility index (PI)
were calculated using ultrasound machine Aloka Alpha 10;
7.5-10 MHz, linear probe.

Table 1. Relation between haemodynamic parameters in the ophthal-
mic artery after IOP compensation

Excluded criteria were: 1) narrow/closed angle on goni-
oscopy (grades 0, 1, and 2 using the Scheie classification);
2) astigmatism >2D or corneal abnormalities (such as
oedema, scars, or dystrophy, which may prevent contour
matching on the DCT); 3) history of intraocular surgery/
previous refractive surgery.

Statistics

Data are presented as mean value with standard devia-
tion. Normal distribution and homoscedasticity of contin-
uous variables were tested by means of the Kolmogorov-
Smirnov test. Statistical evaluations were performed by
running the SPSS/PC +software package (SPSS, Chicago,
IL) on a personal computer. P values of less than 0.05 were
regarded as statistically significant.

RESULTS

IOP measurements, before and after compensation, had
normal data distribution. In the ophthalmic artery (Table
1) and in the central retinal artery (Table 2), PSV and EDV
decreased after IOP compensation, but RI and PI increased.
In the posterior ciliary arteries, PSV, EDV and PI decreased
and only RI increased (Table 3). Statistical significance
appeared only in RI after the IOP decrease (Table 4).

DISCUSSION

Our study confirmed that retrobulbar circulation changed
after IOP lowering in the POAG patients. PSV and EDV
velocities were decreased in all the observed arterial retro-
bulbar vessels (OA, CRA and PCA) and RI and PI were
increased in OA and CRA; RI increased in CRA also, but
PIin CRA decreased. Our results are in an agreement with
other studies.

Various studies have compared the vascular parame-
ters in POAG and normal tension glaucoma with those of
normal control subjects.

Table 2. Relation between haemodynamic parameters in the central re-
tinal artery after IOP compensation

r (mm Hg) p
Parameter GATI | GATII | GATI | Gatn | &
PSVI/Il cm/min) | (031 | ()01 | 003 | 048 | |
EDV /Il cm/min) | 032 | 006 | 002 | 065 '
RIVI (014 | (019 | 033 | 017 1
P/ 017 | 021 | 022 | 013 1

Table 3. Relation between haemodynamic parameters in the posterior
ciliary arteries after IOP compensation

r (mm Hg) p r (mm Hg) p
Parameter GATI | GATI | GaTi | eatn | & Parameter GATI | GATII | GATI | aatn | &
PSVI/Il cm/min) | 044 | 004 | 0001 | 074 | PSV /Il cm/min) | 035 | ()0.16 | 0.1 0.25 |
EDV I/l cm/min) | 023 | 016 | o0.11 024 | | EDVI/Il cm/min) | 042 | 008 | 0002 | 058 | |
R/ 016 | (021 | 027 | o014 1 RIVI (9009 | ()0.24 | 052 | 008 | 1
PLI/I 005 | (9017 | o7 024 | 1 P/ ()013 | ()0.04 | 035 0.8 )
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Table 4. Statistical significance of change in haemodynamic parameters in the posterior ciliar arteries (PCA), the central retinal artery (CRA) and the

ophthalmic artery (OA) after IOP compensation

Parameters PCA

CRA OA

PSV EDV RI Pl

PSV EDV RI Pl PSV EDV RI Pl

PSV 0.84

PCA EDV 0.99

RI 0.39

Pl 0.11

PSV

0.5

EDV

0.88

| RA
¢ RI

<0.001

PI

0.65

PSV

0.44

EDV

0.11

OA Rl

0.33

Pl

0.75

Early studies of retrobulbar circulation in glaucoma
patients reported a significant reduction in the EDV and
an increase in the RI [12, 13, 14]. Galassi et al [13] also
identified a reduced PSV in the OA in glaucoma patients as
compared with normal subjects. A subgroup of patients with
uncontrolled IOP showed significant reduction in EDV and
an elevated RI in the CRA and PCA after IOP compensation.

Punjabi’s [15] study of retrobulbar circulation in glau-
coma reported a significant reduction in the EDV and
increase in the RI of the vessels of this region in patients
with glaucoma.

Several studies support the idea that circulatory abnor-
malities represent risk factors for glaucoma [16]. With
the use of Doppler ultrasound of the orbit, a non-inva-
sive examination of the retrobulbar circulation is possi-
ble. Several studies using orbital CDI have revealed altered
orbital haemodynamics in patients with glaucoma [17, 18].

The Rl is a factor related to blood flow resistance in the
vascular system downstream to the measurement point [19].

Akarsu and Bilgili [20] found lower EDV and higher
RI in the posterior ciliary artery in open-angle glaucoma
than in ocular hypertension.

As already known, the main blood supply of the anterior
optic nerve derives from the posterior ciliary arteries [21].
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MpomeHe y peTpobynbapHoOj apTepujcKoj LMPKyAaLMju HAKOH CMakbeka
NOBULLEHOT UHTPAOKY/IAPHOT NPUTUCKA KOoA 0c0ba C NpUMapHUM I1ayKOMOM

OTBOPEHOr yrna

VBaH MapjaHosuh', AHa LyHanR? Munuja Mujajnosuh? Hapgexaa Yosuukosuh-LUtepHuh?, Hophe KoHTuh',
MapackeBa XeHToBa-CenhaHuh', Byjuua Mapkosuh', Mapuja Boxuh', Mupocnas KHexesuh'

'KnuHuKa 3a ouHe 6onectu, KnHnukn ueHtap Cpbuje, beorpag, Cpbuja;

2KnuHuKa 3a Heyponorujy, KnuHnuku ueHtap Cpbuje, beorpag, Cpbuja

KPATAK CALPXXA)J

YBop lNopemeheHa nepdy3uja rnaBe ouHoOr XmBLa je maTore-
HeTCKM GaKTOp KOA rnaykoma.

v papa Ll papa 6uo je fa ce ycTaHOBM KaKo Ce Metbajy Xe-
MOAVHAMCKI NapameTpy y peTpobynbapHoj apTepujckoj Lmp-
Kynaumjy HAKOH CMakbetba NOBULLEHOT MHTPAOKYMAPHOT Npu-
Tncka (MOI) kog naumjeHata c NPUMaPHUM r1ayKoOMOM OTBO-
peHor yrna.

MeTopge paga VictpaxuBatbe je 00yxBaTuno 26 ucnutaHuka (14
MyLLKapaLa v 12 )keHa), of Kojux je 21 nauujeHT 61o ctapujy og
50 roanHa, ca NPeTX0AHO ANjarHOCTNKOBAHVIM U fIeYeHUM NpW-
MapHMM F1layKOMOM OTBOPEHOT yria. CBU NauujeHTy cy nperne-
AaHu Ha KnuHuuwm 3a ouHe 6onectu KLIC. Mopen mepersa MOMM
TonamaHoBuM (Goldmann) annaHaLMoHUM TOHOMETPOM (GAT),
OJHOCHO AVHAMWUYKMM KOHTYPHMUM ToHOMeTpom (DCT), ncnu-
TaHULMMA je U3MepeHa 1 LeHTpanHa feb/brHa poxrbaue yi-
Tpa3By4YHUM NaxmumeTpom. Mpernen peTpobynbapHe apTepuj-
CKe UUpKynauuje Konop aonnepom ob6aBibeH je Ha KnuHuum
3a Heyponorujy KLIC. OH je 06yxBaTro xemogmHamcKe npome-
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He y opTaNIMUUKO]j apTepwjy, LeHTPasHOj PeTUHANHOj apTepu-
jv 1 3a8buM LuunmnjapHum aptepujama. lMocmatpaHu cy cnege-
hu napameTpu: BPLUHU CUCTONHW BonlyMeH (PSV), 3aBpLuHu u-
jactonHum BonymeH (EDV), nHgekc pesucteHumje (Rl) n nHpexc
nyncatunHoctu (Pl).

PesynTtaTtm XemoavHamcKy apTepujcku napameTtpu PSV n EDV'y
odTaNMINYKOj 1 LeHTPAsHOj PeTUHANHOj apTepPUjii HAKOH CMakbe-
tba VIOI cy ce cmamunu, aok cy ce Rl v Pl nosehanu. Kog Kpat-
KUX 3afHbuUx yunujapHux aptepuja PSV, EDV n Pl cy ce cmarbm-
nn, Aok ce Rl nosehao.

3akibyuak MpomeHe y peTpobynbapHoj apTepujckoj LMpKy-
nauwju Tokom nosehatrba VOM Kog 0coba ¢ NpMMapHNUM rnay-
KOMOM OTBOPEHOT yr/a 3HayajHe Cy 3a NPUCTYM 1 eyerse, AoK
ynora BacKynapHux ¢pakTopa y McxpaHu HeypopeTuHanHor 060-
[Ja r1aBe OYHOT XMBLEa MOXe BUTV Kibyy y ycnopaBakby nporpe-
Cuje rmaykoma 1 0CHOBa HeypomnpoTeKLyje.

KrbyuHe peun: nosuLleH MHTPAOKynapHW NpUTKCaK; PeTpo-
6ynbapHa apTepujcka LypKynaLuja; NpUMapHm riayKom oTBo-
peHor yrna
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