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SUMMARY

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

Objective The aim of this study was to evaluate the changes of the hemodynamic parameters in the
retrobulbar arterial circulation after decrease of the elevated intraocular pressure (IOP) in women and
men with primary open angle glaucoma.

Methods The study included 60 patients (33 males and 27 females) older than 50 years, with diagnosed
and treated primary open angle glaucoma (77 eyes of 39 patients had increased IOP, >25 mm Hg). They
were examined at the Clinic of Eye Diseases (complete ophthalmologic exam) and Clinic of Neurology,
Clinical Center of Serbia, Belgrade, from December 2009 to December 2010. Imaging of hemodynamic
parameters of three retrobulbar arterial vessels: ophthalmic, central retinal and posterior ciliary arteries
with color Doppler was performed.

Results Among women, hemodynamic arterial parameter of the peak-systolic velocity was increased
in the central retinal artery and decreased in the ophthalmic artery and posterior ciliary arteries; end-
diastolic velocity was increased in all three retrobulbar vascular levels; Pourcelot resistivity index was
increased, but pulsatility index was decreased in all three vessels. Among men, peak-systolic velocity,
end-diastolic velocity and pulsatility index were decreased in all three vessels; resistivity index was in-
creased in the ophthalmic artery, but decreased in the central retinal artery and posterior ciliary arteries.
There was a significant change of the ophthalmic artery pulsatility index in women, and the end-diastolic
velocity of the ophthalmic artery in men.

Conclusion There was a difference of the retrobulbar arterial circulation between women and men with
primary open angle glaucoma after decrease of the elevated intraocular pressure. The role of vascular
factors in the supply of the optic disc neuroretinal rim is important.
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INTRODUCTION

Although an elevated intraocular pressure (IOP)
is among the major risk factors of glaucoma pro-
gression [1, 2, 3], an impaired ocular blood flow
is also an important and independent risk factor
[4, 5, 6]. Different risk factors are predominant
in different types of glaucoma. A stage of dis-
ease is also significant. It is reported that ocular
blood flow is reduced in normal tension glau-
coma patients and patients with primary open
angle glaucoma with the advanced visual field
impairment [6, 7, 8]. Several disturbances in
ocular blood flow have been also reported in
patients with pseudoexfoliative glaucoma [9, 10].

Color Doppler imaging (CDI) is well es-
tablished as a technique that can be used to
measure blood flow velocities in the retrob-
ulbar vessels [11, 12]. However, the approach
has not been fully validated in the eye diseases
such as glaucoma, because little is known about

its reproducibility within these specific patient
populations.

Ocular ischaemia, acting independently or
because of elevated IOP, may trigger glutamate-
mediated toxicity, attenuate ganglion cell func-
tion and contribute to retinal nerve fiber loss
[13]. In some patients with glaucoma, disease
progression continues despite significant IOP
reduction. Large population-based studies pro-
vide strong evidence of the associations of ocu-
lar ischaemia and glaucoma progression [14]
or its severity [15]. Improvement of ocular and
retrobulbar perfusion may, therefore, be effec-
tive in addition to IOP reduction in preventing
the glaucoma progression.

OBJECTIVE

The aim of this study was to compare the value
of CDI measurements, peak-systolic velocity
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(PSV), end-diastolic velocity (EDV), Pourcelot resistiv-
ity index (RI) and pulsatility index (PI) in the ophthalmic
artery (OA), central retinal artery (CRA) and posterior
ciliary arteries (PCA), after decrease of the elevated IOP
in glaucoma patients.

METHODS

This prospective interventional study included 60 patients
(33 males and 27 females) older than 50 years, with diag-
nosed and treated primary open angle glaucoma (77 eyes
of 39 patients had increased IOP, >25 mm Hg), examined
from December 2009 to December 2010, at the Clinic of
Eye Diseases and Clinic of Neurology, Clinical Center
of Serbia, Belgrade; they all met the inclusion/exclusion
criteria and signed a written consent form in accordance
with the principles of the Declaration of Helsinki and local
Ethics Board approval. All patients were selected upon the
regular ophthalmic physical examination at the Clinic of
Eye Diseases, Clinical Center of Serbia.

All subjects had a complete ophthalmologic examina-
tion at the Clinic of Eye Diseases, including visual acu-
ity (Snellen chart), slit-lamp biomicroscopy, gonioscopy;,
IOP measurement with Goldmann applanation and Dy-
namic Contour tonometers (DCT), central corneal thick-
ness (CCT) measurement with ultrasound pachymeter
and fundus examination using the Volk Superfield lens.
Some examinations were done under topical anaesthesia
(1% tetracaine sol.). First, CCT was measured three times
consecutively with ultrasound pachymetry. IOP was de-
termined three times consecutively using DCT and Gold-
mann tonometry, between 9 and 11 a.m., always by the
same examiner. For DCT examination, tip preservative was
changed before every exam. Ocular pulse amplitude (OPA)
appeared during the DCT measurement. Diagnostic ob-
servation also included automated perimetry (Humphrey)
and scanning laser ophthalmoscopy-Heidelberg retinal to-
mography (with HRT II) exam at least once a year.

Hemodynamic parameters were measured in OA, CRA
and PCA. PSV and EDV were measured, and RI and PI
were calculated using the ultrasound machine Aloka Alpha
10 (7.5-10 MHz linear probe). Imaging of the retrobulbar
arterial circulation was performed with CDI at the Clinic
of Neurology, Clinical Center of Serbia by an experienced
neurologist.

After decrease (IOP<20 mm Hg) of the elevated IOP,
achieved by medications (prostaglandin analogues and
beta blockers, independently or as fixed drug combination)
or by surgery (glaucoma filtering surgery-trabeculectomy),
we repeated Goldmann tonometry and DCT and CDI of
the retrobulbar arterial vessels.

Inclusion criteria were patients older than 50 years, with
diagnosed and treated primary open angle glaucoma.

Glaucoma is a chronic, degenerative optic neuropathy
that can be distinguished from most forms of the acquired
optic neuropathy by its characteristic appearance of the op-
tic nerve .The main clinical features of primary open-angle
glaucoma are open iridocorneal angle and cupping of the

optic-nerve head (or optic disk), with corresponding loss
of visual field and elevated intraocular pressure.

Patients were excluded from the study if they had any of
the following: 1) A history of the significant vascular and/
or neurological disease (previous cerebrovascular insult),
patients with vasospastic syndromes, advanced stage of
D. Mellitus, previous operations on the heart and magis-
tral vessels); 2) astigmatism >2D or corneal abnormalities
(such as edema, scars, or dystrophy, which may prevent
contour matching on the DCT); 3) history of the intraocu-
lar surgery/refractive surgery.

The following measuring devices were used: ultrasound
pachymeter (Palm Scan AP 2000, ophthalmic ultrasound,
Micro Medical Devices, Inc. Clabasas, CA, USA), dynamic
contour tonometer (DCT), developed by Swiss Micro-
technology AG (Port, Switzerland), automated perimetry
(Humphrey Zeiss Meditec, Dublin, CA, USA), scanning
laser ophthalmoscopy performed with the Heidelberg Reti-
nal Tomograph (HRT; Heidelberg Engineering, GmbH,
Dossenheim, Germany).

Retrobulbar blood flow velocities and calculated vascu-
lar resistive (RI) and pulsatility indices (PI) were measured
with the Antares CDI device (Siemens, Munich, Germa-
ny). CDI measurements were carried out in OA, CRA and
PCA. In each vessel, PSV and EDV were determined, and
RI and PI were calculated (RI=(PSV-EDV)/PSV).

Statistical analysis was performed using the Med-Calc
11.5.1.0 (MedCalc software, Mariakerke, Belgium).

Descriptive statistics [mean (standard deviation)] and
95% confidence intervals (95% Cls) were used to report
demographic and ocular baseline characteristics. Data
were tested for normal distribution using the Kolmogorov-
Smirnov test. As data were normally distributed, a two-
tailed, paired Student’s t-test was used to evaluate the IOP
and the hemodynamic parameters by intragroup compari-
sons made between the values obtained under the baseline
and treatment conditions.

To analyze the correlation between the changes in the
retrobulbar hemodynamics and changes in IOP assessed
with both GAT and DCT, Pearson’s correlation coefficients
were calculated for every parameter.

RESULTS

After IOP decrease in women, PSV was increased in
CRA (34.87; 27.7 to 43.6 vs 39.27; 31.1 to 46; p=0.09),
decreased in OA (52.41£22.05 vs 51.28+23.8; p=0.73) and
in PCA (28.54£12.51 vs 28.28+11.87; p=0.89). EDV was
increased in all observed arterial vessels: OA (16.59+10.18
vs 17.99+11.24; p=0.33), CRA (11.74£6.84 vs 12.29+6.2;
p=0.13) and PCA (9.18+3.37 vs 9.5243.83; p=0.52), but
without statistical significance. RI was increased in all
observed arterial vessels: OA (0.73+0.14 vs 0.75+0.24;
p=0.52), CRA (0.72+0.18 vs 0.76+0.21; p=0.13) and PCA
(0.71£0.2 vs 0.76+0.31; p=0.21), also without statistical
significance. PI was decreased only in the OA with statisti-
cal significance (1.34%0.54 vs 1.14+0.42; p=0.006; p<0.05),
and no statistical significance in the CRA (1.24£0.45 vs
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1.23+0.5; p=0.96) and PCA (1.19+0.51 vs 1.05+0.41;
p=0.08).

Among men, after IOP reduction, PSV was decreased in
all three observed retrobulbar arteries: OA (62.72+26.29 vs
54.21+23.01; p=0.095), CRA (39.39+11.71 vs 38.97+20.93;
p=0.86) and PCA (29.19+£12.49 vs 26.28+10.17; p=0.12).
EDV was significantly decreased in the OA (22.35+15.57
vs 17.81£10.47; p=0.01; p<0.05), without changes in the
CRA (10.95; 7.9 to 16.1 vs 11.01; 7.9 to 14.8; p=0.37) and
PCA (8.57; 7.1 to 10.1 vs 8.85; 7.4 to 10.9; p=0.98). RI
was without changes in the OA (0.68+0.15 vs 0.69+0.16;
p=0.66) and the CRA (0.69+0.1 vs 0.69+0.15; p=0.98), but
slightly decreased in the PCA (0.66+0.13 vs 0.62+0.12;
p=0.063). Similar changes of PI were found, without
changes in the OA (1.2+0.5 vs 1.22+0.53; p=0.71) and in
the CRA (1.25+0.40 vs 1.23+0.41; p=0.81), but slightly
decreased in the PCA (1.19+0.43 vs 1.08+0.36; p=0.08).

DISCUSSION

Our study failed to find any difference between retrobulbar
circulation among men and women after IOP reduction in
glaucoma patients. Among women, IOP lowering caused
PSV increase in CRA and PI decrease in OA; among men,
lowering of the IOP led to decrease of PSV and EDV in
OA and RI and PI in PCA. Despite difference in the pe-
ripheral circulation between men and women [16, 17, 18]
we could not find but one published study on difference
in the retrobulbar circulation between men and women
with glaucoma [19].

This study compared retrobulbar circulation in men
and women according to their age, and found decrease
of EDV and RI in OA in both sexes; further on, EDV of
OA was increased in females and decreased in males; all
other observed parameters were similarly changed in the
abovementioned as well as in our study.

The results of this study were compatible with the re-
sults of our previous studies [20, 21].

Majority of studies used some kind of scleral suction to
increase IOP, mostly in healthy population with normal
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MpomeHe y peTpobynbapHoj apTepmnjcKoj LMPKynaLumju Koa MyLLUKapaLa 1
¥KeHa C NPUMapPHMM [1ayKOMOM OTBOPEHOT YI/1a HAKOH CHUXKetba NOBULIEHOT

MHTPAOKYNApHOT MPUTUCKA

ViBaH MapjaHoBuh'2, AHToHMO MapTuHes?, Mapuja MapjaHosuh'#, hHophe KoHTuh'? MapackeBa XeHToBa-CeHhaHuh'?,

Byjuua Mapkosuh'? Mapuja boxuh'?

'MegmumHcku akynTeT, YHuBep3uTeT y Beorpagy, beorpag, Cpbuja;

2KnuHuka 3a ouHe bonectu, KnuHnukn uentap Cpbuje, beorpag, Cpbuja;

30pererbe 3a KNMHUYKa NCTPaXKMBatba, fanuumjckm MHCTUTYT 3a odtanmonorujy, CaHtjaro e Komnoctena, Jla Kopyrba, LnaHuja;
*KnuHuka 3a Kapguonorujy, Knunukn ueHtap Cpbuje, beorpag, Cpbuja

KPATAK CAZIP?KAJ

¥YBop lNpetnocTassba ce Aa je nopemehaj nepdysuje y rnasm
OYHOT XMBLIa NaToreHy GakTop KoA rnaykoma.

Liwmb paga Linb paga je 610 fa ce npoueHe NPOMEHe Y xe-
MOJMHAMCKMM MapaMeTprMa peTpobynbapHe apTepujcke
LMpPKynaLmje HaKoH CHuXaBara NpPeTXoOAHO MOBULIEHOT WH-
TpaoKynapHor nputucka (MOM) kop MyLuKapaLa 1 keHa ¢ npu-
MapH1M r11ayKoMOM OTBOPEHOT Yrna (eHr. primary open-angle
glaucoma - POAG).

Metope papa VictpaxmBarem je obyxsaheHo 60 ncnntaHmka (33
MyLUKapLa 1 27 xeHa) ctapujux og 50 rogmHa ca AujarHoCcTrKo-
BaHUM 1 neyeHnm POAG. Ha 77 ouujy 39 6onecHuKa 3abenexeH
je noeuweH MOM (>25 mm Hg). UcnuTuBatbe je 06aB/beHO of
neuembpa 2009. 1o neuembpa 2010. rogmHe Ha KnHnum 3a ouHe
6onectv (komnneTaH opTaMONOLWKY Nperne) U Ha KnuHnum 3a
Heyponoruvjy KnuHnukor ueHtpa Cpbuje y beorpagy. Konop go-
MePOM Cy UCMIUTAHWN XEMOAVHAMCKY MapaMeTpy Tpu peTpobyn-
6apHa apTepujcka KpBHa Cyaa: obTanMuUKe apTepuje, LieHTpanHe
peTuHanHe apTepuje 1 KpaTKMX LInjapHuX aptepuja.
Pesyntatu Kop »KeHa xeMOAMHaMCKW apTepurjcKn napameTap
BPLUHE CUCTONHE Bp3rHEe MPOTOKa KPBM NOPACTao je y LieHTpan-

HOj PETWHANHOj apTepmju, a CMarKO ce Yy 0dTaNMMNYKOj 1 KpaT-
KUM 3a4HVM LMInjapHUM apTepurjama. 3aBpLuHa AnjacToHa
6p3rHa NPOTOKa KPBU je mopacna y cea Tpu peTpobynbapHa
KpBHa cyna. Mypcenoos (Pourcelot) nHaeKC pe3ncteHuuje ce
nosehao, 10K ce MHAEKC MyN3aTUIHOCTU CHU3KO Y CBa TPU KPB-
Ha cyfa. Kog mylikapaua Cy ce BpLUHa CUCTOJIHA 1 3aBPLUHA
AvjactonHa 6p3vHa NPOTOKa KPBY U MHAEKC MYyN3aTUIHOCTL
CHM3MNW y CBa TP KpBHa cyAa. iHaeKc pesuncteHumje ce no-
Behao y odpTanMmnukoj apTepuju, a CMarbro y LeHTpanHoj pe-
TUHANHO]j N KPaTKMM 3aAHUM LnnjapHum apTepujama. Ctatu-
CTUYKa 3HAYajHOCT je 3abenexxeHa y MHAEKCY NyN3aTUIHOCTLA Y
odTanMnNuKoj apTepujyi XeHa 1 y 3aBPLUHOj ANjacTONHOj 6P3uHM
NMPOTOKa KPBM y 0dTaNIMNYKOj apTepUju MyLLKapaLa.

3akrpyuak YTBpheHa je pa3nuka y petpobynbapHoj aptepuj-
CKOj UmpKynauuju nsmehy mylukapaua u xeHa ca POAG HakoH
cHuxerba VON. Ynora BackynapHux ¢paktopa y ncxpaHu Hey-
popeTrHanHor oboaa rinaBe OYHOT XMBLA je BeOMa 3HauajHa.

KrbyuHe peun: nosehatbe MHTPaOKynapHOr NPUTUCKA; PETPO-
6ynbapHa apTepujcka LupKynaLmja; Konop gonnep; npuMapHu
rnaykom OTBOPEHOT yria
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