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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.

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 

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

Parameter
r (mm Hg) p

Δr
GAT I GAT II GAT I GAT II

PSV I/II (cm/min) 0.44 0.04 0.001 0.74 ↓
EDV I/II (cm/min) 0.23 0.16 0.11 0.24 ↓
RI I/II 0.16 (-)0.21 0.27 0.14 ↑
PI I/II 0.05 (-)0.17 0.71 0.24 ↑

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

Parameter
r (mm Hg) p

Δr
GAT I GAT II GAT I GAT II

PSV I/II (cm/min) (-)0.31 (-)0.1 0.03 0.48 ↓
EDV I/II (cm/min) 0.32 0.06 0.02 0.65 ↓
RI I/II (-)0.14 (-)0.19 0.33 0.17 ↑
PI I/II (-)0.17 (-)0.21 0.22 0.13 ↑

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

Parameter
r (mm Hg) p

Δr
GAT I GAT II GAT I GAT II

PSV I/II (cm/min) 0.35 (-)0.16 0.01 0.25 ↓
EDV I/II (cm/min) 0.42 0.08 0.002 0.58 ↓
RI I/II (-)0.09 (-)0.24 0.52 0.08 ↑
PI I/II (-)0.13 (-)0.04 0.35 0.8 ↓
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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 RI 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].

Cheng’s study had controlled factors, which are known 

to affect ocular blood-flow velocity, such as IOP [22], age 

[8], systemic blood pressure [23], and anti-glaucoma medi-

cations [24]; therefore, they hoped to eliminate the effect 

of these variables and to give a more useful comparison 

between glaucoma and ocular hypertensive patients.

CONCLUSION

Changes in the retrobulbar arterial circulation after elevated 

IOP in POAG patients are of importance for approach and 

treatment, but the role of vascular factors in the supple-

ment of the optic disc neuroretinal rim, could be a key for 

progression backlash of glaucoma and the radix of neuro-

protection. CDI of the blood flow in the retrobulbar vessels 

is a valuable method in the diagnosis of the vascular mech-

anism in glaucoma.

NOTE

This work was presented at the Serbian National Congress 

in Subotica in September 2010, as a short oral presentation.
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КРАТАК САДРЖАЈ
Увод По ре ме ће на пер фу зи ја гла ве оч ног жив ца је па то ге-
нет ски фак тор код гла у ко ма.
Циљ ра да Циљ ра да био је да се уста но ви ка ко се ме ња ју хе-
мо ди нам ски па ра ме три у ре тро бул бар ној ар те риј ској цир-
ку ла ци ји на кон сма ње ња по ви ше ног ин тра о ку лар ног при-
ти ска (ИОП) код па ци је на та с при мар ним гла у ко мом отво-
ре ног угла.
Ме то де ра да Ис тра жи ва ње је об у хва ти ло 26 ис пи та ни ка (14 
му шка ра ца и 12 же на), од ко јих је 21 па ци јент био ста ри ји од 
50 го ди на, са прет ход но ди јаг но сти ко ва ним и ле че ним при-
мар ним гла у ко мом отво ре ног угла. Сви па ци јен ти су пре гле-
да ни на Кли ни ци за оч не бо ле сти КЦС. По ред ме ре ња ИОП 
Голд ма но вим (Gold mann) апла на ци о ним то но ме тром (GAT), 
од но сно ди на мич ким кон тур ним то но ме тром (DCT), ис пи-
та ни ци ма је из ме ре на и цен трал на де бљи на ро жња че ул-
тра звуч ним па хи ме тром. Пре глед ре тро бул бар не ар те риј-
ске цир ку ла ци је ко лор до пле ром оба вљен је на Кли ни ци 
за не у ро ло ги ју КЦС. Он је об у хва тио хе мо ди нам ске про ме-

не у оф тал мич кој ар те ри ји, цен трал ној ре ти нал ној ар те ри-
ји и зад њим ци ли јар ним ар те ри ја ма. По сма тра ни су сле де-
ћи па ра ме три: вр шни си стол ни во лу мен (PSV), за вр шни ди-
ја стол ни во лу мен (EDV), ин декс ре зи стен ци је (RI) и ин декс 
пул са тил но сти (PI).
Ре зул та ти Хе мо ди нам ски ар те риј ски па ра ме три PSV и EDV у 
оф тал мич кој и цен трал ној ре ти нал ној ар те ри ји на кон сма ње-
ња ИОП су се сма њи ли, док су се RI и PI по ве ћа ли. Код крат-
ких зад њих ци ли јар них ар те ри ја PSV, EDV и PI су се сма њи-
ли, док се RI по ве ћао.
За кљу чак Про ме не у ре тро бул бар ној ар те риј ској цир ку-
ла ци ји то ком по ве ћа ња ИОП код осо ба с при мар ним гла у-
ко мом отво ре ног угла зна чај не су за при ступ и ле че ње, док 
уло га ва ску лар них фак то ра у ис хра ни не у ро ре ти нал ног обо-
да гла ве оч ног жив ца мо же би ти кључ у успо ра ва њу про гре-
си је гла у ко ма и осно ва не у ро про тек ци је.
Кључ не ре чи: по ви шен ин тра о ку лар ни при ти сак; ре тро-
бул бар на ар те риј ска цир ку ла ци ја; при мар ни гла у ком отво-
ре ног угла

Промене у ретробулбарној артеријској циркулацији након смањења 
повишеног интраокуларног притиска код особа с примарним глаукомом 
отвореног угла
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