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Asymmetric visual field loss and retrobulbar
haemodynamics in primary open-angle
glaucoma

Abstract Purpose: To investigate
interocular differences in retrobulbar
flow velocities in patients with
asymmetric glaucomatous visual field
loss. Methods: Twenty-five patients
with primary open-angle glaucoma
(POAG) and asymmetric visual field
loss were included in this study.
Asymmetric visual field loss was
defined as a difference of the global
index mean deviation (MD) >6 dB
between the two eyes. Flow velocities
(peak systolic velocity PSV and end-
diastolic velocity EDV) and resistive
indices (RI) of the ophthalmic artery
(OA), central retinal artery (CRA),
and nasal and temporal posterior
ciliary arteries were measured by
means of colour Doppler imaging.
Results: MD of eyes with more
severe glaucomatous visual field loss
was −18.3±7.8 dB vs −6.8±5.5 dB

(p<0.0001) in the less affected eyes.
The PSV and the EDV of the CRA
and the PSV of the OA were sig-
nificantly decreased in eyes with more
severe glaucomatous visual field loss
(CRA PSV: 7.6±2.0 cm/s vs 8.3±
1.7 cm/s, p=0.04; CRA EDV: 2.24±
0.5 cm/s vs 2.55±0.6 cm/s, p<0.007;
OA PSV: 29.7±9.9 cm/s vs 32.7±
11.5 cm/s, p<0.02). None of the other
differences in velocity or resistive
index were significant.
Conclusions: Patients with asym-
metric glaucomatous visual field loss
exhibit asymmetric flow velocities of
the CRA and OA. Patients with more
severe damage display reduced flow
velocities in retrobulbar vessels in
POAG.
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Introduction

Haemodynamic abnormalities of the optic nerve head, the
retina, retrobulbar blood vessels, and the choroid have been
shown to be present in glaucomatous optic neuropathy [1,
2, 3, 10, 16, 18, 25, 23, 24]. Flow velocities of retrobulbar
vessels, i.e. the central retinal artery, the ophthalmic artery,
and the short posterior ciliary arteries, can be measured by
means of colour Doppler imaging. Colour Doppler imaging
is an ultrasound technique combining a B-mode ultrasound
image with colour- representing movements based on
Doppler frequency shifts [14, 26, 36].

Previous studies investigated blood flow velocities of
retrobulbar vessels in patients with open-angle glauco-
ma. Most of the studies confirmed reduced end-diastolic

velocities associated with elevated resistive indices in
the central retinal artery and the posterior ciliary arteries.
Reduced peak systolic velocities of these vessels tended
to be a less obvious phenomenon [ 6, 11–13, 15, 17, 18,
24, 28, 34, 35]. Concerning the ophthalmic artery, the
results are less evident. Though reduced blood flow
velocities and increased resistive indices have been
reported [13, 17, 18, 24, 30], elevated as well as normal
peak velocities were found in POAG [5, 35, 37]. Studies
comparing retrobulbar haemodynamics of patients with
normal-tension glaucoma (NTG) and primary open-
angle glaucoma (POAG) confirmed no statistically sig-
nificant difference [5, 18, 26, 35].

The study presented here aimed to investigate blood flow
velocities of retrobulbar vessels in asymmetric glaucoma
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defined by visual field defects. Interocular asymmetry in
glaucomatous visual field loss was compared with interoc-
ular blood flow velocity differences.

Patients

Twenty-five patients with POAG and asymmetric glauco-
matous visual field loss were included in this prospective
study.

All of these 25 individuals had glaucomatous optic
nerve head cupping and glaucomatous visual field defects
as defined by the European Glaucoma Society [9], in the
absence of retinal or neurological disease affecting the
visual field. Visual field loss was considered significant
when the glaucoma hemifield test was abnormal, three
contiguous points were confirmed with p<0.05 probability
of being normal, not contiguous with the blind spot, or
corrected pattern standard deviation (CPSD) was abnor-
mal with p<0.05. All parameters were confirmed on two
consecutive visual fields performed with the Humphrey
Visual Field Analyzer (full threshold program 24–2).
Patients with POAG had intraocular pressure readings
>21 mmHg at least twice in the patient’s medical history.
Visual acuity was 20/40 or better and no previous laser or
surgical treatment had been performed. Patients with re-
fractive aberrations of more than ±8 diopters, or with
diabetic retinopathy were excluded from this study.

To avoid any effect of local treatment on blood flow
asymmetry analysis, all patients included in the study had
to receive the same local treatment on both eyes.

Based on their medical casenotes, 14 of the 25 patients
suffered from systemic arterial hypertension that was
treated medically, and 2 patients had a history of peripheral
vasospastic disease (i.e. cold hands and feet).

Methods

Each of the 25 patients underwent a detailed ophthalmo-
logical examination, visual field testing and colour Doppler
imaging of their retrobulbar blood vessels.

Visual field examinations were performed with the
Humphrey Visual Field Analyzer (Model 750, Humphrey–
Zeiss, San Leandro, California) using the white-on-white
24–2 full threshold program. The visual field global indices
mean deviation (MD) and pattern standard deviation (PSD)
were used for statistical analysis. Asymmetric visual field
loss was defined using interocular asymmetry in MD due to
glaucomatous visual field damage. An interocular difference
in MD >6 dB was regarded as asymmetric glaucomatous
visual field loss. This threshold was used following in part

the criteria of the EuropeanGlaucoma Society defining early,
moderate and advanced glaucomatous visual field loss [9].

Blood flow velocities of retrobulbar vessels of both eyes
were measured by means of colour Doppler imaging (CDI)
using a 7.5-MHz linear phased-array transducer (Siemens
Sonoline Sienna, Germany). The transducer was gently
placed on the closed upper eyelid using a coupling gel, taking
care to minimise pressure on the globe. All subjects were in
the supine position during the examination. CDI permits
blood velocity measurements of the ophthalmic artery (OA),
the central retinal artery (CRA), and the temporal and nasal
short posterior ciliary arteries (TPCA and NPCA). The peak
systolic velocity (PSV) and the end-diastolic velocity (EDV)
were obtained from the velocity waves of each artery. The
resistive index (Pourcelot’s ratio) was calculated [(PSV–
EDV)/PSV] to characterise peripheral vascular resistance of
the vessels studied [26, 36]. The operator was blinded to the
asymmetry of the disease.

Before CDI was performed, intraocular pressure was
measured by applanation tonometry (Goldmann) and sys-
tolic (SBP) and diastolic (DBP) blood pressure and heart rate
were measured after a resting time of 5 min. Mean arterial
pressure (MAP) and ocular perfusion pressure were cal-
culated from this data [MAP: DBP +1/3 (SBP−DBP)];
perfusion pressure: 2/3 MAP−IOP) [16].

Adherence to the Declaration of Helsinki for research
involving human subjects is confirmed. Informed consent
was obtained from all individuals including the analysis of
the data. All investigators had full access to all the data in
the study and take responsibility for the integrity of the data
and the accuracy of the data analysis.

For the statistical analysis of this study, retrobulbar blood
velocities of both eyes were used. A paired non-parametric
test (Wilcoxon signed rank test) was applied for comparisons
of eyes with more advanced glaucomatous visual field loss
versus earlier visual field loss. In all analyses, p<0.05 was
regarded as statistically significant.

Results

Patients with POAG and asymmetric visual field loss (mean
age 63±12 years) showed significant differences in cup-to-
disc-ratios between the two eyes. There was no significant
difference in intraocular pressure measured before
colour Doppler imaging and ocular perfusion pressure.
SBP was 139±16 mmHg, DBP 80±10 mmHg, and MAP
99±10 mmHg. The clinical data are listed in Table 1.

The PSV of the OA and the PSV and EDV of the CRA
were significantly lower in the eyes with more advanced
glaucomatous visual field loss than in the less affected eyes.
No significant differences were found for the resistive
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indices of the OA, CRA, or PCAs. The PCAs did not show
any significant difference between eyes. In Table 2 the results
are presented and previously acquired normative data are
provided as a reference for each parameter.

No significant interaction was found for the diagnosis of
arterial hypertension on asymmetry findings in blood flow
velocities of retrobulbar vessels (PSV of the OA: p=0.09;
EDVof the OA: p=0.32; PSVof the CRA: p=0.16; EDVof
the CRA: p=0.16).

Table 2 Retrobulbar blood flow velocities of the patients with open-angle glaucoma. Comparisons of eyes with greater and lesser glaucomatous
visual field loss (OA ophthalmic artery, CRA central retinal artery, TPCA and NPCA temporal and nasal posterior ciliary arteries)

Parameter Eye with more advanced glaucomatous visual field
damage (median, mean ± standard deviation)

Eye with less visual field damage
(median, mean ± standard deviation)

p value Reference data
(controls) [24]

OA peak systolic
velocity (cm/s)

27.8, 29.7±9.9 30.1, 32.7±11.5 0.021 36.0±8.3

OA end-diastolic
velocity (cm/s)

5.8, 6.0±2.3 6.5, 6.6±2.7 0.15 8.1±3.7

OA resistive index 0.79, 0.79±0.08 0.79, 0.80±0.06 0.47 0.78±0.07
CRA peak systolic
velocity (cm/s)

7.1, 7.6±2.0 8.6, 8.3±1.7 0.044 9.8±2.2

CRA end-diastolic
velocity (cm/s)

2.0, 2.2±0.5 2.5, 2.6±0.6 0.0072 3.2±0.7

CRA resistive index 0.71, 0.70±0.06 0.70, 0.69±0.06 0.49 0.67±0.07
TPCA peak systolic
velocity (cm/s)

6.7, 7.3±1.8 6.8, 7.1±1.5 0.60 8.4±1.9

TPCA end-diastolic
velocity (cm/s)

2.3, 2.5±0.6 2.4, 2.5±0.5 0.83 3.5±0.8

TPCA resistive
index

0.66, 0.65±0.08 0.64, 0.64±0.08 0.36 0.58±0.06

NPCA peak
systolic velocity
(cm/s)

6.9, 7.6±1.4 7.1, 7.5±1.7 0.32 8.5±1.7

NPCA end-diastolic
velocity (cm/s)

2.5, 2.5±0.6 2.5, 2.6±0.6 0.60 3.5±0.6

NPCA resistive
index

0.66, 0.67±0.07 0.65, 0.64±0.07 0.10 0.59±0.05

Table 1 Clinical data of the patients with open-angle glaucoma

Characteristic Eye with more advanced glaucomatous visual field
damage (median, mean ± standard deviation)

Eye with less visual field damage
(median, mean ± standard deviation)

p value

Mean deviation (dB) −18.4, −18.4±7.8 −5.5, −6.8±5.5 <0.0001
Pattern standard deviation (dB) 10.6, 9.6±3.5 5.1, 6.8±4.8 0.07
Horizontal cup-to-disc ratio 0.80, 0.81±0.13 0.61, 0.63±0.15 <0.0001
Vertical cup-to-disc ratio 0.85, 0.83±12 0.64, 0.66±0.15 <0.0001
Intraocular pressure (mmHg) 16.0, 17.5±4.2 16.0, 17.2±3.6 0.18
Ocular perfusion pressure (mmHg) 47.6, 48.1±7.0 49.1, 48.3±5.4 0.18
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Discussion

Reduced blood flow velocities of retrobulbar vessels are a
well-known phenomenon in glaucomatous optic neuropa-
thy [17, 24, 26].

Several studies investigated the association of retrobul-
bar flow velocities with the extent of functional defects in
glaucomatous optic neuropathy. Flow velocities of the
CRA and PCAs tended to be decreased in advanced disease
and were correlated to global indices in glaucoma [7, 20,
24, 27]. The eyes with glaucoma were divided into early
and late glaucoma based on visual field criteria, but no
interocular comparisons were made in these studies [7, 20].
Interocular comparisons of ocular blood flow parameters in
asymmetric glaucoma may yield more insight in perfusion
alterations primarily related to glaucomatous optic neurop-
athy, as systemic factors will influence both eyes similarly
in chronic vascular disease.

Interocular comparisons have been performed based on
morphological criteria defining asymmetric glaucoma.
Nicolela et al. [21] found significant differences in CRA
flow velocities, though Costa et al. [8] did not detect
significant differences. Both studies refer to a cohort of
glaucoma patients including secondary glaucoma due to
pigmentary dispersion and pseudexfoliation, and the clin-
ical data on visual field asymmetry are not presented. In a
study on interocular comparison in NTG patients, Kondo
et al. [19] defined a concordant and a disconcordant group
based on ocular perfusion pressure and MD. The authors
speculate that haemodynamic abnormalities may be pre-
dominant in the disconcordant patient group (i.e. higher
ocular perfusion pressures related to a worse MD) as
blood flow velocities were significantly lower than in the
concordant group. A significant asymmetry was found for
the EDV of the CRA in the concordant patient group.
O’Brien et al. [22] reported an asymmetry in pulsatility
indices and resistance indices of the internal carotid artery
in asymmetric POAG based on a visual field scoring
system. In contrast, Breil et al. [4] did not detect any
significant differences in blood flow velocities between
asymmetric OAG and symmetric glaucoma. Differences in
biostatistical analysis may account for these findings. The
authors used a subtraction of the left and the right eye in the
symmetric glaucoma patient group, and the difference be-
tween eyes in the asymmetric glaucoma group. Sponsel et al.
reported a significant correlation between asymmetry of
visual function and asymmetry of retinal leukocyte velocities
using the blue field entoptic phenomenon [33].

In the present study, a definition based on visual field
asymmetry was applied to perform interocular comparisons
in asymmetric glaucoma. A significant difference was found
between eyes for the PSV and the EDVof the CRA and for
the PSVof the OA. No significant differences were found for
the PCAs. In addition, there was no significant difference in
intraocular pressure and ocular perfusion pressure between
eyes. The findings on EDVof the CRA are in agreement with

previous studies by Nicolela et.al. [21] on morphological
asymmetry in glaucoma, and Kondo et.al. [19] on perfusion
pressure and visual field asymmetry. Studies referring to
correlations of visual field and CDI in glaucoma not based
on interocular differences confirm the role of the EDVof the
CRA [24, 27].

The blood flow velocities of the CRA are influenced by its
downstream resistance. A higher downstream resistance in
ocular blood flow may be caused by elevated intraocular
pressure, vasoconstriction, vasospasm, vasosclerosis or re-
duced cross section of the vascular bed, e.g. capillary loss.
Vasoconstriction of retinal arterioles does not seem to account
for reduced flow velocities in asymmetric disease, as Remky
et al. did not detect a significant difference in retinal vessel
diameters in asymmetric glaucoma [29]. In a previous study
on fluorescein filling defects and CDI in NTG, a significant
correlation was found between blood flow velocities of the
CRA and PCAs and capillary loss of the optic nerve head
[24]. In addition, the EDVof the CRAwas correlated to the
retinal arteriovenous passage time on fluorescein angiogra-
phy [17]. Simultaneous reductions of PSV and EDV of the
CRA may be interpreted as reduced volumetric flow in this
vessel [32]. Reduced flow velocities in the CRA of a
glaucomatous eye may reflect a chronic decrease in perfusion
of the inner retinal layers secondary to nerve fibre loss.
Reduced flow velocities have been shown to be predictive for
future damage to the nerve fibres in glaucoma [31]. A direct
comparison of the extent of flow reduction is based on the
detection of vessel diameters that may not be measured by
means of CDI. Interestingly, this study could not detect
significant differences in flow velocities of the PCAs, i.e. in
the vessels primarily relevant for optic nerve perfusion. A
higher variability in the measurement of flow in the PCAs
may account for this finding [14]. The EDV of the OA was
decreased in advanced disease. Various studies reported
reduced flow velocities in glaucoma [13, 17, 18, 24, 30], and
in asymmetric disease even internal carotid artery flow
indices were found to be significantly different. Global ocular
perfusion parameters may not be directly related to optic
nerve head or retinal microcirculation, but hint that decreased
ocular perfusion emphasises vascular disease in glaucoma.

Although calculated ocular perfusion pressure was similar
in both eyes in asymmetric glaucoma, reduced retrobulbar
blood flow velocities were confirmed in advanced disease.
The diagnosis of arterial hypertension showed no statisti-
cally significant influence on asymmetry of blood flow
velocities in our study. This hints at a decreased ocular
perfusion in the more damaged glaucomatous eye not related
to systemic blood pressure indices.

The presented study of asymmetric flow velocities in the
CRA and OA included patients with a wide range of visual
field defects. Patients with advanced disease may exhibit
decreased flow velocities by secondary down-regulation due
to the neural tissue loss. Therefore, tissue perfusion could be
normal in relation to the loss of ganglion cells. The issue of
the temporal relationship between retrobulbar flow velocities
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and glaucomatous damage accounts for the need for pro-
spective longitudinal studies. In a retrospective study,
Satilmis et al. showed that eyes with reduced flow velocities
showed greater field progression than those with less
reduced or normal flow velocities [31].

To summarise, this study emphasises the importance of
reduced flow velocities of the central retinal artery related
to a higher downstream resistance in ocular perfusion.
There is an association between interocular asymmetry in
glaucoma based on functional definition of the disease and
blood flow velocities.
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