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SUMMARY 

Doppler carotid artery studies were performed in 12 
glaucoma patients with marked asymmetry in bilateral 
visual field loss. The resistance index and the pulsatility 
index of the internal carotid artery velocity waveforms 
were significantly greater on the same side as the eye with 
the greater visual field loss. The increased resistance to 
blood flow in the internal carotid artery on the side with 
advanced field loss might predispose the eye on this side 

to the effects of raised intraocular pressure by causing a 
reduction in the perfusion pressure at the optic nerve 
head. The role of ocular perfusion pressure in the patho
genesis of glaucoma is discussed. More extensive studies 
are necessary. 

The relative importance of raised intraocular pressure to 
vascular insufficiency in causing optic nerve damage and 
consequent visual field loss in primary chronic open angle 
glaucoma has long been debated. I It is likely that both fac
tors, as well as weakness of the supporting glial and con
nective tissue of the optic nerve head, as shown by 
QuigleyY are interactive and in any particular case they 
contribute to a varying extent. The evidence that carotid 
artery disease plays a role in the causation of glaucoma
tous visual field loss is anecdotal, based largely on isolated 
case reports4,5 although supported by the ophthalmodyna
mometry studies of Drance.6,7 The present study set out to 
determine whether patients with a marked asymmetry in 
the severity of visual field loss had evidence of signifi
cantly worse carotid artery disease on the same side as the 
eye with advanced field loss. 

SUBJECTS AND METHODS 

P atients with primary open angle glaucoma showing 
advanced visual field loss in one eye and early field loss in 
the fellow eye were studied. The fields of vision were 
examined using the Friedmann Visual Field Analyser and 
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recorded using a numerical scoring system.8 We arbitra
rily defined a score of 15 or less as representing advanced 
field loss and a score of 40 or more to represent early field 
loss. Nineteen patients who had this marked degree of 
unequal field loss were identified from the computerised 
data base of patients attending the glaucoma clinic. Three 
of these 19 patients were found to have other ocular or 
neurological disease which might cause loss of visual 
field, and were therefore excluded from the study. The 
remaining 16 patients were contacted by letter and invited 
to participate in the study; two were unable to attend 
because they had moved out of the region and three 
declined the invitation. 

Three patients were known to have systemic hyper
tension and three were diabetic. Four patients had diastolic 
blood pressures of lOO mmHg recorded on the day of the 
carotid Doppler investigations. All 12 patients were on 
glaucoma medications and three had previous filtration 
surgery, Four patients had started pressure lowering ther
apy at a different hospital and we do not have the pres
enting intraocular pressure at the time of diagnosis in these 
four patients. Seven of the eight patients presenting to this 
department at the time of diagnosis had higher ocular pres
sures in the eye with advanced field loss than in the fellow 
eye with early field loss. 

Common carotid and internal carotid artery scans were 
performed on the remaining 12 patients using a Diasonics 
CV 400 ultrasound machine with a 7.5 MHz transducer 
using a range gated pulsed Doppler with a frequency of3.0 
MHz. The patients were recumbent in position with the 
head turned slightly away from the side under inves
tigation (Fig. 1). Measurements of the pulsatility index, 
resistance index, and the volume blood flow (ml/min) 
were calculated from the images obtained.9-11 The pulsa
tility index (PI) and the resistance index (RI) are both 
influenced by the resistance to blood flow, i.e. they 
increase proximal to a region of increased resistance or 
stenosis. They are calculated from the graphical represen
tation of the systolic and diastolic arterial blood velocities 
during the cardiac cycle (Fig. 2). In order to measure vol-
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Fig. 1. Position of the patient and ultrasound transducer for examination of the right carotid artery. 

ume blood flow, the time averaged velocity was measured 
over four cardiac cycles using the equipment's integral 
software. The vessel diameter was measured from the 
image, and the equipment calculated the volume blood 
flow in ml/min. The measurement of volume blood flow is 
reported to be less reliable than RI and PI in the detection 
of pathological conditions, owing to inaccuracies and 
errors in the calculation of both flow velocity and vessel 
cross-sectional area.lo Of the twelve patients, two had 
common carotid artery measurements only, because it was 
impossible to get adequate visualisation of the internal 
carotid artery to obtain reliable measurements. The oper
ator was masked as to the status of the visual field. 

RESULTS 

The mean and standard deviations of the carotid artery 
measurements are presented in the Table. Statistically sig
nificant differences (Student's paired t-test) were seen 
between the side with advanced visual field loss and the 
side with early field loss in the pulsatility index and the 
resistance index of the internal carotid artery, but not in the 
common carotid results. The greater values of PI and RI 
for the internal carotid blood flow occurred on the side 
with advanced field loss. Volume blood flow comparisons 
were not statistically significant for either the internal or 
common carotid arteries. 

DISCUSSION 

P revious reports of carotid Doppler ultrasonography in 

glaucoma patients have shown an increased tendency to 
stenotic lesions and a reduced flow in the carotid arteries 
on the side with the greater glaucomatous damage. 12.13 The 
findings of the 'present study indicate a significantly 
greater resistance to blood flow in the internal carotid 
artery on the side with advanced visual field loss. This 
might predispose the ipsilateral eye to the effects of raised 
intraocular pressure by reducing the perfusion pressure at 
the otpic nerve head. 

The main determinants of ocular perfusion pressure are 
the systemic arterial blood pressure (ABP) and intraocular 
pressure (lOP). Armaly has shown that the rate of blood 
flow in the optic nerve head region depends on the 
relationship between ABP and lOP ; 14 Hayreh later 
demonstrated that the circulation in the choroid, peri
papillary choroid and prelaminar region of the optic nerve 
is dependent on the balance between ABP and lOP. 15 

A reduction in the action potential of the optic nerve has 
been shown in an animal model by increasing the lOP and 
lowering the mean ABP'16• Furthermore, a raised mean 
ABP was found to be protective against the effects of a 
high lOP. Grehn has demonstrated that the action potential 
in the retinal ganglion cell axon during periods of short
term lOP elevation is dependent on the perfusion pressure 
and not on the absolute height of the lOP. 17 The amplitude 
of the pattern reversal electroretinogram in ocular hyper
tensives has been shown to be positively correlated with 
the diastolic blood pressure. IS In the present study, three 
patients were on systemic antihypertensive treatment; four 
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Fig. 2. Duplex (image and Doppler) scan of the common carotid artery. The peak systolic velocity (S) and end diastolic velocity (D) 
are indicated. 

The resistance index (Rl) is defined as 
S 

-
D 

and the pulsatility index (PI) as 
S - D 

S 

patients had a diastolic ABP of 100 mmHg at the time of 
the Doppler carotid studies. 

Drance found that patients with uniocular open angle 
glaucoma had diastolic perfusion pressures (defined as 
"orbital diastolic pressure as obtained by ophthalmodyna
mography minus intraocular pressure") that were con
siderably lower in the affected eye than an age matched 
normal population sample.6 His group also stated that "the 

Table I. Doppler carotid artery measurements (Mean ± S.D.) 

Common Carotid Artery (n = 12) 
Pulsatility Index 
Resistance Index 
Volume Blood Flow (ml/min) 

Internal Carotid Artery (n = 10) 
Pulsatility Index 
Resistance Index 
Volume Blood Flow (ml/min) 

NS = not significant 

Early Visual 
Field Loss 

1.74 ± 0.35 
0.74 ± 0.05 

460 191 

1.31 ± 0.27 
0.65 ± 0.05 

212 94 

mean velocity 

combination of a low systemic blood pressure plus a rela
tive obstruction in the large vessel circulation (carotid or 
vertebrobasilar arteries) may lead to a reduced supply of 
blood to the eyes, and therefore a greater susceptibility to 
damage".7 It has recently been shown by McFadzean et 

ai., that this combination, i.e. carotid artery stenosis and 
systemic hypotension, significantly reduced optic nerve 
blood flow in experiments on primates. 19 

Advanced Visual 
Field Loss 

1.55 ± 0.34 
0.73 ± 0.05 

438 200 

1.68 ± 0.47 
0.71 ± 0.07 

261 114 

p Value 

NS 
NS 
NS 

0.018 
0.032 

NS 



276 

A low mean diastolic blood pressure has been identified 
as a major risk factor in progressive field loss in glau
coma.20 A low systemic blood pressure to intraocular pres
sure ratio was significantly associated with the presence of 
visual field defects in a large scale epidemiology study?' 
Glaucoma patients with progressive field loss were found 
to have a low blood pressure to intraocular pressure ratio 
compared to those with stable visual fields.22 In a study of 
12 patients with marked asymmetry in visual field loss, 
Drance noted that the ratio of ophthalmic artery diastolic 
blood pressure to the level of intraocular pressure required 
to induce a scotoma was markedly lower on the side with 
advanced glaucoma.23 

However, not all the evidence supports this viewpoint. 
Jampol and Miller reported that five ocular hypertensive 
patients with severe bilateral carotid artery disease fol
lowed over a duration of between three to 12 years did not 
develop glaucomatous disc or visual field changes.24 This 
finding would appear to cast doubt on the hypothesis that 
in the presence of raised lOP, carotid artery disease predis
poses to glaucomatous damage. A careful review of the 
patients in that study shows that three of the five patients 
had systemic hypertension and another patient had a blood 
pressure of 180/80 mmHg; it is quite possible that the ele
vated systemic ABP in these patients might have protected 
these eyes against the effect of raised lOP by maintaining 
an adequate perfusion pressure. 

All 12 patients were using glaucoma medications to 
lower lOP at the time of the Doppler investigations, mak
ing it difficult to comment on the role of lOP in the caus
ation of the visual field loss. Seven of the eight patients in 
whom the lOP at presentation was known had an asym
metry in lOP which matched the asymmetry in field loss
the eye with the higher lOP having advanced field loss. 
The role of lOP in asymmetric disease is unclear. It has 
been reported that 50% of primary open angle glaucoma 
patients with monocular field loss had no identifiable 
cause for the asymmetry.25 Two recent investigations of 
low tension glaucoma found an asymmetry in intraocular 
pressure associated with an asymmetry in disc damage 
and visual field loss in some but not all patients.26,27 

In our study of Doppler carotid ultrasound in glaucoma 
patients with marked asymmetry in visual field loss, there 
were significantly larger resistance and pulsatility indices, 
indicating an increased resistance to blood flow, in the 
internal carotid artery on the side with the greater visual 
field loss, The number of patients in this study is small, 
due in part to our decision to include only those patients 
with a marked asymmetry in field loss. The results suggest 
that a larger study is now warranted, which should also 
include patients with a lesser degree of asymmetry. 
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