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Abstract
Aim—To evaluate whether focal narrow-
ing of retinal arterioles increases with
progressive glaucomatous optic neu-
ropathy.
Methods—Focal narrowing of retinal ar-
terioles and area of neuroretinal rim were
morphometrically evaluated on colour
stereo optic disc photographs of 59 pa-
tients with primary open angle glaucoma,
22 patients with normal pressure glau-
coma, 11 patients with secondary open
angle glaucoma, and 31 patients with ocu-
lar hypertension. Minimum follow up was
8 months. Focal arteriolar narrowing was
quantified by calculating the ratio of the
vessel width in the broadest to the narrow-
est vessel part.
Results—In the subgroup of patients with
progressive glaucomatous optic nerve
damage (n=37), focal narrowing of retinal
arterioles increased significantly
(p<0.005) with decreasing neuroretinal
rim area. In the subgroup of patients with
stable appearance of the optic disc (n=86),
focal narrowing of retinal arterioles did
not change significantly (p=0.79). The
positive correlation between increasing
focal thinning of retinal arterioles and
progression of glaucomatous optic neu-
ropathy was present, although not statisti-
cally significant, in all the glaucoma
subtypes examined. The location of focal
thinning of retinal arterioles did not
change in the follow up.
Conclusions—Focal narrowing of retinal
arterioles increases significantly with pro-
gressive glaucomatous optic neuropathy,
independent of the type of glaucoma. It is
stable in patients with non-progressive
glaucoma. The findings agree with previ-
ous reports on a higher degree of focal
arteriole narrowing in eyes with pro-
nounced optic nerve damage in compari-
son with those with moderate optic nerve
atrophy or normal eyes. In the clinical
management of patients with glaucoma,
in some eyes, increasing focal arteriole
narrowing may suggest progression of
disease.
(Br J Ophthalmol 1999;83:285–289)

Eyes with optic nerve damage, independent of
the pathogenesis of optic nerve atrophy, show a
diVuse decrease in the diameter of the retinal
arterioles1–3 corresponding to haemodynamic
changes in the retina and optic disc.4–11 Rader et
al,12 Rankin and Drance,13 and Papastathopou-
los and Jonas14 have described the additional
occurrence of focal narrowing of retinal arteri-
oles in eyes with glaucomatous or non-
glaucomatous optic nerve atrophy. Frequency
and degree of such focal narrowing correlated
positively with the degree of optic nerve
damage and age. Patients with advanced optic
neuropathy had a more pronounced focal arte-
riole narrowing than patients with moderate
optic nerve damage. In a recent fluorescein
angiographic study,15 focal narrowing of the
retinal arterioles, as detected by ophthalmos-
copy, represented a stenosis of the vessel lumen
on fluorescein angiograms.

The present prospective follow up investiga-
tion was performed to determine whether focal
narrowing of retinal arterioles in glaucoma is
stable or whether it varies with progression of
the disease, and whether a correlation between
focal arteriole narrowing and progression of
glaucomatous optic neuropathy is found in
various types of open angle glaucoma.

Material and methods
The study included 59 patients with primary
open angle glaucoma, 11 patients with second-
ary open angle glaucoma, 22 patients with nor-
mal pressure glaucoma, and 31 subjects with
ocular hypertension (Table 1). These were all
the glaucoma patients whose follow up optic
disc photographs were readily available in the
laboratory at the time the study was per-
formed. There was no other selection criterion.
The patients were examined as part of an
ongoing prospective and longitudinal study on
the biomorphometry of the optic nerve. The
various study groups did not diVer significantly
in age (Table 1). Eyes with a myopic refractive
error exceeding −8 dioptres were excluded
owing to a diVering optic disc morphology.16

All patients had at least one follow up
examination, including day and night intraocu-
lar pressure profile, and colour stereo optic disc
photographs. The interval between the first
examination and last examination was at least
8 months (median 37 months; range 8–93
months).

Criteria for the diagnosis of open angle glau-
coma, each of which had to be fulfilled, were an
open anterior chamber angle; and glaucoma-
tous changes of the optic nerve head, such as
unusually small neuroretinal rim area in
relation to optic disc size, abnormal shape of

Table 1 Demography of the study groups (mean (SD))

Patients with
ocular
hypertension

Patients with
primary open
angle glaucoma

Patients with
normal pressure
glaucoma

Patients with
secondary open
angle glaucoma

Patients (n) 31 59 22 11
Age (years) 44.5 (10.8) 46.6 (11.7) 53.9 (9.7) 41.4 (14.6)
Women/men 18/13 23/36 13/9 1/10
Refractive error (D) −0.3 (1.6) −0.7 (2.2) 0.25 (2.8) −2.1 (3.2)
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the neuroretinal rim, and cup/disc ratios being
vertically greater than horizontally; and local-
ised or diVuse defects of the retinal nerve fibre
layer. The whole glaucoma group was divided
into eyes aVected by primary open angle glau-
coma in which no obvious reason for an eleva-
tion of intraocular pressure could be detected;
eyes with secondary open angle glaucoma; and
eyes with normal pressure glaucoma with
intraocular pressure readings of 21 mm Hg or
less (Table 1). Elevation of intraocular pressure
in the patients with secondary open angle glau-
coma was due to pigmentary glaucoma (n=7),
topical use of cortisone (n=2), pseudoexfolia-
tive glaucoma (n=1), and traumatic recession
of the anterior chamber angle (n=1). The
patients with pigmentary glaucoma showed
translucent radial defects in the peripheral iris
pigment epithelium, Krukenberg’s spindle, and
hyperpigmentation of both the hyaloid capsu-
lar ligament and anterior chamber angle. Pseu-
doexfoliation of the lens was characterised by a
dandruV-like material on the lens zonules and
lens surface especially in its centre and the
periphery separated by an intermediate clear
zone, a secondary pigment dispersion with
translucent defects in the parapupillary region
of the iris pigment epithelium, often a hyper-
pigmentation of the anterior chamber angle,
and relatively poor pupil dilatation. For the
diagnosis of normal pressure glaucoma, the
intraocular pressure had to be no more than 21
mm Hg for at least two day and night pressure
profiles. Neurological, neuroradiological, and
general medical examination had to reveal no
reason for optic nerve damage other than glau-
coma. Patients with intraocular pressure read-
ings of more than 21 mm Hg, an unremarkable
appearance of the optic disc, and a normal
visual field were regarded as ocular hyperten-
sives.

For all eyes, 15 degree colour stereo optic
disc transparencies had been taken using a tel-
ecentric fundus camera. The disc slides were
projected in a scale of 1 to 15. The outlines of
the optic cup and optic disc were plotted on
paper and morphometrically analysed. To
obtain values in absolute size units—that is,
mm or mm2, the ocular and photographic
magnification was corrected using Littmann’s
method.17 The method has already been
described in detail.2 3 To compensate for the
individual variation in optic disc size, we calcu-
lated two additional neuroretinal rim
variables—the rim area/disc area ratio, and the
neuroretinal rim area defect. As already
described,18 the neuroretinal rim area defect
was calculated as:

neuroretinal rim area defect = expected rim
area − measured rim area

“Expected rim area” was defined as: ex-
pected rim area = 0.131 × optic disc area +
1.384.

The latter was the previously determined
equation of the linear regression for the corre-
lation between neuroretinal rim area and optic
disc area in normal subjects.18

The photographs of the first and last exami-
nations were simultaneously projected. The
assessment of progression of the glaucomatous

optic nerve atrophy was performed independ-
ently by two observers by comparing the two
optic disc photographs in a masked manner,
without knowledge of the clinical diagnosis and
the visual field data, and without knowing
which one of the two stereo pairs of photo-
graphs had been taken first. Criteria for
progression of the glaucomatous optic neu-
ropathy were focal or diVuse diminution of the
neuroretinal rim, which was present in all pro-
gressive eyes included in the study, and,
additionally, enlargement of parapapillary
chorioretinal atrophy, the new occurrence of
retinal nerve fibre layer defects, enlargement of
pre-existing retinal nerve fibre layer defects, or
the presence of an optic disc haemorrhage in
the last optic disc photograph.

Focal narrowing of the retinal arterioles was
examined independently in a second step,
again by projecting simultaneously the first and
the last optic disc transparencies in a masked
fashion. After initial defocusing of the projec-
tor, the intrapapillary region was covered and
the projector was refocused again. The narrow-
est and the broadest parts of the vessel, at a
distance of about 0.1–0.5 mm to each other,
were directly measured with a millimetre scale
at the same retinal position on both photo-
graphs. These narrow vessel sections were cir-
cumscribed with an abrupt transition to the
broader part of the vessel (Figs 1 and 2).
Owing to an irregular course of the vessels, the
area of the peripapillary scleral ring and the
intrapapillary region were not taken into
account. Focal vessel narrowing was evaluated
in the region extending from the disc border to
the margin of the photograph and quantified
by calculating the ratio of the broadest to the
narrowest vessel part. Only one randomly
selected eye per patient was used for statistical
analysis.

The present study was started after more
than 800 photographs not included in the
present study had been evaluated. The present
study is the continuation of a previous cross
sectional investigation on focal thinning of reti-
nal arterioles.14 For the present study with
quantitative grading of focal vessel narrowing,
we determined the coeYcient of variation by
remeasuring 20 photographs 10 times each.
For each re-evaluation, the photographs were
remixed. The coeYcient of variation calculated
as ratio of the mean of the standard deviations
divided by the mean of the means was 0.058.

Results
The group of patients with progression of
glaucomatous optic nerve atrophy consisted of
37 patients. The patients with progression of
glaucomatous optic neuropathy and the pa-
tients without detected progression did not
vary significantly in age (p=0.20) or the type of
antiglaucomatous medication—that is, the pro-
portion of patients taking topical â blockers,
dorzolamide, miotics, latanoprost, and aceta-
zolamide did not vary significantly (p >0.20; ÷2

test, Fisher’s exact test) between the progres-
sive group and the non-progressive group.
With patients with diabetes mellitus being
excluded from the study, the proportion of
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patients with arterial hypertension, coronary
heart disease, and migraine did not vary
significantly between the subgroup with pro-
gression of glaucomatous optic neuropathy
and the subgroup with no detected progression
(p >0.20; ÷2 test, Fisher’s exact test); and it did
not vary significantly (p >0.20) between the
patients with progressive focal arteriole thin-
ning and the patients with unchanged degree
of focal arteriole narrowing. According to the
clinical charts and the general medication
taken by the patient, and the medical history of
the patient, we determined whether the pa-
tients were suVering from arterial hyper-
tension, coronary heart disease, or migraine.

Comparing the first examination and the last
examination with each other in the subgroup of
patients with worsening of the optic nerve, the
ratio of the broadest to thinnest vessel part was
significantly higher at the last examination than
at the first examination (1.34 (SD 0.24) versus
1.26 (0.25); p = 0.04; Wilcoxon test). The
result corresponded to a higher degree of focal
vessel thinning at the last examination. An
increasing ratio of broadest to narrowest vessel
part correlated significantly (p<0.005) with
decreasing neuroretinal rim area (Fig 3); the

more pronounced the loss of neuroretinal rim,
the higher was the increase in focal thinning of
the retinal arterioles.

Correlation of the rim area/disc area ratio
and the neuroretinal rim area defect with the
degree of focal arteriole thinning, gave similar
results to those obtained when the neuroretinal
rim area was taken for the correlation. Focal
arteriole thinning increased significantly with
decreasing rim area/disc area ratio (p<0.007)
and with increasing neuroretinal rim area
defect (p<0.009). These results suggested that
optic disc size did not have a major influence
on the results of the study.

The increase in arteriole thinning measured
as the enlarging ratio of broadest to narrowest
vessel part correlated significantly and posi-
tively with the time interval between the first
and the last examination (correlation coef-
ficient R = 0.40; p<0.05), the longer the follow
up period, the more pronounced was the focal
narrowing of retinal arterioles. Correspond-
ingly, neuroretinal rim area decreased signifi-
cantly with increasing duration of the study (R
= 0.42; p=0.01). If the group with progression
was divided in two subgroups depending on
the length of follow up, increase in the degree

Figure 1 Optic disc photograph with progression of
glaucomatous optic neuropathy. First examination (A),
follow up examination after 22 months (B), and after
additional 30 months (C). Note increase in focal thinning
of retinal arteriole (white arrows); white arrowhead: disc
haemorrhage.

Figure 2 Optic disc photograph with progression of
glaucomatous optic neuropathy. First examination (A),
follow up examination after 55 months (B), and after a
further 47 months (C). Note increase in focal thinning of
retinal arteriole (white arrows).
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of focal arteriole thinning was significantly
(p<0.01) more pronounced in the subgroup
with the longer follow up time compared with
the subgroup with the shorter follow up
period.

In the subgroup of patients with a stable
appearance of the optic disc (n=86), the ratio
of broadest to narrowest part of the retinal
arterioles did not vary significantly between the
first and last examination (1.28 (0.19) versus
1.30 (0.22); p=0.79; Wilcoxon test).

In all eyes included in the study the location
of focal arteriole thinning did not change in the
follow up examination. The positive correla-
tion between increase of focal thinning of reti-
nal arterioles and progression of glaucomatous
optic neuropathy was found in all types of open
angle glaucoma included in the study. Perhaps,
owing to the relative smallness of each of the
glaucoma subgroups, the correlation did not
become statistically significant in the glaucoma
subgroups taken separately.

Discussion
Generalised narrowing of retinal vessels has
been described for both glaucomatous and
non-glaucomatous optic neuropathies.1–3 In
glaucoma, the vessel diameter reduces with
decreasing area of the neuroretinal rim, dimin-
ishing visibility of the retinal nerve fibre layer,
and increasing visual field defects.2 Since
reduction of vessel calibre is also found in eyes
with non-glaucomatous optic nerve damage
such as non-arteritic anterior ischaemic optic
neuropathy19 and descending optic nerve
atrophy,1 3 it has been assumed that a general-
ised reduction of the vessel diameter is typical
for optic nerve damage but not characteristic
for glaucoma. From a pathogenetic point of
view, it suggested that the vessel reduction was
not causative for the glaucomatous optic nerve
fibre loss but secondary to a reduced demand
in the superficial layers of the retina.

Rader and colleagues have drawn attention
to focal narrowing of the retinal arterioles in
the peripapillary region of eyes with glaucoma
or non-arteritic anterior ischaemic optic
neuropathy.12 Similar observations were made
by Rankin and Drance,13 and in our
department.14 These studies showed that, in
addition to a diVuse decrease in the diameter

of the retinal arterioles, focal narrowing of reti-
nal arterioles was typical for eyes with optic
nerve damage. However, focal vessel narrowing
was not pathognomonic for glaucoma as a
whole group nor specific for special types of the
glaucomas such as normal pressure glaucoma.
In a recent study, a significant correlation was
found between focal narrowing of retinal arte-
rioles on fundus photographs and narrowing of
the same retinal arterioles on fluorescein
angiograms.15 The results suggested that focal
vessel narrowing represented a real stenosis of
the retinal arterioles, and that it was not purely
an ophthalmoscopic artefact. Since flow
through a vessel is proportional to the square of
the vessel radius, a reduction of the arteriole
diameter by 50% or more, which has been
described for eyes with optic neuropathies,12–15

may lead to a marked change in blood flow.
The findings suggest that focal narrowing of
the retinal arterioles may be associated with
some of the haemodynamic changes that have
already been found in the optic nerve and
retina of eyes with glaucoma.4–11

In agreement with earlier cross sectional
investigations, the present longitudinal study
indicates that focal narrowing of retinal arteri-
oles increases in eyes with progressive glauco-
matous optic neuropathy. The progressive
focal narrowing of the retinal arterioles corre-
lates with the amount of continuing neuroreti-
nal rim loss. Correspondingly, in eyes with a
stable appearance of the optic disc, focal
narrowing of retinal arterioles did not show a
significant change. In the measurement of focal
arteriole thinning, one must take into account,
that progression of optic neuropathy is also
associated with a diVuse decrease of the diam-
eter of retinal arterioles.1–3 Owing to the defini-
tion of focal arteriole thinning as a ratio of
broadest to thinnest vessel part, a diVuse thin-
ning of the retinal arteriole will influence the
measurements of focal arteriole narrowing.
The observation that the location of focal arte-
riole thinning did not change in the follow up
examination suggests that the vessel narrowing
is not the result of a temporary eVect induced
by the ocular pulse or another short acting
mechanism such as vasospasm.

Focal arteriole thinning may be added to the
panoply of morphological features which can
be found in eyes with glaucoma. Identification
of focal arteriole may be useful for the diagno-
sis of glaucoma and the observation of increas-
ing arteriole thinning may suggest progression
of the disease. This, however, may not be valid
for the individual patient. One has to take into
account, however, that increasing focal arteri-
olar narrowing does not necessarily suggest
progression of glaucoma. Since patients with
various types of open angle glaucoma exam-
ined in the present study showed a similar rela-
tion between increasing focal arteriole thinning
and progressive glaucomatous optic neu-
ropathy, focal arteriole narrowing may not be
pathognomonic for any particular type of glau-
coma. A similar finding has already been
reported for diVuse thinning of retinal
arterioles.1–3 19 Correspondingly, focal arteriole
thinning alone should not lead to the diagnosis

Figure 3 Scattergram showing the correlation between decrease in neuroretinal rim area
and increase in focal thinning of retinal arterioles measured as ratio of broadest to narrowest
vessel part.
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of glaucoma, since focal narrowing of retinal
arterioles has been described for several
non-glaucomatous optic neuropathies such as
non-arteritic anterior ischaemic optic
neuropathy.12 14

Future studies may show whether, in con-
junction with an increase in focal arteriole nar-
rowing, the retinal blood flow decreases in eyes
with progressive glaucoma, and whether the
relation between increasing focal narrowing of
retinal arterioles and progressive optic nerve
damage, as shown in the present study on
patients with glaucoma, is also valid for
patients with non-glaucomatous optic nerve
atrophy.
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