
SCIENTIFIC REPORT

Reduced response of retinal vessel diameters to flicker
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Background/aim: Stimulation of the retina with flickering
light increases retinal arterial and venous diameters in
animals and humans, indicating a tight coupling between
neural activity and blood flow. The aim of the present study
was to investigate whether this response is altered in patients
with insulin dependent diabetes mellitus.
Methods: 26 patients with diabetes mellitus with no or mild
non-proliferative retinopathy and 26 age and sex matched
healthy volunteers were included in the study. Retinal vessel
diameters were measured continuously with the Zeiss retinal
vessel analyser. During these measurements three episodes
of square wave flicker stimulation periods (16, 32, and
64 seconds; 8 Hz) were applied through the illumination
pathway of the vessel analyser.
Results: In retinal arteries, the response to stimulation with
diffuse luminance flicker was significantly diminished in
diabetic patients compared to healthy volunteers (ANOVA,
p,0.0031). In non-diabetic controls flicker stimulation
increased retinal arterial diameters by +1.6% (1.8%) (mean,
p,0.001 v baseline), +2.8% (SD 2.2%) (p,0.001) and
+2.8% (1.6%) (p,0.001) during 16, 32, and 64 seconds of
flicker stimulation, respectively. In diabetic patients flicker
had no effect on arterial vessel diameters: +0.1% (3.1%)
(16 seconds, p = 0.9), +1.1% (2.7%) (32 seconds, p =0.07),
+1.0% (2.8%) (64 seconds, p = 0.1). In retinal veins, the
response to flicker light was not significantly different in both
groups. Retinal venous vessel diameters increased by +0.7%
(1.6%) (16 seconds, p,0.05), +1.9% (2.3%) (32 seconds,
p,0.001) and 1.7% (1.8%) (64 seconds, p,0.001) in
controls during flicker stimulation. Again, no increase was
observed in the patients group: +0.6% (2.4%), +0.5% (1.5%),
and +1.2% (3.1%) (16, 32, and 64 seconds, respectively).
Conclusion: Flicker responses of retinal arteries and veins
are abnormally reduced in patients with IDDM with no or
mild non-proliferative retinopathy. Whether this diminished
response can be attributed to altered retinal vascular
reactivity or to decreased neural activity has yet to be
clarified.

T
he retina has the ability to regulate blood flow in
response to different metabolic demands. Several animal
and human studies demonstrated an increase in retinal

vessel diameters1–3 as well as in retinal4 and optic nerve head
blood flow5–8 during stimulation with diffuse luminance
flicker. Like in the brain, blood flow in retinal vessels is
strongly coupled to neural activity, which was recently
confirmed using laser Doppler flowmetry5 and retinal vessel
diameter measurements.1 2 9

Little information, however, is available about this
regulatory process in the diseased retina. A variety of studies
indicate that ocular blood flow is altered in diabetes and

retinal perfusion abnormalities have been proposed to
contribute to the pathogenesis of diabetic retinopathy.10 11 It
is even speculated that the impairment of blood flow
regulation in the retina precedes the earliest visible signs of
diabetic retinal complications.12 Several studies indicate
abnormal retinal blood flow regulation in patients with
diabetes. This has been shown for the vasoconstrictor
response to hyperoxia13 14 as well as for the autoregulatory
response of the retina.15 16

Thus, it was the aim of the present study to determine
whether the vasomotor response of retinal vessels to
increased neuronal activity is altered in patients with early
stage insulin dependent diabetes mellitus. For this purpose,
the Zeiss retinal vessel analyser, a commercially available tool
for real time determination of retinal vessel diameters has
been adapted to allow for determination of retinal vessel
diameters during flickering light stimulation.

METHODS
Subjects
The study protocol was approved by the ethics committee of
the Vienna University School of Medicine and followed the
guidelines set forth in the Declaration of Helsinki. All
patients signed a written informed consent and passed a
screening examination before the study day.
Twenty six patients with early IDDM and 26 control

subjects matched for sex and age, body mass index between
15th and 85th percentile were enrolled in this assessor
masked, controlled clinical study. Every subject had to pass
an ophthalmic examination including slit lamp biomicro-
scopy, indirect funduscopy, and measurement of intraocular
pressure (IOP) with Goldmann applanation tonometry.
Inclusion criteria of patients were insulin dependent diabetes
mellitus (IDDM) with non or mild non-proliferative retino-
pathy. The eyes were classified according to the Modified
Airlie House Classification.17 18 Patients with no signs of
diabetic retinopathy (level 1) or patients with one or more
microaneurysms (level 2) were included. In all subjects the
right eye was studied.
Exclusion criteria were non-insulin dependent diabetes,

maturity onset diabetes of the young (MODY diabetes),
any sign of non-diabetes induced vascular pathologies,
systemic hypertension (defined as systolic blood pressure
.150 mm Hg, diastolic blood pressure .90 mm Hg), treat-
ment with vasoactive drugs except insulin, presence of
intraocular pathology other than diabetic retinopathy, ame-
tropia of less than 3 dioptres, and anisometropia of less than
1 dioptre.

Zeiss retinal vessel analyser (RVA)
Retinal vessel diameters were evaluated with the RVA. The
RVA is a commercially available system which comprises a
fundus camera (Zeiss FF 450, Jena, Germany), a video
camera, a high resolution video recorder, a real time monitor,
and a personal computer with a vessel diameter analysing
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software. The RVA allows the precise determination of retinal
vessels’ diameter with a time resolution of 25 readings/
second. The fundus was illuminated with light in the range of
wavelengths between 567 and 587 nm. In this spectral range,
the contrast between retinal vessels and the surrounding
tissue is optimal. Retinal irradiance was approximately
220 mW cm22, which is approximately 50 times lower than
the maximum level allowed for constant illumination of the
retina at the wavelengths mentioned above. The system
provides excellent reproducibility and sensitivity.19 In the
present study, a major temporal artery and vein was studied.
Measurements of retinal vessel diameters were taken
between 1 and 2 disc diameters from the margin of the optic
disc.

Flickering light stimulation
For flicker stimulation a custom built device was used,
stimulating with light flashes at a frequency of 8 Hz. Flicker
was generated by focusing the light of a 150 W halogen light
source on a rotating sector disc producing a square wave light
pattern with a modulation depth of 100%. Using an optical
fibre, flicker stimuli were delivered to the eye through the
illumination pathways of the fundus camera of the RVA. The
flicker was centred in the macula with an angle of
approximately 30 degrees.
A wavelength separation technique was used to spectrally

separate the flicker light from that used to illuminate the
fundus. For flicker stimulation, white light in combination
with a 550 nm low pass cut-off filter was used. This ensures
that only light with wavelengths below 550 nm is used for
flicker stimulation. To separate the flickering light from the
light illuminating the fundus, an interference filter with a
centre wavelength of 577 nm and a bandwidth of 10 nm
(Laser Components, Olchingen, Germany) was placed in
front of the light source of the fundus camera. This window
was chosen, because in this spectral range, the contrast
between blood vessels and the surrounding tissue is optimal.
A retinal irradiance of approximately 220 mW cm22 was used
to achieve optimal fundus images. A second interference
filter, which exactly matches the one in the illumination
pathway is placed in front of the video camera. This ensures
that the light used for flicker stimulation does not reach the
CCD chip of the video camera, but is perceived by the subject
under study.

Assessment of HbA1c values
Blood HbA1c values were assessed using a standard HPLC
laboratory method by the Department of Clinical Chemistry,
University of Vienna, Austria.

Experimental paradigm
All measurements were done in the right eye according to the
following time schedule. After a short resting period to obtain
stable haemodynamic conditions, diameter measurements
with the RVA were performed. Retinal vessel diameters were
continuously measured for 352 seconds. Diffuse luminance

flickering light was applied consecutively for 16, 32, and
64 seconds at a frequency of 8 Hz during measurements with
the RVA. Before and after each flicker period 60 seconds of
baseline recordings were recorded.

Statistics
Changes in retinal vessel diameters were expressed as
percentage change over baseline values. Baseline values were
calculated as an average of the last 30 seconds before start of
the flicker stimulation. Flicker response of the 16 seconds
flicker period was calculated as an average of the last
10 seconds of the stimulation period, for the 32 second
stimulation period as an average of the last 20 seconds of the
stimulation period and for the 64 seconds stimulation as an
average of the last 30 seconds of the visual stimulation.
Repeated measures ANOVA was used for statistical analysis
according to the following model: 2 (diabetes/control) 6 3
(flicker duration: 16/32/64 s) 6 2 (experiment: baseline/
flicker:). Because of three steps repeated measurements in
one factor (flicker duration of 16/32/64 seconds), a multi-
variate approach was used in order to preserve sphericity.
Post hoc analysis was performed using two tailed paired
t tests. To ensure that the overall chance of making a type I
error is still less than 0.05, Bonferroni correction for multiple
testing was applied. Shapiro-Wilks’ W test was used to test
for normal data distribution. Calculations were performed
using the Statistica software package (Statsoft, USA). Data
are presented as means (SD).

RESULTS
Because of insufficient target fixation, two measurements of
retinal arteries and two measurements of veins of diabetic

Table 1 Main patient characteristics

Diabetes group Control group

Sex (male/female) 14/12 14/12
Mean age (years) 47 (14) 47 (14)
HbA1c (%) 6.6 (1.0) 2

Diabetes duration (years) 10 (8) 2

Intraocular pressure (mm Hg) 13 (2) 13 (2)
MAP (mm Hg) 83 (10) 86 (11)
Diabetic retinopathy (level 1/level 2)* 12/14)

Diabetic retinopathy was assessed according to the Modified Airlie House Classification (level 1: no retinopathy;
level 2: one or more microaneurysms)

Figure 1 Box (mean, 25% and 75% CI) and whisker (5% and 95% CI)
plot of flicker response (percentage changes) as recorded after 16, 32,
and 64 seconds of flicker stimulation.
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patients had to be excluded from the analysis. The remaining
data of 24 arteries and 24 veins have been used for data
analysis. Main patients characteristics are given in table 1.
Retinal vessel diameters, mean arterial pressure and intra-
ocular pressure were comparable between both groups. Both
retinal arterial and venous vessel diameters at the measure-
ment site were comparable between patients with diabetes
and healthy controls. Absolute values of retinal vessel
diameters are given in table 2.
In retinal arteries, the response to stimulation with diffuse

luminance flicker was significantly diminished in diabetic
patients compared to healthy volunteers (ANOVA,
p=0.0031, df=46, F=9.743). In healthy controls, flicker
stimulation increased retinal arterial vessel diameters by
+1.6% (1.8%) (p,0.001, t test flicker v baseline), +2.8%
(2.2%) (p,0.001) and +2.8% (1.6%) (p,0.001) during 16, 32,
and 64 seconds of flicker, respectively. In diabetic patients,
no effect of flickering light on arterial vessel diameters was
observed: +0.1% (3.1%) (16 seconds, p=0.9), +1.1% (2.7%)
(32 seconds, p=0.07), and +1.0% (2.8%) (64 seconds,
p=0.1) (fig 1).
Response of retinal venous diameters was not significantly

different in diabetic compared to healthy volunteers
(ANOVA, p=0.186, df=46, F=1.804). However, in diabetic
patients no significant increase in venous vessel diameters
was observed during stimulation with diffuse luminance
flicker: +0.6 (2.4) (16 seconds, p,0.2), +0.5 (1.5) (32 sec-
onds, p,0.1), and +1.2 (3.1) (64 seconds, p,0.06). In
contrast, retinal venous vessel diameters increased by +0.7%
(1.6%) (16 seconds, p,0.05), +1.9% (2.3%) (32 seconds,
p,0.001), 1.7% (1.8%) (64 seconds, p,0.001) in healthy
volunteers during flicker stimulation.
No correlation was found between flicker response and

HbA1c values or diabetes duration (data not shown).

DISCUSSION
The results of this study indicate that the response of retinal
vessel diameters to diffuse luminance flicker is significantly
reduced in patients with early stage diabetic retinopathy.
Whereas retinal arteries and veins dilate in the order of 2–3%
in healthy volunteers, no significant increase could be
observed in patients with early stage diabetes.
There is compelling evidence now that vascular tone and

blood flow regulation are affected in diabetic patients.
Several studies revealed an increase in blood flow, induced
by short time hyperglycaemia, mainly attributable to an
increase in blood flow velocity.20–23 Furthermore, it has been
shown that retinal perfusion is already increased in patients
with early IDDM with a diabetes duration of less than
4 years12 and that retinal vasodilatation may precede other
signs of retinopathy.24 In contrast, other reports indicate that
blood flow may be decreased in early stage diabetes.25 26

In addition, the regulatory capacity of retinal vessels
appears to be affected in the diseased retina. This has been
shown in several animal and human studies showing that
diabetes is associated with an abnormal retinal vascular

response to hyperoxia13 14 and abnormal retinal autoregula-
tion.15 16 These results are compatible with the data of the
current study indicating that the response of retinal vessels to
stimulation with diffuse luminance flicker is significantly
reduced in diabetic patients.
At least two mechanisms may be attributable to the

blunted flicker response in diabetic patients. Firstly, the
blunted flicker response in diabetic patients could reflect
retinal damage caused by vascular abnormalities. Among
others, one of the earliest alterations in diabetic retinas have
been found to include pericyte loss,27 which could alter
responsiveness to locally generated mediators. It has been
suggested that diabetic patients have either increased nitric
oxide (NO) synthase activity or decreased vascular sensitivity
to NO.11 This is important for the results of the present study
because NO appears to play a part in flicker induced
vasodilatation.3 7 28

On the other hand neural activity in the retina may be
altered before any clinical signs of retinopathy are evident.
Measurements of oscillatory potentials or pattern responses
demonstrated that ERG abnormalities occur before any signs
of clinically evident retinopathy.29 30 Several lines of evidence
indicate that the increase in retinal and optic nerve head
blood flow in response to flicker stimulation may be a direct
consequence of an increase in retinal neural activity, mainly
attributable to increased ganglion cell activity.5 The increase
in optic nerve head blood flow shows similar characteristics
to the first and second harmonic amplitudes of the flicker
electroretinogram, indicating that blood flow changes in
response to flickering light stimulation are a consequence of
increased neural activity.5 Hence the results of the present
study may also be compatible with the idea of reduced neural
activity and leading to a decreased flicker response in
diabetes.
One has to consider that our results are limited by the fact

that we can only provide information about retinal vessels
diameter and the reactivity of retinal vessels to flicker
stimulation, not about changes in blood flow per se. In view
of the fact that blood flow in a main retinal vessel is
pD2Vmean/4,

31 where D is the vessel diameter and V the mean
velocity of the blood, a twofold change in diameter produces
a fourfold change in blood flow. Whereas this underlines the
importance of getting information about vessel diameters for
estimating blood flow in the retina, one has to keep in mind
that for determination of blood flow, information on blood
flow velocity is crucial. Thus, we cannot exclude that even
though the diameters of the large retinal arteries and veins
showed no measurable changes during flicker stimulation in
the patients with diabetes, the blood flow may have increased
at these sites owing to an increase in blood speed.
To finally answer this question, combined measurements

of vessel diameters and red blood cell velocity, which would
allow for determination of blood flow, would be necessary. In
principle, bidirectional laser Doppler velocimetry is capable of
measuring red blood velocity in major retinal vessel.32

However, to obtain reproducible flicker responses with this

Table 2 Absolute arterial and venous vessel diameter before and during flicker stimulation. Data are presented as means (SD)

Flicker time (seconds)

Diabetes group Control group

Before flicker During flicker Before flicker During flicker

Arterial vessel diameter (mm) 16 122.6 (15.7) 122.6 (15.5) 122.6 (17.4) 124.5 (17.9)*
32 121.8 (14.8) 123.1 (15.3) 123.7 (17.1) 126.9 (16.6)*
64 123.2 (15.8) 124.3 (16.6) 122.7 (18.3) 126.2 (18.8)*

Venous vessel diameter (mm) 16 154.6 (22.0) 155.5 (23.0) 151.7 (21.8) 152.8 (22.5)*
32 154.4 (20.0) 155.0 (19.8) 150.0 (21.9) 152.8 (22.6)*
64 153.1 (18.8) 155.2 (20.0) 150.6 (21.7) 153.2 (22.6)*

Asterisks indicate level of significance.
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system is difficult, especially in patients, because excellent
target fixation is required.
Interestingly, flicker response is altered in retinal arteries

but failed to reach a level of significance in retinal veins.
Whether this is simply related to the smaller percentage
change in retinal veins during flicker stimulation is unclear.
One has, however, to consider that vasodilatation of retinal
veins is primarily a passive effect. As the microcirculation is
the most important site of vascular resistance, data on the
retinal microvasculature are required to elucidate this
behaviour. Owing to the limited resolution of the RVA, we
cannot finally answer this question. This problem applies also
to the other methods that have been previously proposed to
measure retinal vessel size in vivo.33–36

In the current study we measured the response of one
retinal artery and vein only. Thus, we cannot exclude that
retinal vessels were already predilated in diabetic patients,
which could also contribute to the diminished flicker
response. This is strengthened by the fact that the total
retinal venous diameter, calculated by adding the cross
section of each visible vein observed around the optic disc, is
increased in patients with diabetes.12 However, changes in
retinal vessel diameters between diabetics and healthy
controls are difficult to evaluate because of the high
interindividual differences in retinal vascular architecture.
In conclusion, retinal vasodilatation caused by stimulation

with diffuse luminance flicker appears to be diminished in
diabetic patients with no or mild diabetic retinopathy. This
strengthens the hypothesis that retinal vascular dysregula-
tion is an early process in diabetic retinopathy.
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Treatment for amblyopia can wait until school entry

Please visit the
British Journal
of
Ophthalmology
website [www.
bjophthalmol.
com] for a link
to the full text
of this article.

T
reatment for mild amblyopia in one eye can safely be left beyond preschool years,
according to a randomised controlled trial in the UK. The implications are far reaching
as screening and treatment are practised world wide.

The single blind trial established that full treatment with glasses and eye patch benefited
preschool children (age 3–5 years) with moderate (6/36–6/18) amblyopia, whose improved
vision translated into one or two lines of the Snellen chart, but not those with mild (6/9–6/
12) amblyopia over untreated children. Six months afterwards, when all children in need of
glasses had them, the difference in visual acuity among the three groups was minimal,
further suggesting that delay did no harm.
The trial assessed standard treatment for amblyopia—a patch and glasses—and glasses

alone against no treatment in 177 children with amblyopia identified at standard preschool
screening and referred to one of eight children’s eye clinics. Impairment ranged from 6/9–6/
36. Children randomised to treatment had an initial assessment and reassessments at 24, 52,
54, and 78 weeks. Those receiving a patch and glasses had their patch fitted after six weeks’
wearing glasses, if indicated. Glasses were prescribed after 52 weeks for any child in any
group who needed them and eye patches two weeks later.
Preschool screening is widespread owing to the belief that amblyopia is treatable only up

to age 7 years, but its cost effectiveness and psychological impact have been queried. A
systematic review has previously claimed that evidence in favour of treatment is lacking.

m British Medical Journal 2003;327:1251–1254.
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