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Strict control of glycaemia: effects on blood flow
in the large retinal vessels and in the macular
microcirculation
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Abstract
Aims-The purpose of this study was to
investigate the effect of instituting strict
diabetic glycaemic control on the retinal
macular microcirculation and to compare
this effect with that observed in the main
retinal veins.
Methods-In 28 insulin dependent dia-
betic patients with poor glycaemic control
a regimen of strict diabetic control, con-
sisting of four daily insulin injections was
instituted and maintained for 6 months.
Retinal haemodynamics were investi-
gated in the macular microcirculation by
the blue field simulation technique and in
the major retinal veins by a combination
of bidirectional laser Doppler velocime-
try and monochromatic fundus photogra-
phy. Progression of diabetic retinopathy
was assessed from fundus photographs
taken at baseline and at the end of the
study.
Results-Institution of strict diabetic
control resulted in a significant increase
in leucocyte velocity in the macular cir-
culation (p=0.013). No significant differ-
ence in this increase was observed
between eyes that showed progression
(n=8) and no progression (n=20) of
retinopathy during the study. Significant
correlations were found between relative
changes over time of blood flow
measured in the main retinal veins and
relative changes of leucocyte velocity
determined in the macular microcircula-
tion at 2 months (p=0.008) and 6 months
(p=0.001) but not at 5 days (p=0.49). In
the eight eyes that showed progression of
retinopathy, the product of leucocyte
velocity and density at baseline was
significantly higher than normal
(p<005). During the length of this study,
this product was also significantly higher
in the eight eyes that showed retinopathy
progression than in the 20 eyes that did
not show progression (p=0.005).
Conclusion-Our results suggest that
increased flow in the macular microcircu-
lation may be associated with progression
of retinopathy, thus supporting the
hypothesis that increased blood flow may
play a role in the development of diabetic
microangiopathy. Although there are
correlations between the changes detected
in the macular microcirculation and those
measured in the main retinal vessels,
there are also differences which need to be

further investigated in order to better
understand pathogenetic mechanisms.
(BrJ Ophthalmol 1995; 79: 735-741)

Long term strict control of glycaemia has
been shown to slow down the development
and progression of diabetic retinopathy.1
Shortly after the institution of strict diabetic
control, however, some patients show pro-
gression of diabetic retinopathy. 1-7 Using
bidirectional laser Doppler velocimetry
(BLDV) and monochromatic fundus photog-
raphy (MFP), we have previously demon-
strated that institution of strict diabetic
control induces changes in the circulation of
the main retinal vessels.8 9 Decreases in
retinal blood flow occurring soon after the
institution of strict diabetic control are associ-
ated with no progression of retinopathy.
Patients who have progression of retinopathy
do not show such decreases in flow after the
institution of strict diabetic control.

In this report, we investigate the effect of
strict diabetic control on the macular circula-
tion, as assessed by the blue field simulation
technique (BFS). In addition, we include data
on the relation between blood flow in the
macular capillaries, as measured by BFS, and
that in the main retinal vessels, as assessed by
BLDV and MFP.

Methods
Twenty eight insulin dependent diabetic
patients aged between 18 and 43 years (mean
31 (SD 6) years) with disease duration of 5 to
28 years (16 (7) years) were investigated. All
patients had non-proliferative diabetic retino-
pathy and poor diabetic glycaemic control, as
demonstrated by glycosylated haemoglobin
levels higher than 3 SD above the mean of
normal subjects. Other inclusion and exclusion
criteria have been described in details else-
where.9 A baseline BFS measurement was
obtained in these patients and also in 16 normal
subjects with no history of systemic or ocular
eye disease and a normal eye examination. Ages
of these normal volunteers ranged from 23 to
49 years (32 (8) years).

BLUE FIELD SIMULATION MEASUREMENTS
Leucocyte velocity in the macular retinal
capillaries and leucocyte number in a 200
region centred at the foveola can be determined
quantitatively using the BFS technique.'I 11
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This technique is based on the observation of
the blue field entoptic phenomenon.
The blue field entoptic phenomenon can be

seen with highest contrast when the retina is
uniformly illuminated with diffuse light at a
wavelength of 430 nm. Under these conditions,
a large number of leucocytes are observed
entoptically as dot-like luminous particles with
a darker tail moving along curved paths in a
pulsatile fashion. These normally invisible
paths correspond to the macular retinal capil-
lary bed.

Since the velocity and density (number of
particles within the field of view) of these
entoptically observed leucocytes cannot be
measured directly, the BFS technique offers an
indirect approach to quantify these variables. A
field of simulated moving particles is generated
by computer and presented on a screen. The
density and velocity of the simulated leuco-
cytes can be adjusted by means of dials on a
control panel.
The ability to match leucocyte velocity accu-

rately was tested in each subject before the start
of the study. Subjects were asked to adjust the
velocity of simulated particles in one computer
simulated field, Vl, to match that in a second
simulated field, V2, which was set at a fixed
value. From the mean and standard deviation of
5 adjustments ofVI we determined the expected
adjustment error: E= 100% (mean VI-V2)/V2.
Subjects who could not achieve E values smaller
than 25% were not included in this study.
Average E for the patients was 9% (SD 6%).

Subjects were then asked to observe alter-
nately the entoptic phenomenon and the com-
puter simulation, and to adjust the velocity
(Vleuc) and density (Dens, number of particles
within the field of view) of the simulated leuco-
cytes until they matched those of the
entoptically observed leucocytes. The com-
puter then recorded the subject's simulation
screen settings and stored the results on file. To
reduce the effect of adjustment variability on
the measurements, these adjustments were
repeated five times and the average and the
standard deviation for each of the adjusted vari-
ables were determined. Between consecutive
adjustment trials, the position of the velocity
dial was scrambled by adding a random offset
to the physical dial position. The position of the
Dens dial was not scrambled. Average coeffi-
cients of variation for baseline Vleuc measure-
ments were 21% (8%) in diabetic patients and
23% (10%) in normal subjects. Light intensity
levels that permitted an optimal visualisation of
the blue field entoptic phenomenon, and were
below 12 puW/cm2, were used.

BIDIRECTIONAL LASER DOPPLER VELOCIMETRY
MEASUREMENTS
A Polaroid colour fundus photograph of the
posterior fundus was obtained for documenta-
tion of the sites of bidirectional laser Doppler
velocimetry (BLDV) measurements. BLDV
measurements of the maximum or centreline
erythrocyte velocity (Vmax) were obtained in
main superior and inferior temporal retinal
veins. The location of the measurement site

was marked on the Polaroid photograph for
reference.
Fundus photographs were taken in mono-

chromatic light at 570 nm. From these, the
venous diameter (D) at the site of BLDV
measurement was determined from projected
photographic negatives. D corresponds to an
average of the measurements obtained from six
photographs. All measurements of D were
performed by one trained examiner, and all
Vmax determinations were done by another
examiner. Each examiner was masked with
regard to the results of the other examiner,
status of diabetic control, and status of diabetic
retinopathy.

Immediately after blood flow measure-
ments, intraocular pressure (IOP) was
measured by applanation tonometry, and
brachial artery blood pressure was obtained by
sphygmomanometry.

Volumetric blood flow rate (Q) was calcu-
lated as described previously12 as Q=Vmean T
D2/4, where mean blood velocity (Vmean) was
calculated as Vmean = CVmax. A value of C equal
to 1/1 6 was used, and the relation between
Vmax and Vmean was assumed to remain
unchanged during the study.

During each session, BFS, BLDV, and MFP
measurements were obtained during room air
breathing and 100% oxygen breathing.
Following baseline measurements, subjects
breathed 100% oxygen through a mouthpiece.
Breathing through the nose was prevented by a
nose clip. BLDV measurements were obtained
between 31/2 and 51/2 minutes of oxygen
breathing and MFP was obtained immediately
thereafter. BFS determinations were per-
formed on a separate experiment at about 3 to
8 minutes of 100% oxygen breathing.
The regulatory response to 100% oxygen

breathing, characterised as the percentage
change in leucocyte velocity (Rveuc) during
oxygen breathing, was calculated using the
formula Rvluc= 1O00% (Vleuca,r-VleucO2)/
Vleucair. A similar formula was used to calculate
the regulatory response to 1 00% oxygen breath-
ing of VleucXDens (RV1eucXDens) and Q (RQ).

All BFS and BLDV measurements were per-
formed in one eye only, chosen at random at
the beginning of the study. The sequence of
BFS or BLDV measurements was randomly
chosen at the beginning of the study. For each
patient the same order was maintained during
the length of the study. A 30 minute rest was
given to the subjects between BFS and BLDV
measurements. Pupils were dilated with 1%
tropicamide and 10% phenylephrine
hydrochloride before BFS and BLDV
measurements. The BFS measurements were
done through a 4 mm diameter artificial pupil.
Blood glucose was measured with an Accu-
Check blood glucose monitor (Boehringer
Mannheim, Indianapolis, IN, USA) immedi-
ately after the BFS and BLDV measurements.

STUDY PROTOCOL
Patients had a first session of baseline blood
flow measurement. A second baseline blood
flow measurement was performed 3-4 weeks
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2.

1.

1.

0.

2.

-A was assigned to the study eye of each patient at
baseline and at the end of the study.

o_ Mean brachial artery blood pressure (BPm)
was calculated as BPd+ 1/3 (BPs-BPd), where

/5 \ 9 BPS and BPd are the brachial artery systolic and
diastolic pressures. Perfusion pressure (PP)
was calculated as 2/3BPm-IOP.

*o One way analysis of variance and covariance
for repeated measures were used in the evalua-

*5 _ tion of the results. Subsequent analysis of
contrast was performed to identify the time at
which significant changes occurred. Paired and

0o unpaired Student's t test, correlation and rank
correlation analyses were also used in the
evaluation of the data. The Wilk-Shapiro test

B was used to assess the normal distribution of
the results. Values of p<0 05 were considered*o -110\ statistically significant.

1.5 _
/j i ~ Results

Institution of strict diabetic control resulted in
1.0 a significant improvement in average glycosy-

lated haemoglobin (baseline: 11 8% (2.4%);
0.5 month 1: 10-4% (1.3%); month 2: 9-6% (1%);

month 3: 9.1% (1.4%); month 4: 9-6%

0III(1-5%); month 5: 9 3% (1.2%); and month 6:
Baseline 5 Days 2 Months 6 Months 8,9% (1-6%). Analysis ofvariance for repeated

ure I Leucocyt velocity (Vleuc) in the retinal measures, p=0O0001). A comparison offundus
cular circulation at baseline and then S days, 2 months, photographs taken at the beginning and at the
6 months after the institution of strict glycemic control. end of the study showed progression of
Eyes that showed no progression of retinopathy at the more retinopathy levels
Iof the 6 month study. (B) Eyes that showed progression rtoah yoeo oertnptylvl
etinopathy at the end of the study. in eight eyes, and no progression ofretinopathy

in 20 eyes.

later. Immediately thereafter patients were

hospitalised and a regimen of strict diabetic
control of blood glucose similar to that used in
the Diabetic Control and Complications Trial
(DCCT)13 was instituted under careful moni-
toring. Patients were asked to monitor blood
glucose levels (finger capillary blood samples
determined by an Accu-Check blood glucose
monitor) four times daily before their meals
and at bedtime. Patients self administered four
daily insulin injections with a goal of achieving
blood glucose levels within the following
guidelines: preprandial, 3-9-6-7 mM; 2 h post-
prandial, <8-4 mrM.

After about 5 days ofhospitalisation, patients
were released from the hospital, and on the
same day a third session ofblood flow measure-
ment took place. The strict diabetic control
regimen was maintained for 6 months. During
that time, patients were seen on a monthly basis
by their treating physician and glycosylated
haemoglobin levels were obtained. Additional
sessions of blood flow measurements were held
2 and 6 months after the institution of strict
diabetic control.

Standard seven field stereo colour fundus
photographs and fluorescein angiograms were
obtained according to the Early Treatment of
Diabetic Retinopathy Study (ETDRS)14
protocol at baseline and at the end of the 6
months of the study. Assessment of retinopathy
was performed in a masked fashion at the
Fundus Photographic Reading Center of the
University ofWisconsin. An overall retinopathy
level according to the ETDRS grading protocol

BFS RESULTS
Average baseline Vleuc, Dens, and
VleucXDens in diabetic subjects (0-91 (0.27)
mnm/s, 198 (146), and 173 (132) AU, respec-
tively) were not significantly different from
those of normal subjects (0 97 (0-17) min/s,
135 (63), and 131 (68) AU, respectively, non-

paired Student's t test).
A one way analysis of variance for repeated

measures showed a significant increase in Vleuc
in time (p=0-013, Fig 1). A subsequent analy-
sis of contrast performed in order to determine
the time at which this significant change
occurred showed an average 16% increase from
baseline at 5 days (p=0 03), 12% increase from
baseline at 2 months (p=008), and 15%
increase from baseline at 6 months (p=003).
No significant differences in the changes in
Vleuc over time were observed between eyes
that had progression or no progression of
retinopathy (p=0 27). Although during the
study, eyes with progression of retinopathy had
a tendency towards higher Vleuc values than
eyes without progression, the difference was
not statistically significant (p=0 09).

During the whole of the study, no significant
changes in time nor differences between eyes
with and eyes without retinopathy progression
were detected in Dens, the number of
entoptically observed leucocytes per field (one
way analysis of variance). With the variability
present in our Dens measurements, we would
have been able to detect an average change in
Dens of 30% or more with a 66% power.
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and retinopathy level or length of diabetes
A mellitus.

COMPARISON OF BFS WITH BLDV AND MFP
RESULTS
No significant correlation was found between
measurements of Vleuc in the macular circula-
tion and measurements of Q in major retinal
vessels. Also, no significant correlations
between relative changes from baseline in
Vleuc and Q were observed on the fifth day of

Baseline 5 Days 2 Months 6 Months strict diabetic control (r=0 13, p=0 49).
Statistically significant correlations between
these variables, however, were present at 2

B months (r=0-49, p=0 008) and at 6 months
(r=0-58, p=0 001). Dens or VleucXDens did
not correlate with any measurements obtained
by BLDV and MFP.
The average regulatory response to hyper-

oxia RQ (-46&6% (7.90/%)) was significantly
larger than the average responses Rvleuc
(-12.2% (13-3%) and RVleucXDens (-25-5/o
(17-8%)) (non-paired Student's t test,
p<0 001 and p<0 001, respectively). No
significant associations were detected during

I I I the study between RQ and Rvleuc and between
Baseline 5 Days 2 Months 6 Months RQ and RvleucXDens (one way analysis of

Product ofleucocyte velocity and density covariance).
(VkleucXDens) in the retinal macular circulation at
baseline and then S days, 2 months, and 6 months after the
institution ofstrict glycaemic control (A) Eyes that showed
no progression of retinopathy at the end of the 6 months
study. (B) Eyes that showed progression of retinopathy at
the end of the study.

The product VleucXDens, however, was

significantly higher in eyes with progression of
retinopathy than in eyes without progression of
retinopathy during the whole of the study (one
way analysis of variance, p=0 005, Fig 2). No
significant changes over time, however, were
observed in VleucXDens (p=0 47) in eyes
with and without progression of retinopathy.
Furthermore, although the average product of
VleucXDens at baseline for the whole group of
diabetic patients was not significantly higher
than normal, the value for the eight eyes that
showed progression of retinopathy (251 (130)
AU) was about 92% higher than normal (131
(68) AU, non-paired Student's t test, p<0 05).
The regulatory response to hyperoxia,

Rv,e.c, was also not affected by the institution
of strict diabetic control and no significant dif-
ferences were observed between eyes with or
without progression of retinopathy.
No significant associations were detected by

one way analysis of covariance between Vleuc,
Dens, or VleucXDens and: (1) glycosylated
haemoglobin, (2) blood glucose measured at
the time of flow determination, and (3) the
average of blood glucose measurements
obtained during the 4 days preceding flow
determinations.

Correlation analysis of these variables for
individual measurement sessions showed a

statistically significant association between gly-
cosylated haemoglobin and VleucXDens only
at baseline flow measurements (r=-0 4,
p=0 034, Fig 3). No significant correlations
were observed between Vleuc or VleucXDens

Discussion
During the length of our study, subjects
showed a significant improvement in gly-
caemic control, which was similar to that
obtained in the strict diabetic control group of
the DCCT study.' Improved glycaemic con-
trol was associated with a significant increase
in Vleuc over time in the macular capillaries,
starting from an average of 0 9 1 (0 3) mm/s at
baseline to 1 06 (03) mm/s at the end of the
study. Although there was an increase in Vleuc
during the study, at no time were the average
Vleuc values measured significantly different
from those present in normal subjects at base-
line.

This increase in Vleuc during the 6 months
of the study is somewhat surprising because
previous studies of the acute effects of a sudden
glucose normalisation had shown decreases in
flow in large retinal vessels'5 or no significant
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Figure 3 Correlation between glycosylated haemoglobin
(GHb) and the product of leucocyte velocity and density
(VleucXDens) at baseline. (Correlation coefficient =-0 4,
p=0 034. Regression line equation,
VleucXDens=354-158 GHb).
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change in the macular microcirculation.'6 It is
possible, however, that the long term effect of
more normal glucose levels on retinal capillary
flow is different from the acute effect of glucose
normalisation. Long term improvement of
glucose levels produced by the institution of
strict diabetic control could produce metabolic,
rheological, or other changes leading to an
increase in Vleuc. For example, changes in leu-
cocyte rigidity and adhesiveness, which can
occur with improved diabetic glycaemic control
could also affect BFS measurements and lead
to differences between flow changes deter-
mined in large retinal vessels and those
observed in the macular capillaries.

Although our results showed a mild increase
in time in Vleuc of about 15% in the diabetic
patients under strict glycaemic control, Vleuc
in these patients was not significantly different
from normal, a finding that is somewhat differ-
ent from the reports of Sinclair'7 and Fallon
et al'8 who found an increase in Vleuc in dia-
betic patients. Differences in patient selection
could account, in part, for this discrepancy.
Sinclair et al,'7 for example, included diabetic
patients under 'stable metabolic control'
whereas our study was performed in poorly
controlled subjects. Fallon et al18 included in
their study older and probably non-insulin
dependent diabetic patients with higher sys-
temic blood pressures and these factors could
perhaps account for some of the differences
seen between studies.8 19
Our Vleuc results are also different from

those reported by Arend et al,20 who studied
diabetic patients with average glycaemic
control and compared them with normals
using the scanning laser technology with fluo-
rescein angiography. They showed, in diabetic
patients, decreased capillary blood flow
velocity in perifoveal capillaries. Differences in
patient selection could again account, in part,
for the differences observed since our current
study shows, for example, that long term
improvement of glycaemia results in an
increase in Vleuc in the macular circulation.

Differences in the techniques used could
also account for some of the discrepancy.
Arend et a120 determined the velocities of
segments of low and high fluorescence
observed in retinal perifoveal capillaries close
to the foveal avascular zone during fluorescein
angiography. These segments may not be the
same as the bright particles observed on the
blue field simulation technique entoptic
phenomenon which are thought to correspond
to leucocytes.21 The retinal capillaries in the
macula are arranged in a multilayered fashion
and it is also possible that the entoptically
observed particles may be produced by leuco-
cytes moving at a certain layer whereas the seg-
ments seen in fluorescein angiography may
correspond to flow in different layers. These
arguments are supported by the fact that
absolute capillary velocities reported by Arend
et a120 in healthy volunteers (3.28 (0-45)
mmis) are more than three times higher than
those seen in our study.

Vleuc represents leucocyte velocity in the
retinal macular capillaries. In these capillaries

of a diameter of 7 to 10 p,m the speed of
leucocytes is very close to the mean speed of
bulk flow.22 Changes in Vleuc would represent
changes in blood flow if we can assume
that capillary diameter remains unchanged
throughout the study. As discussed by Riva
et al,23 the constancy of capillary diameter is
supported by work of Friedman et a124 who
found no evidence of retinal capillary vaso-
motion, by work of Baez et al 25 who showed
that capillary diameter remains constant within
a wide range of perfusion pressures and by
theoretical considerations on the structural
rigidity of capillaries.26

Closure of retinal capillaries, however, has
been described in diabetic retinopathy.27 In
addition, Ben-Nun et al28 have shown that in
diabetic rats, retinal capillaries can be open to
plasma flow but closed to the passage of
erythrocytes. Because of these pathological
mechanisms it is possible that in diabetic
retinopathy changes in Vleuc may not accu-
rately represent changes in blood flow in the
macular area. In an attempt to account for the
possibility that capillaries may become
occluded in diabetic retinopathy, we also
measured Dens, the number of entoptically
observed leucocytes per field and we calculated
the product VleucXDens.

Average VleucXDens was significantly
higher than normal in eyes with retinopathy
progression. This variable was also signifi-
cantly higher in eyes that showed progression
of retinopathy than in eyes with no progres-
sion, suggesting that macular blood flow is
higher in eyes that show progression of
retinopathy. These results fit well with those of
Brinchmann-Hansen et al29 who reported that
eyes that show progression of retinopathy after
institution of strict diabetic control have larger
retinal vessel diameters than those of eyes that
don't progress, thus suggesting that blood flow
may also be larger in these eyes. They also
support the haemodynamic hypothesis30 31
which postulates that increased blood flow
through a vascular bed may play a role in the
development of important diabetic micro-
angiopathic features such as increased vascular
permeability and capillary closure.

Significant correlations between changes in
Vleuc measured in the macula and changes in
Q obtained in the large vessels were present at
2 and 6 months and not at 5 days of strict dia-
betic control. These results suggest that
improvement of glycaemic levels may result in
better correlation between blood flows in these
two sites. This effect could be due in part to
the improvement in retinal vascular regulatory
responses which has been reported in
humans'5 and dogs32 when high glucose levels
are lowered towards normal. This increased
correlation was observed only after 2 months
and 6 months of improved glycaemic control,
suggesting an effect that becomes evident after
a prolonged improvement of glycaemia.

Although we found some associations
between relative changes in Q and Vleuc, BFS
results were somewhat different from those
observed by BLDV veins. For example,
VleucXDens was significantly larger than
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normal in eyes with progression of retinopathy.
In these eyes, this variable was also larger than
that of eyes without progression throughout
the length of the study (p=00055). As we
have reported previously, Q measurements
obtained in the large retinal veins, on the other
hand, showed no significant differences
between eyes with and without progression of
retinopathy.8 9

In addition, we have also reported that in the
main retinal veins there were changes in Q
from baseline on the fifth day of strict gly-
caemic control that were different in eyes with-
out and with progression of retinopathy.89
Eyes without progression showed a significant
average decrease in Q on the fifth day, whereas
most eyes with progression showed increases
in Q. Furthermore, the magnitude of the
individual Q changes observed on the fifth day
correlated significantly with the amount of
change in retinopathy level. No similar
changes were observed in the macular micro-
circulation.
The macula is a specialised part of the retina

and it is possible that the changes occurring in
its circulation may differ from those occurring
in the more peripheral retina. One example of
such discrepancy is suggested by the different
responses of the peripheral and macular retinal
circulations to hyperglycaemia and a sudden
reduction in blood glucose. Grunwald et al 15
using BLDV, reported that Q in the main
retinal veins was higher than normal during
hyperglycaemia in poorly controlled diabetics.
A sudden normalisation of blood glucose by
insulin administration resulted in a significant
decrease in Q. Fallon et al33 and Davies et al,16
using BFS, on the other hand, did not detect
any significant effects of acute hyperglycaemia
and reduction in plasma glucose on leucocyte
velocity in the macular capillaries.
The regulatory changes in Vleuc and

VleucXDens in response to hyperoxia (Rvjeuc
and RvleucxDens) were significantly smaller than
the-regulatory changes in Q (RQ), a result that
is in accordance with those reported by Petrig
et al3435 and Sponsel et al.36 In addition, no
correlation was found between the vascular
regulatory responses measured in large retinal
veins and those determined in the macular
microcirculation, a result that further supports
the notion that the macular retina may have
different metabolic requirements resulting in
different blood flow regulatory characteristics.

This lack of significant correlation between
the macula and more peripheral retinal circula-
tions could also be due to the fact that
measurements of the regulatory responses to
hyperoxia using BFS were done in a separate
experiment more than 1 hour apart from the
experiment in which BLDV and MFP deter-
minations were obtained. Differences in the
experimental conditions such as, for example,
blood glucose, respiratory volume, and rate
and Pco2 between both experiments could
perhaps account in part for the lack of correla-
tion between the responses measured by these
methods.
Our results also show a weak correlation

between glycosylated haemoglobin and

VleucXDens at baseline before the institution
of strict diabetic control. Patients with lower
glycosylated haemoglobin tended to have
higher VleucXDens (Fig 3) thus supporting
our other results showing that improved
glycaemic control produces an increase in
Vleuc. These results also suggest that blood
glycaemia probably influences both the circu-
lation in the microvasculature of the macula
and the large retinal vessels,15 a factor that
needs to be considered when comparing results
of studies performed on patients with different
degrees of diabetic glycaemic control.

In summary, institution of strict glycaemic
control produces changes in both the circula-
tions of the major retinal veins and the macular
capillaries. Although there is an overall associ-
ation between these beds, there are haemo-
dynamic differences that need to be further
investigated in order to shed some light on
pathogenetic mechanisms.
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