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Ocular blood flow velocities in patients with
proliferative diabetic retinopathy and healthy
volunteers: a prospective study

Antonio Mendivil, Victoria Cuartero, Maria Paz Mendivil

Abstract
Background-Diabetes affects the vas-
cular ocular circulation. Colour Doppler
imaging allows for simultaneous two
dimensional anatomical imaging and
Doppler evaluation ofblood flow velocity;
with this technique ocular blood flow
velocity can be evaluated in normal and
diabetic patients.
Methods-A prospective study compared
blood flow velocity in ocular vessels
(ophthalmic artery, posterior ciliary
arteries, central retinal vessels, and
vortex veins) of 25 patients with prolifera-
tive diabetic retinopathy and 30 age
matched normal subjects using a colour
Doppler imaging unit (Toshiba Sonolayer
SSA-270 A with a 5*0 MHz PLF-503 ST
phased array scanning head).
Results-The diabetic patients had lower
blood velocities than the volunteers.
There were significant differences in oph-
thalmic artery; systolic (p<0.01), diastolic
(p<0.001), mean velocity (p<0.05), and
central retinal artery; systolic (p<0.001),
diastolic (p<0.001), mean velocity
(p<0.05). No significant correlations were
found between age and blood velocities.
Conclusion-Ocular blood flow velocity
was decreased in diabetic patients with
proliferative diabetic retinopathy.
(Br_r Ophthalmol 1995; 79: 413-416)
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Although diabetic microangiopathy has its
greatest clinical effects in the retina and
kidney, there is much evidence that the process
is generalised, involving most capillary beds.
Most patients with diabetes mellitus develop

characteristic abnormalities of retinal blood
vessels and blood rheology. These abnor-
malities seem to alter retinal blood flow. The
earliest detectable morphological changes in
diabetic retinopathy are microaneurysms and
capillary closure. Despite intensive research
efforts, the pathogenic mechanisms important
to the initiation and progression of diabetic
retinopathy are still poorly understood. It is
clear that whatever humoral factors influence
the microcirculation it remains to be explained
why it is the retina that develops capillary
occlusion, exudates, microaneurysms,
haemorrhages, and new vessel formation
whereas other microcirculations do not.
Diabetes predominantly affects the ocular
microcirculation and, apart from some minor
dilatation of the retinal arterioles and venules,
no changes are seen in the major vessels in

the early stages.' Most observers agree that a
plausible pathogenetic explanation for
proliferation of vascular endothelial cells in
proliferative diabetic retinopathy (PDR) is
ischaemia of the inner retinal layers secondary
to closure of parts of the retinal capillary bed.2

Colour Doppler imaging (CDI) allows for
simultaneous two dimensional anatomical
imaging and evaluation ofblood flow velocity.3

In this report, we study ocular blood flow
velocities in patients with PDR and healthy
volunteers.

Patients and methods
A total of 25 diabetic patients (13 women and
12 men) whose ages ranged from 28 to 65
years (mean 58 (SD 15) years) were included
in this prospective study. These patients were
diagnosed as having PDR (all the eyes in study
met the Severe Early Treatment Diabetic
Retinopathy Study (ETDRS) criteria and were
candidates for photocoagulation.4 Sixteen
diabetics were insulin dependent and nine
were non-insulin dependent; none ofthem had
been photocoagulated. Patients had no
relevant medical or ophthalmic history, except
for their diabetes. The results obtained from
diabetics were compared with those of an age
matched control group of apparently healthy
volunteers. The characteristics of the diabetic
and the normal subjects are summarised in
Table 1. No significant difference between the
groups was found with respect age, intraocular
pressure, and systolic and diastolic blood
pressure. In addition, three volunteers were
excluded because of technique difficulties
(unclear definition of spectral display).
The Toshiba Sonolayer SSA-270 A colour

Doppler unit was used in this study, with a
5.0 MHz PLF-503 ST phased array scanning
head. All procedures were performed by the
authors. Ophthalmic artery (OA), central
retinal artery (CRA), central retinal vein
(CRV), vortex veins (VV), and posterior ciliary
arteries (PCA), systolic, mean arterial blood
flow, and end diastolic velocities were

Table 1 Characteristics of diabetics and normal subjects.
(Mean (SD))

Diabetics Normals
(n=25) (n=30)

Sex M/F 12/13 14/16
Age (years) 58 (15) 56 (13)
Insulin/non-insulin dependent 16/9 -

Systolic blood pressure (mm Hg) 128 (25) 115 (20)
Diastolic blood pressure (mm Hg) 82 (12) 80 (9)
HbAl (g/dl) 7-3 (1-9) -
Intraocular pressure 16 (3) 15 (2 8)
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Table 2 Maximum systolic bloodflow velocity in healthy
volunteers (n=30) and diabetic patients with proliferative
diabetic retinopathy (n=25)

Normals (SD) Diabetics (SD)
systolic (cm/s) systolic (cnm/s)

Vessel (range) (range) p Value

OA 36-6 (7-0) (29-47) 31 7 (6-7) (24-45) <0 01
PCA 14 2 (2.7) (9-19) 13 4 (1-8) (9-16) <0-1
CRA 12-6 (2.6) (9-16) 9-64 (1-8) (7-13) <0-001
CRV 4-42 (0-51) (4-5) 5-24 (2.4) (3-11) <0-1
W 5-54 (1 1) (5-8) 5-12 (1-5) (3-9) NO

OA=ophthalmic artery; PCA=posterior ciliary arteries;
CRA=central retinal artery; CRV=central retinal vein;
VV=vortex veins.

measured in patients and volunteers. The 55
eyes studied, chosen at random between both
eyes when it was possible, showed a graphic
representation of Doppler information that
was acceptable (pulsatile flow in arteries and
continuous flow in veins). Colour Doppler was
used first to provide a survey of the area of
interest and identify appropriate blood vessels.
Once optimally visualised by colour flow,
specific ocular vessels could then be rapidly
examined in pulsed Doppler. When spectral
analysis was performed, the estimated in situ
peak temporal average (SPTA) intensity was
approximately 70 mW/cm2, which fell well
below the safety limit established by the
American Institute of Ultrasound in Medicine.
The variable suggested is 100 mW/cm2. The
measuring technique used is presented in
detail elsewhere.5

It is well known from several studies that
hypertension is a significant risk factor for the
incidence and progression of diabetic retino-
pathy studies. In hypertensive patients, higher
blood pressure was associated with increased
volume flow in the patients studied at different
times. For this reason, blood pressure was
recorded in each group. We excluded this
factor because only patients with systolic pres-
sure below. 140 mm Hg and diastolic blood
pressure below 90 mm Hg were evaluated. In
this study, all diabetics with glycosylated
haemoglobin (HbA1c) >9-5 g/dl were
excluded. Then, subjects with bad glycaemic
control were rejected. This factor worsens
the retinal microcirculation and would have
influenced the results obtained.
The research followed the tenets of the

Declaration of Helsinki and informed consent
was obtained.
Means and standard deviation are given for

all samples.
The statistical method used for comparing

Table 3 Maximum diastolic bloodflow velocity in healthy
volunteers (n=30) and diabetic patients with proliferative
diabetic retinopathy (n=25)

Normal (SD) Diabetic (SD)
diastolic (cm/s) diastolic (cm/s)

Vessel (range) (range) p Value

OA 10-8 (4 4) (6-20) 5-96 (3 0) (3-13) <0-001
PCA 4-8 (1-9) (4-8) 4-00 (0 58) (3-5) <0 05
CRA 4-10 (0 80) (3-5) 3-20 (0 65) (2-4) <0.001
CRV 2-65 (0 50) (2-3) 2-72 (0 74) (2-4) NO
W 3-64 (0-88) (2-5) 3-12 (0 78) (2-5) <0 05

OA=ophthalmic artery; PCA=posterior ciliary arteries;
CRA=central retinal artery; CRV=central retinal vein;
W=vortex veins.

Table 4 Mean arterial bloodflow velocities in healthy
volunteers (n=30) and diabetic patients with proliferative
diabetic retinopathy (n=25). Both measurements in cm/s

Vessel Normal (SD) Diabetic (SD) p Value

OA 23-7 (7 8) 16-6 (5 8) <0 05
PCA 9-57 (2 6) 7-2 (1-4) <0 05
CRA 7-35 (2.7) 5-42 (1-6) <0 05

OA=ophthalmic artery; PCA=posterior ciliary arteries;
CRA=central retinal artery.

the groups was Student's t test for unpaired
samples. In order to exclude interindividual
variability as a factor in pooled data compari-
sons, we also performed non-parametric com-
parison using the Mann Whimey technique.
p Values of <0 05 were considered significant.

Results
Fifty-five eyes of 55 individuals were studied.
The data of systolic and diastolic peak veloci-
ties in healthy volunteers are similar to those
previously reported.5 6 There were significant
differences between healthy and diabetic indi-
viduals flow velocities in OA (systolic p<0-01
and diastolic p<0 001) and CRA (systolic
p<0001 and diastolic p<0001) (Tables 2
and 3). At the proliferative stage, ocular blood
flow velocity values were found to be lower
than those recorded in normals. This reduc-
tion was statistically significant in the systolic,
diastolic, and mean arterial velocities (p<005)
(Table 4). Diabetic subjects showed a slight
but not significant decrease in the systolic and
diastolic venous velocities in the VV compared
with the healthy volunteers. No significant dif-
ferences were noted between male and female
subjects. No significant correlations were
found between age and blood velocities.
Tables 2, 3 and 4 show the velocities obtained
in diabetic and normal subjects.

Discussion
Colour Doppler imaging has made it possible to
evaluate orbital blood flow under real time and
physiological conditions. CDI incorporates the
use of two dimensions B scan with colour
Doppler. This technology allows the examina-
tion, with minimal discomfort and risk, ofblood
flow in the orbit. This cannot be done with B
scan alone. The velocity of the blood flow in the
ocular vessels can also be evaluated.5 6

Other methods measure different parts of
the retinal circulation, and have been used for
studying diabetic retinopathy. The blue light
entoptic phenomenon7 8 allows determination
of the perifoveal flow velocity of leucocytes. On
the other hand, laser Doppler velocimetry
measures the velocity of red blood cells in the
main retinal vessels.9 10 Other techniques are
two point fluorophotometry,11-13 photoangio-
graphy,14 and video fluorescein angiography
which measure the time required for fluores-
cein to travel from an arteriole to the cor-
responding venule.15 Retinal and choroidal
blood flow can also be determined using the
radionuclide labelled microsphere technique in
animals.16 17
The range of error seen in most studies
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reporting laser Doppler flow data is 18%
(errors in interpreting the Doppler shifted
frequency spectrum and in measuring the
Doppler angle).18
The initial lesions of diabetic retinopathy

affect capillaries, small arterioles, and venules.
The earliest changes are retinal capillary
bed obstructions and capillary dropout.
Progressive thickening of the basement
membrane narrows the lumen of capillaries;
microaneurysms, venous abnormalities,
arteriovenous shunts, and later neovascularisa-
tion develop. These changes of vessel
morphology may disturb the retinal micro-
circulation. On the other hand, diabetes
mellitus affects the blood rheology. Increased
blood viscosity and plasma viscosity,19 20
increased red blood cell aggregation,21 22 and
increased platelet aggregation and change of
platelet shape23 24 reduce the retinal blood
flow if not compensated by regulatory
mechanisms.
Some investigations suggest decreased

retinal blood flow or increased retinal circula-
tion times in PDR.7 1113 1425 On the contrary,
Kohner et al showed normal values in severe

retinopathy.26 In a study of Grunwald et al,
using laser Doppler velocimetry, arterial and
venous blood flow velocity was less than
normal in background and proliferative
retinopathy10; the calculated volumetric blood
flow rate, however, did not differ from normal
in all stages of retinopathy without retinal
photocoagulation. Some authors reported, in a

long term follow up study, that the perifoveolar
blood velocity (measured by blue field entoptic
phenomenon) decreased in the course of
diabetic retinopathy.27 28 However, some

studies showed that acute fluctuations in
plasma glucose levels are not associated with
changes of perifoveal blood flow.829 On the
other hand, other authors reported that bad
glycaemic control seems to worsen retinal
microcirculation.13 This may be one cause of
the increasing prevalence of ischaemic lesions
and their vascular complications in patients
with a long history of diabetes mellitus. Some
investigators measured the transit time of
fluorescein in the retina in prediabetic and
diabetic patients and found it to be shorter
than normal.30 They explain their findings by
the presence of arteriovenous shunts in the
retinal periphery in prediabetes. If such shunts
existed they would cause diversion of blood
from areas of the capillary beds, causing non-
perfusion of large areas in early diabetes and
mild retinopathy. Using laser Doppler
velocimetry and computerised image analysis
retinal blood flow was significantly increased in
all grades of untreated diabetic retinopathy.31

Increased volume flow in other organs of
diabetics has been reported.32 34 On the other
hand, in capillaries ofthe conjunctiva bulbi35 36
and of the nailfold,37 a decreased blood
velocity was also found in diabetics. Long
standing diabetes in humans is associated with
a decrease in the cerebral artery blood flow,
attenuation of the cerebral vasodilator
response to 5% carbon dioxide, and loss of
global cerebral autoregulatory capacity.

Blood flow is directly dependent on vascular
diameter. CDI cannot accurately assess the
diameter of the vessels; for this reason, we
could not conclude that blood flow was also
decreased, but probably it occurs. Perhaps, the
reduction of flow velocities might be associated
with changes of the retinal blood flow, before
more severe morphological changes. The
reduction of capillary blood flow velocities and
the increased diffusion times may lead to
chronic hypoxia of the retinal tissues.38

In comparison with the healthy group,
diabetics showed significant differences in
arterial blood flow velocities apart from the
CRV. No significant differences of venous
velocities were observed between diabetic
patients and normals, but diabetics showed a
slight decrease in systolic and diastolic venous
velocities except for the CRV (Tables 2 and 3).
This feature could reflect arterial dilatation
greater than venous (vascular diameter
increases could be associated with lesser blood
flow velocity and the same blood flow).
An endothelium derived relaxing factor is

released tonically under physiological condi-
tions, thereby influencing basal blood flow in
healthy humans. It is possible that impaired
endothial factor biosynthesis is generalised in
such patients and contributes to the patho-
genesis of overt vascular complications.39
Several of the actions of this factor on vas-
cular smooth muscle and platelets make it
plausible.

In conclusion, in diabetic patients with
retinopathy findings on retinal blood flow are
controversial. Both reduction and increase of
retinal blood flow has been reported in all
stages of diabetic retinopathy. In this study, we
have found lower flow velocities in PDR
patients than healthy volunteers, suggesting a
low retinal perfusion, which might contribute
to ischaemia of the choroidal and the inner
retinal layers.
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