
cholinergic activity may also contribute to the observed
reactions.

Until clinical operational criteria for diagnosing
senile dementia of Lewy body type are validated it is
not possible to predict accurately which of the growing
number of confused and demented elderly patients
may be at increased risk of neuroleptic sensitivity.
Probably a significant minority of patients with senile
dementia of Lewy body type will erroneously meet
currently accepted criteria for a diagnosis of possible
Alzheimer's disease and in others there will be a
misdiagnosis of vascular dementia. A preliminary
evaluation of the proposed clinical criteria for senile
dementia of Lewy body type (box) in a mixed popula-
tion of demented patients indicates a sensitivity of 85%
and a specificity of 96%, with neuropathological
diagnosis as- the validating criterion (McKeith et al,
unpublished data).

Acute confusion and fluctuating cognitive impair-
ment with associated hallucinations and delusions
without an identifiable underlying cause typifies some,
but not all, presentations of senile dementia of Lewy
body type. Patients will potentially be seen in accident
and emergency departments; medical, geriatric, and
psychogeriatric clinics; and in general practice.
A degree of caution may be advised in prescrib-

ing neuroleptics for these patients, and if sudden
deterioration occurs in such circumstances the possi-
bility of the neuroleptic sensitivity syndrome associ-
ated with senile dementia of Lewy body type should be
considered. Increased morbidity and mortality are
associated with such reactions, the management of
which may be similar to that of the neuroleptic
malignant syndrome.
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Abstract
Objectives-(a) To report on the basic parameters

of retinal blood flow in a population of diabetic
patients with and without retinopathy and non-
diabetic controls; (b) to formulate a haemodynamic
model for the pathogenesis of diabetic retinopathy
from this and other studies.
Design-Laser-Doppler velocimetry and com-

puterised image analysis to determine retinal blood
flow in a large cross sectional study.

Setting-Diabetic retinopathy outpatient clinic.
Subjects-24 non-diabetic controls and 76 diabetic

subjects were studied (63 patients with insulin
dependent diabetes, 13 with non-insulin dependent
diabetes). Of the diabetic subjects, 12 had no
diabetic retinopathy, 27 had background retinopathy,
13 had pre-proliferative retinopathy, 12 had pro-
liferative retinopathy, and 12 had had pan-retinal
photocoagulation for proliferative retinopathy.
Main outcome measures-Retinal blood flow

(dI/min) and conductance (rate of flow per unit of
perfusion pressure).
Results-In comparison with non-diabetic

controls (9.52 tlI/min) and diabetic patients with no
diabetic retinopathy (9-12 dI/min) retinal blood flow
was significantly increased in all grades of untreated
diabetic retinopathy (background 12-13 [tI/min, pre-
proliferative 15-27 tI/min, proliferative 13-88
[d/min). There was a significant decrease in flow
after pan-retinal photocoagulation in comparison
with all the other groups studied (4-48 [tI/min).
Conductance of the retinal circulation was higher in
the untreated diabetic retinopathy groups. These
results were independent of age, sex, type of
diabetes, duration of diabetes, glycated haemo-
globin concentration, blood glucose concentration,
blood pressure, and intraocular pressure.
Conclusions-Retinal blood flow is significantly

increased in diabetic retinopathy in comparison with
non-diabetic controls and diabetic subjects with no

retinopathy. This has implications for controlling
hypertension and hyperglycaemia as a strategy in
reducing morbidity from diabetic retinopathy.

Introduction
Diabetic retinopathy remains an important public

health concern. In the most definitive epidemiological
study to date the yearly incidence of blindness due to
diabetes mellitus was found to be 3-3 per 100000
population, or around 1600 cases for England and
Wales.' Despite intensive research effort the patho-
genic 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 microcircula-
tions do not. The other important site of microangio-
pathic insult is the kidney. There the pathogenic
mechanisms are becoming clearer as it has become
apparent that hyperperfusion of the glomerulus is
central to the progression ofdiabetic glomerulonephro-
pathy.2 With the introduction of the laser-Doppler
velocimeter developed by Riva et al it has been possible
to measure the velocity of the blood flow in large retinal
vessels objectively, reproducibly, and non-invasively.3
This together with the determination of vessel dia-
meters by computerised image analysis has allowed a
precision in the study ofthe parameters of retinal blood
flow not hitherto possible. We present our study of the
haemodynamic changes in diabetic retinopathy in a
cross sectional population of diabetic patients.

Subjects and methods
Twenty four non-diabetic subjects and 76 diabetic

patients were investigated (see table I). The non-
diabetics were recruited from the departmental staff
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and accompanying persons of the diabetic patients
attending the diabetic retinopathy clinic. The diabetic
patients were recruited from the diabetic retinopathy
clinic. All diabetic patients aged 16-70 years and with
no ocular disease other than diabetic retinopathy,
normal intraocular pressure, visual acuity 6/12 or
better, and stable glycaemic control as assessed by their
haemoglobin A1 values were asked to join the study.
Six diabetic subjects had to be excluded because of
their inability to fixate on the laser-Doppler veloci-
meter target.

Sample size calculations indicated that approxi-
mately 10 subjects would be required in each of the
retinopathy groups in order to detect a statistically
significant difference in retinal blood flow of 20% with
a power of 95% at the 5% significance level. This level
of difference may be expected from similar work with
different methodologies.4 It was therefore decided at
the outset to continue recruitment until a minimum of
12 subjects were recruited into each group. The
diabetic patients had routine clinical examination and
full ophthalmological examination, including intra-
ocular pressure measurement, direct and indirect
ophthalmoscopy, and slit lamp biomicroscopy with a
fundus lens. They were graded with respect to their
retinopathy from five field stereo colour photographs
by two observers using the Hammersmith grading
system.5 The absence of retinopathy in the no retino-
pathy group was confirmed by fluorescein angiography.
Background retinopathy was defined as the presence

of microaneurysms, exudates, and haemorrhages. Pre-
proliferative retinopathy was characterised by back-
ground retinopathy lesions and two or more of the
following: venous beading or reduplication, or both;
intraretinal microvascular abnormalities; clusters of
deep retinal haemorrhages; and multiple cotton wool
spots. Patients with proliferative diabetic retinopathy
were shown to have new vessel formation on photo-
graphs and fluorescein angiography. Those in the
post-panretinal photocoagulation group had had a
minimum of 1500 burns of laser photocoagulation for
proliferative diabetic retinopathy and were at the time
of flow measurement free of new vessels. Of the 76
diabetic subjects studied, 12 had no retinopathy, 27
had background retinopathy, 13 had pre-proliferative
retinopathy, 12 had proliferative retinopathy, and 12
had had pan-retinal photocoagulation. The diabetic
population consisted of 63 insulin dependent and 13
non-insulin dependent patients. All subjects in this
study gave informed consent after a detailed explana-
tion. The experimental design was approved by
the local ethical committee in accordance with the
principles of the Declaration of Helsinki.
On arrival at the diabetic retinopathy unit patients

had their blood pressure determined in the sitting
position, the average of three readings at least two
minutes apart being used. Systolic and diastolic blood
pressures were recorded at phases 1 and 5 of the
Korotkoff sounds, respectively. Subjects then had
their visual acuity and refraction measured. Pupillary
dilatation was achieved with tropicamide 1% eye
drops. Thereafter, laser-Doppler velocimetry (see
below), retinal photography, and intraocular pressure
measurement were undertaken. Diabetic subjects had
venepuncture for haemoglobin Al (affinity chromato-
graphy) and blood glucose determinations (glucose
analyser II, Beckmann Instruments, California).

RED CELL VELOCITY DETERMINATION

The bidirectional laser-Doppler velocimeter
(Oculix, Philadelphia) was used to determine red cell
velocity in retinal veins. The velocimeter consists of a
low power helium-neon laser (wavelength 632-8 nm,
irradiance 80 mW/cm2) which can be focused on to a
retinal vein via the illumination path of a Topcon

TRC-JE fundus camera (Topcon, Osaka, Japan). The
laser light scattered by the moving red cells in the
vessel is reflected back through the camera and
collected on to two photomultipliers. The signal from
these photomultipliers is analysed by a minicomputer
(Masscomp, Massachusetts) and the maximal red cell
velocity displayed. Complete details of the method
have been published.3'6 With the existing equipment it
is only possible to measure red cell velocities in retinal
veins. Previous studies have shown that retinal blood
flow is similar in the superior and inferior temporal
vessels and that the veins drain over 95% of their
accompanying arteries, with the arterial flow very
similar to the venous flow.7 Therefore, flow in a single
temporal retinal vein is used as the determinant of
retinal blood flow.8
The point of measurement in laser-Doppler veloci-

metry was usually the superior temporal vein, always
within one disc diameter from the disc edge before any
bifurcation. The raw data were stored on the hard disk
of the computer identifiable only by the file number.
Determination ofvelocity was made in masked fashion.
The 95% confidence interval for reproducibility of
laser-Doppler velocimetry has been found to be 8-9%
to -8*9%.9

VESSEL DIAMETER DETERMINATION

Fundus photographs ofthe vein that had the velocity
measurement were taken with a 30 degree fundus
camera (Carl Zeiss, Oberkochen, Germany) using
technical pan film (Kodak, Rochester, New York) and
a 570 nm red free filter. The photographic negatives
were transilluminated on a microscope stage and
digitised by a video scanner on to a 512 x 512 screen by
using an image analysis computer (Context Vision,
Linkoping, Sweden). Vessel diameter was determined
from the average of three readings from three photo-
graphs by using the half height of the transmittance
profile.' Since the camera's magnification of the retina
is dependent on the refraction status of the subject
all vessel diameter measurements were corrected for
the subject's refraction according to the tables of
Bengtsson and Krakau." The coefficient of variation
for this technique has been found to be 0 26%.'2

CALCULATIONS

Retinal blood flow-The laser-Doppler velocimeter
allows measurement of the maximal centre line red
cell velocity (Vmax). Dividing Vmax by 1-6 provides
the mean red cell velocity according to Damon and
Duling.'3 Volumetric retinal blood flow was calculated
from mean red cell velocity (Vmean) and vessel diameter
(D) using the formula: retinal blood flow ([l/min)=
((it. D2)/4) X Vmean. Retinal perfusion pressure was
calculated by subtracting the intraocular pressure from
two thirds of the mean arterial blood pressure. 14

Conductance and resistance-The conductance of a
circulation is used as a measure of its ability to allow
blood flow through at a given perfusion pressure.
Conductance (d/min/mm Hg) is therefore retinal
blood flow per unit of perfusion pressure and is
calculated by dividing the volumetric retinal blood
flow by the perfusion pressure.'5 Before conductance
is calculated for each ofthe study groups it is important
to exclude subjects with any degree of hypertension
since high perfusion pressure would result in auto-
regulation of the retinal vasculature tending to reduce
retinal blood flow. The purpose of determining retinal
conductance was to provide an index of retinal blood
flow independently of any autoregulatory changes due
to an increased perfusion pressure. Therefore, all
subjects with a systolic blood pressure greater than
140 mm Hg and diastolic blood pressure greater than
90 mm Hg were excluded in accordance with the
guidelines on hypertension in diabetes before calcu-
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lation of the conductance."6 The resistance of a circula-
tion (mm Hgld/min) is its ability to resist flow. Its
value is the reciprocal of the conductance."5

STATISTICAL METHODS

One way analysis of variance was used to define
whether significant differences existed between the
different groups with respect to the basic parameters of
retinal blood flow. It was then that Student's t test was
used to test for the differences in each haemodynamic
parameter for the retinopathy groups in comparison
with non-diabetic controls and the no retinopathy
diabetic group. One way analysis of variance together
with a conservative multiple comparison test (Scheffe's
test) was used for comparing differences in retinal
blood flow between non-diabetic controls, no retino-
pathy group, untreated diabetic retinopathy (back-
ground, pre-proliferative, and proliferative), and
pan-retinal photocoagulation groups. The effects of
the possible confounding variables of age, sex, systolic
blood pressure, diastolic blood pressure, mean arterial
blood pressure, blood glucose concentration, haemo-
globin Al value, intraocular pressure, and type and
duration of diabetes mellitus on the parameters
of retinal blood flow were determined by stepwise
multiple linear regression multivariate analysis using
Minitab data analysis software (Minitab Inc, 1989).

Results
A summary of the clinical data is shown in table I.

The non-diabetic controls were significantly younger
than the no retinopathy group (p=003), pre-prolifera-
tive retinopathy group (p<0-001), and the prolifera-
tive retinopathy subjects (p=0003). There was no
significant difference in ages between the diabetic
groups. Systolic and diastolic blood pressures were
significantly higher (p<0-012) in all diabetic retino-
pathy groups when compared with the non-diabetic
control group. With the exception of the proliferative
retinopathy subjects, in whom diastolic blood pressure
was higher than in the no retinopathy group (p=0 01),
there were no significant differences in systolic and
diastolic blood pressures among the diabetic groups.
The mean arterial pressure (p<002) and perfusion
pressure (p<0003) were higher in the diabetic retino-
pathy groups when compared with the non-diabetic
control subjects. The proliferative retinopathy mean
arterial blood pressure (p=0-016) and perfusion pres-
sure (p=0 017) were higher than in the no retinopathy
group. No other significant differences in mean arterial
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FIG 1-Maximum red cell velocity in study groups. Bars are means.
*p<OOO1 Compared with all other groups

pressure and perfusion pressure were noted within the
diabetic groups. There were no significant differences
in intraocular pressure.
The clinical data pertinent to the diabetic subjects

are summarised in table II. In comparison with the no
retinopathy group there were no significant differences
in duration of diabetes, haemoglobin Al value, and
blood glucose concentration at the time of blood flow
measurement.

Analysis of variance showed that there were inter-
group differences in Vma, (F= 11-95, p<0 005, df=3).
Although there were no significant differences between
the non-diabetic controls, no retinopathy group, and
untreated retinopathy group, a trend for an increase in
Vmax was noted with increasing severity of retinopathy
(non-diabetic controls 1-53 (SD 030) cmls, no retino-
pathy group 1-49 (0 22) cm/s, background retinopathy
group 1-57 (027) cm/s, pre-proliferative retinopathy
group 1 67 (O 55) cm/s, proliferative retinopathy group
1 78 (0-45) cm/s). There was a highly significant
decrease after pan-retinal photocoagulation (0-98
(0 26) cm/s, p<0-001) (fig 1).
The analysis of variance on the vein diameter data

indicated significant intergroup differences (F= 15 90,
p<0 005, df=3). Vein diameter was significantly
larger in comparison with non-diabetic controls in all
untreated retinopathy groups (non-diabetic controls
143*9 (SD 17-8) lim, background retinopathy group
160-0 (24 3) Fm (p=0 03), pre-proliferative retino-
pathy group 174-8 (17-7) iim (p<0-001), proliferative
retinopathy group 162-6 (21-6) im (p=0 03)). Vein

TABLE i-Clinical characteristics ofsubjects. Except where stated othervise, values are means (SD)

Background Pre-proliferative Proliferative
Non-diabetic No diabetic diabetic diabetic diabetic Post-panretinal

controls retinopathy retinopathy retinopathy retinopathy photocoagulation

No 24 12 27 13 12 12
M:F 16:8 10:2 19:8 10:3 6:6 10:2
Age (years) 33-0 (5 2) 41-6 (7-3) 36-3 (11-9) 48-5 (12-5) 38-4 (12-1) 42-6 (12-8)
Systolic blood pressure (mm Hg) 115-8 (14-0) 127-7 (22-0) 131-2 (23 9) 139-5 (25 0) 145-2 (23-4) 128-8 (13-0)
Diastolic blood pressure (mmn Hg) 70-6 (9-0) 74-6 (9-9) 78-9 (13-0) 84-3 (14-0) 86-5 (11-5) 86-9 (8-7)
Mean arterial pressure (mm Hg) 85-7 (10-0) 92-3 (12-4) %-6 (15 9) 102-7 (17-1) 106-1 (13-6) 94-2 (9 2)
Intraocular pressure (mnHg) 16-7 (2 7) 17-3 (3-5) 16 4 (3-3) 15 8 (3 2) 16 6 (2-4) 14-9 (2-5)
Perfusion pressure (mm Hg) 40-3 (7-0) 44-1 (9-4) 46-8 (9-8) 52-6 (11-9) 54-8 (9-4) 48-3-(5-5)

Statistically significant differences are given in Results.

TABLE II-Clinical characteristics ofdiabetic subjects. Except where stated otherwise values are means (SD)

Background Pre-proliferative Proliferative
No diabetic diabetic diabetic diabetic Post-panretinal
retinopathy retinopathy retinopathy retinopathy photocoagulation

No with insulin dependent diabetes: No with non-insulin
dependent diabetes 10:2 25:2 8:5 10:2 10:2

Mean duration (years) (interquartile range) 13-1 (9-12) 16-5 (11-21) 13-5 (2-20) 16-4 (11-22) 24-3 (22-26)
Haemoglobin AI (%) 9-0 (3-0) 9-0 (2-2) 9-8 (2-5) 9-9 (2-8) 9-1 (1-9)
Plasmaglucose(mmol/1) 10-2(5-1) 10-0(5-3) 11-1 (4-2) 12-5(4-5) 12-5(6-3)

Statistically significant differences are given in Results.
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diameter was not significantly different between non-
diabetic controls and the no retinopathy group (no
retinopathy group 140-6 (25-2) ,tm) but was signifi-
cantly smaller in the post-panretinal photocoagulation
group in comparison with all the other groups studied
(122-3 (15-9) lim, p<005) (fig 2).
There was no significant difference in retinal blood

flow between non-diabetic controls and the no retino-
pathy group (9-52 (SD 3-18) ,ul/min and 9-12
(3 83) [tl/min respectively). Analysis of variance
showed that significant intergroup differences existed
(F= 18-21, p<0 005, df=3); in comparison with non-
diabetic controls retinal blood flow was significantly
higher in all the untreated retinopathy groups (back-
ground retinopathy 12-13 (3 92) Fl/min, pre-prolifera-
tive retinopathy 15-27 (5 88) ,ul/min, proliferative
retinopathy 13-88 (4-51) Fl/min; Scheffe's test
L/SE(L)=3-67, V\{(k-I)Fo005o}=2 23, p=0 005).
Furthermore, retinal blood flow was significantly
higher in the untreated retinopathy groups in com-
parison with the no retinopathy subjects (Scheffe's test
L/SE(L)=326, v'{(k-l)F.025}=3-17, p=0 025).
After pan-retinal photocoagulation retinal blood flow
was considerably lower in comparison with all the
other groups studied (4-48 (1-89) iil/min; Scheffe's
test v non-diabetic controls L/SE(L)=3-535,
\/{(k-I)FO.01}=2-877, p=O01; v no retinopathy
group L/SE(L)=2-829, V{(k-I)Fo.05}=2 877,
p=0-06; v untreated retinopathy group L/SE(L)=6-867,
\/{(k-1)FO.005}=3 767, p<O OO5) (fig 3).
The data on retinal blood flow, perfusion pressure,

conductance, and resistance in subjects with blood
pressure less than 140/90 mm Hg are shown in table
III. Retinal blood flow was significantly increased in all
the untreated retinopathy groups when compared with
non-diabetic controls and the no retinopathy group
(p<0023) with a significant decrease after pan-retinal
photocoagulation (p<OOO1). Conductance of the
retinal circulation was higher in the untreated retino-
pathy groups than in the non-diabetic controls and
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FIG 2-Retinal vessel diameter in study groups. Bars are means.
*p<0Q03 Compared with background diabetic retinopathy, pre-
proliferative diabetic retinopathy, and proliferative diabetic retino-
pathy. tp<005 Compared with background diabetic retinopathy and
pre-proliferative diabetic retinopathy. :tp<O0O5 Compared with all
other groups
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FIG 3-Retinal blood flow in study group. Bars are means. *p<003
Compared with background diabetic retinopathy, pre-proliferative
diabetic retinopathy, and proliferative diabetic retinopathy.
tp<O-OOI Compared with all other groups

no retinopathy group (compared with non-diabetic
controls: background retinopathy group p<005, pre-
proliferative retinopathy group p=0-06, proliferative
retinopathy group p<O OOl; compared with no retino-
pathy group: background retinopathy group p<O05,
pre-proliferative retinopathy group p=0O06, prolifera-
tive retinopathy group p<OOOl). There was no signifi-
cant difference in conductance between non-diabetic
controls and the no retinopathy group. Conductance
was significantly lower after pan-retinal photocoagula-
tion when compared with any of the other groups
(p<O Ol). The significance of the changes in resistance
paralleled the changes in conductance as described
above.
The above intergroup differences in the parameters

of retinal blood flow were found to be independent of
the possible confounding variables of age, sex, systolic
blood pressure, diastolic blood pressure, mean arterial
blood pressure, blood glucose concentration, haemo-
globin A1 value, intraocular pressure, and type and
duration of diabetes mellitus using multivariate
analysis.

Discussion
This study showed hyperperfusion in the diabetic

retinal circulation in all groups of untreated diabetic
retinopathy in comparison with non-diabetic controls
and diabetic patients with no retinopathy. In com-
parison with diabetic subjects with no retinopathy
retinal blood flow was higher by 33 2% in background,
69-4% in pre-proliferative, and 50-1% in proliferative
diabetic retinopathy. The observation that the conduc-
tance ofthe retinal circulation was increased in diabetic
retinopathy shows that there is hyperperfusion even
when the systemic blood pressure and ocular perfusion
pressure are normal. Interestingly, there was a signifi-
cant reduction in retinal blood flow and conductance
after pan-retinal photocoagulation.

Other studies using the mean circulation time of
fluorescein have also suggested an increase in retinal
blood flow in diabetic retinopathy.47 Grunwald et al

TABLE iII-Blood flowv, conductance, and resistance in retinal circulation of normnotensive subjects. Except where stated othervise values are
means (SD)

Background Pre-proliferative Proliferative
Non-diabetic No diabetic diabetic diabetic diabetic Post-panretinal

controls retinopathy retinopathy retinopathy retinopathy photocoagulation

No 22 9 19 9 6 10
Flow(d/Wmin) 930(3-10) 896(339) 12-97(3-92) 15-01 (6-39) 15-97(4-51) 4-02(1-71)
Perfusion pressure (mm Hg) 38-4 (5 2) 41-2 (9-0) 43-1 (4-4) 45-7 (4-8) 47-1 (7-1) 46 9 (5-7)
Conductance([l/min/mmHg) 0 246(0 09) 0-222(0-072) 0 306(0-105) 0-331(0-147) 0-342(0 096) 0-086(0 032)
Resistance (mm Hg/[LlImin) 4-06 (1-45) 4-50 (1-47) 3-27 (1-13) 3-02 (1-35) 2-92 (0 54) 12-05 (4 43)

Statistically significant differences are given in Results.
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using laser-Doppler velocimetry showed no significant
changes in retinal blood flow in diabetic retinopathy,
though a non-significant increase in retinal blood flow
of 16-0% in background diabetic retinopathy was
noted.8 The explanation may lie in the fact that the
study by Grunwald et al was smaller, and also vessel
diameters were determined by manual projection
micrometry. The computerised image analysis tech-
nique used in our study is less prone to observer error. 18
In a recent study by Grunwald's group retinal blood
flow was found to be increased significantly in diabetic
patients with mild background retinopathy and
poor glycaemic control in comparison with control
subjects.'9 The percentage increase in retinal blood
flow was 23-4%, which is comparable to that in our
background retinopathy group.

MODEL

We have attempted a synthesis of the present state of
knowledge of the retinal circulation in diabetes and
formulated a simple model ofhow hyperperfusion and

*0 Capillary damage

Capillary closure

Retinal ischaemia

Abnormal
Hyperperfusion autoregulation

Hypertension Hyperglycaemia
FIG 4-Haemodynamic modelfor pathogenesis ofdiabetic retinopathy

abnormal autoregulation may lead to the progression of
diabetic retinopathy (fig 4). The earliest changes in
diabetic retinopathy are thickening of the basement
membrane and pericyte loss. Pericytes are very
important in the regulation of blood flow since they
possess contractile properties allowing changes in the
vessel lumen to regulate blood flow.20"2 At the capillary
level in diabetes there is increased blood viscosity,
decreased red cell deformability, and increased platelet
aggregation.22 23 These lead to decreased capillary
blood flow and even thrombosis in the smallest vessels
of the retinal circulation. It is worth noting that both
aspirin and ticlopidine reduce the rate of micro-
aneurysm formation in early retinopathy, which could
be attributed to the platelet inhibitory antithrombotic
effect of these drugs.2425
The overall effect of basement membrane thicken-

ing, decreased capillary perfusion, and the biochemical
effects of hyperglycaemia is capillary closure. The
resultant retinal ischaemia is a potent stimulus for an
increase in retinal blood flow; indeed, areas of dilated
capillaries in areas adjacent to capillary drop out are
often seen in fluorescein angiography. It is thought
that retinal ischaemia leading to the production of
angiogenic and vasoproliferative factors is the main
stimulus for new vessel formation.26 The increase in
flow at the edge of the area ofcapillary closure results in
an increment in shear stress to the vessel wall27 as: wall
shear stress=(4riQ)/(nR3), where r=viscosity, Q=
volume flow, R=radius.
The relations in this equation help us to understand

one of the mechanisms behind capillary damage in
diabetes. Increased flow, increased viscosity, and
capillary closure- all ofwhich occur in diabetes- tend
to increase shear stress. Injury to the endothelium of a
vessel can result from an increase in shear stress
alone.28 Tooke postulated that increased glycation and

thickening of the basement membrane results in
"locking" of the vessel.29 This would tend to increase
shear stress since the vessel diameter is unable to
change.

Hyperperfusion is also associated with increased
capillary pressure since the systemic blood pressure is
more easily transmitted to the microcirculation in the
presence of dilated vasculature. The circumferential
stress in a vessel is directly proportional to the per-
fusion pressure and radius of the vessel and inversely
proportional to the thickness of the vessel wall.3" It is
conceivable that in larger vessels of the retinal circula-
tion there is circumferential stress damage to the vessel
wall and a continuing propensity to dilatation. Since
the tension in a wall resisting the distension pressure
in a vessel is inversely proportional to the radius
(Laplace's law) an increase in wall tension is required
to counterbalance the distending pressure in a dilated
vessel.27 The required wall tension is not attained so
there is a propensity towards dilatation with subse-
quent hyperperfusion. The capillary hypertension and
shear stress changes will also result in a net increase in
fluid leaving the retinal capillaries (Starling's forces);
this would contribute to retinal oedema, especially as
there is no lymphatic circulation to drain away the
excess interstitial fluid."' This is then manifested by
retinal exudates and oedema leading, in the macular
area, to diabetic maculopathy.

There is evidence of abnormal autoregulation of the
retinal circulation in diabetes which can lead to hyper-
perfusion.3'33 The increased conductance may be due
to the autoregulatory response of the retinal circulation
to retinal ischaemia; indeed, the conductance increases
with the degree of ischaemia. Another explanation is
that the retinal circulation in diabetic retinopathy is
abnormally regulating to a normal perfusion pressure
leading to hyperperfusion. Both hyperglycaemia and
hypertension lead to hyperperfusion in the retinal
circulation."35
Although it is clear from this study that there is a

relation between increasing severity of retinopathy and
hyperperfusion in the retinal circulation, it is diffi-
cult to ascertain whether this reflects a pathogenic
mechanism or a covariable in association with in-
creasing retinal ischaemia in the presence of a
disturbed diabetic metabolism. The haemodynamic
model proposed remains speculative since this study
determined haemodynamic changes at a single point in
time rather than prospectively. Tooke has formulated a
model for microangiopathic damage in diabetes in
which increased blood flow is important.29

CLINICAL FACTORS

Several clinical factors have been shown to influence
the progression of diabetic retinopathy. Hypertension
was found to be a significant risk factor for the
incidence and progression of diabetic retinopathy in
several studies.36-38 In the study by Klein et al there was
a significant relation between the incidence and pro-
gression of diabetic retinopathy and blood pressure in
insulin dependent diabetic subjects; comparing the
highest with the lowest quartile of systolic blood
pressure, the relative risk ratios were 1-8 for the
incidence of any retinopathy and 3-6 for progression
to proliferative diabetic retinopathy. Pregnancy in
diabetic patients is often associated with a deterioration
in retinopathy.39 Recent work indicates that retinal
blood flow is increased by 110% in diabetic preg-
nancies.'

Further evidence for hyperperfusion having an
important aetiological role in the progression of
diabetic retinopathy comes from the observations
that raised intraocular pressure and unilateral carotid
stenosis, both of which reduce retinal blood flow, tend
to protect against diabetic retinopathy.4'42 A similar
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situation occurs with respect to diabetic renal disease
since renal artery stenosis protects against diabetic
glomerulopathy.43 Brenner's original hypothesis that
hyperperfusion of the glomerulus is important to the
progression of diabetic nephropathy4 has in effect
been validated as it has been shown that treatment of
hypertension reduces the rate of decline of renal
function.45

In conclusion, hyperperfusion of the retinal
circulation is present in diabetic retinopathy. The
haemodynamic model proposes a central role for
hyperperfusion in the pathogenesis of diabetic retino-
pathy. Since hypertension and hyperglycaemia cause
hyperperfusion it is important to control these factors
in the overall strategy to reduce the morbidity due to
diabetic retinopathy.
We are grateful to Dr G Davies and Dr P Sullivan for the

validation of the laser-Doppler velocimeter. This work was
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ONE HUNDRED YEARS AGO

HARNESS'S ELECTRIC BELTS: IMPORTANT
DECISION.

We have received a report of a very important case tried
before his Honour Judge Bacon, at the Bloomsbury
County Court. The claim was for £3 5s., balance of £5 5s.,
the price of an electric belt (Harness's patent) supplied by
the Medical Battery Company to Mr. Jeffery; and the
defendant, by way of counter-claim, sought to have an
I 0 U for £3 5s. delivered up to him, and the sum of £2
cash returned to him on the following grounds: First, that
he was induced to buy the electric belt through mis-
representation; and, secondly, that there was no good
consideration for the contract into which he had entered

with the plaintiff company. The evidence given by an
electric expert was to the effect that in the electric belt sold
no electricity passed through the body in any way
whatever, but only along the webbing of the belt and over
the skin surface, so that electrically the influence was
useless. The expert witness on behalf of the Medical
Battery Company, who had recommended and sold the
belt, stated that prior to employment by the company he
had been a salesman in an Oriental furniture shop.
Judgment was given for the defendant on his counter-
claim, and an order was made that the £2 he had paid be
returned to him. The case is one ofmuch importance, and
we shall deal with it at greater length on a future occasion.

(BMJ 1892;ii;:205.)
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