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Abstract
Background-In patients with diabetic
macular oedema and central cysts
ischaemia of the retina appears to be an
important contributing factor in the
pathogenesis of cysts. This study was
performed to fiurther elucidate the role of
the inner retinal microcirculation in
diabetic cystoid macular oedema
(CMO).
Methods-Video fluorescein angiography
allows visualisation of the macular
microvasculature and measurements of
the capillary blood velocity (CBV), foveal
avascular zone (FAZ), and perifoveal
intercapillary area (PIA, characterising
capillary density).
Results-Twenty three diabetic subjects
with CMO, matched diabetic patients
without macular oedema (n=23), and
healthy subjects (n=23) were included.
CBV, PIA, and FAZ did not differ signifi-
cantly among diabetic groups regardless
of presence of cystoid changes. CBV
was significantly reduced (p<O0OOOl) and
PIA was more than doubled in both
diabetic groups (p<O0OOO1) when com-
pared with healthy subjects. Furthermore,
FAZ showed a nearly doubled size in
diabetic patients without macular
oedema (p<O0O1) and a less pronounced
enlargement (by 29%/o) in diabetics with
CMO (p<O05).
Conclusion-The results indicate that the
retinal microcirculation in diabetic
patients is markedly altered when com-
pared with healthy subjects, regardless of
CMO presence. In CMO patients the
microcirculatory changes are similar to
those ofdiabetic patients without macular
oedema. Thus inner retinal perfusion does
not contribute to tissue ischaemia leading
to cystoid formations in diabetic macu-
lopathy.
(BrJ Ophthalmol 1995; 79: 628-632)

Cystoid macular oedema (CMO) is a non-
specific pathological response to a variety of
retinal or choroidal disorders. 1-3 In diabetic
maculopathy cystoid formations are known to
occur in association with macular oedema.4
The central location of the cysts indicates
importance for visual acuity and therefore the

understanding of the mechanisms leading to
cysts seems noteworthy.4 5

In experimental modelling of diabetic
CMO, ischaemic damage of the retinal tissue
or photoreceptor/retinal pigment epithelium
(RPE) complex appears to be the important
contributing factor.5-7 Histopathological work7
documented minimal damage to the outer
photoreceptor segment, indicating that a faulty
retinal vasculature appeared causative in the
development of CMO, whereas others found
only minor retinal alterations.6

Videofluorescein angiography provides a
detailed visualisation of the foveal capillary
network8 9 and has proved useful for evaluation
of retinal capillary morphology and circula-
tion.1012 In this paper, we describe macular
capillary blood velocities, perifoveal inter-
capillary area (PIA, characterising capillary
density), and foveal avascular zone (FAZ)
measurements in patients with diabetic
macular oedema and central cysts, diabetic
patients without macular oedema, and healthy
controls. We hypothesised that if retinal
ischaemia is the primary driving force in the
development of diabetic CMO, then blood
velocities should be lowered, in tandem with
decreased capillary density and enlarged foveal
avascular zone.

Materials and methods

SUBJECTS
Twenty three patients with diabetes mellitus
and diffuse macular oedema exhibiting a
characteristic rosette filling pattern in the
fluorescein angiogram (CMO)4 were recruited
in the current study. In order to compare these
patients (a) a diabetic group without clinically
significant macular oedemaI3 (match criteria:
age, sex, and retinopathy stage); and (b) 23
healthy subjects (matched for age and sex)
were included.

All procedures were explained fully to all
participants and informed consent was
obtained from each subject before the study.
Scanning laser ophthalmoscopy (SLO) fluo-
rescein angiographic studies (injection of 10%
sodium fluorescein followed by a flush of 10 ml
saline solution) were performed. Normal rou-
tine included angiograms of both eyes. For all
CMO patients, the eye which was examined
first, was selected for study so that leakage and

628

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.79.7.628 on 1 July 1995. D

ow
nloaded from

 

http://bjo.bmj.com/


629Macular microcirculation in cystoid maculopathy of diabetic patients

Figure 1 Fluorescein angiogram generated with scanning laser technique of the right eye of
a 49-year-old diabetic patient with cystoid macular oedema. The cystoid changes are

accompanied by moderate capillary dropout, but excessive parafoveal leakage, which is
already visible in this early phase (22 seconds). The foveal avascular zone remains
unaffected of occlusions in the surrounding arcade.

masking of fluorescein were minimised.
Figures 1-3 illustrate the angiographic findings
in two diabetic patients with CMO (Figs 1 and
2) and one without CMO (Fig 3).
Both diabetic patient groups consisted of

17 males and six females: they ranged in age

from 26 to 66 years: 52 (SD 11) years CMO
patients; 52 (10) years diabetic patients
without macular oedema. The mean age in
healthy subjects was 50 (12) years, ranging
from 29 to 66 (Table 1). Best corrected visual
acuity was determined by an ophthalmologist
using objective refractometry as well as lighting
conditions and standardised charts as des-
cribed by DIN 58220.14This was followed by

Figure 2 Fluorescein angiogram of the right eye ofa 62-year-old, white, male diabetic
patient with cystoid macular oedema. The retinal vasculature shows moderate capillary
drop out and the arcade of the foveal avascular zone is only affected by capillary occlusion
at the inferior margin.

a complete ophthalmic examination. Visual
acuity in the CMO group ranged from 6/6 to
6/250 (median visual acuity 6/15) and in the
diabetic group without macular oedema from
6/9 to 6/5 (median 6/6). Glucose metabolism
was assessed by measuring blood level of
haemoglobin Alc (normal laboratory range
4-3-6-0%). History or evidence of arterial
hypertension was present in 11 (48%) of the
diabetic patients with CMO and in nine (39%)
of the matched diabetic patients. The diabetic
group with CMO consisted of 19 insulin
dependent patients (83%) and four non-
insulin dependent (17%), and the diabetic
patients without macular oedema of 15 (65%)
insulin dependent and eight (35%) non-insulin
dependent. Retinopathy level was classified by
means of fundus photography according to
ETDRS criteria, which scaled diabetic
retinopathy into 13 levels ranging from no
retinopathy to severe vitreous haemorrhages.15
Both diabetic groups were matched for the
severity of retinopathy. Stages of diabetic
retinopathy included six patients with micro-
aneurysms only or mild non-proliferative
diabetic retinopathy (level 20-43), 11 patients
with moderate to moderately severe non-pro-
liferative diabetic retinopathy (level 47-53),
and six patients with mild to moderate pro-
liferative retinopathy (level 61-65). In none of
the patients was a laser treatment (grid or
focal) of the posterior pole performed before
participation in the study.

METHODS
The SLO methodology employed in this study
has been described in detail elsewhere.'0 In
short, the video signal generated by the scan-
ning laser ophthalmoscope from fluorescein
angiograms (20 degree observation field) was
digitised and recorded on an image sequence
storage unit. In the digital recordings the
perifoveal capillary blood velocity (CBV), the
area of the FAZ, and the mean PIA were evalu-
ated offline. The mean CBV was averaged from
100-150 measurements of hypofluorescent
gaps in 10 different vessels around the FAZ
(5 degrees). These velocity measurements were
restricted to the capillary formation alone and
probably represent rouleaux formations of
erythrocytes.16 The FAZ was interactively
marked and the area calculated from the
enclosed pixels. Similarly, PIA was assessed by
randomly performing 100 measurements of
intercapillary areas around the FAZ and calcu-
lating the mean value from these measurements.
Thus, PIA represents a capillary density esti-
mate in the perifoveal network. All assessed data
were corrected for magnification factor calcu-
lated from axial length and keratometry.17 18

All data analyses were performed in a masked
fashion without knowledge of the patients'
clinical examinations.
Mean value and standard deviation are given

for all samples with normal distributions
(Kolmogorov Smirnov test). Unpaired non-
parametric statistical tests (two group analysis:
Mann-Whitney U test; multiple group analysis:
Kruskal-Wallis test with following sequential
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Figure 3 Fluorescein angiogram of the nght eye of a 49-year-old diabetic patient without
macular oedema. The arcade of the foveal avascular zone remains unaffected, although,
the surrounding tissue shows decreased capillary density with large non-perfused areas
superior and temporal of the foveal avascular zone.

rejective multiple test procedurel9) were used,
as appropriate, to assess the significance of the
differences between the groups. Findings with
an error probability value smaller or equal to
0 05 were considered to be statistically signifi-
cant. For statistical analysis all visual acuity
scores were converted into numeric equiva-
lents20 when calculating median acuity values,
or computing correlation coefficients.

Results
The clinical and demographic data of age and
sex did not vary significantly between the three
studied groups (Table 1). Evaluation of
haemoglobin Alc, the duration of diabetes,
diastolic blood pressure and frequency of
arterial hypertension, and insulin dependent
diabetes mellitus revealed no differences
among patients.

Systolic blood pressure (p<001) differed
significantly among all groups and subgroup
analysis showed significant differences of both
diabetic groups to healthy subjects, whereas no
differences were detected between the diabetic
groups. Visual acuity differed significantly
(p<0 01) among the diabetic patient groups,
revealing decreased vision in patients with
CMO.
The mean CBV differed significantly

among all three groups (p<0 000 1). Subgroup

Table 1 Clinical and demographic data (mean (SD)) of both diabetic groups with CMO
and without macular oedema (MO)

Blood pressure
Diabetes

No Age Systolic Diastolic duration HbAI,(MIF) (years) (mm Hg) (mm Hg) (years) (%)

Diabetic patients (CMO) 23 (17/6) 52 (11) 149 (22) 85 (14) 17 (7) 7-2 (1-4)
Diabetic patients without MO 23 (17/6) 52 (10) 145 (21) 85 (9) 17 (4) 7-4 (1-4)
Healthy subjects 23 (17/6) 50 (12) 123 (8) 77 (7) - -
p Value NS* p<0.01* NS* NSt NSt

*Kruskal-Wallis test. tMann-Whitney U test. NS=not significant.

analysis showed no significant differences
between CMO patients (CBV 2a 1 (0 3) mm/s)
and matched diabetic patients without macular
oedema (CBV 2-3 (0 2) mmns). Both groups
showed significantly reduced CBV (p<O0 0001;
CMO patients 26%; diabetic patients without
macular oedema 18%) when compared with
healthy subjects (CBV 2-7 (03) mni/s) (Tables
2 and 3).
PIA differed significantly between the three

studied groups (p<0 0001). In the CMO
patient group PIA showed a slight but not
significant increase (PIA 10 236 (2100) jim2)
compared with diabetic patients without
macular oedema (PIA 9242 (2393) pm2).
Compared with healthy subjects (PIA 3865
(479) pum2) PIA was significantly enlarged
(p<0 0001) and more than doubled in both
diabetic subgroups (Tables 2 and 3).

Multiple group analysis of FAZ showed
significant differences between all studied
groups (p<0.01). FAZ did not differ signifi-
cantly among the CMO population (FAZ
0-311 (0- 13) mm2) and diabetic patients with-
out macular oedema (FAZ 0411 (0 22) mm2).
When compared with healthy subjects (FAZ
0221 (009) mm2), FAZ was significantly
(p<0*05, 29%) enlarged in patients with CMO
and nearly doubled in diabetic patients without
macular oedema (p<0 01) (Tables 2 and 3).

Discussion
A variety of diseases can be associated with
CMO.1 In diabetic patients only a subset of
patients with diabetic macular oedema show
central cysts (7%),21 however, because of the
potentially serious effects on visual acuity the
understanding of the pathogenic mechanisms
is crucial.

Histopathological work7 has identified a
widespread swelling and degeneration of the
Mueller's cell cytoplasm. However, the mecha-
nism leading to oedema of the Mueller cell is
not clear. Experimental modelling provided
four causative factors, which could induce
CMO.622 In diabetic patients (two of them)
microinfarcts in the outer plexiform and inner
nuclear layers, and/or leakage ofthe RPE could
result in CMO.6 7 In both models, ischaemia
resulting either from incompetent retinal vas-
culature or retinal pigment epithelium is
thought to play a major role in the patho-
genesis of the cystoid formation.5 6 22

Fluorescein angiography provides an
extremely useful clinical tool for studies eluci-
dating clinical findings of CMO.2 3 23-25 Using
video fluorescein angiography generated with
scanning laser technology in diabetic patients,
we were able to visualise macular morphology
and circulation.1012

In this study, macular CBV in diabetic
patients with CMO and without macular
oedema was significantly decreased compared
with healthy subjects. Among the diabetic
patient groups, no significant differences were
measured. The uniform velocity reduction
measured in diabetic patients, regardless of
absence or presence of CMO, could be the
result ofvarious factors including altered blood
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Table 2 Capillary blood velocity (CBV), perifoveal intercapilary area (PM), andfoveal
avascular zone (FAZ) in the diabetic patients with CMO and without macular oedema
(MO) and healthy subjects (mean (SD))

CBV PIA FAZ
No (mm/s) (pm2) (mm2)

Diabetic patients (CMO) 23 2-13 (0 29) 10236 (2101) 0-311 (0-13)
Diabetic patientswithout MO 23 2-28 (0 24) 9 243 (2393) 0-411 (0-22)
Healthy subjects 23 2-69 (0 26) 3 865 (479) 0-221 (0 09)
p Value* p<00001 p<00001 p<0 01

*Kruskal-Wallis test.

fluidity,26 27 pathologic leucocyte interac-
tions,28 capillary occlusions,29 or vessel wall
affections.30 Another interpretation of the
reduced velocities in CMO is that once the
cystoid formation developed, the cysts them-
selves could cause increased tissue pressures,
which could lead to capillary collapse and
therefore reduced capillary perfusion.3' In our
study, there was a trend towards further
decrease (7%) of CBV in patients with CMO.
However, it is difficult to judge the importance
of these influences and whether the investi-
gated changes in patients with CMO are the
result of the cystoid formation or other vas-
cular diabetic changes.
With decreased capillary perfusion, morpho-

logy analysis of the retinal microvasculature is
an important factor in the understanding of the
microvasculatory status of the tissue. In the
present study, PIA and FAZ in diabetic
patients with CMO did not differ significantly
from those without macular oedema although
in those without macular oedema the FAZ
changes were more pronounced. The com-
parison with healthy subjects showed that the
FAZ was almost doubled in the diabetic
patients without macular oedema and enlarged
by 29% in CMO patients. PIA was more than
doubled in both diabetic groups. Smith et a132
presented morphological data from diabetic
patients with macular oedema, which revealed
that the FAZ grading was independent of
retinal thickening and the breakdown of the
blood-retinal barrier. Previous works demon-
strated progressive capillary loss in the peri-
foveal network of diabetic patients'0-12 in
tandem with enlarging FAZ and increased
retinopathy level, 1 12 33 34 which suggests that
chronic ischaemia could be the underlying vas-
cular pathological factor resulting in the pro-
gression of the disease. Interestingly, in

Table 3 Statistical differences of the capillary blood
velocity (CBV9, perifoveal intercapillary area (PM), and
foveal avascular zone (FAZ) between healthy subjects,
diabetic patients with CMO, and without macular oedema
(MO)

HS CMO WithoutNO

CBV:
HS - p<0 0001 p<0 0001
CMO - - NS
Without MO - -

PLA:
HS - p<0 0001 p<0 0001
CMO - - NS
Without MO - -

FAZ:
HS - p=0 03 p=0-002
CMO - - NS
Without MO - -

HS=healthy subjects; CMO=diabetic patients with CMO;
Without MO=diabetic population without macular oedema.

diabetic patients with CMO, no further CBV
reduction or PIA and FAZ enlargements could
be detected leading to an ischaemic stimulus of
the retinal vasculature and the development of
CMO.

In summary, the scanning laser technique
allowed us to more clearly elucidate the role of
ischaemia in patients with CMO than it was
possible before. The study revealed that
macular CBV was significantly reduced and
the FAZ, in tandem with PIA, significantly
enlarged (decreased capillary density) com-
pared with healthy subjects. Furthermore, no
significant differences could be documented
between the two diabetes groups for CBV,
PIA, and FAZ, regardless of whether CMO
was present or not. These results suggest that
inner retinal ischaemia does not contribute to
tissue ischaemia leading to cystoid formations
in diabetes mellitus.
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