




Disappearance andformation rates of microaneurysms in early diabetic retinopathy
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Figure 3 Baseline (A) and 2 year (B) fluoroscein angiograms from the same patient. The
rectangle shows the fundus area analysed. Three microaneurysms disappeared duringfollow
up (white arrows). Compared with baseline, there are new microaneurysms, some of them
indicated by open arrows.

verification sessions were compared, agree-
ment between the two analyses of the same

images was 78%, which was clearly better than
the 24% to 40% agreement between the base-
line and follow up angiograms (p<0 00001),
indicating relatively good reproducibility of the
localisation/identification procedure.
When anatomical points (for example, arte-

riovenous crossings) in the angiograms were

localised, there was 100% agreement between
the baseline and subsequent angiograms, in-
dicating that the topographic localisation
procedure was reliable. The microaneurysm
disappearance rates in the identification and
verification sessions were fairly similar and did
not differ significantly from those obtained by
counting only the lesions identified in both
series.

In the subset of 10 patients whose 2 year
angiograms were analysed without having a

map of the baseline microaneurysms on the
digitising table, the disappearance rate
between the baseline and 2 year angiograms
was 57% (23%). This value did not differ

significantly from that obtained for the same
patients with the aid of a map of the baseline
lesions (p=04169).
There was a 67% agreement with the first

observer (TH) in identification of the same
lesions as microaneurysms, when the same
angiograms were analysed by another observer
(II). The disappearance rate obtained by the
second observer in a subset ofpatients between
the baseline and 2 year angiograms was 46%
(7%), which did not differ significantly from
that obtained by the first observer (p=08008).
When only the lesions identified by both

observers were used, the disappearance rate
between the baseline and 2 year angiograms
was 54% (25%). This does not differ signifi-
cantly from the value obtained by the first
observer (p=04188).

It appeared that microaneurysm count
change and formation rate indexes were lower
in patients with a duration of diabetes ¢ 19
years. In patients with good glucose control
(HbAjc17-5 mmol) the microaneurysm for-
mation rate, microaneurysm count change
indexes, and cumulative number ofnew micro-
aneurysms were decreased with borderline
statistical significance. Microaneurysm disap-
pearance rate did not clearly correlate with
these variables (Table 1).

Discussion
Formation of microaneurysms is an important
step in the pathogenesis of diabetic retino-
pathy. Microaneurysm counts can be used as
an indicator of progression of diabetic
retinopathy and also to predict further progres-
sion of diabetic retinopathy.3 In spite of the
significance of microaneurysm formation, the
mechanisms involved are not completely
known.
Microaneurysm formation is preceded by

thickening of the capillary endothelial base-
ment membrane,7-9 loss of pericytes,10 " and
proliferation of endothelial cells,8 9 changes
probably related to hyperglycaemia. The ten-
dency for microaneurysms to be obliterated is
probably regulated by the changes in the rheo-
logical and fibrinolytic properties of the blood
in diabetics. 12-14 Thus, the number of micro-
aneurysms present and their appearance and
disappearance reflect many of the systemic
factors known to be altered in diabetic
retinopathy.
Microaneurysm disappearance rates based

on identification of individual microaneurysms
have been reported previously in 1970 by
Kohner et al.5 These workers found a disap-
pearance rate of 40-80% per year, a value
somewhat higher than ours. In their series,
retinopathy was more severe, and a significant
percentage of their patients had undergone
pituitary ablation and thus differed from our
patients endocrinologically. Moreover, they
did not use a computerised method that would
have enabled them to analyse only those
lesions that were found in both the identifica-
tion and verification sessions.

In principle, there are several mechanisms
by which microaneurysms may not be visible in
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Table 1 Microaneurysm count change indexes and cumulative microaneurysm formation and disappearance indexes and
the cumulative new microaneurysms during follow up in different groups ofHbAI, duration of diabetes, ages of the
patients, and baseline microaneurysm counts. The indexes are given as percentage of the baseline microaneurysm count.
Forty three eyes of24 patients were studied. p Values were calculated using the Mann-Whitney test. The values are
calculatedfrom mean value of both eyes orfrom the only eye in patients with data available from one eye only.

Microaneurysm count Microaneurysm formation Cumulative new microaneurysms Microaneurysm
change index rate index duringfollow up disappearance index
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Duration of diabetes
<19 Years (n=12) 191-2 (49-8) 203 0 (97-4) 7 5 (7 0) 129-1 (127-3)
>19 Years (n= 12) 129-9 (72 5) 114-2 (86-2) 8-9 (5 9) 82-2 (31-1)

p=0-038 p=0-015 p=0 453 p=0-273
Age
<39 Years (n=12) 147-6 (66 3) 152-7 (112-5) 8-1 (5 8) 122-3 (124-4)
:39 Years (n=12) 173-5 (70 9) 164-6 (92.2) 8-4 (7 2) 88-9 (47 6)

p=0-326 p=0-624 p=0-863 p=0-686
HbAlC
<7-5% (n=6) 118-7 (46.9) 103-2 (46 5) 4-3 (3 7) 80-3 (38 0)
>7-5% (n= 18) 174-5 (69 7) 177-1 (107-9) 9-5 (6 6) 114-1 (105-6)

p=0-077 p=0077 p=0O057 p=0 549
Microaneurysm at baseline

0-5 (n=12) 167-9 (73 5) 188-5 (116-1) 3-6 (2 4) 135-3 (122-9)
6-25 (n= 12) 153-3 (65 3) 128-7 (76 0) 12-6 (6 2) 76-0 (36 4)

p=0-564 p=0-184 p=0 0001 p=0-106

fluorescein angiograms. Occlusion of a capil-
lary naturally leads to disappearance of the
microaneurysm within the capillary. A throm-
bus within the microaneurysm may also result
in its disappearance, and so may temporary
adherence of platelets or leucocytes to the
microaneurysm walls.12
The analysis of microaneurysms from fluo-

rescein angiograms or colour photographs of
the fundus is subject to errors, which include
dissimilarities in photography and in interpre-
tation of the lesions found. In spite of these
inaccuracies, the study of fundus images has
proved to be a reproducible means of staging
diabetic retinopathy.
Our method for localising and identifying

microaneurysms is naturally subject to the
same potential errors. Marking the lesions
found in the previous image on the paper in
which the angiogram is projected might lead to
increased detection of old lesions and thus to
underestimation of the disappearance rate.
However, in this material the disappearance
rate was closely similar when the lesions were
not marked. Further, the intra-analyser and
inter-analyser variations were relatively small.
Although we combined data from two in-
dependent microaneurysm localising sessions,
the results would have been essentially the
same if data from only one of the sessions had
been used.
We used 600 angiograms and analysed

fluorescein angiograms at only one phase of
fluorescein transit. It is possible that some of
the smaller microaneurysms visible in 30°
images may not have been recorded in our
material. The use of only transit phase fluores-
cein angiograms probably visualised only
microaneurysms that were clearly open.
Microaneurysms partially filled by a thrombus
staining only at late phase of the angiogram
may not have been found in our analysis.
These conditions apply similarly to baseline
and follow up angiograms and are thus unlikely
to affect the disappearance and formation rates
obtained.
We analysed only the central area of the

retina. Thus, the microaneurysm counts are
not comparable with those obtained from the
seven standard fields of the Airlie House

classification. The disappearance and forma-
tion rates may also be different in more peri-
pheral areas of the retina. As we analysed
fluorescein angiograms only, we cannot
exclude the possibility that some retinal pig-
ment epithelium defects may have been classi-
fied as microaneurysms. It seems very unlikely,
however, that such lesions would have under-
gone disappearance and formation at the rates
observed in this study.

In our study, we found that only 40% to
50% of baseline microaneurysms were
detectable after 2 years. There seemed to be a
higher disappearance rate of baseline micro-
aneurysms from baseline to year 1 than during
the interval from year 1 to year 2. This suggests
that there may be two populations of micro-
aneurysms, one with a shorter half life than the
other. A similar pattern of microaneurysm dis-
appearance was also detected by Kohner et al.5
A proportion of microaneurysms was also
detected only at the 1 year follow up. It is thus
possible that the lifespan of these micro-
aneurysms is less than 2 years.
About 7-3% of the microaneurysms were

present at the baseline and had disappeared at
the 1 year follow up, but were detected again at
the 2 year follow up. This variability may have
been due to changes in the quality of the
angiograms, but it is also possible that some of
the microaneurysms are occluded temporarily
by fibrin or platelet thrombi and then
recanalised, so reappearing in the 2 year fluo-
rescein angiogram.

In most patients, the loss ofmicroaneurysms
was more than compensated for by the forma-
tion of new microaneurysms, there being a
small net increase in the microaneurysm count.
These results indicate that changes in micro-
aneurysm counts reflect the balance between
the formation and disappearance of micro-
aneurysms. An increase in microaneurysm
count, commonly used to measure worsening
of early retinopathy, may thus result from
increased formation or decreased disappear-
ance of microaneurysms. When individual
microaneurysms are followed up, these two
phenomena can be dissociated to yield the
disappearance rate, as well as the rate of
formation ofnew microaneurysms.
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In patients with diabetes of long duration
without proliferative retinopathy, the back-
ground retinopathy is attenuated, as reflected
by a somewhat lower microaneurysm forma-
tion rate in patients with the duration of
diabetes 19 or more years.
The cumulative number of new micro-

aneurysms was somewhat elevated in patients
with HbAjc >7-5 mmol; microaneurysm forma-
tion rate and microaneurysm count change
indexes also showed a trend ofbeing elevated in
these patients. This suggests that the micro-
aneurysm formation rate and microaneurysm
count change both respond to hyperglycaemia.
A more definite assessment of the differ-

ences between these variables is not possible in
this fairly homogeneous material with rela-
tively stable background retinopathy during
follow up. To evaluate the possible differences
in the sensitivity of these variables in respond-
ing to hyperglycaemia, larger materials with
clearly different glucose control are needed.
The microaneurysm disappearance rate did

not differ significantly between the different
groups of HbAjc, or with the duration of
diabetes, or other clinical or demographic
variables.

It is thus possible that the microaneurysm
disappearance rate is not directly connected
with glycaemic control. We did not measure
serum fibrinogen or plasminogen activator
inhibitor levels.15-18 Whether the micro-
aneurysm disappearance rate is connected with
these factors potentially favouring thrombus
formation remains to be evaluated in further
studies.
Our results highlight the fact that back-

ground retinopathy is not merely a process of
cumulative increase in the number of micro-
aneurysms, but that the microaneurysm count
reflects a dynamic balance between micro-
aneurysm formation and disappearance. It is
possible that, with follow up of individual
microaneurysms, more information on the

progression patterns of early diabetic retin-
opathy can be obtained.
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