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Abstract
Aim To study the long-term visual result of photocoagula-
tion of clinically significant macular edema (CSME) in
diabetic patients in relation to baseline retinal vascular
leakage assessed by vitreous fluorometry.
Methods The study enrolled 36 eyes in 27 diabetic patients
with CSME at baseline, all subsequently treated by
photocoagulation. The diagnosis of CSME and treatment
procedure followed the ETDRS criteria. The leakage
through the retinal vessels was calculated as the blood–
retinal barrier permeability. Five years after initial photo-
coagulation the patients were reexamined.
Results The mean visual acuity decreased with 16 letters at
follow-up, and in 15 eyes visual loss was substantial, with a
decrease of 15 letters or more, corresponding to at least 3
lines. The baseline permeability was significantly higher in
eyes with substantial visual loss than in eyes with more
stable vision (14.2 nm/sec and 6.3 nm/sec respectively; p=
0.006), the corresponding odds ratio was 16.1 (95% CI:
1.8–146; p=0.014). The level of retinopathy was signifi-
cantly correlated to visual loss (Fisher’s exact test < 0.02).
Conclusion Visual acuity decreased at follow-up, and a
substantial visual loss of 3 or more lines in CSME was
associated with higher retinal vascular leakage at baseline
with an odds ratio of 16.1. For this relatively small sample,
neither diabetes duration, age or HbA1c reached statistical

significance, indicating that blood-retinal barrier permabil-
ity is a strong predictor of the visual outcome. The results
support the investigation of triamcinolone or VEGF
inhibition in patients with severe leakage, and may help to
identify patients in need for intravitreal injection.

Keywords Diabetic retinopathy .Macular edema . Blood-
retinal barrier . Leakage . Permeability . Photocoagulation

Introduction

The severity of diabetic macular edema ranges from focal
edema due to a few leaking microaneurisms to extensive
leakage of retinal capillaries and breakdown of the blood-
retinal barrier in the posterior pole [1, 2]. The Early
Treatment of Diabetic Macular Edema Study (ETDRS)
showed that photocoagulation is effective for clinically
significantly diabetic macular edema (CSME) [3]. Thus
funduscopic evaluation of the location and area of retinal
thickening has become the principal guideline for interven-
tion in clinical practice [4]. Later studies have used Optical
Coherence Tomography (OCT) extensively both for quan-
titative and morphological evaluation [5, 6].

Due to lack of efficacy, in particular in severe diffuse
edema, intravitreal injection of triamcinolone or VEGF
inhibitors have been used in a number of smaller studies;
both compounds have profound anti-permeability effects on
the retinal vessels [6–10]. The future use of these agents
awaits clinical trials and long-term experience, as recur-
rence is frequent and there is a risk of complications.

Fluorescein angiography, and to an increasing extent
also retinal thickness measured by OCT, are used in clinical
practice and in clinical studies. The focus on central retinal
thickening with OCT does not take into account the large
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range of severity of the retinal edema, ranging from focal to
diffuse and with or without intraretinal cysts and serous
detachment [11]. In addition, changes in retinal thickness
are probably not the most sensitive parameter, ignoring the
basic feature of macular edema: the breakdown of the
blood-retinal barrier.

Fluorescein leakage is an indicator of the tightness of the
blood-retinal barrier, and the leakage can be quantified by
vitreous fluorometry [12]. In a long-term follow-up of
diabetic patients with mild edema at baseline, the blood-
retinal barrier permeability was significantly increased in
patients who progressed to photocoagulation compared to
non-progressing patients, and the permeability was in-
creased at least 1.5 years before the groups were different
in retinal thickness as measured by OCT, indicating that
permeability and retinal thickness do not follow the same
time course and that permeability seems to be an early
indicator of progression [13].

In our study, we have reevaluated fluorescein perme-
ability as a prognostic factor for the long-term visual result
after photocoagulation in patients with CSME at baseline.

Methods

Subjects

At baseline 61 eyes in 48 patients were enrolled, excluding
eyes with edema graded to be less than CSME and also
excluding eyes with vitreous liquification, as the blood-
retinal barrier permeability cannot be calculated under this
condition [14]. Baseline results from the study have been
published earlier [15]. At follow-up 11 patients had died
(14 eyes), three patients could not be located, and seven
patients were unwilling to participate, mainly due to health
problems. Age-related macular degeneration led to exclu-
sion of one eye, leaving 36 eyes (27 patients) for follow-up.
Mean follow-up was 5.5 years (range 3.6–7.75 years). At
follow-up, visual acuity was performed using the ETDRS
chart; vitreous fluorometry was possible in 22 eyes.

The study population at follow-up consisted of eight
women and 19 men, of whom five had type I diabetes and
22 had type II diabetes.

Informed consent was obtained from all patients prior to
entering the study, which was conducted according to the
ICH-Guidelines for Good Clinical Practice (ICH GCP) and
approved by the regional medical ethics committee.

Study design

A longitudinal study of the long-term result of macular
photocoagulation for CSME to analyse the predictive value
of blood-retinal barrier permeability on visual acuity.

Blood-retinal barrier permeability

Using vitreous fluorometry, the leakage of fluorescein into
the vitreous was measured with a fluorometer (Ocumetric,
Mountain View, CA, USA) at 30 and 60 minutes after
fluorescein injection as described earlier. In brief, the
permeability of the blood-retinal barrier was calculated
after correction for light loss in the lens, plasma concentra-
tion of fluorescein and the diffusion coefficient for
fluorescein in the vitreous [12, 14]. In healthy controls the
permeability is 2 nm/sec [14, 16]. Vitreous liquefaction or
posterior vitreous liquefaction interferes with the calcula-
tion of blood-retinal barrier permeability, and such eyes
were excluded from the procedure [14].

Statistics

The change in visual acuity from baseline to follow-up was
dichotomized to stable or substantial visual loss, the latter
being defined as a loss of 15 letters or more on the ETDRS
chart. If no other test is mentioned, the appropriate t-test
was used to compare variables between groups. Blood-
retinal barrier permeability was log-transformed for statis-
tical analysis; results are given as back-transformed values.
Due to the relatively small sample, the tests were repeated
with non-parametric tests, leading to the same conclusion.
The effect of covariates and calculation of odds ratio were
performed with logistic regression. Data analysis was made
using the SAS software package, version 8e (SAS Institute,
Cary, NC, USA). The level of statistical significance for all
tests was set at 5%.

Results

At baseline, the mean age of the patients was 58 years and
the mean follow-up was 5.5 years (Table 1). The visual
acuity at baseline was 78 ETDRS letters (snellen equivalent
0.8) decreasing to a mean 62 letters (Snellen equivalent 0.5)
at late follow-up; one of the patients was blind (Table 2). In
15 out of 36 eyes the visual acuity at follow-up had
declined substantially, and a loss of 15 letters or more (at
least 3 lines) was found. The mean blood-retinal barrier
permeability at baseline was 8.98 nm/sec (n=36; range 1.55
to 60.11, Table 2).

The development of visual loss was associated with
baseline permeability, as eyes with visual loss of 3 lines or
more had a baseline permeability twice that of eyes without
substantial visual loss (14.22 vs 6.27 nm/sec respectively,
p=0.006). In a logistic regression model, the possible
influence of baseline covariates was tested; however,
neither age, duration, HbA1c, baseline acuity or blood-
pressure were significant, and the logistic regression
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confirmed the significant influence of baseline permeability
with an odds ratio of 16.1 (Wald 95% confidence interval
from 1.8 to 146, p=0.014).

Baseline retinopathy was significantly larger in eyes with
substantial visual loss (p<0.02 Fisher’s exact test).

The blood-retinal barrier at follow-up was available in
22 eyes. The baseline permeability of these 22 eyes were
7.48 (95% confidence interval from 6.5 to 12.0), at follow-
up the mean permeability was 8.42 (95% confidence
interval from 5.2 to 13.5); the difference was far from
significance (p=0.5), indicating that the leakage had been
stabilized. The change from baseline to follow-up was not
significantly different for eyes with or without visual loss.

Discussion

Risk factors for progression of diabetic retinopathy and
macular edema are HbA1c, duration of diabetes and blood-
pressure [17]. In the present study, we have investigated
baseline fluorescein leakage, a marker of blood-retinal
barrier breakdown in relation to visual loss 5 years after
initial photocoagulation. At follow-up the mean visual
acuity had decreased in most patients, and a significant
odds ratio of 16 was found for the risk of a substantial

visual loss of 3 lines or more in patients with high baseline
leakage. The predictive power was stronger than other
parameters such as diabetes duration, HbA1c and blood-
pressure.

Breakdown of the blood-retina barrier is the basic
mechanism of edema formation in diabetes, due to changes
in the proteins forming zonula occludents between endothelial
cells. Breakdown in human diabetic patients occurs early, and
could even be present before visible retinopathy, but the
evidence is conflicting [16, 18]. With time, leakage does
increase, and in a 4-year study of patients with no
retinopathy at baseline the blood-retinal barrier permeability
measured with vitreous fluorometry had increased signifi-
cantly, in parallel with progression to retinopathy [19]. In
patients with mild, clinically nonsignificant macular edema,
blood-retinal barrier permeability seems to be increased
more then 1 year before the retinal thickness changes,
underlining the predictive value of vitreous fluorometry [13].
The long time span from increased leakage to increased
retinal thickness indicates that there is no straightforward
relationship between leakage and retinal thickening; leakage
and retinal thickness are not necessarely the same, though
they are certainly correlated [6, 9, 13]. The difference may
partly be explained by the use of fluorescein as a marker of
water movements. However, many other factors may be

Table 2 Baseline data of patients CSME diabetic macular edema in relation to outcome: stable visual acuity or a substantial visual loss of 3 or
more lines

Baseline permeability
(nm/sec) mean (95%CI)

Baseline visual acuity
(logMAR) mean (95%CI)

Follow-up permeability
(nm/sec) mean (95%CI)

Follow-up visual acuity
(logMAR) mean (95%CI)

All eyes 8.98 (6.5–12.0) 77.72 (75–81) 8.42 (5.2–13.5) 61.63 (55–68)
Stable visual acuity (n=21) 6.27 (4.5–8.8) 78.8 (76–82) 5.04 (3.0–8.4) 73.0 (70–76)
Substantial visual loss (n=15) 14.22 (8.5–23.4) 76.3 (70–83) 15.56 (7.2–33.7) 45.9 (36–56)
p-value 0.006 >0.2 0.011 <0.0001

The visual acuity is given as number of letters on the ETDRS chart (full scale=100 letters). In log MAR notation an acuity of 0.0 corresponds to
85 letters and the Snellen equivalent is 20/20)
Baseline permeability and visual acuity values are given for 36 eyes; permeability at follow-up is given for 22 eyes (12 with stable visual acuity
and ten with visual loss)

Table 1 Baseline systemic characteristics of patients CSME diabetic macular edema relation to outcome: stable visual acuity or a substantial
visual loss of 3 or more lines

Age [y]
mean (range)

Duration [y]
mean (range)

HbA1c [%]
mean (95%CI)

Systolic blood pressure
[mmHg] mean (95% CI)

Diastolic blood pressure
[mmHg] mean (95% CI)

All patients (n=27) 58.44 (36–70) 12.77 (1–42) 9.00 (8.4–9.6) 143.46 (136–151) 82.40 (79–85)
Stable visual acuity (n=19) 57.55 (36–70) 13.63 (1–42) 8.89 (8.2–9.6) 142.99 (134–152) 82.38 (79–86)
Substantial visual loss †‡ (n=8) 60.57 (53−67) 10.75 (1−20) 9.25 (8−11) 144.58 (128−162) 82.45 (75−90)
p-value >0.2 >0.2 >0.2 >0.2 >0.2

† Five patients suffered substantial visual loss in both eyes
‡ One of the eight patients with substantial visual loss was female
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involved in the resulting retinal thickness for a given
leakage, including blood-pressure in the retinal vasculature,
tissue osmotic pressure and the role of aquaporins. These
factors, including also tissue damage, may account for the
lack of normalisation of retinal thickness in diffuse edema
despite treatment [6].

The blood-retinal barrier permeability in the study did
not show significant changes over time, in parallel with a
previous study with follow-up at 6 months, though the
short-term study found a difference in eyes with and
without clinical resolution of the CSME [20]. The reason
for a relatively stable permeability over time remains
unclear, but it should be noted that HbA1c and blood-
pressure were not improved, and that though photocoagu-
lation seems to have decreased macular edema, the damage
on retinal vessels and the blood-retinal barrier remains. The
14-year follow-up of the Wisconsin study was still able to
detect the risk factors from baseline on progression of
retinopathy and edema, indicating the effect of metabolic
regulation over a long time-span [21].

The visual loss found in the present study might
represent a cumulative effect of regulation, with no major
changes in the retinal disease and leakage.

Current studies seem to indicate that treatment with
intravitreal steroids or VEGF inhibition in diabetic macular
edema are effective in some patients with diabetic macular
edema. In view of residual edema, the need for multiple
injections and risk for complications, evaluation of the
blood-retinal barrier may be valuable for finding patients in
need for such treatments due to poor outcome of photoco-
agulation, and probably also to specify inclusion criteria.

In conclusion, blood-retinal barrier permeability is a
sensitive prognostic factor for long-term substantial visual
loss of 3 lines or more after photocoagulation in CSME.
Blood-retinal barrier permeability is also increased before
CSME develops, and taken overall blood-retinal barrier
permeability is an early and strong predictor of the visual
outcome. Clinical studies as well as daily clinics should
include evaluation of leakage before intravitreal and other
invasive treatments, both to exclude patients with mild
edema which could be treated by photocoagulation, and
possibly also to establish untreatable cases.
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