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Abstract
In diabetes mellitus, both retinopathy and nephropathy represent specific microvascular

disease with increased capillary permeability resulting in hard exudates, foveal oedema,

and albuminuria. The decrease of heparan-sulfate content of the glomerular-basement

membrane is quantitatively related to the rate of proteinuria in nephropathy associated

with insulin dependent diabetes mellitus (IDDM). Several short-term studies in patients

with IDDM and non-IDDM have shown that a reduction of microalbuminuria and

macroalbuminuria can be achieved with the supplementation of glycosaminoglycans.

After completion of a study on the effect of danaparoid sodium on albumin excretion in

patients with IDDM and macroalbuminuria, we hypothesised that treatment with

danaparoid sodium also influenced retinal leakage in the patients in that trial.

In this retrospective study nine patients with nephropathy received 750 anti-Xa units of

danaparoid sodium once a day for 6 weeks in a placebo-controlled double-blind cross-

over study. Fundus photographs, done at baseline and at the end of the study, were

semiquantatively scored for the severity of hard exudates.

At baseline fourteen eyes had a grade 1to 5 severity of hard exudates and four eyes were

without hard exudates (grade 0). There was no progression in the latter four eyes. In ten

eyes an improvement was observed: four patients showed a favourable response to

treatment in both eyes and two patients showed improvement in one eye. We found

improvement of hard exudates after 6 weeks of treatment with danaparoid sodium.

Our uncontrolled observation indicates that the supplementation of danaparoid sodium

influences both the permeability of retinal vessels as well as of glomerular vessels.

Danaparoid-sodium therapy as a systemic adjuvant is worth considering for treatment

strategies for foveal oedema and hard exudates in diabetic maculopathy.
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Introduction

Both retinopathy and nephropathy represent specific microvascular disease in diabetes

mellitus. Increased capillary permeability causes albuminuria in nephropathy and in

foveal oedema and hard exudates in diabetic maculopathy. The glomerular-basement

membrane (1) and also the retinal capillary basement membrane (2) contain heparan

sulfate, which plays an important part in the charge-selective barrier function. The

decrease of heparan-sulfate content of the glomerular-basement membrane is

quantitatively related to the rate of proteinuria in nephropathy associated with insulin-

dependent diabetes mellitus (IDDM) (3). Several short-term studies in patients with

IDDM and non-IDDM have shown that a reduction of microalbuminuria and

macroalbuminuria can be achieved with heparin, low-molecular-weight heparin, or

heparinoid (4-7).

After completion of a study on the effect of danaparoid sodium on albumin excretion in

patients with IDDM and macroalbuminuria, we hypothesised retrospectively that

treatment with danaparoid sodium may also have influenced retinal leakage in our trial

patients (6). Therefore, we reviewed fundus photographs which had been taken as a

safety measure before and at the end of the study.

Patients and methods
The original study was designed as a phase II randomised, double-blind, placebo-

controlled, cross-over study to assess putative effects of danaparoid sodium on the rate

of proteinuria in IDDM patients (6). The study was approved by the ethics committee of

the Leiden University Hospital, Leiden, Netherland, and all patients gave informed

consent. Nine patients, eight men and one woman (median age 35 years; interquartile

range [IQR] 29 - 44 years), who had IDDM (median duration 25 years; IQR 16 - 28

years) with macroalbuminuria (albumin-excretion rate > 300 mg/24 h) because of

diabetic nephropathy were studied. Median mean-arterial blood pressure was 105 mm

Hg (IQR 100-107 mm Hg); the use of angiotensin-converting-enzyme inhibitors and

other anti hypertensive medications was by a stable dosage at least 6 weeks before the

start of the study and remained unchanged. Median HbA1c was 8.3% (IQR 7.7 - 9.8%).

Six of nine patients had undergone pattern photocoagulation previously because of

proliferative retinopathy. The other three patients had stable background retinopathy. At

baseline, seven patients had hard exudates in both eyes.

The patients were randomly assigned to one of two treatment: 750 anti-Xa units

danaparoid sodium (Orgaran, NV Organon, Oss, Netherlands) subcutaneously given

once a day for 6 weeks, a wash-out period of 4 weeks, followed by 6 weeks placebo
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(saline with sulphite) or the same scheme but with the placebo first. Danaparoid sodium

is a mixture of sulfated glycosaminoglycans (84% heparan sulfate, 12% dermatan

sulfate, and 4% chondroitin sulfate) isolated from porcine intestinal mucosa.

Fundus photography was done at baseline and at the end of the study as a safety

parameter to monitor potential bleeding complications. Seven field, red-free photographs

of both eyes were obtained after mydriasis with a Zeiss camera. No bleeding

complications were observed. To assess the course of signs of retinal leakage a 45°

photograph centred around the fovea was projected and all hard exudates were traced.

Photographs were studied anonymous and masked for pretreatment or posttreatment

assessment. Hard exudates were semiquantitatively graded, ranging from 1 (minimal) to

5 (extensive circinate).

Results

All patients completed the study. The results are depicted in Figure 1. Figure 2 shows

two patients before and after the study. No hard exudates developed in the two patients

who had no hard exudates before the study. In one patient the degree of hard exudates

remained unchanged in both eyes. In two patients an improvement was seen in one eye,

the other eye remaining unchanged. In four patients the degree of hard exudates

improved in both eyes. So, in 14 eyes with hard exudates, an improvement was observed

in ten eyes, four remaining unchanged, and no eye showed progression. There was no

difference between patients with or without previous pattern photocoagulation.

Subanalysis of the treatment order (danaparoid sodium then placebo or placebo then

danaparoid sodium) was not possible due to the small number of patients in the trial.

Discussion

In this retrospective analysis an improvement of hard exudates was observed after 4

months that included 6 weeks of treatment with danaparoid sodium. This is an

uncontrolled observation, which conflicts with data about the natural history of hard

exudates. Several studies have shown that, on average, hard exudates progress, remain

stable or improve spontaneously in a minority of patients (8-11).

The standard treatment of diabetic maculopathy is focal laser treatment (8). However,

areas of maculopathy close to the fovea are not amenable to laser treatment. Therefore,

local laser treatment is not always able to improve visual acuity or to prevent further loss

of vision. Danaparoid sodium as a systemic adjuvant treatment may be of benefit. A
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prospective, placebo-controlled, randomised trial that also taking into account a

quantitative evaluation of macular thickness and visual acuity is needed.

A generalised defect in the heparan sulfate content of basement membranes has been

shown in diabetic microvascular disease. A parallel between the established beneficial

effect of danaparoid sodium and comparable agents on proteinuria and a potential effect

on increased macular permeability may represent an attractive, pathophysiologically

based, therapeutic concept.

Figure 1. Scores for hard exudates for 18 eyes before and after treatment with danaparoid
sodium. In the 14 eyes with hard exudates ( > 0), an improvement was seen in ten eyes, four
remained unchanged, no eye showed progression.
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Figure 2. Retinae from a man aged 44 years (upper panel) and a man aged 29 years (lower
panel) before (A,C,E,G) and after (B,D,F,H) the danaparoid-sodium trial.
Upper panel- diabetes duration of 25 years without prior photocoagulation; right eye is shown
with detailed view (score 5 for the whole eye before [A] and 3 after [B]) and the left eye with a
global view (score 4 before [C] and 2 after [D]).
Lower panel- diabetes duration of 26 years with photocoagulation of both eyes several years
earlier; left eye scored 3 before (E) and 2 after (F), the right eye scored 2 for both occasions
(before [G] and after [H]).
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