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  ABSTRACT 

Introduction: Macular Edema is a rather disabling condition that can be the consequence of several 

disorders of the eye. Most of the time it occurs in patients suffering from diabetic retinopathy. The exact 

pathophysiological mechanism of this condition is not clear, but it is probably the result of inflammatory 

processes or structural and mechanical disturbances of the vitreomacular tissue. Due to this obscure 

pathophysiological mechanism, a targeted efficient treatment is still lacking. However, accumulating 

evidence is suggesting that local application of insulin might reduce the structural and functional defects 

of this disorder. The aim of this study is to assess the effects of sequential applied benzalkonium chloride 

and Insulin eye drops on the visual acuity and central macular thickness of eyes suffering from macular 

edema. 

Methods: Patients refractive to or refusing treatment with anti-VEGF agents were selected. Their visual 

acuity and central macular thickness were measured immediately before and until six months after 

treatment. The treatment consisted of twice a day application of specially prepared benzalkonium chloride 

and Insulin eye drops. Results are expressed as mean ± SD. The procedures followed were all in line with 

the guides for ethics of the hospital and were not in conflict with the declaration of Helsinki. 

Result: After six months, the mean visual acuity increased significantly from 0.28±0.17 to 0.53±0.27 (p = 

0.002) and the central macular thickness decreased from 393±122 µm to 250±72 µm (p = 0.0005). 

Conclusion: Sequential applied benzalkonium chloride and insulin eye drops improve visual acuity and 

reduce central macular thickness in eyes suffering from macular edema. Large scale studies to confirm and 

to elucidate the exact mechanism of action are necessary. Apart from this, the use of these drops may 

prove to be a cheaper and more efficient method to treat the rather disabling condition.  
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Macular edema is a consequence of a number of ocular diseases which include, but is not 

limited to diabetic retinopathy, retinal vascular occlusions, postsurgical conditions, and uveitic 

diseases.1 The main pathophysiologic mechanism is an accumulation of fluid in the various layers 

of the central retina.2 The disabling disorder allegedly starts with a disturbance in the blood-

retinal-barrier and is probably the result of inflammatory processes, surgical and nonsurgical 

vitreomacular structural and 
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and mechanical disturbances frequently accompanied 

by visible macular adhesion of posterior hyaloid, and an 

increase in capillary permeability3–5. This rather complex 

pathophysiologic mechanism makes it difficult to treat 

the disorder.  

Current therapeutic strategies include primarily the 

application of non-steroidal anti-inflammatory eye 

drops, corticosteroids and inhibitors of carbonic 

anhydrase especially in patients with diabetes6,7. In 

refractory cases photo-coagulation of retinal tissues and 

intra-vitreal injection of agents like crystalline steroids, 

VEGF antagonists, ocriplasmin with or without 

cannulation of occluded retinal vein and surgical vitreo-

retinal release of traction are applied. Apart from the 

maintenance of a well-controlled blood glucose level 

being the main approach up till now, the last mentioned 

options are all invasive measures that may accompany a 

range of collateral tissue damage, which may lead to a 

significant formation of scar in healthy retinal tissues6–9. 

In addition frequent anti-VEGF injections may block the 

physiologic actions of VEGFA on normal neural and 

retinal cells and thus prevent adequate functional 

wound healing and visual function in time10,11. Finally, 

intra-vitreal crystalline steroid harbors the potential to 

damage the optic nerve through steroid-induced 

glaucoma if not treated adequately.12 

Consequently, the search for a less invasive, safe and 

overall long-term effective drug strategy with the main 

goal of preservation and maintenance of adequate 

central vision is ongoing13,14.   

Local application of insulin to the eye and skin of both 

animals as well as humans showed healing of corneal 

epithelial defects and skin wounds in both diabetics and 

non-diabetics 15–17. Moreover, sequentially applied 

surfactant and insulin eye drops were currently tested in 

animals and humans for systemic regulation of blood 

glucose.18,19A decrease of insulin receptors and glucose 

transporters in ocular tissue of diabetics20,21, might hint 

towards a chronic local ocular insulin deprivation, 

perhaps even before the development of systemic 

diabetes mellitus. These reasons justify the evaluation of 

early started insulin eye drops sequentially applied after 

a surfactant to address the affliction of the blood-retinal 

barriers in the pigment epithelium and retina in macular 

edema.  Since the effect of insulin eye drops in humans 

on macular edema has not yet been evaluated, we aimed 

to evaluate the effects of insulin eye drops sequentially 

applied after a surfactant (0.01% Benzalkonium chloride 

eye drops) on macular edema found in patients with 

ocular disorders in this study.  

 

METHODS  

Patient selection 

Patients were selected from subjects reporting at the 

department of ophthalmology of the Academic Hospital 

of Paramaribo in Suriname in the period of January 2016 

until August 2016. They had been diagnosed with 

macular edema. A number of 30 patients initially 

reported with macular edema with or without macular 

hole on OCT. Out of this group, only patients who had 

been treated previously with anti VEGF (Bevacizumab) 

and had shown no long term regression of the edema 

and patients who had refused treatment with anti VEGF 

were selected. A number of 15 patients met these 

criteria. Six patients refused to participate in the study 

mostly because they had minimal macula edema and 

still a good visual acuity. 

The remaining 9 patients participated with 12 eyes 

suffering from macular edema of which 4 also had a 

macular hole. One subject was refractory to intra-vitreal 

anti-VEGF, in both eyes. The remaining 8 subjects had no 

intra-vitreal anti- VEGF, retinal laser, pharmacological 

vitreolysis or cannulation of occluded retinal vein or 

surgical release of vitreo-macular traction immediately 

before or during the study. Seven of these were 

diabetics, while the remaining two did not suffer from 

this metabolic disorder. Of all 9 subjects 7 had diabetes 

and 2 were nondiabetic. All patients were informed that 

they could withdraw at any moment from the study 

without consequences. 

 

Procedure 

The ophthalmologist meticulously informed the 

participants about the procedures, possible adverse 

effects and outcomes and supplied them with all 

necessary data before receiving their oral and written 

consent to participate in this study. The departments of 

Ophthalmology and the emergency room of the hospital 

were available for 24/7 in case of emergency and 

unexpected adverse effects until three months after 

completion of the study. All procedures were in line with 

the hospital’s policy on ethics and 
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complied with the declaration of Helsinki. The Board of 

Executives of the Faculty of Medicine of the University 

gave approval for publication of the results. 

Immediately before the treatment was started, visual 

acuity and central macular thickness were classically 

determined with the Snellen eye chart and Optical 

coherence tomography (ZEISS Cirrus HD OCT model 

5000) respectively. This was considered as the 

pretreatment baseline value. 

Patients regularly received supplies of Benzalkonium 

chloride 0.01% and Mixtard insulin (Novolin 70/30, 100 

IU/ml) eye drops for at least three months. These had 

been prepared by the hospital pharmacist. In brief the 

insulin was transferred from the flacons to a dropper 

bottle under sterile conditions in a laminar flow hood. 

Under the same conditions benzalkonium chloride was 

diluted from the available stock to the appropriate 

concentration and then titrated into a dropper bottle. 

The benzalkonium and insulin were both sequentially 

applied with a gap of 30 minutes twice a day to the 

affected eyes.  

Participants were monitored for a period of up to one 

year. Visual acuity and central macular thickness were 

assessed every month during the treatment. Three of the 

subjects in this study had binocular macular edema of 

which in the first month the most affected eye was 

treated. They asked to treat the second eye accordingly 

in the second month. 

 

Statistics 

Obtained raw data were processed with Graphpad 

Prism 8.4.2. Data of individual eyes are graphically 

presented. For the pretreatment and treatment, the best 

visual acuity and the thinnest central macular thickness 

were registered. Because of the small sample size, 

Wilcoxon matched-pairs signed rank test was used to 

assess the difference. When p<0.05, they were 

considered significantly different. The power of the 

studies was calculated with an on-line tool 

(http://onlinestatbook.com/2/calculators/power_calc.ht

ml) and was 0.77 for the visual acuity and 0.95 for the 

central macular thickness. 

 

RESULTS 

 
Figure 1.  optical coherence tomography of the macular area of representative patient with Diabetes. A decrease of central 

macular thickness was observed after treatment of both eyes.  

http://onlinestatbook.com/2/calculators/power_calc.html
http://onlinestatbook.com/2/calculators/power_calc.html
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Figure 1 shows a scan of the retina before and after treatment. Figure 2 presents the maximum obtained visual acuity 

within 6 months after treatment was started. The mean visual acuity increased significantly from 0.28±0.17 to 0.53±0.27 

(p = 0.002). Figure 3 presents the smallest thickness of central macula that had been obtained in the same period. The 

mean central macular thickness decreased from 393±122 µm to 250±72 µm (p = 0.0005). Thus, a clear improvement of 

both visual acuity and central macular thickness in the post-treatment period were observed. 

 

 
Figure 2. Visual acuity of individual eyes before and after treatment with insulin. *p = 0.001 vs pretreatment 

 
Figure 3. minimum thickness of central macula area before and after treatment with insulin. *p = 0.0001 vs pretreatment
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Figure 4: optical coherence tomography of binocular macular edema in a patient with a defect (arrow) in the central macula 

of the right eye. There is a clear reduction of thickness after treatment in both eyes, however, the visual acuity of the right eye 

did not improve significantly. 

Figure 4 shows a scan of a patient with macular edema of both eyes and a clear defect in the central macula of the right 

eye. This is one of the four eyes with macular holes showing a significant decrease of macular thickness, however without 

significant improvement of visual acuity. For this reason, in this small number of cases, the mean improvement of macular 

thickness was allegedly better than the observed improvement of visual acuity. However, in the 8 remaining eyes without 

macular hole, the main visual acuity was better than the main edema reduction in all 12 eyes. Figure 5 is a representative 

scan of a non-diabetic with macular edema before and after treatment with the insulin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: optical coherence tomography of a non-diabetic patient with macular edema in the left eye before and after 

treatment, also showing improvement of the central macular thickness.  
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DISCUSSION  

This study shows that sequentially applied surfactant 

and insulin eye drops reduces central retinal thickness 

and improves visual acuity in eyes of patients suffering 

from macular edema. This observation is peculiar, since 

systemic insulin probably does not affect glucose 

metabolism of retinal nerve tissue directly.22,23 

Therefore, the effects observed in this study can be the 

result of other local actions of this hormone. For 

instance, it has been shown that the function of sodium 

potassium ATPase in the retinal tissue is reduced in eyes 

of diabetic animals and might be one of the 

pathophysiologic mechanism leading to macular 

edema.24,25  Insulin stimulates the action of the 

abovementioned ion-pump in murine corneal 

endothelial cells.26 The resulting volume reduction with 

stimulation of this ion pump can explain a reduction in 

retinal thickness and hence an improved visual acuity. 

Another study showed that insulin stabilizes the 

microvascular endothelial barrier.27 Since disruption of 

the blood retinal barrier plays a role in the development 

of macular edema28, this action of insulin may contribute 

to the reduction of macular thickness and improvement 

of visual acuity. 

 

CONCLUSION 

An additional mechanism could also be the stimulation 

of glucose uptake by the surrounding tissue near the 

external blood retinal barrier or pigment epithelium. The 

resultant reduction of glucose in the retinal tissue cells 

will lead to a reduced cell volume through osmotic 

processes.23 

Finally, as mentioned before, insulin inactivates the 

endothelial contractile machinery and enhances cell cell-

adhesions in rat coronary microvascular endothelial 

monolayers.27 

Regardless of the abovementioned mechanisms, this 

study shows both a reduction of macular thickness and 

improvement of visual acuity.  

Whatever the mechanism, the observations in this 

study  warrant further investigation in large scale 

preclinical and clinical studies and eventually may lead 

to an alternative, less invasive early started therapeutic 

strategy, not only for macular edema but also in 

diabetics as a preventive strategy for DRP, in an effort to 

treat the metabolic pathway upstream, next to 

downstream consequences. 
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