
T
he prevalence of diabetes has 
continued to increase over the 
years. It is currently estimated 
that there are 382 million 

with diabetes worldwide in 2013, and 
that this figure is expected to rise to 
592 million by 2035 [1]. In the United 
Kingdom, the prevalence of diabetes 
was 6.2% of the population in 2014 [2]. 
Diabetic retinopathy (DR) is a common 
complication of diabetes which is most 
related to the duration of diabetes, but 
heavily influenced by the poor control of 
diabetes (hyperglycaemia), associated 
cardiovascular risks of hypertension 
and hyperlipidaemia, renal disease 
and smoking [3-5]. Genetics is thought 
to play a significant role in the 
development of DR as well [6], although 
this role is not as clear as that in age-
related macular degeneration. 

Diabetes and hyperglycaemia have 
significant metabolic effects on the 
cells of the retinal vascular, as the 
glucose concentration in these cells 
reflects that in the blood and tissue 
fluid. Molecular alterations occur 
within the retinal vascular endothelial 
cells and pericytes that result in 
increased vascular leakage (increased 
permeability), vascular occlusions, 
subsequent ischaemia and angiogenesis 
[3-5]. These changes manifest clinically 
as DR. At the same time, changes occur 
in the other retinal cells resulting in 
retinal neurodegeneration. However, 
this neurodegeneration is not noted 
clinically [7].

Normally, the retinal vascular system 
is designed to prevent leakage of 
fluid into the retinal tissue protecting 
it from excess fluid and potentially 
harmful molecules in circulation, 
by the inner blood-retinal barrier 
(BRB) formed by the tight junctions 
between the single layer of tightly 
adherent endothelial cells (ECs), their 

basal lamina, surrounding pericytes, 
astrocytes and microglia. Fluid flow 
from these retinal blood vessels is 
regulated by two main mechanisms: 
one involving the opening and closing 
of inter-endothelial ‘tight’ junctions (TJ) 
(paracellular pathway), and the second 
involving the transport vesicles that 
travel through the endothelial cells 
(transcellular pathway). A breakdown 
of these mechanisms of the BRB leads 
to increased permeability if the retinal 
vasculature as summarised by Klaassen 
et al. (2013) [7]. This breakdown results 
in diabetic macular oedema (DMO). 
The increased intraretinal fluid leads to 
progressive retinal dysfunction, and if 
left untreated will result in permanent 
visual loss [7]. The contributions of the 
choroidal vasculature to the clinical 
disease of DR are less well understood, 
but again will be largely contributed to 
by the choroidal EC alterations [8-11].

DMO is characterised by vascular 
leakage through endothelial 
transcellular and paracellular routes, 
which clinically manifests as tissue 
oedema and the deposition of exudates 
in the macula. The leakage (or DMO) 
may be confirmed and quantified 
with optical coherence tomography 
(OCT) and / or fundus fluorescein 

angiography (FFA). Diabetic macular 
oedema is responsible for significant 
visual impairment in diabetic patients 
[5,12-14]. 

There are anatomical and 
biochemical changes, which are 
interlinked, and modified by genetic 
factors.

Anatomic changes in DMO
Essentially, no retinal cell type is 
exempt from the damaging effects of 
hyperglycaemia in diabetes. The retinal 
capillary endothelial cells become leaky 
as described above. Retinal endothelial 
cell (REC) proliferation is reduced, in 
addition to increased death through 
apoptosis, which may take some time to 
be noticed. Similarly, there is increased 
pericyte loss through apoptosis, and 
dysfunction. The mechanism underlying 
pericyte apoptosis remains unclear, but 
has been attributed to the accumulation 
of stable advanced glycation end 
products (AGEs), abundantly found 
in hyperglycaemia [5,7]. There is 
thickening of the basement membrane 
(basal lamina) surrounding the REC 
and pericytes, whilst the endothelial 
cells may become thinner. An early 
event in the pathogenesis of diabetic 
vasculopathy is leukocyte adherence to 

Figure 1: Pathogenesis of diabetic retinopathy.
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retinal vascular endothelium, resulting 
in EC death, vascular leakage, and 
capillary closure [15]. After a period of 
time, the cell loss results in acellular 
capillaries, and microaneurysm 
formation. Occlusion of retinal 
capillaries and arterioles lead to retinal 
ischaemia and hypoxia which may 
progress to retinal neovascularisation, 
depending on severity.

The retinal astrocytes normally 
improve barrier properties by inducing 
the production of tight junction 
proteins. Hyperglycaemia leads to 
significant loss of retinal astrocytes / 
glial cells [7].

Molecular changes in DMO
The molecular changes in DMO are 
due to the overproduction of reactive 
oxygen species (ROS) in the cellular 
mitochondria in the different cells, 
leading to oxidative stress and tissue 
damage through a number of major 
mechanisms (reviewed in Amoaku et 
al. 2015) [16], which are still not fully 
unravelled. Hyperglycaemia leads 
to activation of the protein kinase C 
(PKC) isoforms, over-activity of the 
hexosamine pathway, increased flux 
of glucose and other sugars through 
the polyol pathway, and increased 
intracellular formation of advanced 
glycation products (AGEs) and increased 
expression of the receptor for AGEs 
(RAGE). Other pathways include the 
renin-angiotensin and peroxisome 
proliferator-activated receptor 
gamma (PPAR-γ) (also known as the 
glitazone receptor) pathways (See 

Figure 1). The increased ROS may lead 
to inflammation by generating IL-1, 
IL-6, IL-8, MCP-1, iNOS, IP-10, MMPs 
(especially MMP9), C5-9 and TNF-
alpha, as well upregulating endothelial 
adhesion molecules such as ICAM-1 
(CD54) or E-Selectin (CD62E) [17-19], 
VCAM-1 (CD106) [20] and PECAM 
(CD31) in ECs. The ROS directly 
affect the retinal neurovascular unit 
leading to increased breakdown of 
the BRB. There is significant increase 
in vascular endothelial growth factor 
(VEGF) levels from the ROS, which 
in turn induces increased retinal EC 
permeability through TJ alterations. 
Similarly, the increased ROS leads 
to increased angiopoietin 2, reduced 
PDGF and reduced VE-Cadherin 
which together result in pericyte loss. 
Reduced EC proliferation and increased 
apoptosis also result from increased 
ROS generation. These molecular 
changes and how they contribute to the 
increased vascular permeability in DMO 
are summarised in Figure 2.

It is thought that the ROS including 
peroxynitrite and methylglyoxal lead to 
increased PARP activation in the cytosol 
and nucleus of the retinal vascular 
endothelial cell, setting up a cycle that 
results in reduction of GADPH in the 
cells with the subsequent changes that 
manifest in clinical changes of DR (see 
Klaassen review) [21].

Recent evidence has confirmed that 
DMO is not solely due to increased 
VEGF levels [22]. Roh et al. (2009) [23] 
showed that there was increased IL-6, 
IL-8, VEGF, and MCP-1 significantly 

elevated in aqueous humour in eyes 
with clinically significant macular 
oedema (CSMO), and that the elevated 
IL-6, IL-8 and MCP-1 levels were 
noted with recurrences of CSMO after 
intravitreal injections of bevacizumab 
[23]. Similarly, Funk et al. (2010) [24] 
and Sohn et al. (2011) [25] have reported 
that IL-8, IP-10, MCP-1, and VEGF 
significantly higher in the aqueous 
humour of DMO group than in controls, 
and that IL-6, IP-10, MCP-1, PDGF-AA, 
and VEGF were significantly decreased 
in the eyes treated with intravitreal 
injections of triamcinolone. However, 
only VEGF reduced in the intravitreal 
bevacizumab treated group. Funatsu et 
al. (2001, 2002, 2005) [26-28] reported 
significant increase in vitreous ICAM-1 
in eyes with DMO, increased vitreous 
IL-6 and VEGF in DR, increased vitreous 
VEGF, Angiotensin II.

It is known that retinal vascular 
leakage in DMO is contributed to 
by (VEGF) upregulation as well as 
non-VEGF dependent inflammatory 
pathways, so that chronic subclinical 
inflammation is important in the 
pathogenesis of DR [7,15,29-38]. An 
early event in the pathogenesis of 
diabetic vasculopathy is leukocyte 
adherence to retinal vascular 
endothelium, resulting in EC death, 
vascular leakage and capillary closure 
[15-16].

Treatments for DMO
Until recently, laser photocoagulation 
was the recommended treatment for 
DMO [39,40]. The exact mechanisms of 
action of how laser photocoagulation 
led to reduction in DMO are unknown. 
Plausible mechanisms include the 
destruction of high oxygen consuming 
photoreceptors, increased oxygenation 
of the retina through diffusion from 
the choroid though the laser scars, 
restoration of new retinal pigment 
epithelium (RPE) barrier, production of 
cytokines including TGF-B and pigment 
epithelium-derived factor (PEDF) 
from the stimulated RPE as discussed 
in the review by Bhagat et al. [5] The 
benefit of laser photocoagulation was 
only noticeable in eyes with clinically 
significant DMO [39,40]. The visual 
improvement in laser treated eyes 
was slow, but fairly long lasting. It 
is important to note, further, that 
photocoagulation for DMO may be 
associated with loss of central vision, 
central scotomas, and decreased colour 
vision. There is expansion of laser scars 
with time.
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Figure 2: Pathogenesis and therapeutic approaches in DMO.

HYPERGLYCAEMIA

Oxidative Stress 
hROS

hVascular 
Permeability

Macular 
Oedema

Neurovascular 
Damage 

Breakdown of BRB

Modifying 
Factors 

Hypertension
Lipids, Genes

hIL-6, hIL-8 
hMCP-1, hIP-10 
hICAM, hVCAM, 
hE-Selectin, 
hAGE/RAGE 
hCS-9, 

hiNOS/NO.

hAng-2 
iPDGF 

iVE-Cadherin 
Pericyte Loss

iEC 
Proliferation 

hEC 
Apoptosis

Steroids
Anti- 
VEGF

hVEGF

AGE
PKC
POLYOL
HEXOSAMINE
OTHERS: RENIN-ANG, PPAR



Subthreshold laser photocoagulation 
has recently been suggested as a better 
alternative in the treatment of DMO 
as the collateral damage to the retina 
is limited [5,41], as the subthreshold 
laser does not destroy the RPE the 
much shorter duration each application. 
However, the role of subthreshold 
laser therapy in DMO has not yet been 
widely accepted, and the technique and 
outcomes require further evaluation.  

Focal laser photocoagulation still 
remains the standard treatment of 
choice in eyes with focal leakage in the 
macular that way from the edge of the 
foveal avascular zone [16].

Pharmacological treatments 
for DMO
Several pharmacologic agents are 
now available for the treatment of 
DMO including anti-VEGF agents and 
corticosteroids, and are summarised in 
a recent review [16]. These treatments 
are particularly useful in eyes with 
centre-involving DMO. Targeting VEGF 
has resulted in the use of anti-VEGFs 
including pegaptanib, ranibizumab, 
aflibercept and bevacizumab in the 
treatment of DMO [16]. Several clinical 
studies have investigated the efficacy 
of steroids such as triamcinolone, 
fluocinolone and dexamethasone in 
the treatment of DMO [16]. Although 
steroids demonstrate some anti-
VEGF effects, this varies amongst the 
different steroids. Corticosteroids may 
reduce DMO mainly by targeting the 
non-VEGF dependent inflammatory 
pathways including blockage of the 
arachidonic acid pathway (reduction of 
prostaglandin synthesis, and inhibition 
of the release of pro-inflammatory 

mediators, including VEGF (see 
Figure 2). This effect may be through 
modulation of EC TJ molecules [29].

Anti-VEGF therapies
The different intravitreal VEGF 
inhibitors act to reduce VEGF levels in 
the eye and thus reverse the vascular 
permeability increase. Pegaptanib 
(Macugen, Pfizer) blocks only the 
VEGF-165 isoform which was originally 
thought to be the main pathogenic 
isoform. It has no effect on the other 
VEGF isoforms. The other available anti-
VEGF agents: ranibizumab (Lucentis, 
Novartis), aflibercept (Eyelea, Bayer) 
and bevacizumab (Avastin, Roche) 
block all the VEGF isoforms. As other 
VEGF isoforms are now known to be 
as important as VEGF 165, it is not 
surprising that these other agents 
seem more effective in reducing 
DMO than pegaptanib. Ranibizumab 
and aflibercept have received their 
marketing authorisation for the 
treatment of DMO, whilst bevacizumab 
remains unlicensed for intraocular 
injection, and pegaptanib does not have 
marketing authorisation for DMO. As 
the effects of these anti-VEGF therapies 
are short lived, the DME often recurs. 
Furthermore, not all eyes with DMO 
are responsive to anti-VEGF therapies, 
especially if the leakage is chronic. 
(Chronicity of DMO is not clearly defined 
but is generally accepted as oedema 
present for six months or more).

Corticosteroids
Intravitreal triamcinolone has been 
used for several years to treat centre 
involving DMO especially when 
unresponsive to laser photocoagulation. 

However, the commonly available 
product, Kenalog (Squibb) 
remains unlicensed for intravitreal 
administration. The manufacturer has, 
in addition, issued a few ‘Dear Doctor 
letters’ advising against its use for that 
indication. Kenalog (Squibb) contains 
alcohol which may not be too kind to 
the retina. Trivaris (Allergan) is designed 
and licensed for intravitreal injection in 
the US but not in the EU.

Fluocinilone (Iluvien, Alimera 
Sciences) and dexamethasone 
implant (Ozurdex, Allergan) have 
received marketing authorisation 
for the treatment of DMO, and have 
been approved by NICE for particular 
indications in DMO (in eyes that are 
pseudophakic). Fluocinolone (not 
degradable) is a slow release product 
thought to last up to two to three 
years in the vitreous, whilst Ozurdex 
(Allergan) (degradable) was designed 
for use at six monthly intervals, but is 
now known to require repeat injections 
at four to five months in most patients. 
These steroids show good efficacy, 
but are reserved as second line agents 
where the DMO shows suboptimal 
response to anti-VEGF therapies, or 
when anti-VEGFs are not available 
or suitable. It is known that as many 
as 20% of eyes with DMO show such 
suboptimal response to anti-VEGF 
therapies. Such poor response is more 
likely in eyes with chronic DMO, i.e. 
DMO present for an average of six 
months or longer. However, intravitreal 
steroids have increased risks of 
cataracts and steroid induced glaucoma 
which may limit their use.

Combination therapy in DMO
The available evidence suggests that 
each individual treatment modality in 
DMO does not result in a completely 
dry macula in most cases. Furthermore, 
it takes a while to achieve a dry macula 
in most cases, requiring frequent 
treatments. The ideal treatment for 

Figure 3: Combination therapy in DMO.
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DMO should improve vision and improve 
morphological changes in the macular 
(for example, reduce macular oedema) 
for a significant duration, reduced 
adverse events, reduce treatment 
burden and costs, and be well tolerated 
by patients.

As discussed previously, it is now 
known that retinal vascular leakage 
in DMO is contributed to by VEGF 
upregulation as well as non-VEGF 
dependent inflammatory pathways 
which may be chronic and subclinical 
[15,29-38]. An early event in the 
pathogenesis of diabetic vasculopathy 
is leukocyte adherence to retinal 
vascular endothelium, which predispose 
to and result in EC death, vascular 
leakage, and capillary closure [15]. 
These inflammatory changes are more 
amenable to steroid therapies compared 
to anti-VEGFs.

As such combination of steroids and 
anti-VEGF therapies may provide better 
outcomes by blocking both the VEGF 
dependent and non-VEGF dependent 
pathways. Eyes with DMO that do not 
respond to monotherapy with anti-VEGF 
blockage should receive combinations 
of anti-VEGF and steroids. These may 
further be combined with macular laser 
photocoagulation, or subthreshold laser 
as necessary (Figure 3).

Such combinations may result in 
reduced treatment frequencies, better 
visual acuities, and less adverse events.
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Letter to the editors
Dear Eye News,

The article by Chaturvedi et al. in the April/May edition of Eye News gives a 
good overview of the Stockport Minor Eye Conditions Service (MECS) and it 
correctly identifies that there has been no detectable reduction in workload 
in the hospital eye casualty department. As the authors point out, experience 
elsewhere shows a year on year rise in numbers can be expected. However, 
only patients registered with a Stockport GP have access to the MEC service. 
MECS started in 2013 and a deeper analysis of the year prior to MECs and 
then again in 2014/15 shows that the number of Stockport registered patients 
attending Eye Casualty is almost unchanged (up 0.4%), whereas the demand 
from areas outside Stockport has risen by 26% in the same two year period. 
There is further work to be done to increase the deflection of Stockport 
patients but, from the hospital’s perspective, it needs the other surrounding 
areas to adopt similar MEC services.

Trevor Warburton,
Director, GM Primary Eyecare Ltd.

Susan Parker,
Clinical Lead for Eyecare, NHS Stockport CCG.

Winfried MK Amoaku,
Clinical Assoc Prof and Reader  
in Ophthalmology &  
Visual Sciences, 
 Faculty of Medicine &  
Health Sciences,  
University of Nottingham, UK.

E:  Winfried.Amoaku@ 
nottingham.ac.uk

Declaration of Competing Interests  
The author has provided consultancy services to Alcon, 
Alimera, Allergan, Bayer, Novartis and Thrombogenics. He 
has received travel grants from Allergan, Bayer and Novar-
tis, and honoraria for lectures from Alimera, Allergan, and 
Novartis. He has participated in clinical trials for which his 
institution has received funding from Allergan, Novartis 
and Pfizer. His institution has further received research 
grants from Allergan and Novartis for non-clinical studies, 
and CentreVue (Italy) for clinical studies.

eye news | OCTOBER/NOVEMBER 2015 | VOL 22 NO 3 | www.eyenews.uk.com 

FEATURE


