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Abstract :

Diabetic macular edema (DME) remains the major cause of vision loss in the highly prevalent type 2
diabetes. Retinal inner layers comprise of 4 layers, namely; ganglion cell layer -inner plexiform layer
complex, inner nuclear layer and outer plexiform layer. Spectral domain optical coherence tomography
(SD-OCT) is a non-invasive imaging tool for in vivo cross-sectional retinal histology. SD-OCT is an
important tool in diagnosing and managing a patient with DME. Disorganization of retinal inner layers
(DRIL) is defined as the failure to ascertain any of the inner retinal layers’ boundaries. DRIL has been
found to be a predictor of visual acuity (VA) in DME.Serial OCT scans demonstrating changes in DRIL
correlate with the severity of diabetic retinopathy (DR). Many artificial intelligence softwares can read
SD-OCT and identify DRIL to screen patients of DR.
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INTRODUCTION :

The 2015 International Diabetes Federation Atlas reported that
DM affects 415 million people worldwide.' The global burden
due to diabetes is mostly contributed by type 2 diabetes (80-
95% of the total diabetic population).The prevalence rate of DR
in the Indian subcontinent is reported from 12% to 37% in
patients with type 2 DM. DR is the leading cause of vision loss
in adults aged 20—74 years.”Diabetic macular edema (DME) is
responsible for most of the visual loss experienced by patients
with diabetes as it remains the major cause of vision loss in the
highly prevalent type 2 diabetes.’

RETINAL INNER LAYERS :

Spectral domain optical coherence tomography (SD-OCT) is a
non-invasive reliable imaging tool for in vivo cross-sectional
retinal histology.

Retinal inner layers comprise of 4 layers, namely; ganglion cell
layer -inner plexiform layer (GCL-IPL) complex, inner nuclear
layer (INL) and outer plexiform layer (OPL). These are
visualized on SD-OCT.

Figure 1 : SD-OCT image showing intact inner retinal layers

Increased severity of DR has been found to be associated with
disorganization of retinal inner layers(DRIL). DRIL has been
found to be a predictor of visual acuity (VA) in center-involved
DME." DRIL was defined as the failure to ascertain any of the
inner retinal layers boundaries.** DRIL was graded as Grade o:
absence of DRIL, and Grade 1: presence of DRIL.

Figure 2 : SD-OCT showing DRIL with
disruption of ELM and EZ.

S. No.| RETINAL LAYER BLOOD SUPPLY

1. Ganglion cell layer | Central retinal artery

Inner plexiform layer | Central retinal artery

Inner nuclear layer | Central retinal artery

el

Outer plexiform layer| Central retinal artery,
ophthalmic

artery via choriocapillaris
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PATHOPHYSIOLOGICAL CHANGES TAKING PLACE
IN RETINAL VESSELS IN DME :

In DME, basement membrane thickening, pericyte
loss,*increased expression of ICAM-1°, oxidative and
nitrosative stress, rheological changes”and decreased
capillary perfusion lead to capillary endothelium damage. This
results in fluid leakageout of the capillaries resulting in DME,
capillary closure and decreased capillary blood flow. These
changes lead to decreased blood flow to retina with
consequential retina lischemia and increased vascular
endothelial growth factor (VEGF) release™. Retinal oximetry
studies have shown that increase in retinal venous oxygen
saturation is associated with increasing levels of DR. Several
studies also found increased retinal arterial oxygen saturation
in patients with DR."”

Retinal blood flow in adjacent capillaries increases due to
retinal is chemia thereby increasing shear stress in the
vesselwall. Increased viscosity and capillary closure also
contribute to increasing shear stress on the vessel wall.” Tooke
hypothesized that increased glycation and thickening of the
basement membrane results in “locking” of the vessel.” This
tends to increases hear stress as the vessel diameter is unable to
change, leading to mechanical injury to the vascular
endothelium.

Capillary pressure is increased in diabetes mellitus due to the
presence of dilated vasculature; the systemic blood pressure is
more easily transmitted to the micro circulation.

Vessel wall of larger vessels of the retinal circulation suffer
more circumferential stress damage. This occurs as the
circumferential stress that is responsible for mechanical
damage to the endothelium of the vessel wall is direct
lyproportional to the perfusion pressure and radius and
inversely proportional to the thickness of the vessel wall.” As a
result, the vessel has a tendency to dilate. As stated by Laplace
law, vesselwall tension resisting distension pressure is
inversely proportional to the radius of the vessel. Vessel has a
tendency towards dilatation as the vessel wall tension required
to counteract distending pressure is not achieved in a dilated
vessel, resulting in subsequent hyperperfusion.

Blood flow to adjacent retinal capillaries is increased due to
retinal is chemia, resulting in increase in vessel wall shear
stress.”* Resistive index has been characterised as a marker of
vascular resistance which increases with increasing resistance,
with vascular compliance taken into account.”

DISRUPTION OF RETINAL INNER LAYERS IN DME :
Role of SD-OCT :

DRIL has been highlighted as a predictive biomarker for VA in
DME. This biomarker may be useful not only as a predictor of
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VA but also for stratification of eyes with regard to a high
likelihood of future VA improvement or decline.’

DRIL as visualized on SD-OCT represents an anatomic
interruption in the visual transmission pathway. Disruption
has been hypothesized to result when bipolar axons snap after
their elasticity limit has been exceeded due to edema.”

Our recent study found that presence of DRIL correlated with
severity of DR. A significant positive correlation was found
between DRIL and central subfoveal thickness (CST) and cube
average thickness (CAT) and ellipsoid zone disruption on SD-
OCT.?

Role of doppler ultrasonography :

CRA supplies the retinal inner layers.”Our other colour doppler
study also highlighted an increase in RI of CRA in DME. This
was found to correlate significantly with an increase in CST and
CAT.*Hence it can be concluded that increased RI of CRA also
plays a significant role in pathogenesis of DRIL.

Another microvascular complication of diabetes is diabetic
nephropathy. Resistive index of intrarenal artery has been used
to detect renal dysfunction in patients of diabetic nephropathy.
Shirin et al concluded that resistive index has value in
identifying diabetic patients who are developing nephropathy
and can be used as an additional diagnostic tool as RI of renal
artery well correlates with serum creatinine and albuminuria
which are the biochemical parameters to diagnose diabetic
nephropathy.”

Role of serum VEGF :

In our earlier study, we have found that significantly elevated
levels of serum VEGF come into play even before the evidence
of DR. Increase in VEGF has been found to correlate with
increase in CST and CAT. Estimation of serum VEGF is a useful
laboratory test for predicting the onset of DR.*

Role of Artificial Intelligence :

Artificial intelligence systems are being developed to screen
patients of diabetic retinopathy, read OCTs and identify lesions
in retinal layers. The current Al screening systems for DR have
been developed using two-dimensional images and lack
stereoscopic qualities. Additionally, the medicolegal aspects
and the regulatory approvals vary in different countries and
settings. However, it can be an effective way to screen patients
of diabetic retinopathy in a physicians’ or endocrinologists’
OPD.*

TAKE HOME MESSAGE :

1. SD-OCT is an important tool in diagnosing and managing
a patient with DME. Serial OCT scans demonstrating
improvement or decline in DRIL correlates with the
severity of diabetic retinopathy.
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Serum VEGF levels serve as a simple and reliable
biomolecular biomarker for severity of DR.

Administration of intra-vitreal anti-VEGF causes
reduction in DME and may show improvement in DRIL.
Doppler ultrasonography of CRA can be an additional easy
modality of screening patients with DR.

Artificial intelligence is an upcoming tool for the screening
of patients for DRIL in DME
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