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Purpose: To correlate the optical coherence tomography (OCT) based morphological patterns of diabetic macular edema (DME) and
prognostic biomarkers with severity of anaemia in patients with diabetic kidney disease (DKD).

Patients and Methods: Single centre, observational cross sectional study of 42 eyes of 42 patients with DME and DKD. Eyes were
divided into 2 groups: Group A (Haemoglobin level above 10 g% and group B with haemoglobin less than 10 g%). The OCT pattern
and biomarkers were compared between the two groups.

Results: Mean age of the patients was 56.9 + 8.1 (range 42—79). Out of 42 participants, 22 patients had hemoglobin level more than
10g%(group A) while 20 patients had hemoglobin less than 10g%(Group B). The most common morphological pattern seen was
combination of cystoid macular edema (CME) with diffuse retinal thickening (DRT) in both groups. Disruption of the external limiting
membrane (ELM) and ellipsoid zone (EZ) was found to be associated with lower hemoglobin levels (p= 0.0155 and p= 0.0154
respectively). None of the other OCT biomarkers showed correlation with hemoglobin levels.

Conclusion: CME with DRT is the most common morphological pattern of macular edema seen in DKD patients with anemia. ELM-
EZ disruption can be considered as important biomarker of anaemia in patients with DKD.
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Introduction

Diabetes mellitus (DM) is an important public health concern, a chronic condition affecting the quality of life of millions
of people worldwide and imposing significant burden on the society and health care systems across nations. The number
of diabetics in the world is estimated to be 366 million by the year 2030." Nephropathy, peripheral neuropathy and
diabetic retinopathy are microvascular complications of diabetes. Diabetic retinopathy (DR) is a leading cause of visual
impairment in the working age population? and the most common microvascular complication of chronically elevated
blood sugars. Commonest cause of vision loss in patients with DR is Diabetic macular edema (DME).’

Diabetic kidney disease (DKD), until recently known as diabetic nephropathy is another microvascular complication
of diabetes. DKD is a leading cause of end stage renal disease affecting about 40% of the diabetics.* Patients with DKD
are at risk of developing renal anaemia mainly due to erythropoietin deficiency.” Reduced red blood cell survival,
systemic inflammation and autonomic neuropathy all work together to make anemia very prevalent in patients with
diabetes.® Anemia is associated with increased severity of DME and risk of progression to high risk proliferative diabetic
retinopathy (PDR).’
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Optical Coherence tomography (OCT) is invaluable in the diagnosis, management and follow up of patients with
DME. Diffuse spongiform thickening, cystoid macular edema (CME) and serous retinal detachment (SRD) are the
different morphological types of DME on OCT®® (Figure 1). Various OCT biomarkers like disorganisation of inner
retinal layers (DRIL), hyperreflective dots (HRD) and hyperreflective foci (HRF), disruption of Ellipsoid zone (EZ) and
external limiting membrane (ELM) help in prognosticating DME.’

Till date no study has been conducted to correlate the degree of anaemia in DKD patients with the OCT pattern of
DME and OCT biomarkers. The present study was undertaken to correlate the morphological patterns of DME and OCT
biomarkers of DME with the degree of anaemia in DKD patients.

Materials and Methods

This was a single centre, observational cross-sectional study conducted at a tertiary care hospital in South India. Patients
with type 1 or type 2 diabetes aged 18 years or more, with co-existing diabetic kidney disease (DKD) and having centre
involving DME defined as central subfield macular thickness of more than 320 microns for men and more than 305
microns for women were included in the study.'® Patients with chronic kidney disease (CKD) due to causes other than
diabetes and non-diabetic macular oedema were excluded from the study. Patients with significant media opacities
hindering the acquisition of good quality OCT were also excluded from the study. Patients who had undergone any
intraocular surgery, laser photocoagulation or received intravitreal injections in the past 6 months were also excluded.

After Institutional Ethical Committee clearance (IEC Project No.- 708-2019) and CTRI registration (CTRI Reg. No-
2020/07/026783), the recruitment of participants was initiated. Patients attending the outpatient departments of
Ophthalmology and Nephrology in our hospital, Manipal between September 2019 to December 2021 were included
in the study once they were seen to meet the above-mentioned inclusion criteria. The tenets of Declaration of Helsinki
were adhered to and written informed consent was obtained from study participants. Standardized data collection forms
were used. All participants underwent comprehensive ophthalmologic evaluation including Snellen visual acuity, slit-
lamp biomicroscopy, and Spectral Domain OCT of macula using Cirrus HD-OCT 5000 (Carl Zeiss Meditec, Dublin,
CA). Values of relevant laboratory parameters done not more than one week prior to the examination including
Haemoglobin, HbAlc, serum urea, creatinine and electrolytes, and proteinuria were collected. OCT features were
assessed by one of the authors (SS) who is a retina specialist. If both eyes of a patient fitted the criteria for recruitment,
the eye with greater central subfield thickness was selected for the study. Snellen best corrected visual acuity (BCVA)
was converted to logarithm of minimum angle of resolution (log MAR) BCVA using standardised tables.

DRT was defined as increased retinal thickness with reduced intraretinal reflectivity and expanded areas of lower
reflectivity.® Presence of low reflective cystoid spaces separated by high reflective intervening septae in the macular area
was categorised as CME.® Serous retinal detachment was defined as the accumulation of subretinal fluid seen as
hyporeflective space with the high reflective outer border.®

Figure | Morphological patterns of DME. Blue star: CME, Yellow star: DRT, Red star: SRD. DRT: increased retinal thickness with reduced intraretinal reflectivity and
expanded areas of lower reflectivity;? CME: Presence of low reflective cystoid spaces separated by high reflective intervening septae;® SRD: accumulation of the subretinal
fluid seen as hyporeflective space with the high reflective outer border.®
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Diabetic retinopathy was graded using the ETDRS classification into mild, moderate, severe, very severe non-
proliferative diabetic retinopathy and proliferative diabetic retinopathy.11

Estimated glomerular filtration rate (¢GFR) was calculated using the CKD-EPI creatinine formula.'> DKD was staged
based on the estimated glomerular filtration rate (¢GFR)."* Anaemia was graded according to the World health organisation
(WHO) guidelines as mild (10mg/dl to 13mg/dl in males and 10mg/dl to 12mg/dl in females), moderate (8mg/dl to 9.9mg/dl
in males and females) severe (6mg/dl to 7.9 mg/dl in males and females) and life threatening if less than 6 mg/dl.'*

Data was expressed as mean + standard deviation. Fisher exact test, Pearson correlation analysis, Kruskal-Wallis one-way
analysis of variance, linear regression and multiple logistic regression were used to measure significance of correlation

between the recorded parameters. P value less than 0.05 was taken as significant. R software was used for statistical analysis.

Results

42 eyes of 42 participants were included in the study. Mean age of the patients was 56.9 + 8.1 (range 42—-79) years. Six
were female patients and the remaining 36 were male patients. The mean duration of diabetes was 12.7 + 6.7 (range
2-30) years. The median haemoglobin was found to be 10 gm/dl and was taken as a cut off value to divide the sample
into two groups, group A with haemoglobin above or equal to 10 gm/dl and group B with haemoglobin below 10gm/dl.
The mean HbAlc was 8.0 + 2.5% and mean serum creatinine was 3.7 &+ 2.5. The average log MAR BCVA was found to
be 0.5 £ 0.36 which corresponds to Snellen visual acuity of 6/12 (Table 1).

The severity of diabetic retinopathy as well as kidney disease were noted to be worse in the group B than in group A,
but this difference was not of statistical significance in our sample (p=0.1747).

CME in combination with DRT was the commonest morphological pattern seen in the study population. This pattern
was seen in 19 eyes (45%), 11 eyes (50%) in group A and eight eyes (40%) in group B. The second common pattern seen
was the combination of all three patterns ie CME, SRD and DME which was seen in seven eyes (31.8%) in group A and
six eyes (30%) in group B respectively. Only DRT was seen in three eyes, all of which were in group A. SRD in
combination with CME, DRT or both was seen in 17 eyes, eight in group A and nine in group B (Table 2).

Mean central foveal thickness (CFT) was 439.29 microns for the entire study population with the CFT in group
A being 449.18 microns and that in the group B was 429.4 microns. DRIL was present in 70% (30 out of 42) of the total
sample. DRIL was seen in 16 eyes in group A (72.73%) and 14 eyes in group B (70%). Disruption of the EZ and ELM
was each seen in nine eyes in group A (40.9%) and 12 eyes (60%) in group B and 50% among all participants.

Table | Demographics of the Two Groups of Participants Along
with the Clinical Characteristics

Group A (n=22) | Group B (n=20)

Age (years) 58.1 £ 94 558+ 6.2
Gender Female 4 2

Male 18 18
Duration of diabetes (years) 124 +73 13+62
On insulin 13 (59%) 11 (55%)
On haemodialysis 4 (18.25%) Il (55%)
Hypertension 19 (86.4%) 16 (80%)
Haemoglobin (g/dl) 123+ 1.7 8709
HbAIlc level (%) 8.1 +24 79 %27
Log MAR visual acuity 04+03 0.6 +04

Note: Group A had haemoglobin levels above or equal to 10 g/dl and Group B had
haemoglobin below |0g/dl.
Abbreviation: Log MAR, Logarithmic Minimum angle of resolution.
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Table 2 Showing the Distribution of OCT Patterns of DME in Two

Groups

Morphological Pattern on OCT | Group A (n=22) | Group B (n=20)
CME 0 2

DRT 3 0

SRD 0 0

CME with DRT Il (50%) 8 (40%)
DRT with SRD 0 3

CME with SRD | 0

CME +SRD+ DRT 7(31.8%) 6(30%)

Note: Group A had hemoglobin levels above or equal to 10 g/dl and Group B had hemoglobin

below 10g/dI.

Abbreviations: DME, Diabetic macular edema; CME, Cystoid macular edema; SRD, Serous
retinal detachment; DRT, Diffuse retinal thickening.

Hyperreflective foci were seen in five (27.7%) and three (15%) cases in group A and B respectively (19.05% of total

cases). Hyperreflective dots were seen in 12 (54.5%) and 11 (55%) cases in groups A and B respectively, which was close

to the overall average of 54.76%. Epiretinal membrane formation was seen in two cases in group A (9%) and six cases in

group B (30%), bringing the total prevalence to 19.05% across the entire sample. Vitreomacular adhesion (VMA) and

vitreomacular traction (VMT) was seen in one (4%) and two (8%) cases in group A respectively. In group B, VMA was
seen in four cases (20%) and VMT was seen in five cases (11.9%) (Table 3).
Multivariate logistic regression analysis was done for the analysis of OCT derived variables with binary results

against laboratory parameters. Lower serum Haemoglobin was found to have statistically significant associations with
disruption of the ELM (p= 0.0155) and EZ (p= 0.0154) (Table 4).

Table 3 Comparison Between the OCT Biomarkers of DME

OCT Biomarker Group A (n=22) Group B (n=20) Total

HRF 5 (22.7%) 3 (15%) 8 (19.05%)

HRD 12(54.5%) 11(55%) 23(54.7%)

ELM disruption 9 (40.9%) 12 (60%) 21 (50%)

EZ disruption 9 (40.9%) 12 (60%) 21 (50%)

DRIL 16 (72.73%) 14 (70%) 30 (71%)

ERM 2 (9%) 6 (30%) 8 (19.05%)

VMA | (4%) 4 (20%) 5 (11.9%)

VMT 2 (8%) 5 (25%) 7 (16.6%)

CST (mean * SD, range) p 449.2 £ 136.4 (343-815) | 429.4 + 985 (303-632) | 439.8 + 118.9 (303-815)
Max. Retinal Thickness (mean + SD, range) py | 491.6 £ 136.4 (286-820) | 494.3 + 109.6 (340-734) | 492.9 + 122.9 (286-820)
Extent of DRIL (mean * SD, range) p 436.4 + 323.4 (0-1000) | 508.5 + 394.6 (0-1000) | 470.7 + 356.4 (0—1000)

Abbreviations: HRD, Hyperreflective dots; HRF, Hyper reflective foci; ELM, External limiting membrane; EZ, Ellipsoid Zone; DRIL, Disorganization of
inner retinal layers; ERM, Epiretinal membrane; VMA, Vitreomacular adhesion; VMT, Vitreomacular traction; CST, Central subfield thickness; SD, Standard

Deviation.
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Table 4 Comparison Between the OCT
Biomarkers with Hemoglobin Level

OCT Biomarker p value

Hemoglobin | ELM disruption 0.0155*

EZ disruption 0.0154*

Epiretinal membrane | 0.0702

Hyperreflective foci | 0.0774

Note: * p value <0.05.
Abbreviations: ELM, External limiting membrane; EZ,
Ellipsoid Zone.

Age in years was found to be significantly correlated with presence of subretinal fluid (p= 0.0363), ELM disruption
(p=0.0085) and ERM (p= 0.0144). Duration of diabetes (in years) also showed significant correlation with disruption of
ELM (p= 0.03).

Serum haemoglobin (p=0.0774) as well as creatinine (p=0.0139) values were found to have statistically significant
relation with presence of hyper-reflective foci.

Discussion

Anaemia resulting in reduced oxygen carrying capacity of haemoglobin leads to retinal hypoxia which in turn causes the
production of angiogenic factors and inflammatory mediators. These factors are responsible for the progression of diabetic
retinopathy and diabetic macular oedema. Mohan et al showed a correlation between low haemoglobin levels and hard
exudate formation and occurrence of clinically significant macular oedema.'” Traveset et al demonstrated an independent
association between low levels of haemoglobin and diabetic macular edema.'® On literature review we came across some
studies that have looked into the correlation of OCT features of DME with CKD.'”'® But none of these studies have
particularly looked at the impact of levels of haemoglobin on the morphological pattern and OCT biomarkers of DME.

Combination of CME with DRT was found to be the commonest morphological pattern seen in the present study
followed by combination of all three patterns. Another multicentric study from India by Agarwal et al reported that no
particular morphological pattern of macular oedema can be attributed to patients with renal involvement and DME."”
However there are no studies which have correlated the haemoglobin levels in DKD patients with the pattern on OCT. In
our set of eyes, CME with DRT was found to be commonest morphological pattern in patients with all degrees of
anaemia. In the study by Zhang et al albuminuria was associated with presence of sub retinal fluid (SRF) and low serum
albumin level was associated with thickness of SRF. However, they did not find any relation with eGFR."

ELM and EZ disruption were found to have a statistically significant association with lower haemoglobin levels in DKD
patients. Previous studies have highlighted the importance of ELM and EZ integrity as a third blood-retinal barrier,** and
the findings in our study support the same. ELM has tight junctions which are altered by VEGE.?° EZ is indicative of the
photoreceptor integrity.’ These defects are usually associated with poorer baseline visual acuity and are predictive of
poorer visual prognosis following treatment. DRIL, HRD and HRF did not show any correlation with the level of
haemoglobin. DKD patients who have ELM and EZ disruption on OCT should be evaluated for coexisting anaemia.

Though it was beyond the scope of the present study, it would be interesting to study the effect of anti-vascular endothelial
(VEGF) drugs and intravitreal steroid injections on the DME and OCT biomarkers in DKD patients with anaemia. Future
prospective studies exploring these questions can be useful to understand the role of anaemia in these set of eyes.

A small sample size is a limitation of the present study. Many eyes had to be excluded as they did not meet the
inclusion criteria of minimum CFT.

Conclusion
CME with DRT is the most common morphological pattern of macular edema seen in DKD patients with anaemia. ELM-
EZ disruption can be considered as the important biomarkers of anaemia in patients with DKD.
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