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ABSTRACT
Introduction: To investigate the correlation between Macular thickness and Volume with Bestcorrected visual acuity (BCVA) in eyes with Diabetic macular edema and Type 2 diabetes.
Materials and Methods: A retrospective study including 60 eyes of 60 patients evaluating Retinal
thickness and macular volume measured with Spectral Domain Optical Coherence Tomography and
best corrected visual acuity was measured with the Snellens Chart.
Results: There is significant increase in the macular thickness and macular volume with decrease in
the best corrected visual acuity.
Conclusion: Diabetic macular edema causes decrease in visual acuity due increase in macular
thickness and volume.
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INTRODUCTION
Diabetic retinopathy is the leading cause of
blindness in working aged adults. Diabetic
macular edema (DME) has been reported at rates
of 10% and occurs more frequently in type 2
diabetes mellitus than in type1. Diabetic patients
also have multiple risk factors for retinopathy
such as hyperglycemia and hypertension (1). Their
visual acuity is often dependent the central foveal
involvement, perifoveal capillary blood flow
velocity, severity of perifoveal capillary
occlusion, and retinal thickness at the central
fovea (2,3) .The clinical findings of diabetic
retinopathy are microaneurysms, soft exudates,
accumulation
of
hard
exudates,
and
neovascularisation. Macular edema can develop at
any stage of diabetic retinopathy. Optical
coherence tomography (OCT) has been used for
detection of macular edema secondary to different
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pathologies, such as diabetes mellitus, central or
branched retinal vein occlusion, uveitis, and age
related macular degeneration (4-10). Treatment of
diabetic macular edema is readily available and
management guidelines of diabetic macular edema
have largely evolved around the use of new laser
machines, newer pharmacological agents such as
antivascular endothelial growth factors (antiVEGF), and different steroid preparations (11,12). In
the past decade, the evaluation of treatment
efficacy was mainly based on visual acuity
measurements and the detection of structural
improvement on optical coherence tomography
(OCT) scans. Undoubtedly, the fast, objective,
and noninvasive OCT has emerged into a valuable
tool, not only in DME, but also in other macular
diseases such as age-related macular degeneration
(AMD) and central serous chorioretinopathy.
However, the correlation between OCT measured
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variables and visual acuity has not been well
established. Although reports have shown good
correlation of OCT measured macular changes
with vision, there were also reports that produced
contradicting results (13).Ophthalmologists have
associated diabetic macular edema (DME) and a
reduction in visual acuity for decades (14).It is well
established that treatments that reduce DME can
improve or stabilize visual acuity (15-17). Using
optical coherence tomography (OCT), it is now
possible to measure objectively macular thickness
and investigate quantitatively the relationship of
DME and visual acuity The introduction of OCT
allows an objective evaluation of DME with
effectiveness in both qualitative and quantitative
description of this pathology. That is why it
becomes a standard tool in the management of
patients with DME (18). More than ten years after
ETDRS, OCT greatly enhanced our ability to
detect macular thickening and has brought new
insights on the morphology of DME and on the
presence of vitreo-retinal interface abnormalities.
With the precise and useful data given by OCT,
we can better diagnose, catalogue and follow
DME. OCT also provides quantitative retinal
thickness data, which are useful to monitor retinal
changes in clinical and research settings. The use
of the OCT was incorporated in the work routine
of the ophthalmologist after studies demonstrated
its collaboration on the detection of the disease.
Besides confirming diagnostic impressions, the
OCT monitors the pharmacological treatment of
the macular edema and follows its progression (19).
The introduction of the spectral domain OCT
improved the clinical value of the evaluation of
eyes with macular diseases, among them the DR.
With advanced technology, the CirrusTM SDOCT (spectral domain) acquires data 70 times
faster (27.000 versus 400 A-scans per second) and
with higher resolution (5 μm versus 10 μm of
axial resolution in tissue) than previous
versions.OCT is a noninvasive imaging technique
used to obtain high resolution cross sectional
images of the retina. It was not available at the
time of the EDTRS study. The macular edema
extent was determined by bio-microscopy
examination or inspection of stereoscopic
photographs and was based only on the area of
thickening, and not on the magnitude of the axial
thickness. Variations in the amount of stereopsis
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present in paired stereo photographs or in the
threshold for thickening adopted by the observer
may further complicate the accurate and
reproducible detection of areas of edema. Thus,
there is potential for considerable variability and
possible lack of sensitivity in prior art methods for
identifying macular edema that were used in
previous clinical studies
MATERIAL AND METHODS
This is a retrospective trial including 60 eyes of 60
patients was studied in the Department of
Retina of Al Salama eye hospital, an associate
institution
of
MES
Medical
college,
Perinthalmanna, Kerala. As the study involved
sophisticated and expensive equipment the sample
size could not be enhanced. Institutional ethical
committee approval was obtained.
Retinal
thickness and volume measured with spectral
domain
high-definition
optical
coherence
tomography(Cirrus HD-OCT (Carl Zeiss Meditec,
Dublin, California, USA)and best-corrected visual
acuity (BCVA) in each eye was assessed using
Snellen’s Vision chart at 6 m distance. Sixty
numbers of eyes taken for the study they classified
in to three groups based on macular thickness,
macular volume and BCVA .Both males and
females are considered. Patients without any other
ocular disease/systemic disease/ .All scans of
signal strength above 5 and those diagnosed with
newly developed macular edema was included.
Patients who underwent any intraocular surgery or
laser photocoagulation in past 3 months have been
excluded. Also those cases with dense media
opacities like cataract/corneal opacity and whose
scan signal strength less than 5 was also excluded.
All patients underwent a complete eye
examination including assessment of visual acuity
(unaided and best corrected) using Snellens chart,
intra ocular pressure by Non Contact Tonometer
and Slitlamp and fundus examination with IDO,
OCT for macular thickness. OCT scans were
performed after dilating the 60 eyes of 60
participants. The measurements were executed 2
times according to a OCT protocol developed at
the ophthalmology out patients clinic of Al
Salama Eye Hospital in the participants who could
cooperate well with a signal strength of 5 or
higher were required. In participants where the
measurements were more difficult we tried to
Page 31

Ajnas, et al: Macular thickness, Volume and Visual Acuity in Diabetic Macular Edema
have as much good measurements as possible. All
measurements were executed by the same persons.
Statistical Methods20 – 24 : Descriptive and
inferential statistical analysis has been carried out
in the present study. Results on continuous
measurements are presented on Mean  SD (MinMax) and results on categorical measurements are
presented in Number (%). Significance is assessed
at 5 % level of significance. The following
assumptions on data is made, Assumptions:
1.Dependent variables should be normally
distributed, 2.Samples drawn from the population
should be random, Cases of the samples should be
independent
Analysis of variance (ANOVA) has been used to
find the significance of study parameters between
three or more groups of patients,
Chi-square/ Fisher Exact test has been used to find
the significance of study parameters on
categorical scale between two or more groups.
Pearson correlation between study variables is
performed to find the degree of relationship
Classification of Correlation Co-efficient (r)
Up to 0.1 Trivial Correlations
0.1-0.3 Small Correlation
0.3-0.5 Moderate Correlation
0.5-0.7 Large Correlation
0.7-0.9 V. Large Correlation
0.9- 1.0 Nearly Perfect correlation
1 Perfect correlation
Significant figures
+ Suggestive significance (P value: 0.05<P<0.10)
* Moderately significant (P value: 0.01<P  0.05)
** Strongly significant (P value: P0.01)
Statistical software: The Statistical software
namely SAS 9.2, SPSS 15.0, Stata 10.1, MedCalc
9.0.1 ,Systat 12.0 and R environment ver.2.11.1
were used for the analysis of the data and
Microsoft word and Excel have been used to
generate graphs, tables etc.
RESULTS
In this study for the correlation between best
corrected visual acuity and macular thickness and
macular volume. Of the total 60 eyes studied, 21
(35%), 29(48.3%), 10(16.7%) of the patients falls
in the category of 6/6-6/9, 6/12-6/18 and 6/246/60 of BCVA respectively. In comparison to the
macular thickness, the highest number of patients
with BCVA of 6/6-6/9 was 12(58.3%) and they
are having macular thickness of (300-400) with
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only 2(13.3%) had thickness (>400). In patients
with BCVA 6/12-6/18 highest number was
17(51.5%) and they had thickness of (300-400),
5(41.7%) had thickness of (<300) and 7(46.7%)
had thickness of (>400). In patients with BCVA
of 6/24-6/60 most patients 6(40%) had thickness
of (>400), 0(0%) had thickness (<300) and
4(12.1%) had thickness (300-400) (Graph1)
In comparison to macular volume, the highest
number of patients with BCVA of 6/6-6/9 was
17(37%) and they are having macular volume of
(10-15mm3), no patients had volume (15-20mm3)
(Table 1). In patients with BCVA 6/12-6/18 most
patients 23(50%) had volume of (10-15mm3) and
only 2 (33.3%) patients has volume (15-20mm3)
(Table 2). In patients with BCVA of 6/24-6/60
most patients 6(66.7%) had volume of (1015mm3), 4(13%) had volume (15-20mm3) and no
patients had volume (<10mm3) (Graph2). The
average thickness found was 317.00±84.29,
376.70±84.96 and 572.67±98.52 in categories of
<300, 300-400 and >400 of macular thickness
respectively (Table 3). And the correlation with
change in BCVA was found to be statistically
significant (p <0.001) (Table 4).
The average volume found was 8.93±1.10,
11.42±1.13 and 16.92±1.66 in categories of
<10mm3, 10-15mm3 and 15-20mm3 of macular
volume respectively. And the correlation with
change in BCVA was found to be statistically
significant (p <0.001). Fisher Exact test has been
used to find the significance of study parameter
and Pearson correlation between study variables is
performed to find the degree of relationship.
Table 1: Vision distribution in relation to Volume
levels
Vision

Volume
<10mm3

Total

6/6-6/9

4(50%)

1015mm3
17(37%)

1520mm3
0(0%)

21(35%)

6/12-6/18

4(50%)

23(50%)

2(33.3%)

29(48.3%)

6/24-6/60

0(0%)

6(13%)

4(66.7%)

10(16.7%)

Total

8(100%)

46(100%)

6(100%)

60(100%)

P=0.023*, Significant, Fisher Exact test
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Table 2: Vision distribution in relation to Macular
thickness levels
Vision

Macular thickness

Total

<300

300-400

>400

6/6-6/9

7(58.3%)

12(36.4%)

2(13.3%)

21(35%)

6/12-6/18

5(41.7%)

17(51.5%)

7(46.7%)

29(48.3%)

6/24-6/60

0(0%)

4(12.1%)

6(40%)

10(16.7%)

Total

12(100%)

33(100%)

15(100%)

60(100%)

5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

<300
300-400
>400

P=0.031*, Significant, Fisher Exact test
Table 3: Volume and macular thickness
Variables

Volume
<10mm3

Volume
Macular
thickness

8.93
±1.10
317.00
±84.29

1015mm3
11.42
±1.13
376.70
±84.96

15-20
mm3
16.92
±1.66
572.67
±98.52

Graph1: Vision distribution in relation to Macular
thickness levels

Total

P value

11.64
±2.28
388.33
±106.87

<0.001**

25

<0.001**

20
15

Table 4: Pearson correlation
pair

r value

P value

Age in years vs Volume

-0.085

0.517

Age in years vs Macular Thickness

-0.034

0.799

Volume vs Macular Thickness

0.685

<0.001**

10
5

<10mm3
10-15mm3
15-20mm3

0

Pearson correlation
Table 5: Volume and macular thickness according
to vision
Varia
bles

Vision

Total

P
value

6/6-6/9

6/126/18

6/24-6/60

Volum
e

10.64±1.
47

11.44±1.
86

14.30±2.8
8

11.64±2.2
8

<0.00
1**

Macul
ar
thickn
ess

328.62±
60.40

389.14±
92.64

511.40±1
22.13

388.33±1
06.87

<0.00
1**
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Graph 2: Vision distribution in relation to
Macular volume levels
DISCUSSION
Diabetic macular edema (DME), being a
complication of diabetes, is an important cause of
visual loss in developed countries. There are
different treatments that can delay this
impairment. The most commonly accepted
pathophysiological theory for DR is the
microvascular dysfunction. Changes in the
glucose metabolism lead to alterations in the
retinal capillaries and to the hematoretinal barrier
break, resulting in microaneurysms, hemorrhages
and exudates, which in turn lead to detectable
retinal thickening in the OCT.A comprehensive
understanding of the various OCT measured
parameters in DME and its clinical implications is
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yet to be determined. The advancement in optical
coherence tomography (OCT) technologies
including the increase in speed of scanning and
higher axial resolution (up to ∼3 microns for
certain OCT machines) has made visualization of
the retinal microstructures possible (24, 25). Reports
have looked into the morphological changes
happening in the outer retinal hyperreflective
bands in subjects with various retinal diseases.
The integrity of the inner segment/outer segment
(IS/OS) junction has been found to correlate well
with visual acuity in subjects with retinal
conditions such as retinitis pigmentosa and post
macular hole operation (26,27). Otani et al.
investigated the correlation of best-corrected
visual acuity with foveal microstructural changes
of the external limiting membrane and the
junction between the inner and outer segments
(IS/OS) of the photoreceptors in DME. It is not
possible to know if the average photoreceptor
outer segment length shortening observed in DME
is caused by multiple points of localized
breakdown of the IS/OS junction or from
generalized thinning of the photoreceptor outer
segment. The reasons can be explained based on
what is known about the pathophysiology of this
disease, such as tissue ischemia, lipid and fluid
exudation and accumulation of toxic metabolic
waste products and inflammatory mediators in
DME. The visual acuity not always is improved
after treatments of the macular edema, which
suggests that macular thickness is only one of the
factors that worsen the visual function. That
means that quantitative measurements may not
explain all variations in visual acuity, therefore,
other factors including macular ischemia and
retinal cell function might be important as well.
Study by Tomohirotani et al. explained that the
best-corrected visual acuity was strongly
associated with the external limiting membrane
and inner and outer segments of the
photoreceptor. Also study by K Okada,
S Yamamoto, et al conducted on study on
correlation of retinal sensitivity measured with
fundus-related micro perimetry to visual acuity
and retinal thickness in eyes with diabetic macular
edema. The mean sensitivities in the central 2°
and 10° were significantly lower in patients with
DME than in normal subjects
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CONCLUSION
This study proved that there is significant
correlation between increase in the macular
thickness and macular volume with decrease in
the best corrected visual acuity in patients with
diabetic macular edema
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