Open Access 6
Full Text Article

Austin Journal of Clinical Ophthalmology

@ Austin

Publishing Group

Research Article

Correlation between Fourier-Domain Optical Coherence
Tomography Parameters and HbAlc Level and Diabetes
Duration in Early Stage Diabetic Retinopathy

Toshiyuki Oshitari*, Sakiko Nonomura, Miyuki
Arai, Takayuki Baba and Shuichi Yamamoto

Abstract

We examined a significant correlation between Fourier-domain optical
coherence tomography (FD-OCT) parameters and the glycosylated hemoglobin
Alc (HbA1c) level and duration of diabetes mellitus (DM) in patients at the early
stage of diabetic retinopathy (DR). Thirty eyes of 30 patients with early stage
DR that were examined at the Chiba University Hospital were studied. The
macular map 5 (MM5), the retinal nerve fiber layer thickness, and the ganglion
cell complex thickness were obtained by FD-OCT. The coefficients of correlation
between these parameters and the HbAlc level and the DM duration were
determined by Spearman rank correlation. The thickness of the inferior sector
of the outer ring of the MM5 was significantly correlated with the HbA1c level.
The superior sector and the temporal sector of the outer ring were significantly
correlated with the DM duration. Our findings suggest that the significant
positive correlation between the retinal thickness of the sectors in the outer ring
and the HbA1c level and DM duration may be due to a subclinical increase of
the vascular permeability. A swelling of Muller cells may have also contributed
to the correlation because their density is known to be higher in the perifoveal
area than the central area.
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DR [16]. Thus, measurements of the thickness of the RNFL as well as
that of other retinal layers may be useful in detecting eyes at the early
stage of DR.

Introduction

Growing evidence indicate that neuronal abnormalities,
including both the death of retinal ganglion cells (RGCs) and vascular
abnormalities, are associated with the pathogenesis of early stage
diabetic retinopathy (DR) [1,2]. Because the neuronal damages are
irreversible, therapies for neuroprotection should be developed to
protect the retina before the neuronal and vascular abnormalities
develop in patients with DR [3]. The therapies should be sensitive, easy
to implement, and be able to be monitored so that the abnormalities

can be detected and followed at the early stage of DR [4].

Fourier-domain OCT (FD-OCT, RTVue-100) can obtain
higher resolution images of the retina than time-domain OCT. The
RTVue-100 has a 5 pm axial resolution and a scan rate of 26,000 axial
scans/sec. In addition, the RTVue-100 has software embedded that
can provide 5 macular maps (MM5), the thickness of the RNFL, and
the thickness of the ganglion cell complex (GCC) [17-19]. Thus, the
RTVue-100 can be useful for determining whether eyes at the early

stage of DR have distinct pathognomonic features of early stage DR.
Both vascular abnormalities, e.g., pericyte loss [5,6] and basement

membrane thickening [7,8], and neuronal abnormalities, e.g., death
of RGCs [9,10] are known to be induced by chronic high glucose
exposure in vitro. To monitor the retinal changes in the early stage
of DR, it would be better to correlate the retinal changes with
systemic measures of the degree of diabetes, e.g., hyperglycemia by

The purpose of this study was to measure three parameters
embedded in the RTVue-100; MM5, RNFL thickness, and GCC
thickness in patients with early stage DR. We calculated the coeflicients
of correlation between these parameters and the HbA1c level and the
duration of the diabetes mellitus (DM). We then discuss the possible

the glycosylated hemoglobin Alc (HbAlc) level. However, this would
mean drawing blood each time a determination is made. Thus, a non-
invasive method to monitor the degree of DR would be better.

Optical coherence tomography (OCT) is a useful non-invasive
method of detecting and monitoring early retinal changes in eyes
with DR [11-15]. Because the RGCs are known to be the first neurons
to be altered at the early stage of DR [14], it would be important to
know what parameters of the RGCs could be used to detect the early
changes of the DR. It has been established that a reduction of the
thickness of the retinal nerve fiber layer (RNFL) is an early sign of

pathological mechanisms that led to the early retinal changes.
Materials and Methods

Thirty eyes of 30 patients with early stage DR, also referred to
as non-DR (NDR) or mild non-proliferative (NPDR) that were
examined at the Chiba University Hospital from December 2011 to
March 2013 were studied. A written informed consent was signed by
all patients, and all of the procedures conformed to the tenets of the
World Medical Association Declaration of Helsinki. An approval for
this study was obtained from the Institutional Review Board of Chiba
University Hospital.
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Figure 1: Representative data sheet for the MM5 determined by RTVue-100. The parameters surrounded with red circles were used in this study.
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All of the participants had a routine ophthalmological
examination. Both eyes were examined by FD-OCT (RTVue-100;
Optovue Inc, Fremont, CA, USA) after pupillary dilation, and three
parameters were determined. The first was the MM5 which consisted
ofan outer 5x5 mm grid of 11 horizontal and 11 vertical lines obtained
by 668 A-scans each and an inner 3x3 mm grid of 6 horizontal and
6 vertical lines obtained by 400 A-scans each (Figure 1). The second
parameter was the RNFL thickness map which was calculated from
the images of 6 circular and 12 linear scans along a 3.45-mm diameter
circle around the optic disc (Figure 2), and the third parameter was
thickness of the GCC which was calculated from a 7x7 mm grid of the
macula 1-mm temporal to the fovea (Figure 3).

The MMS5 was divided into 9 areas with the central area defined
as a 1 mm diameter circle centered on the fovea. The other areas
consisted of an inner ring and an outer ring; the inner ring had an
inner diameter of 1 mm and an outer diameter of 3 mm, and the outer
ring had an inner diameter of 3 mm and an outer diameter of 5 mm.
The inner and outer rings were divided into 4 sectors; the superior,
nasal, temporal, and inferior sectors (Figure 1). The average thickness
of the nine sectors was used for the statistical analyses (Figure 2). The
RNFL thickness was determined by the optic nerve head mode of the

RTVue-100.

The GCC thickness was defined as the distance from the internal
limiting membrane to the boundary of the outer inner plexiform
layer. In addition to the calculated mean thicknesses, two pattern-
based diagnostic parameters were used; focal loss volume (FLV) was
computed as the total sum of statistically significant GCC volume
loss divided by the GCC map area, and global loss volume (GLV)
computed as the sum of the negative fractional deviation in the entire
area (Figure 3).

This was a cross sectional study, and all examinations including
the OCT recordings were performed on the same day. The participants
had no other ocular diseases including diabetic macular edema and no
history of surgeries. Eyes with refractive errors (spherical equivalents)
between +3.0 diopters (D) and -6.0 D were studied. Images with
single strength index <35 were excluded. The data of the left eyes were
used for the statistical analysis, but if the left eyes did not meet the
inclusion criteria, the right eyes were used for the statistical analysis
[20].

The clinical data of the participants are shown in Table 1. The

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Ophthalmol 1(4): id1020 (2014) - Page - 02



Toshiyuki Oshitari Austin Publishing Group

RMNFL Analysis os

Exam Date: 1118/2012 SSI=34 4

Solid kne - 0D
Dash line - OS

Figure 2: Representative data sheet of RNFL measured by RTVue-100. The parameters surrounded by red circles were selected for the statistical analysis
of this study.
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Figure 3: Representative data sheet of GCC measured by RTVue-100. The parameters surrounded with red circles were analyzed in this study. FLV; Focal
Loss Volume, GLV; Global Loss Volume.
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Table 1: Clinical data and features.

DM
Age . 10P HbAlc

duration | Gender ?M Medication tDM

(years) | (years) (mmHg) stage (%) ype
NDR Dieta | P®

11
Male 22 20 Type ll

62.2+13.3 9.2+6.2 Fen;ale 14.8+3.0 NPDR 7.3t1.6| Oral 15 26
10 Insulin 12 Otl;ers

Table 2: Coefficient of correlation between GCC parameters and HbA1c level
and DM duration.

GCC Rs vs. P valuevs. | Rsvs.DM P value vs.
mean+SD . .

parameters HbAlc HbAlc duration DM duration
A"aﬁ)cc 89.2¢7.3  0.151 0.4214 0.251 0.212
S“(‘L'S];:C 88.7+7.9 | 0.058 0.7615 0.263 0.1887
INFCCC 997473 0.188 0.3147 0.202 0.3284

(um)

FLV (%) | 2.1+18 | 0.082 0.6649 0.092 0.7104
GLV (%)  10.0¢59  -0.145 0.4248 -0.199 0.2143

Ave: Average; Sup: Superior; Inf: Inferior; FLV: Focal Loss Volume; GLV: Global
Loss Volume.

Table 3: Coefficient of correlation between RNFL parameters and HbA1c level
and DM duration.

o Wemmyso [52% Py e O e o
duration

Ave. RNFL | 97.9+11.9 -0.048 0.79 -0.013 0.9441
Sup. Ave 96.0+13.7 -0.131 0.4746 0.139 0.5282
Inf. Ave 99.8+13.6 0.084 0.6545 -0.201 0.2121

Nasal-Sup | 115.4+22.2 -0.018 0.913 0.169 0.4303
Nasal 69.6+12.5 0.169 0.3684 0.05 0.8962

Nasal-Inf 125.5+22.9 0.297 0.1109 -0.237 0.146
Temp-Inf 136.7+£34.2 -0.108 0.5553 -0.161 0.3016
Temp 76.4+14.3 -0.005 0.9631 -0.014 0.8188

Temp-Sup | 116.4+21.9 -0.212 0.2474 0.207 0.3181

Ave: Average; Sup: Superior; Inf: Inferior; Temp: Temporal.

Table 4: Coefficient of correlation between MM5 parameters and HbA1c level
and DM duration.

P value

pargﬂx:ters Mean (um)+SD ESAVlSc i Li':i(\:ls- l?jsu\::£ic?r,:n d\;sr.aItDi(,;An
Center 258.5+24.6 -0.113 0.5353 0.071 0.8028
Inner-Sup 310.0+16.8 0.05 0.7977 0.252 0.2108
Inner-Nasal = 314.5+14.6 0.044 0.8204 0.377 0.0521
Inner-Inf 305.9+17.3 0.039 0.8443 0.6308 0.113
Inner-Temp | 302.3+18.9 -0.062 0.7286 0.234 0.2507
Outer-Sup 276.0£17.7 0.01 0.9689 0.468 *0.0145
Outer-Nasal | 293.0+16.6 0.126 0.5026 0.285 0.152
Outer-Inf 276.0+18.1 0.371 *0.0463 0.175 0.4104

Outer-Temp | 277.9+14.6 0.112 0.5326 0.439 *0.0224

Sup: Superior: Inf: Inferior; Temp: Temporal. *P<0.05.

HbAlc levels were determined within three month of the OCT
measurements. The coefficients of correlation between three
parameters and the HbAIc levels and the DM duration were analyzed
with the Spearman rank correlation. All data are expressed as the

means * standard deviations (SDs). Stat View 5.0 software was used
for the statistical analyses. A P <0.05 was considered significant.

Results

The mean age of the patients was 62.2 + 13.3 years, and there were
of 22 men and 8 women. Twenty (66.7%) of the patients had NDR
and 10 (33.3%) had mild NPDR. Most of the patients (86.7%) were
diagnosed with type II DM (Table 1).

The MMS5, RNFL, and GCC findings and the coefficients of
correlation between these three parameters and the HbAlc levels
and duration of the diabetes are shown in Tables 2,3, and 4. Our data
showed that the coefficients of correlation between the GCC and the
RNFL parameters and the HbA1c level were not significant (Tables 2
and 3). However, the thickness of the inferior sector in the outer ring
(mean = 275.9£18.1 um) was significantly correlated with the HbAlc
level (P=0.046, R;=0.371; Table 4).

The average values of GCC, RNFL, and MMS5, and the coefficients
of correlation between three parameters and the DM duration are
shown in Tables 2-4. All of the GCC and RNFL parameters were not
significantly correlated with the DM duration. However, the MM5
parameters, the superior sector of the outer ring (mean = 276.0+17.7
um) and the temporal sector of the outer ring (mean = 277.9+14.6
um) were significantly correlated with the DM duration (P = 0.015,
R =0.468; P = 0.022, R = 0.439, respectively).

Discussion

The results of our earlier study with the Stratus OCT showed that
the thickness of the center area of the macula and that of the RNFL at
the early stage of DR were thinner than that of non-diabetic controls
obtained with the same instrument. We suggested that the difference
in the thickness was due to both neuronal and vascular abnormalities
that were present at the early stage of DR [13]. However, the resolution
of Stratus OCT is limited, and the quality of images of the outer ring
area was poorer than those in the central area [21]. Thus, we did
not analyze the data of the outer ring in the statistical evaluations.
Because RTVue-100 (FD-OCT) can provide better axial resolution
than Stratus OCT (time-domain OCT), the data of the outer ring area
of the MM5 parameters were could be used for statistical evaluations.

We found that only the retinal thickness of outer MM5 sectors
were significantly correlated with the HbAlc level and the DM
duration. These early changes probably developed earlier and were
more sensitive to DM stress because they were correlated with the
HbA1lc level and they were all significantly and positively correlated.
Thus, the retinal thickness of the outer ring area thickened with
increasing DM duration and increasing HbAlc level. These early
changes were most likely not due to neuronal abnormalities. One
possibility is that the thickening of the outer ring of MM5 may be
due to a subclinical increase of vascular permeability. Similar changes
were also observed in our earlier study; an early reduction of the
macular thickness due to neuronal degeneration was masked by an
increase in macular thickness associated with subclinical vascular
leakage [13].

Another possibility for the significant positive correlation
between the thickness of the outer ring of the MM5 sector and level
of the HbAlc and DM duration may be a swelling of the Miiller
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cells because the percentage of the area of Miiller cells is higher
in the outer area than in the central area of the retina [22]. Earlier
findings suggested that the swelling of Miiller cells in eyes with
diabetic retinopathy is due to osmotic swelling caused by oxidative
stress and mitochondrial dysfunction [23]. A recent clinical study
showed that the thicker inner nuclear layer may be due to Miiller cell
activity accompanied by neuronal cell loss in eyes with early diabetic
retinopathy [12]. Although the swelling of Miiller cell probably
does not have a direct link to apoptotic pathways for the neuronal
cell death in diabetic retinopathy [24], Miiller cell abnormalities are
related to hyperglycemia and can be secondarily associated with the
development and the progression of retinal neuronal damage [25,26].
Taken together, our findings indicate that the FD-OCT parameters
may be useful for detecting and monitoring retinal changes at the
early stage of DR.

On the other hand, the results of the parameters associated with
RGC death, viz., the thickness of the RNFL and GCC, were not
significantly correlated with the HbAlc level and diabetes duration.
In glaucoma patients, the RNFL and GCC parameters are known
to be sensitive and highly specific for detecting glaucomatous eyes
[17]. This is contrary to our results, and we cannot conclude that
the RNFL and GCC parameters are useful for monitoring neuronal
abnormalities in early diabetic retinopathy. Further investigations are
needed to find other parameters to evaluate neuronal abnormalities
at the early stage of DR.

Conclusion

Although the conclusions of this study are tentative because this
was a cross sectional study and the number of the participants was
small, the significant correlation between the retinal thickness of the
outer areas of the MM5 sectors and HbAlc level and DM duration
may be due to a subclinical increase of vascular permeability or
Miiller cell swelling induced by early diabetic stress. Our results may
give a clue to elucidate the early pathological changes at the early
stage of DR.
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