Retinal thickness measurement and evaluation of
natural history of the diabetic macular edema
through optical coherence tomography
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Purpose: 1) Diagnose, through optical coherence tomography (OCT)
exam, the occurrence of diabetic macular edemain patientswith diabetic
retinopathy and visual acuity of 20/40 or better, by measuring the foveal
center point thickness, during one year. 2) Evaluate the edema natural
history, during this period, associating the center point thickness with
hemoglobin Alc and changesin visual acuity. 3) Correlate the obtained
results with the control group. M ethods: A prospective study was done,
of asample of 30 patients with diabetic macular edemaand visual acuity
of 20/40 or better. Measurements of the best corrected visual acuity,
hemoglobin Alc level, biomicroscopy with 78-diopter lens, fluorescein
angiogram and optical coherence tomography were made. The retinal
thicknesswassel ected asthemainvariabl e. Besidesdescriptive statistics,
additional tests were applied to analyze the results and determine the
correlation between these variables, such as t-Student, Chi-Square, Tukey
and ANOVA. Therelation of optical coherence tomography with visual
acuity and hemoglobin Alc was studied through linear regression. Re-
sults: It wasfound that thereisno significant difference between patients
and normal individuals, for the variables age and gender. The values of
center point thicknessfound for men were greater than those for women,
showing the influence of gender on that thickness. As many as 83.33%
of thediabetic patientswith clinically significant macul ar edemapresented
moderate non-proliferative diabetic retinopathy (NPDR), 10% presented
mild NPDR and 6.66% severe non-proliferative diabetic retinopathy.
Patients under combined treatment of insulin and ora hypoglycemiant
presented influence on the results of center point thickness (through
OCT) and visual acuity. The mean duration of diabetes was 9.63 years.
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g“'Vﬁfsdade Federal de Goigs (UFG) - Goiznia (GO) - than those for normal eyes. Levels of hemoglobin Alc did not have
rasil. g g g a
! Pés-graduanda da Universidade Federal de Goiés (UFG) - mﬂ.uence On. th.e. Eoitsrlae il thICk.ne$S BET, Where.as \./al ERET VEE
Goiania (GO) - Brasil. acuity weresignificantly correlated withit. Conclusion: Thisstudy presents
# Professor Doutor e Chefe do Centro de Referéncia em the optical coherence tomography applicability in the detection and
Oftalmologia (CEROF) da UFG - Goiania (GO) - Brasil. 5 o 5 n 5 5 o . 0
Endereco para correspondéncia: Rosana Hannouche semiologic evaluation of diabetic macular edemain patients with visual
Av. T-8, 171 - Setor Marista - Goiania (GO) ' acuity 20/40 or greater, during one year, showing the retinal thickening
(ETFnﬁ’aiT,4ﬁ;?]}]2()7ljc’cher0$n IV in the early stages of diabetic retinopathy. Further, it evidenciated the
Rec ebi'do pera publicacéo em '18 0'1 2009 correlation between the increase in foveal thickness and the reduction
Ultima vers3o recebida em 09.05.2009 invisual acuity. Levels of hemoglobin Alc did not influence the center
Aprovagso em 25.05.2009 point thickness data. An early detection of clinically significant macular
Nota Editorial: Depois de conduida a andlise do artigo edemal eadsustoaredefinitionof thereal meaning of incipient retinopathy
sob sigilo editorial e com aanuénciados Drs. Jodo Borges L, X L.
Fortes Filho e Pedro Carricondo sobre a divulgagio de and can prevent further significant reduction of vision.
Seus Nomes como revisores, agradecemos suas participa- T - - ; - - —
GBS neste processo. Keywords: Diabetic retinopathy; Macular edema; Tomography, optical coherence; Light

coagulation/methods; Fovea centralis; Visual acuity

Arq Bras Oftalmol. 2009;72(4):433-8



434 Retinal thickness measurement and evaluation of natural history of the diabetic macular edema through optical coherence tomography

INTRODUCTION

The diabetes has been an important aspect of visual
[imitation and blindness worldwide, and the diabetic macular
edema stands out as one of the main causes of visual impair-
ment and low vision®, Its observation and importance have
always been related to metabolic descompensation of dia-
betes mellitus. It is known that hyperglicemy isamajor agent
of all microvascular complications of diabetes. The various
clinical methods used to evaluate macular thickening, such
as slit-lamp biomicroscopy and stereoscopic photography,
are relatively insensitive to small changes in retinal thick-
ness and are not enough to evaluate structural abnormalties
in the retina.

The development of digital image analysis, with laser scan
of high resolution, culminated with a better image quality and
disclosure of optical coherence tomography (OCT) as a diag-
nosis technique, capable of generate bidimentional images
with high level of reproducibility and resolution, through cross-
sectional imaging of the retina. The OCT is currently used to
confirm diagnostic hypothesis, monitor qualitatively and quan-
titatively the pharmacologic treatment of diabetic macular ede-
ma and, therefore, follow the progression of the disease in a
morecriterial way.

This study used OCT to verify the presence of macular
thickening in diabetic patients who presented visual acuity
20/40 or greater, and evaluated the course of the natural histo-
ry of these patients during oneyear, comparing the findings of
central foveal thickness (CFT) with visual acuity and hemo-
globin Alc.

METHODS

This study was approved by the Research Ethic Com-
mittee (Investigational Review Board) of the Clinical Hos-
pital of the Medicine School-Federal University of Goias.
The sample was established with individuals who volunta-
rily agreed to participate in this study, signing a written in-
formed consent document before procedures were carried
out, according to the Health National Council. A prospective
study was done, of a sample of patients who looked for the
Ophthalmology service at the eye care center CEROF-UFG,
from June 2007 to July 2008, after semiologic evaluation.

All patients were examined by the same researcher and
filled a form, informing age, gender, history of the current
disease, use of insulin and/or oral hypoglycemiant, and levels
of hemoglobin Alc.

The exam was divided in three phases. during the baseline
asthefirst phase, acomplete ophthal mol ogic exam was done,
aswell asthe measurement of best corrected visual acuity and
detection of clinically significant macular edema (CSME)
through biomicroscopy with a 78-diopter lens. Fluorescein an-
giogram and OCT corresponded, respectively, to second and
third phases.
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The sample had 30 patients with type 2 diabetes for more
than 5 years, diabetic retinopathy with or without clinical
control, age from 30 to 65 years, visual acuity of 20/40 or
greater, refractometry between -3.00 and +3.00 dioptries, with
diabetic macular edema. If the patients, in any exam, presented
signs of clinical worsening with impairment in visual acuity
(worse than 20/100), and/or macular thickening greater than
350 umin either eye, and/or fluorescein angiogram with signifi-
cant leakage increase in relation to previous exam, they were
guided to treatment.

After gathering the OCT data, CFT results of only one eye
per patient were used in the analysis of the results.

During this study, systemic arterial hypertension was mo-
nitored, and iatrogeny was analyzed.

Exclusion criteriaincluded: macular diseases other than the
diabetic maculopathy; patients previously submitted to ma-
cular photocoagulation or ocular surgery, including cataract
extraction, trabeculectomy and vitrectomy; aphakia or pseudo-
phakia patients; other retinal vasculopathies, media opacity,
such as corneal opacities, vitreous hemorrhage and cataract;
age related macular degeneration (AMD); low vision; patients
with proliferative diabetic retinopathy at any stage; and impro-
per fixation.

The collected data were organized according to: gender,
age, visual acuity, duration of diabetes, use of insulin, other
hypoglycemiant medication and level of hemoglobin Alc.

According to the criteria from Early Treatment Diabetic
Retinopathy Study, non-proliferative diabetic retinopathy was
classified in mild, moderate and severe®?.

The control group wasformed with 30 individual s, without
diabetes mellitus, from 30 to 65 years of age, best-corrected
visual acuity 20/40 or better, and refractometry between -3.00
and +3.00 dioptries.

The results obtained from normal individuals were used
to correlate data of patients with diabetic retinopathy, in order
to evaluate the exam reproducibility.

A CFT of 200 pm was considered as normal, as in most
referenced studies®?.

All variables in this study presented statistic normal dis-
tribution, from Kolmogorov-Smirnov test (Table 1). Additio-
nal tests were applied to analyze the results, such as t-Stu-
dent, Chi-Square and Tukey. A variance analysis was used
with ANOVA test, to determine the correlation between these
variables.

RESULTS

Four hundred patients had both eyes examined. Among
those patients, 80 presented CSM E and 50 patients were exclu-
ded from this study.

The macular thickness found in diabetic patients was always
greater than that for the control group. The OCT showed the
existence of a correlation between macular thickness and reti-
nopathy level (Figure 1).
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Table 1. Testing for normality (Kolmogorov-Smirnov test)
Patients N Mean SD Z p
HbAlc 1 30 10.13 1.85 0.611 0.850
CFT 1 30 264.20 28.85 1.225 0.099
VA1l 30 57.82 12.64 2.085 0.000
HbAlc 4 30 10.14 1.79 0.763 0.606
CFT 4 30 265.57 27.77 1.165 0.133
VA 4 30 56.19 21.77 0.881 0.419
HbAlc 7 30 9.75 1.60 0.736 0.650
CFT 7 30 266.17 27.46 0.975 0.298
VA7 30 58.08 22.37 0.852 0.462
HbAlc 10 30 9.64 1.76 0.965 0.309
CFT 10 30 267.37 33.00 0.909 0.380
VA 10 30 57.99 25.59 0.994 0.277
HbA1c= glycosylated hemoglobin (%); CFT= central foveal thickness (um);
VA= visual acuity (logMAR); N= number of patients; SD= standard deviation;
z= statistics of the test; p= statistical significance

The patients with diabetic retinopathy and retinal thicke-
ning presented different degrees of edema, and, as a result,
variations of retinal thickness. Ten percent of the cases were
mild NPDR, 83.33% were moderate, and 6.66% were severe.

The mean age of diabetic patients was 52 years, and 49.8
years for the normal individuals. From t-Student test, it was
shown that there was no significant difference between patients
and the control group (p=0.343) for the age variable.

The mean duration of diabetes was 9.63 years, with stan-
dard deviation of 3.51.

The statistic analysis of data showed, according to gender,
a significant result in the values of central fovea thickness
measured by OCT. These values were greater for men than
for women. Therefore, gender was a variable that changed OCT
valuesin this research (t-Student: p<0.05). There was no signi-
ficant difference between the patients and normal individuals,
for this variable, according to Chi-Square test (p=793).

A linear regression analysis did not show any significant
influence of CFT measured by OCT and hemoglobin Alc over
each other (p=0.130), asillustrated in figure 2.

In contrast, a good inverse proportionality (p=0.020) was
noted between visua acuity and retinal thickness, as shown in
figure 3. Therefore, OCT values had influence, at the follow-
up time, on the visual acuity of patients.

In the presence of macular thickening, the risk of progres-
sion of the edema during one year was, in this study, equal to
46.6%.

Forty percent of the patients had the diabetic retinopathy
worsened, demonstrated through OCT. The profile of these pa-
tients was men, users of insulin or combined treatment of insulin
and oral hypoglycemiant. A total of 46.66% of the patients had
their visual acuity worsened.

DISCUSSION

The hemoglobin Alc is a type of hemoglobin present natu-
rally in blood cells, useful in the determination of high levels

of glycemia during long periods. This type of hemoglobin is
formed from non-enzymatic reactions between hemoglobin
and glucose, through an irreversible connection, to form a stable
complex of glycosylated hemoglobin.

Among the ocular complications caused by diabetes, the
retinopathy is responsible for the existence of 1.78 million of
blind individualsin the world®.

The metabolic control of this disease is an important
factor of beginning, progression and severity of diabetic
retinopathy. Patients treated intensively present less risk of
microvascular complications, maintaining glycemia and glyco-
sylated hemoglobin levels as close as possible to normality.
It can be affirmed that there is arelation between an improper
metabolic control and the development of retinopathy, which
potentially reduces the vision®.

Diabetic macular edema is a condition characterized by
anatomic thickening of the retina, due to the presence of ab-
normal fluid accumulation within the retina. It is a result of
blood-retinal barrier breakdown.

The OCT measures the retinal thickness by considering
the distance between the anterior surface of the retinal pig-
mented epithelium RPE-choriocappillaris region and the vi-
treoretinal interface.

Even with new measurement techniques, there is diversity
in OCT values cited in literature®®, which may be explained
by the intervention of ametropy, gender and age.

In some research works, the mean retinal thickness does
not vary significantly, if related to age. However, there is a
variation of 0.30 um per decade of life”, which may be attri-
buted to senile photoreceptor loss, with modification of gan-
glion cellsin the parafoveal region and in the fiber layer near
the optic disc, replaced by fibroglial elements.

More recent studies suggested that, in order to compare
retinal thickness, it is necessary to consider gender, since
their results showed thickness values significantly greater
in men®9. Kelty (2008) suggested thinner retinas in older
patients, women, African-Americans and individuals with
myopiaof -5.00 dioptriesor more.

Despite the fact that visual acuity works as a modest in-
dicator of retinal thickness, it does not surrogate quantitative
values, given that other variables, such as age, time of retina
ischemy, leakage presented in the angiogram and glycosylated
hemoglobin, also interfere in the visual acuity®'?. Hence, vi-
sual acuity can be taken into account as an important variable
in the mild and moderate stages of non proliferative diabetic
retinopathy (NPDR), but may be considered as a poor indicator
in advanced stages of diabetic maculopathy.

The evaluation of macular thickening by OCT is certainly
useful in practical clinic, but the retinal thickness is just one
of the variables affecting visual acuity, in a complex of cau-
ses, still, not completely known®?,

The OCT is a diagnostic technique that provides cross-
sectional imaging of retina structure and of other ocular
tissues, with high accuracy and resolution. Thus, its capacity
to reproduce details (10 pm) gets close to the optical microsco-
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Figure 1 - OCT result of a patient with moderate NPDR

py, being compared to abiopsy in vivo. The OCT increases the
ability of clinical diagnosisand imaging techniquesin ancillary
exams, for giving precise and reproducible results that corro-
borate diagnostic impressions and allow monitoring the pro-
gression of diseases, as well as the evolution of retinal respon-
ses in therapeutic interventions.

Several research works have showed that OCT is more
sensibleto detect macul ar edemathan biomicroscopy with 78-
diopter lens, which evaluation is subjective**d, OCT de-
monstrates that the macular edemaisacomplex clinical entity
with various morphologies, and goes beyond the limitations
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of asimple clinical definition. In the early stages of edema,
OCT is of main importance, because structural changesin the
retinaare still not evident with biomicroscopy or fluorescein
angiogram®*14_ |n the presence of CSME, there is a signifi-
cant agreement between patterns of fluorescein angiogram
and OCT®9,

From a clinical perspective, it can be said that diagno-
sing macular edema clinically, when it does not appear in
OCT, probably would lead to an unnecessary intervention
with focal photocoagulation, which leads to paracentral scoto-
mas. OCT can reduce the risk of scotomas induced by laser,
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Figure 2 - Linear regression analysis, with CFT (x axis) and hemoglobin
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data (p=0.130), showing no significant influence of CFT measured by
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Figure 3 - Linear regression analysis, with CFT (x axis) and visual

acuity (y axis) as variables. The straight line adjusted well on the

data (p=0.02), and showed, in this study, an inverse proportionality
between these two variables.

in eyestowhich clinical suspicion of edemaexists, but objec-
tive verification does not™'4, Therefore, the reduction of ma-
cular edema can be documented objectively, which makes
the OCT, as said in various studies, the right technique to be
chosen to follow macular edema.

OCT presents limitations when considering its applica-
bility. Opacities, such as corneal edemas and opacities, cataract
with significant opacity, vitreous hemorrhage, among other
changes of dioptric media, attenuate the incidence and reflec-
tion of light required to final imaging®?.

Another limitation is related to the patient who is not ca-
pable of fixing, either because heis not very collaborative, or
because of central vision impairment, producing, in these ca-
ses, results below the expected. However, the protocol pre-
sents the algorithm of alignment, which reduces the inaccuracy
caused by the eye movements.

Some retinal diseases, that cause expressive impairment
in central visual acuity and lead to an eccentric fixation, can
impair the positioning of the scan and data analysis*®. Acquiring
images in eyes with justafoveal lesion demands special care,
because macular atrophies modify the central retinal anatomy

and make it difficult to position the scan at the region to be
analyzed.

When pupillary dilation is poor, the exam can still be done.
The optical alignment becomes more sensible, due to pupil
reduction, and the vision field of the examiner is reduced.

The current treatment of diabetic retinopathy has the objec-
tive of preventing, or delaying, the retinopathy appearance,
progression, and the impairment of vision®. The classic treat-
ment is photocoagulation, and the early diagnoss is associated
with a better therapeutic response, to prevent expressive vision
impairment®®, This emphasizes the requirement of diagnosis
when good vision is still present®*19,

CONCLUSION

This study highlighted the advantages of the use of OCT
in the detection of clinically significant macular edema.

It was found, in the literature, support for the association of
macular edema with retinal thickening and visual acuity. A
standardized comparison between data from patients and nor-
mal individuals avoided distortions that could have had in-
fluence on the final results.

This study demonstrated the use of OCT in the measure-
ment of retinal thickness and its potential as an indicator in the
early diagnosis of diabetic retinopathy, offering new pers-
pectives for the follow-up and treatment of diabetic macular
edema.

RESUMO

Objetivos: 1) Diagnosticar a presenca de edema macular dia-
bético em pacientes com retinopatia diabética e acuidade vi-
sual igual ou melhor que 20/40, pelarealizacdo do exame de
tomografia de coeréncia 6ptica, medindo a espessura fovea
central, ao longo de um ano. 2) Avdiar a histéria natural do
edema, ao longo de um ano, associando a espessura foveal
central com a hemoglobina glicosilada (HbA1c) e alteracdes
na acuidade visual. 3) Correlacionar os resultados obtidos
com o grupo controle. M étodos: Estudo prospectivo de uma
amostra de 30 pacientes, com edema macular diabético e
acuidade visual melhor ouigual a 20/40. O estudo contou com
30 olhos como grupo controle. Foram feitas medidas damel hor
acuidade visual corrigida, dosagem de hemoglobina glicosi-
lada, biomicroscopia com lente de 78 dioptrias, angiofluores-
ceinografia e tomografia de coeréncia Optica. Determinou-se,
pelo propésito do estudo, a espessura foveal central como
principal variavel. Além daestatisticadescritiva, utilizaram-se
testes para analise dos resultados: foi testada a homogenei-
dade de cada variavel pelos testes t-Student, Qui-Quadrado e
teste de Tukey; para correlacionar varidveis utilizou-se a ané-
lisedevariancia(ANOVA). A relacdo entre aespessurafoveal
central no tomografia de coeréncia éptica com a acuidade
visual e a hemoglobina glicosilada foi estudada através de
regressao linear. Resultados: Registrou-se ndo haver dife-
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renca significativa entre casos e controles nas varidveisidade
(p=0,343) e sexo (p=0,793). Os valores da espessura foveal
central para 0 sexo masculino foram maiores que no sexo
feminino (p<0,05) mostrando que avariavel sexo interfere nos
valores da espessura foveal central. Dos pacientes diabéticos
com edema macular clinicamente significativo, 83,33% apre-
sentavam retinopatia diabética ndo-proliferativa moderada,
10% retinopatia diabética ndo-proliferativa leve e 6,66% re-
tinopatia diabética ndo-proliferativa grave. Os pacientes em
tratamento combinado de insulina com hipoglicemiante oral
apresentaram influéncia nos resultados da espessura foveal
central pela tomografia de coeréncia éptica e na acuidade
visual. A duragdo médiado diabetesfoi de 9,63 anos. Registra-
ram-se valores da espessura foveal central pelatomografiade
coeréncia Gptica sempre maiores nos pacientes que No grupo
controle (p<0,001). As medidas da HbA 1c n&o influenciaram
os valores da espessurafoveal central (p=0,130) e as medidas
daacuidade visual se correlacionaram significativamente com
espessura foveal central (p=0,02). Conclusdo: Os resultados
deste estudo mostraram a aplicabilidade da tomografia de
coeréncia optica na detecgdo do edema macular diabético em
pacientes com acuidade visual melhor ou igual a 20/40, ao
longo de um ano, mostrando 0 espessamento retiniano nos
estagiosiniciais de retinopatia diabética. Evidenciou-se acor-
relacdo entre 0 aumento da espessura foveal central e a piora
da acuidade visual. As medidas da HbA 1c n&o influenciaram
nas medidas da espessura foveal central. A deteccdo precoce
do edema macular clinicamente significativo leva-nos a redi-
mensionar o real significado da retinopatiaincipiente, poden-
do prevenir perdas acentuadas da visao.

Descritores: Retinopatia diabética; Edema macular; Tomo-
grafia de coeréncia Optica; Fotocoagulagdo/métodos; Fovea
central; Acuidade visua
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