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ABSTRACT

Objective: To evaluate the choroidal thickness (CT) in healthy Brazilian subjects using spectral-domain optical coherence tomography
(SD-OCT) and to compare with choroidal thickness measured in Brazilian patients with diabetic macular edema (DME), neovascular
age-related macular degeneration (AMD) and high myopia. Methods: A retrospective analysis of spectral domain optical coherence
tomography (SD-OCT) images of 181 Brazilian subjects. A total of 74 eyes were included in the normal control group, 50 eyes in the
nvAMD group, 44 eyes in the DME group and 13 eyes in the high myopia group. CT was measured from the posterior edge of the re-
tinal pigment epithelium (RPE) to the choroid/sclera junction at the fovea and at 500 um intervals temporal and nasal to the fovea. All
measurements were performed by two independent observers and were averaged for analysis. The statistical analysis and comparison
were performed using Mann Whitney (unpaired t-test). Results: Seventy-four eyes from 74 patients with a mean age of 51.4 years were
analyzed in the normal group with a mean nasal, subfoveal and temporal choroidal thickness measurements were 301.30 + 12.86 um,
311.61 + 12.62 um and 309.28 + 12.28 um respectively. All groups with disease demonstrated a statistically significant choroidal thin-
ning when compared with matched-aged normal eyes. The mean reduction in the nvAMD group compared to normal were 60.65 um
nasally, 59.77 um temporally and 56.59 um at subfoveal position. In the DME group, the subfoveal reduction was 51.10 um, 63.03 um
and 46.30 um, nasally and temporally. The patients with high myopia presented the greatest reduction in CT compared to normal eyes,
with a mean reduction of 159.9 nasal, 159.98 subfoveal and 154.65 at temporal. Conclusions: The present study evaluated choroidal
thickness in Brazilian subjects, with intense miscegenation. The results demonstrated a statistically significant decrease of the choroidal
thickness in all subtypes of chorioretinal disease. The small sample size in this study was a limitation. Additional research with a larger
study population to better understand these findings.
Keywords: Choroid, Diabetic retinopathy, Macular degeneration; Myopia;, Tomography, optical coherence

'Universidade Federal de Sio Paulo, Sdo Paulo, Brazil.
2UPO Ophthalmologia, Sao Paulo, Brazil.
3Tufts University School of Medicine, Boston, MA

This investigation was approved by the CEP UNIFESP (1365/2015) institutional review board (IRB)

Os autores declaram nao haver conflito de interesses.

Recebido para publicacdo em 9/12/2019 - Aceito para publicagdo em 25/03/2020.

Rev Bras Oftalmol. 2020; 79 (3): 169-73
0 periddico Revista Brasileira de Oftalmologia esta licenciado sob uma Licenga CC-BY da Creative Cammons



170 Polizelli MU, Regatieri CV,Kniggendorf VF, Cruz NFS, Almeida CG, Novais EA, Rodrigues EB

Resumo

Objetivo: Avaliar a espessura da cordide (EC) de individuos brasileiros saudaveis utilizando tomografia de coeréncia ética do
dominio espectral (TCO-DE) e compara-la a espessura da coroide de pacientes brasileiros com edema macular diabético (EMD),
degeneragao macular neovascular relacionada a idade (DMRI) e miopia alta. Metodologia: Andlise retrospectiva de imagens de to-
mografia de coeréncia 6tica de dominio espectral (TOC-DE) de 181 individuos brasileiros. Um total de 74 olhos foram incluidos no
grupo controle normal; 50, no grupo DMRI; 44, no grupo EMD; e 13, no grupo com miopia alta. A EC foi medida a partir da borda
posterior do epitélio pigmentar da retina (EPR) até a juncao coréide/esclera na févea e de intervalos de 500 um, temporal e nasal,
a fovea. Todas as medidas foram realizadas por dois observadores independentes e as médias foram calculadas para analise. A ana-
lise estatistica e a comparacdo das ECs foram realizadas usando o teste Mann Whitney (teste t ndo pareado). Resultados: Setenta e
quatro olhos de 74 pacientes com idade média de 51,4 anos foram analisados no grupo normal, o qual apresentou espessura cordide
nasal, subfoveal e temporal média igual a 301,30 + 12,86 um, 311,61 + 12,62 um e 309,28 + 12,28 um, respectivamente. Todos os grupos
com doenca demonstraram afinamento de coroide estatisticamente significativo quando comparados a olhos normais pareados por
idade. A redu¢do média de EC no grupo DMRI em comparacdo ao normal foi de 60,65 pm por via nasal, 59,77 um por via temporal
€ 56,59 um na posicao subfoveal. O grupo EMD apresentou reducdo de EC igual a 51,10 um em posi¢ao subfoveal, 63,03 um por via
nasal e 46,30 um por via temporal. Pacientes com miopia alta apresentaram a maior reducdo de EC em relacdo aos olhos normais;
os valores de reducao média obtidos foram 159,9 por via nasal, 159,98 em posi¢do subfoveal e 154,65 por via temporal. Conclusdes:
O presente estudo avaliou a espessura da cordide de individuos brasileiros com intensa miscigenacao. Os resultados demonstraram
reduccao estatisticamente significativa da espessura da coréide em todos os subtipos de doenca coriorretiniana. O pequeno tamanho
da amostra foi uma limitacao deste estudo. Pesquisas adicionais com populacdo maior de estudo deveriam ser realizadas para ajudar

a entender melhor esses achados.

Descritores: Coréide; Retinopatia diabética; Degeneragdo macular; Miopia; Tomografia de coeréncia optica

INTRODUCTION

vascular structure that extends from the margins of the

optic nerve to the pars plana, where it becomes the cil-
iary body. ¥ Tt is the major blood supply for the outer retina,
specifically the photoreceptors, and prelaminar portion of the
optic nerve head. These structures are supplied with choroidal
blood flow, which has a high oxygen tension with an arterial/
venous difference of 3%, compared to a difference of 38%
in the retinal circulation.!¥ The consequences of abnormal
choroidal blood volume and compromised flow on the photo-
receptors are unknown, but it could result in dysfunction and
consequent visual impairment.®

The analysis of the choroid was unreliable due to its pos-
terior location and the retinal pigmented epithelium cells that
attenuate the light.® Evaluation of in vivo and real time of the
choroidal structure became acceptable after the introduction of
the spectral domain optical coherence tomography (SD-OCT).©®
The SD-OCT can detect reflected signals at a higher quality than
ultrasound which was the previous equipment used to evaluate the
choroid inaccurately.”’ With this technology it is possible to move
the zero-delay line to a deeper position; this improves the image
averaging and enhances the visualization of the choroid-sclera
interface.®?

Previous reports demonstrated that choroidal thickness is
modified in several diseases, such as diabetes mellitus (DM), age
related macular degeneration (AMD), high myopia and central
serous chorioretinopathy.® 113 The causes for choroidal thinning
are multifactorial and dependent on the disease. For example,
in diabetic retinopathy a choroidal vasculopathy induces CT
changes, while in myopic patients CT thinning is secondary to
stretching of the choroid.*'¥ DM, nvAMD and high myopia
were selected, as they are some of the most common causes of
visual impairment in working-aged adults and the elderly pop-
ulation.!>1” Previous reports about CT were based in subjects
with little miscegenation, and the applicability of the results in

The choroid, which is part of the posterior uvea, is a
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Brazilian subjects, known to have a high degree of miscegenation,
may not be reliable.t®

The present study was designed to evaluate the choroidal
thickness using SD-OCT in normal subjects and compare this
to the CT in patients with DME, nvAMD and high myopia in a
Brazilian population.

METHODS

This was a retrospective analysis, conducted at the Federal
University of Sao Paulo (UNIFESP) and at a private retina clin-
ic, Brazil, and approved by the UNIFESP Institutional Review
Boards (CEP 1365/2015). The study adhered to the tenets of
the Declaration of Helsinki and informed consent was obtained
from the subjects after explanation of the nature of the study. The
statistical analysis and comparison were performed using Mann
Whitney (unpaired t-test).

Subjects

A retrospective analysis was performed in OCT images
of 181 Brazilian subjects who underwent OCT examination be-
tween July and December 2013. A total of 74 eyes were included
in normal group, 50 eyes in the nvAMD group, 44 eyes in the
DME group without retinal neovascularization and 13 eyes in high
myopia group (defined as higher than negative 6.0 diopters). Only
one eye of each patient with the best reproducibility regarding
the eye disease were chosen.

The diagnoses of retinal diseases were based on Early
Treatment Diabetic Retinopathy Study protocol for diabetic reti-
nopathy; AREDS for exudative AMD and -6.00D was adopted as
cut-off for high myopia.(>?) The inclusion criteria were patients
with no systemic or retinal diseases at the time of examination for
the normal group, without any previous eye surgery or procedure.

Major exclusion criteria included the following: another
ocular or systemic disease that could cause changes in choroidal
thickness, previous treatment for DME or AMD, retinal laser
therapy and previous pars plana vitrectomy.
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Figure 1: Spectral Domain OCT. Central choroidal thickness measu-
rements from the outer edge of the hyperreflective retinal pigment
epithelium (RPE) to the inner sclera at the fovea and at 500-um
intervals nasally and temporally

Choroidal Thickness Measurement

The SD-OCT scans were performed using HD-OCT (Cir-
rus™ HD-OCT, Carl Zeiss Meditec, Inc. Dublin CA, software
version 5.2.1.12, model 4000). The scan pattern used on Cirrus
HD-OCT was horizontal high-definition 5-line raster with 9 mm
length and 0.25 mm distance between lines. To be included in this
study,images had to be at least 6 out of 10 in intensity and taken as
close to the fovea as possible. Using the Cirrus linear measurement
tool,2 independent observers measured CT perpendicularly from
the outer edge of the hyperreflective retinal pigment epithelium
(RPE) to the inner sclera at the fovea and 500 um intervals tem-
poral and nasal from the fovea (Figure 1).

Analysis

Data was expressed as means with the standard error of the
mean. Statistical analyses were performed using Mann Whitney
(unpaired t-test). A 95% confidence interval and a 5% level of
significance were adopted. Therefore, the results with a P value <
0.05 were considered significant. All statistics were calculated us-
ing a paired t-test in Graph Pad Prism 5.0 software for Macintosh.

REesuLts

A total of 181 eyes of 181 patients were included for analysis.
The normal group included 74 eyes from 74 patients (46 female,
28 male) with a mean age of 51.4 years. The mean nasal, subfoveal
and temporal choroidal thickness measurements were 301.30 +
12.86 um, 311.61 + 12.62 pm and 309.28 + 12.28 um respectively.

The nvAMD included 50 eyes from 50 patients, with
a mean age of 77.60 years (+ 8.12), 72% of the sample were
women (36 female, 14 male). The mean nasal, subfoveal and
temporal choroidal thickness measurement were 192.30 ym
(£10.28),202.56 um (+10.28),204.12 um (+ 10.28) respectively.
The nvAMD age matched randomized sample presented mean
age of 72.85 years (+ 7.07) and measures of 252.95 ym (+18.83)
nasal, 259.15 um (+ 17.62) subfoveal and 263.89 um (+ 19.56)
temporal. The mean difference between groups was 60.65 pm
nasally, 59.77 um temporally and 56.59 um at subfoveal position
with p <0,05 (Figure 3).

The DME group (44 eyes; 24 female and 20 male) had
a mean age of 68.93 years (£10.99) against 65.02 years (+
9.39) of the randomized sample with normal eyes. Compar-
ing the choroidal thickness, the subfoveal CT demonstrated
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Figure 4: Graph of
choroidal thickness in
the diabetic macular
edema group compa-
red to age matched
normal eyes. Mean
choroidal thickness at
fovea and at 500-pm
intervals nasally and
temporally.
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a difference of 51.10 pm, with 230.45 um («£11.37) in Group
DME and 281.55 um (£12.57) in the normal group. Nasal and
temporal CT also presented differences, 63.03 um and 46.30
um respectively. All differences were statistically significant
(p<0,05) (Figure 4).

In the high myopia group (13 eyes; 10 female and 3 male)
the mean age was 53,15 years (+16,13), while randomized sample
presented a mean age of 53,08 years (+ 17,25). The OCT demon-
strated CT measures of 140.61 pm (+ 18.51), 150.69 um (+17.63)
and 157.46 ym (+19.46), nasal, subfoveal and temporal, respec-
tively. The normal group presented CT 300.51um (+£12.92) nasal,
310.67 pm (£12.57) subfoveal and 312.10 um (+12.82) temporal.
The difference was statistically significant: 159.9 nasal, 159.98
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subfoveal and 154.65 temporal (Figure 5).

DiscussioN

Historically, choroidal analysis has been based on histolog-
ical examinations and the ability to image and assess the choroid
with SD-OCT became an exciting alternative.®-?» The choroid
plays a vital role for eye physiology and provides metabolic
support to the outer retina, including the photoreceptors and the
prelaminar portion of the optic nerve head.®*

The Brazilian population sampled in this study is of great
importance due to its intense ethnical miscegenation. (18). The
results suggested a mean normal choroidal thickness of 301.30 +
12.86 pm nasally,311.61 + 12.62 pm subfoveally and 309.28 + 12.28
um temporally for Brazilian subjects, which was similar to other
studies in non-Brazilians.®-?» In a Thailand study with 144 healthy
patients, the mean foveal CT was 282.4 + 13.8 ym, demonstrating
that different nationality had a role in CT.®¥

It was well noted that choroidal thinning occurs as we age,
there is approximate decrease in CT of 15-25 um per decade.
(23,25.20) The sex could also influence in the choroidal thickness,
with age and axial length paired the subfoveal choroid was
99.16 pum thicker in men. @® In this study the groups were not
paired by age or sex, which could be a confounding factor to
the measure.

AMD is the leading cause of blindness in elderly people
(>60 years), becoming a public health problem since world is
aging rapidly.(16) AMD manifests in early stages with drusen
and pigmentary changes while severe cases manifest either as
neovascularization (wet AMD) or geographic atrophy (dry AMD)
and choroidal circulation have been hypothesized to contribute
to the development of AMD.®20:27)

Choroidal thickness seems to be unaffected by the early
AMD despite an inverse correlation between the drusen area and
choroidal thickness, thinner choroid tended to have greater drusen
load.®??® The present study demonstrated a choroidal thinning in
subjects with neovascular AMD compared to age-matched con-
trol eyes in all measured points. This was consistent with findings
from previous studies which demonstrated a choroidal thinning
in patients with both advanced dry and wet AMD.®13.2931)

Diabetic retinopathy (DR) affects more than 90.000.000
people worldwide and is the leading cause of vision loss and
blindness in working-aged adults.!> Choroidal vasculopathy is
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involved in the pathogenesis of DR. Pathologic findings in the
choroid of diabetic patients demonstrated blood vessels tortu-
osity, focal vascular dilatation and narrowing, hypercellularity,
vascular loops, microaneurysm formation, areas of nonperfu-
sion and sinus like structure formation between the choroidal
lobules.®>3 In our study, the choroid in the DME group was
thinner compared to age-matched normal subjects. This supports
previous reports and reinforces the hypothesis that there is an
obstruction of the choriocapillaris, vascular degeneration and
decreased choroidal blood flow due to diabetic choroidal vas-
culopathy. 13439 Other studies in different populations agrees
with this finding. %37

Myopia is the most common refractive error of the eye and
affects 1.5 billion people worldwide.®” The prevalence is rising
dramatically reaching almost 80% of East Asian population, while
in United States prevalence of high myopia (defined as SE-6.00
or more) raised eight times in the last 30 years.(>!” High myopia
is accompanied by pathological structural changes, such as axial
elongation of the globe, thinning and stretching of retina and cho-
roid.®!¥ Previous reports demonstrated the association between
decreased subfoveal CT and visual acuity impairment, which is
justified by abnormal metabolic support to photoreceptors.® 1
) Another important cause of vision loss in myopic patients is
choroidal neovascularization, which is strongly related to the
thinner choroids.®"® Our results, demonstrated a thinner choroid
in high myopia group when compared to normal eyes, confirming
the structures changes and the risk of visual loss in those patients.

The subfoveal choroidal thickness in different ethnicities
paired by age, refraction error and axial length is not significant.
™ This study had similar findings to others despite the different
age and population, confirming the thinner choroid in these ocular
diseaSeS. (10,13,14,27,37)

In conclusion, this study reported the normal choroidal
thickness in a Brazilian population, which can be used in future
studies. Additionally, there was choroidal thinning in three import-
ant chorioretinal diseases: diabetic macular edema, neovascular
age related macular degeneration and high myopia. The small
sample size in this study was a limitation, although choroidal
abnormality may play an important role in visual prognosis in
these diseases; further studies will be necessary to differentiate
between cause and consequence.

REFERENCES

1. Nickla DL, Wallman J. The multifunctional choroid. Prog Retin Eye
Res. 2010;29(2):144-68.

2. McCourt EA, Cadena BC, Barnett CJ, Ciardella AP, Mandava N,
Kahook MY. Measurement of subfoveal choroidal thickness using
spectral domain optical coherence tomography. Ophthalmic Surg
Lasers Imaging. 2010;41(6 Suppl):S28-33.

3. Tan CS, Cheong KX, Lim LW, Li KZ. Topographic variation of cho-
roidal and retinal thicknesses at the macula in healthy adults. Br J
Ophthalmol. 2014;98(3):339-44.

4. CaoJ,McLeod S, Merges CA, Lutty GA. Choriocapillaris degener-
ation and related pathologic changes in human diabetic eyes. Arch
Ophthalmol. 1998;116(5):589-97.

5. Tenlik A, Giira a¢ FB, Giiler E, Dervi o ullar1 MS, Totan Y. Choroi-
dal thickness measurement in healthy pediatric population using
Cirrus HD optical coherence tomography. Arq Bras Oftalmol.
2015;78(1):23-6.



Comparison of choroidal thickness in normal eyes and different ocular pathologies in a Brazilian population

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Goktas S,Basaran A, Sakarya Y, Ozcimen M, Kucukaydin Z, Sakarya
R, et al. Measurement of choroid thickness in pregnant women using
enhanced depth imaging optical coherence tomography. Arq Bras
Oftalmol. 2014;77(3):148-51.

Karapetyan A, Ouyang P, Tang LS, Gemilyan M. Choroidal thickness
in relation to ethnicity measured using enhanced depth imaging
optical coherence tomography. Retina. 2016 Jan;36(1):82-90.
Regatieri CV, Branchini L, Fujimoto JG, Duker JS. Choroidal im-
aging using spectral-domain optical coherence tomography. Retina.
2012;32(5):865-76.

Manjunath V,Taha M, Fujimoto JG, Duker JS. Choroidal thickness in
normal eyes measured using Cirrus HD optical coherence tomogra-
phy.Am J Ophthalmol. 2010;150(3):325-9 el. https://doi.org/10.1016/j.
2jo.2010.04.018.

Ho M, Liu DT, Chan VC, Lam DS. Choroidal thickness measurement
in myopic eyes by enhanced depth optical coherence tomography.
Ophthalmology. 2013;120(9):1909-14.

Regatieri CV, Branchini L, Carmody J, Fujimoto JG, Duker JS.
Choroidal thickness in patients with diabetic retinopathy ana-
lyzed by spectral-domain optical coherence tomography. Retina.
2012;32(3):563-8.

Kuroda S, Ikuno Y, Yasuno Y, Nakai K, Usui S, Sawa M, et al.
Choroidal thickness in central serous chorioretinopathy. Retina.
2013;33(2):302-8.

Jonas JB, Forster TM, Steinmetz P, Schlichtenbrede FC, Harder BC.
Choroidal thickness in age-related macular degeneration. Retina.
2014;34(6):1149-55.

Wang S, Wang Y, Gao X, Qian N, Zhuo Y. Choroidal thickness and
high myopia: a cross-sectional study and meta-analysis. BMC Oph-
thalmol. 2015;15(1):70.

Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek
T, et al.; Meta-Analysis for Eye Disease (META-EYE) Study Group.
Global prevalence and major risk factors of diabetic retinopathy.
Diabetes Care. 2012;35(3):556-64.

Klein R, Klein BE, Knudtson MD, Meuer SM, Swift M, Gangnon RE.
Fifteen-year cumulative incidence of age-related macular degenera-
tion: the Beaver Dam Eye Study. Ophthalmology.2007;114(2):253-62.
Holden B, Sankaridurg P, Smith E, Aller T, Jong M, He M. Myopia, an
underrated global challenge to vision: where the current data takes
us on myopia control. Eye (Lond). 2014;28(2):142-6.

Oliveira JR, Nishimura AL, Lemos RR, Zatz M. The genetics of Alz-
heimer’s disease in Brazil: 10 years of analysis in a unique population.
J Mol Neurosci. 2009;37(1):74-9.

Photocoagulation for diabetic macular edema. Early Treatment
Diabetic Retinopathy Study report number 1. Early Treatment
Diabetic Retinopathy Study research group. Arch Ophthalmol.
1985;103(12):1796-806.

Age-Related Eye Disease Study Research Group. Risk factors asso-
ciated with age-related macular degeneration. A case-control study
in the age-related eye disease study: Age-Related Eye Disease Study
Report Number 3. Ophthalmology. 2000;107(12):2224-32.

Luo HD, Gazzard G, Liang Y, Shankar A, Tan DT, Saw SM. Defin-
ing myopia using refractive error and uncorrected logMAR visual
acuity >0.3 from 1334 Singapore school children ages 7-9 years. Br
J Ophthalmol. 2006;90(3):362-6.

Chen'TC, Cense B, Miller JW, Rubin PA, Deschler DG, Gragoudas ES,
et al. Histologic correlation of in vivo optical coherence tomography
images of the human retina. Am J Ophthalmol. 2006;141(6):1165-8.
Margolis R, Spaide RF. A pilot study of enhanced depth imaging
optical coherence tomography of the choroid in normal eyes. Am J
Ophthalmol. 2009;147(5):811-5.

Pongsachareonnont P, Somkijrungroj T, Assavapongpaiboon B,
Chitamara T, Chuntarapas M, Suwajanakorn D. Foveal and parafo-
veal choroidal thickness pattern measuring by swept source optical
coherence tomography. Eye (Lond). 2019;33(9):1443-51.

Abbey AM, Kuriyan AE,Modi YS, Thorell MR, Nunes RP, Goldhardt
R, et al. Optical coherence tomography measurements of choroidal

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

173

thickness in healthy eyes: correlation with age and axial length.
Ophthalmic Surg Lasers Imaging Retina. 2015;46(1):18-24.

Tuncer I, Karahan E, Zengin MO, Atalay E, Polat N. Choroidal
thickness in relation to sex, age, refractive error, and axial length in
healthy Turkish subjects. Int Ophthalmol. 2015;35(3):403-10.

Wood A, Binns A, Margrain T, Drexler W, Povazay B, Esmaeelpour
M, et al. Retinal and choroidal thickness in early age-related macular
degeneration. Am J Ophthalmol. 2011;152(6):1030-8 e2.

Ko A, Cao S, Pakzad-Vaezi K, Brasher PM, Merkur AB, Albiani DA,
et al. Optical coherence tomography-based correlation between
choroidal thickness and drusen load in dry age-related macular
degeneration. Retina. 2013;33(5):1005-10.

Jirarattanasopa P, Ooto S, Nakata I, Tsujikawa A, Yamashiro K,
Oishi A, et al. Choroidal thickness, vascular hyperpermeability,
and complement factor H in age-related macular degeneration
and polypoidal choroidal vasculopathy. Invest Ophthalmol Vis Sci.
2012;53(7):3663-72.

Coscas F, Puche N, Coscas G, Srour M, Francais C, Glacet-Bernard
A, et al. Comparison of macular choroidal thickness in adult onset
foveomacular vitelliform dystrophy and age-related macular degen-
eration. Invest Ophthalmol Vis Sci. 2014;55(1):64-9.

Fein JG, Branchini LA, Manjunath V, Regatieri CV, Fujimoto JG,
Duker JS. Analysis of short-term change in subfoveal choroidal
thickness in eyes with age-related macular degeneration using optical
coherence tomography. Ophthalmic Surg Lasers Imaging Retina.
2014:45(1):32-7.

Hidayat AA, Fine BS. Diabetic choroidopathy. Light and elec-
tron microscopic observations of seven cases. Ophthalmology.
1985:92(4):512-22.

Yiu G, Manjunath V, Chiu SJ, Farsiu S, Mahmoud TH. Effect of an-
ti-vascular endothelial growth factor therapy on choroidal thickness
in diabetic macular edema. Am J Ophthalmol.2014;158(4):745-51 e2.
Lee HK, Lim JW, Shin MC. Comparison of choroidal thickness in
patients with diabetes by spectral-domain optical coherence tomog-
raphy. Korean J Ophthalmol. 2013;27(6):433-9.

Nagaoka T, Kitaya N, Sugawara R, Yokota H, Mori F, Hikichi T, et
al. Alteration of choroidal circulation in the foveal region in patients
with type 2 diabetes. Br J Ophthalmol. 2004;88(8):1060-3.

Farias LB, Lavinsky D, Schneider WM, Guimaraes L, Lavinsky J,
Canani LH. Choroidal thickness in patients with diabetes and mi-
croalbuminuria. Ophthalmology. 2014;121(10):2071-3.

Wang XN, Li ST, Li W, Hua YJ, Wu Q. The thickness and volume
of the choroid, outer retinal layers and retinal pigment epithelium
layer changes in patients with diabetic retinopathy. Int J Ophthalmol.
2018;11(12):1957-62.

Correspondence to:

Murilo Ubukata Polizelli, MD

Research Fellow of Retina and Vitreous

Federal University of Sdo Paulo, Department of Ophthalmology
Rua Botucatu, 821, 1o andar, Sao Paulo, SP 04023-062, Brazil;
murilopolizelli@gmail.com; Tel/FAX: +55 (11) 5085-2010

Rev Bras Oftalmol. 2020; 79 (3): 169-73





