Chatoratata|x| 20158 & 56 2 X 7 5

J Korean Ophthalmol Soc 2015;56(7):1065-1074

ISSN 0378-6471 (Print) - ISSN 20929374 (Online) . ,
http:/idx.doi.org/10.3341/k0s.2015.56.7.1065 Original Article

OII

 oiaiar Soh GIRIQIXI0] Bt BT

Analysis of Choroidal Thickness Measured Using RTVue and Associated
Factors in Open-Angle Glaucoma
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Purpose: To compare the macular choroidal thickness, ganglion cell complex thickness, peripapillary choroidal thickness and
retinal nerve fiber layer thickness among normal, primary open angle glaucoma (POAG) and normal tension glaucoma (NTG)
patients using RTVue (Fourier-domain optical coherence tomography; Optovue, Fremont, CA, USA).

Methods: A retrospective analysis of 32 normal controls, 32 POAG and 52 NTG patients was performed. Choroidal thickness,
ganglion cell complex thickness and retinal nerve fiber layer thickness were compared among normal controls, POAG and NTG
subjects. Additionally, the factors influencing choroidal thickness (age, axial length, spherical equivalent, central corneal thick-
ness, mean deviation, nocturnal dip, blood pressure variability) were analyzed.

Results: A total of 32 normal controls, 32 POAG and 52 NTG patients were enrolled in this study. Macular and peripapillary cho-
roidal thicknesses were significantly thinner in the NTG patients. In NTG subjects, the significant influencing factors associated
with macular and peripapillary choroidal thicknesses were age, axial length, nocturnal dip (diastolic blood pressure), diastolic
blood pressure variability and ganglion cell complex thickness. In POAG patients, significant influencing factors associated with
macular and peripapillary choroidal thicknesses were age and axial length.

Conclusions: Choroidal thickness was significantly thinner in NTG patients compared with normal controls and POAG patients.
Factors influencing choroidal thickness in NTG patients were age, axial length, nocturnal dip (diastolic blood pressure), diastolic
blood pressure variability and ganglion cell complex thickness. In POAG patients, significant factors influencing choroidal thick-
ness were age and axial length.
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Figure 1. Choroidal thickness of the macula. The image was acquired using the RTVue FD-OCT. The macular thickness is meas-
ured horizontally at 3 points: fovea, 750 um nasal from the fovea, 750 um temporal from the fovea (double headed white arrow:
measurements line between the retinal pigment epithelium and sclera at the fovea). FD-OCT = Fourier domain-optical coherence

tomography.

Figure 2. Choroidal thickness of the peripapillary area. The image was acquired using the RTVue FD-OCT. The peripapillary thick-
ness is measured at 8 points around the optic disc. FD-OCT = Fourier domain-optical coherence tomography.
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Figure 3. 24-hour ambulatory blood pressure monitoring (24-hr ABPM). (A) 24-hr ABPM (TONOPORT V. GM Medical System,
Freiburg, Germany). (B) A picture of patient who is undergoing 24-hr ABPM. (C) Printouts from the commercially available 24-hr

ABPM. syst. = systolic blood pressure; diast = diastolic blood pressure.
P B HAS ol gate] B4 BASh E3 F 4 A 1

A Aple) sietet A S4709) 218 e 9

st FUpEASE Austch BALA o S A2 84, A4 x9S o 59
005 vigo s S on], AEg 5 DAL 327, HA
QP s2wolgle B ols 4 thEEe 6028

1068



Table 1. Patient characteristics in each group

Control POAG NTG p-value
Age (years) 60.28 + 4.28 59.32 + 3.35 58.64 + 2.64 0.255
Male:female 14:18 15:17 24:28 0.586"
SE (diopter) -1.13 + 1.83 -1.22 £ 1.77 -1.23 £ 1.65 0.976"
Axial length (mm) 23.99 + 1.04 23.78 + 1.02 24.01 + 1.14 0.701"
IOP (mm Hg) 11.67 + 1.49 14.55 + 2.54° 13.84 + 2.03" 0.000°
MD (dB) -0.28 + 0.11 4.22 + 2.47° 4.11 + 1.85% 0.000"
CCT (um) 532.15 + 21.98 535.19 + 19.15 533.27 + 20.51 0.872°

Values are presented as mean + SD unless otherwise indicated.

POAG = primary open angle glaucoma; NTG = normal tension glaucoma; SE = spherical equivalent; IOP =

mean deviation; CCT = central corneal thickness.

intraocular pressure; MD =

*Comparison between 3 groups by one-way analysis of variance; 'Comparison between 3 groups by chi-square test; iSignjﬁcamtly different
compared with control by post hoc multiple comparison; §Signiﬁcantly different compared with control by post hoc multiple comparison.
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Table 2. Comparison of the macular and peripapillary choroidal thickness between groups

Control POAG NTG p-value
Macular choroidal thickness (pum)
Average 240.29 + 10.17 221.77 + 16.65° 210.15 + 10.30" 0.000
Center 256.07 + 35.12 232.12 + 29.17° 219.13 + 25.21° 0.000
Temporal 226.66 + 20.31 211.10 + 24.34% 201.21 +22.20" 0.001
Nasal 238.15 + 26.76 222.11 + 21.13 210.13 + 27.06" 0.001
Peripapillary choroidal thickness (um)
Average 178.32 + 24.88 161.68 + 19.86° 144.18 + 24.11"™ 0.000
Superior 202.54 + 34.64 185.37 + 25.89 169.18 + 32.27" 0.001
Superonasal 200.71 + 34.48 188.38 + 22.12 172.28 + 24.25' 0.002
Nasal 201.35 + 28.06 183.08 + 23.50° 170.54 + 26.86' 0.000
Inferonasal 193.13 + 23.15 166.21 + 22.93* 152.48 + 21.06' 0.000
Inferior 165.05 + 35.10 153.84 + 25.82 137.18 + 31.78 0.008
Inferotemporal 216.42 + 24.89 186.16 + 21.78° 154.31 + 30.12™ 0.000
Temporal 217.96 + 32.74 189.96 + 37.43° 166.92 + 42.46' 0.000
Superotemporal 222.50 + 38.50 206.68 + 32.57 183.06 + 35.12° 0.001

Values are presented as mean + SD.
POAG = primary open angle glaucoma; NTG = normal tension glaucoma.

*Comparison between 3 groups by one-way analysis of variance; +Signiﬁcantly different compared with control by post hoc multiple
comparison; *Significantly different compared with POAG by post hoc multiple comparison; *Significantly different compared with control by

post hoc multiple comparison.

Table 3. Comparison of average macular and peripapillary choroidal thickness among non-dip, dip, and over-dip groups in POAG

Macular choroidal thickness (pm)

Peripapillary choroidal thickness (um)

Non-dip (systolic) (n = 13) 221.46 + 12.59
Dip (systolic) (n = 15) 224.60 + 15.53
Over-dip (systolic) (n = 4) 215.75 £ 4.5
p-value” 0.502
Non-dip (diastolic) (n = 11) 222.73 + 13.36
Dip (diastolic) (n = 17) 223.41 + 14.92
Over-dip (diastolic) (n = 4) 215.82 + 13.44
p-value” 0.599

163.51 + 12.71
165.85 + 9.56
163.83 + 10.79

0.981

162.51 + 13.44
164.46 + 9.19"
164.75 + 10.84

0.889

Values are presented as mean + SD unless otherwise indicated.
POAG = primary open-angle glaucoma.

"Comparison between 3 groups by one-way analysis of variance; 'Significantly different compared with non-dip by post hoc multiple

comparison.

Table 4. Comparison of average macular and peripapillary choroidal thickness among non-dip, dip, and over-dip groups in NTG

Macular choroidal thickness (ym)

Peripapillary choroidal thickness (um)

Non-dip (systolic) (n = 24) 213.18 £+ 11.70
Dip (systolic) (n = 23) 206.78 + 14.65
Over-dip (systolic) (n = 5) 202.91 + 12.59
p-value” 0.044
Non-dip (diastolic) (n = 21) 213.62 + 9.80
Dip (diastolic) (n = 26) 207.44 + 12.17
Over-dip (diastolic) (n = 5) 201.57 + 13.15
p-value” 0.047

155.50 + 9.67
145.30 + 17.24
135.41 + 9.35"

0.029

156.70 + 10.91
145.72 + 16.19
148.05 + 14.95"

0.018

Values are presented as mean + SD unless otherwise indicated.
NTG = normal tension glaucoma.

*Comparison between 3 groups by one-way analysis of variance; tSignificantly different compared with non-dip by post hoc multiple comparison.
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Table 5. Association of choroidal thickness with demographic factor, ocular factors and 24-hr ABPM variables by multivariate line-

ar regression analysis in POAG

Macular choroidal thickness

Peripapillary choroidal thickness

POAG * *
B + SE p-value B + SE p-value
Age -2.024 + 0.620 0.000 -2.674 + 1.921 0.000
Axial length -0.407 + 0.895 0.029 -0.912 + 0.563 0.001
MAP 3.385 + 1.006 0.003 3.447 £ 1.011 0.003

Values are presented as mean + SD unless otherwise indicated.

24-hr ABPM = 24-hour ambulatory blood pressure monitoring; POAG = primary open angle glaucoma; SE = spherical equivalent; MAP =

mean arterial pressure.
*. B B . . .
Multivariate linear regression analysis.

Table 6. Association of choroidal thickness with demographic factor, ocular factors and 24-hr ABPM variables by multivariate

linear regression analysis in NTG

Macular choroidal thickness

Peripapillary choroidal thickness

NTG ¥ *
B + SE p-value B + SE p-value
Age -3.621 + 0.668 0.000 -3.463 + 0.501 0.000
Axial length -0.618 + 2.878 0.057 -0.165 + 2.140 0.126
MAP 2.422 4+ 2.957 0.148 2.950 + 3.012 0.203
Diastolic nocturnal dip -2.605 + 2.957 0.148 -2.073 + 1.248 0.111
Diastolic wSD -3.020 £+ 0.753 0.001 -2.663 + 2.093 0.216
Average GCC thickness 0.092 + 0.991 0.107 1.013 + 0.678 0.106

Values are presented as mean + SD unless otherwise indicated.

24-hr ABPM = 24-hour ambulatory blood pressure monitoring; NTG = normal tension glaucoma; SE = spherical equivalent; MAP = mean
arterial pressure; wSD = weighted standard deviation; GCC = ganglion cell complex.

Multivariate linear regression analysis.

Table 7. Comparison of choroidal thickness measurement

value’s reliability which was measured by 2 examiners
Choroidal thickness

ICC (95% CI, p-value) 0.904 (0.712 t0 0.964, p = 0.000)

ICC = intra-class correlation coefficients; CI = confidence
interval.

ol, =4, Has e, olekr] debe] oRtaUsHY, ol
7] dere] WeA, ARENEZEGA FA A K(Table 5, 6).
8] HARE 7Hel Ui Ale= 0.904 %A tH(Table 7).

L =

70% oj4o] thA] wiRtupo s ek whuke 414
A F gl PAY Bl Y B 2 S SuEA
A, Yepjaguior clio] AAIAe] A=
ARE B Akot GRS FHTHE V1S AT 5
W AR AN A BERe 3R
FRom QIgh e AL} FA4 5719 S &4
o] flele] =lo WSt 4 Qo wiRture] uj el @
FEEe wuge] Weeel Fad % o 5 vk
AT WEREEYG T 2o A 54 71ee) W
2 dte] AN wup £ ZHo] /FeAL oS

Act.
Hirooka et al’®e- 50 0] #Alolq} 521 o] AJAFolok

E
ato] Wehl £AE vl Aah, AgAelel Hs) gaery
WA 315, RIS, Btol5o] fF 9] wEt &
7} QFQFTRaL SFITE Usui et al’-2 Akl 1273} =LA
ol gARteHs WA 3 89S 4t SR high-penetration
OCTE o|&ste] Wkt S5 vuwstgon 1 Ant 34
Alol vl AL EAIQl ARt SRt A f-F =
o] wghu} =77} ekbrha S}, E3F Park et al®i= 48
ol Akl 1087 9] UG ZHs AT AR
)

W3 = thA S & enhanced depth imaging-OCTE ©]
o}

z>~l
o

oA Wt SAES vmst Ak, AR Ao A]
G5 39 W SA7} ekbtha skt
Jey Wkl Seh Sugke) g aks Aol YIS
= A7 A= Il Ehrlich et al®S g 9%
SHRpet YAz o] G5 9] Wkl S
o] %

f
5
N

oo o 5 41 1o 0
o 32

aL =
2 BpoE $5F 9| wetel SAS wwat 2w, 4
U2} PG 2 B} Afolol S F9] ety
A Rol7k glgiekin shsick

1071



st

HM73-
)

AAFekaL

AN

2]

=

tost3|x| 2015 | 56

=

fins

[e]

o

s

[e)

b

)

- [H%
<Ll Hls

oA %

hil
lH

N

Nr
el

H

O

ol =R %PXMW 7g7dqlof
Wrh= ol A+ A} vl

=
AgelA o

3} 77}

Ko

AZ 2] 50%7F 93|

S|
=

o

|

LU S R 27) S el FEE o)y
o Ly Bxto] Hg37] ol AR, 2 A4 A7I7E

1

=

EO]
1

=

}o] RTVue
7, Aol

=
=

9

o,

[e)

=

o

=
5]

A
[¢)

A7 82

5
T

_‘1

A
R

QR

94

o‘:}.

o

|
=

H=(chori-

Az, o]z
d

1], oz
oFo.
H=

o|-g:3fo]
|

]_

X
pal

[e]

=

Q2 3ol tholg} 7]
EN

S8 WA E o]

L=

I

[e)
CE ERY

.

Bk

=,
]

[e)
=

=
=

%3
7

At 9]
 Holsh 9453 olsjel A

=

[¢]
()

Al

=
-
~h

o}
OH; A0
A A=

3n ]
** Thessaloniki Eye Study* oA 118

49| enhanced depth image 7]%

bl Lpol 7}
=

o

]

ocapillaries)©] gFolAA] ¢

QYL Lol 7}

al

=
o

I

il g2kl A

al3

=

o]

b

H_O

ol
%

o’

el

i

N

=1

AR

H

Lol A

O
R

N2l =

of

|

o v

;5—)]/\}0

AEH o

Los Angeles Latino Eye Study” ¢l t}

d| Parati et al%% L

T

°
il

A

uAE 22t

BB

Sak

L=
.

ik

b3l 31993, Rothwell et al’’

< <

_6,_

tol, ot%

Wl M=

l:lo}- Z] I—L_-—T

37h

)

1072



REFERENCES

1) Van Buskirk EM, Cioffi GA. Glaucomatous optic neuropathy. Am
J Ophthalmol 1992;113:447-52.

2) Quigley HA, Nickells RW, Kerrigan LA, et al. Retinal ganglion
cell death in experimental glaucoma and after axotomy occurs by
apoptosis. Invest Ophthalmol Vis Sci 1995;36:774-86.

3) Fechtner RD, Weinreb RN. Mechanisms of optic nerve damage in
primary open angle glaucoma. Surv Ophthalmol 1994;39:23-42.

4) Grieshaber MC, Flammer J. Blood flow in glaucoma. Curr Opin
Ophthalmol 2005;16:79-83.

5) Hayreh SS. Blood supply of the optic nerve head and its role in op-
tic atrophy, glaucoma, and oedema of the optic disc. Br J Ophthalmol
1969;53:721-48.

6) Duijm HF, van den Berg TJ, Greve EL. Choroidal haemodynamics
in glaucoma. Br J Ophthalmol 1997;81:735-42.

7) Grunwald JE, Piltz J, Hariprasad SM, DuPont J. Optic nerve and
choroidal circulation in glaucoma. Invest Ophthalmol Vis Sci
1998;39:2329-36.

8) Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging
spectral-domain optical coherence tomography. Am J Ophthalmol
2008;146:496-500.

9) Branchini L, Regatieri CV, Flores-Moreno I, et al. Reproducibility
of choroidal thickness measurements across three spectral domain
optical coherence tomography systems. Ophthalmology 2012;119:
119-23.

10) Flammer J, Orgiil S, Costa VP, et al. The impact of ocular blood
flow in glaucoma. Prog Retin Eye Res 2002;21:359-93.

11) Bayhan HA, Aslan Bayhan S, Can 1. Evaluation of the macular
choroidal thickness using spectral optical coherence tomography
in pseudoexfoliation glaucoma. J Glaucoma 2014 Aug 18. [Epub
ahead of print]

12) Fujiwara T, Imamura Y, Margolis R, et al. Enhanced depth imaging
optical coherence tomography of the choroid in highly myopic
eyes. Am J Ophthalmol 2009;148:445-50.

13) Margolis R, Spaide RF. A pilot study of enhanced depth imaging
optical coherence tomography of the choroid in normal eyes. Am J
Ophthalmol 2009;147:811-5.

14) Ishikawa H, Stein DM, Wollstein G, et al. Macular segmentation
with optical coherence tomography. Invest Ophthalmol Vis Sci
2005;46:2012-7.

15) Tan O, Li G, Lu AT, et al. Mapping of macular substructures with
optical coherence tomography for glaucoma diagnosis. Ophthal-
mology 2008;115:949-56.

16) Collaborative Normal-Tension Glaucoma Study Group. The effec-
tiveness of intraocular pressure reduction in the treatment of nor-
mal-tension glaucoma. Am J Ophthalmol 1998;126:498-505.

17) Wolfs RC, Borger PH, Ramrattan RS, et al. Views on open-Angle
glaucoma: definitions and prevalences-The Rotterdam Study.
Invest Ophthalmol Vis Sci 2000;41:3309-21.

18) Ehrlich JR, Peterson J, Parlitsis G, et al. Peripapillary choroidal
thickness in glaucoma measured with optical coherence tomo-
graphy. Exp Eye Res 2011;92:189-94.

19) Wilkins MR, Fitzke FW, Khaw PT. Pointwise linear progression
criteria and the detection of visual field change in a glaucoma trial.
Eye (Lond) 2006;20:98-106.

20) Hirotsu C, Ohta E, Hirose N, Shimizu K. Profile analysis of
24-hours measurements of blood pressure. Biometrics 2003;59:

907-15.

21) Choi J, Jeong J, Cho HS, Kook MS. Effect of nocturnal blood pres-
sure reduction on circadian fluctuation of mean ocular perfusion
pressure: arisk factor for normal tension glaucoma. Invest Ophthalmol
Vis Sci 2006;47:831-6.

22) Eguchi K, Hoshide S, Schwartz JE, et al. Visit-to-visit and ambula-
tory blood pressure variability as predictors of incident car-
diovascular events in patients with hypertension. Am J Hypertens
2012;25:962-8.

23) Alm A, Bill A. Ocular and optic nerve blood flow at normal and in-
creased intraocular pressures in monkeys (Macaca irus): a study
with radioactively labelled microspheres including flow determi-
nations in brain and some other tissues. Exp Eye Res 1973;15:
15-29.

24) Hayreh SS. The blood supply of the optic nerve head and the evalu-
ation of it-myth and reality. Prog Retin Eye Res 2001;20:563-93.

25) Parver LM, Auker C, Carpenter DO. Choroidal blood flow as a
heat dissipating mechanism in the macula. Am J Ophthalmol 1980;
89:641-6.

26) Hirooka K, Tenkumo K, Fujiwara A, et al. Evaluation of peripapil-
lary choroidal thickness in patients with normal-tension glaucoma.
BMC Ophthalmol 2012;12:29.

27) Usui S, Ikuno Y, Miki A, et al. Evaluation of the choroidal thick-
ness using high-penetration optical coherence tomography with
long wavelength in highly myopic normal-tension glaucoma. Am J
Ophthalmol 2012;153:10-6.el.

28) Park HY, Lee NY, Shin HY, Park CK. Analysis of macular and peri-
papillary choroidal thickness in glaucoma patients by enhanced
depth imaging optical coherence tomography. J Glaucoma 2014;
23:225-31.

29) Li L, Bian A, Zhou Q, Mao J. Peripapillary choroidal thickness in
both eyes of glaucoma patients with unilateral visual field loss. Am
J Ophthalmol 2013;156:1277-84.

30) Curcio CA, Saunders PL, Younger PW, Malek G. Peripapillary
chorioretinal atrophy: Bruch's membrane changes and photo-
receptor loss. Ophthalmology 2000;107:334-43.

31) Margolis R, Spaide RF. A pilot study of enhanced depth imaging
optical coherence tomography of the choroid in normal eyes. Am J
Ophthalmol 2009;147:811-5.

32) Grossniklaus HE, Green WR. Pathologic findings in pathologic
myopia. Retina 1992;12:127-33.

33) Millar-Craig MW, Bishop CN, Raftery EB. Circadian variation of
blood-pressure. Lancet 1978;1:795-7.

34) Harris A, Topouzis F, Wilson MR, et al. Association of the optic
disc structure with the use of antihypertensive medications: the
thessaloniki eye study. J Glaucoma 2013;22:526-31.

35) Jiang X, Varma R, Wu S, et al. Baseline risk factors that predict the
development of open-angle glaucoma in a population: the Los
Angeles Latino Eye Study. Ophthalmology 2012;119:2245-53.

36) Parati G, Pomidossi G, Ramirez A, et al. Variability of the haemo-
dynamic responses to laboratory tests employed in assessment of
neural cardiovascular regulation in man. Clin Sci (Lond) 1985;69:
533-40.

37) Rothwell PM, Howard SC, Dolan E, et al. Prognostic significance
of visit-to-visit variability, maximum systolic blood pressure, and
episodic hypertension. Lancet 2010;375:895-905.

38) Curcio CA, Allen KA. Topography of ganglion cells in human
retina. ] Comp Neurol 1990;300:5-25.

1073



- thgtotubstg|x] 20154 K| 56

39) Zeimer R, Asrani S, Zou S, et al. Quantitative detection of glau-
comatous damage at the posterior pole by retinal thickness
mapping. A pilot study. Ophthalmology 1998;105:224-31.

40) Leung CK, Chan WM, Yung WH, et al. Comparison of macular
and peripapillary measurements for the detection of glaucoma: an

HM73-

optical coherence tomography study. Ophthalmology 2005;112:
391-400.

41) Kim JW, Rhew JY, Choi KR. Choroidal thickness in primary
open-angle glaucoma using spectral-domain optical coherence
tomography. J Korean Ophthalmol Soc 2014;55:868-76.

- A2XE =

Bt Zk= 1 Z(primary open angle glaucoma, POAG)0| A RTVue
a

(Optovue, Fremont, CA, USA)E 0I&5I0 St &BIsiet RF £ W2 SHE dlwstu oo FefE 0lXl= UXHS0 sl

LOt2 DX} SHACH,

CHabot B Felof Y9 Y2t EEE Y (Fourier—domain optical coherence tomography, FD-OCT)22 £F%t &utsiet 5 =
Q| oH2tok retinal nerve fiber layer (RNFL), 12|10 ganglion cell complex (GCC) =ME H|w, EMGIQICt ESH SiBtsiet 5
9 Moy S0l S 0lE o Us YAsne SHBAES dlu, A6,

Ao WA OEZ 2%, POAG 32%, NTG 5220] EEEIYC 2t 2 2 Mol HIE uREt 21, Beislel 95 X9 Mo
= NTGOIM 7h ST NTGOIME &Btsier RF 9 M29 Slof e DiXl= QUxts uol, A&, 017 e
ORztEeaty, ol2ty| Yo HEH, GCC FMUL, POAGOIM= Lio|, eE&EBt0| FEe 0lXl= QAUXIUCH

ZE: Yol Bloh POAGRE NTGOIM RTVueZ ZFet gtfolel K5 FI0 ML L7t O AT POAGEL NTGOIA O
SfUATH NTGOIM= Lol 2t=, 2 29| 0[27] OfrE Yoty 9| HiES0l, POAGOIM= Lto|, 2t=F0| 2t Sol Fet

2 0[x|= AUXLE
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