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O Ocular response analyzer (ORA)E 0|&6t0 S&et ZAUMHASQIXE HIE S YI-HQIXE Hlw EMEUC

Zuk M| A=A 730 7t2 0] AE XE S AOREY0| MAME Xz 262F0|UCH AlOFEIla 260t AJOfH|ZlR=: 479F
2 M5 21, AoprldiZol A Tl H[E0] Ao TR0l HIsH &2t =Rk11(42.3%, 17.0%, p=0.03), corneal hysteresis
(CH)2Q} corneal resistance factor (CRF)= A|OFH| TGO A 9.8 £ 1.5 mmHg, 10.4 £ 1.4 mmHgRX T AJOFEIMAN M 91 £ 1.3
mmHg, 9.5 = 1.5 mmHgZE A[OFEIAMZOIM F25HA HRUATH=0.03, p=0.01). CH, CRF, 22|11 nE0| THHAZFEA0| M AJoFTIY
o Rolet AYEE HRACH, 0] & HHIREMS Sl SAXCE RUHE Xz DY CHICH

ZE: ORAE S5t CH ZH2 A=A Alofay Tl Rolet HEHH0| JURUCH F2 CHYSF AOkE4 2o @I =Tt
=2 Aez EMEIT

(CHetettsta| X 2013;54(11):1757—-1766)
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ke 3 WA 4B AR A3 27 0BsH He.
W Zjare ohA] meje] B89 mepom

o] FA5k &
JgF o] 5 sh=t| o] WA F HA &E HS AT
t}. olnf, A7|Zsta otHerz| A (electro—optical appla—

nation detection system)7} 5 3Hgof| AA Zato] meks
Tarste] Wakal oaFe] oFw A Eole] Egol okt
FAE &A8Y, F 4h9 HikS Goldmann—correlated
IOP (IOP g), & #ke] #fo]& CHetar Aogtct. E3t 423}
2 Aoz thE = A=%], = [0P cco} CRFE =331}
ORA= ZH719] <ol sl 2|4 3314 Z4s19laL, 6.0 o]
Arol A&7} (signal strength)E Hol= Ayl & A7}
57} 7P =3, 3718 A A2 Wk &% A
-2]7} H|5th ol = PR = HARY 215 AFESS

E}. 0]% Z ot} A (Alcaine®, Alcon Laboratories, TX)E
Zgket F ORA QiQtoll 2p| el Aefoll A 72919 A=
Zegtolgotolyl Azt Tﬂﬂ(central corneal thick—

ness, CCT)& &431%L, & 4

E
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ol AAAE BE AAE AWRORA AA be] @
A48 2kt

EA A EA2 SPSS (SPSSWIN, ver. 18.0; SPSS

Science, Chicago, IL)E 0|83} o, nE HXofA
o] %272 0,05 mlEko 2 Fich =UjRo] et w7
SY5hR] ko . T #£719] H|ul= independent f—test,
chi—square test® £4135}9111, Pearson’s correlation co—
efficient analysis, th&Ag3] A4 o= CH, CRF 9 ¢k
A(GAT, IOP g, IOP co)ofl &S v]A|&= AAE Yobk
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3.35 dB, 4.62 +

+ 37.6 um, 537.3 £ 31.6 um

Table 1. Clinical and ocular characteristics of the progressing and nonprogressing groups

s
Aol 1
L 17.0%0] Hla] B e

3.09 dBo]xL

wx} 29
XPO]% ‘Si‘iiq(p>0.05)
b f-elgt zfol7k ¢l
19, 42.3% % A]O]EH]leﬂ
SHES HYH(p=0.03).
A Q] LT o A3 AloF HAF Aul, AloFzRlgd-2] Mean
deviation (MD), Pattern standard deviation (PSD)%= —3.61
Z18+2] MD, PSD
325 dBE & - 2% 7
Alofol s Helow & It FARHCE {3k Ao
714 oFeral T 7] 7k Eokol
_46‘]— z]_o]‘— 0404__14- ok‘j
Z3Y(28.9 +

Progressing* (n = 26) Nonprogressing* (n =47) p—value*
Age (years) 58.0 +£18.9 55.8 £13.1 0.56
Sex, female (%) 14 (53.8) 18 (38.3) 0.23*
Diabetes (%) 2(1.7) 9 (19.1) 0.31%
Hypertension (%) 11 (42.3) 8 (17.0) 0.03*
Spherical equivalent (diopter) -1.31 £ 3.11 -1.26 +2.42 0.94
Baseline MD (dB) -3.61 + 3.09 -3.93 + 3.35 0.69
Baseline PSD (dB) 4.48 + 3.09 4.62 + 3.25 0.86
Baseline IOP (mm Hg) 16.7 + 3.8 15.8 +2.7 0.27
Mean follow-up IOP (mm Hg) 11.6 £ 2.5 12.6 + 2.7 0.13
IOP reduction (%) 289 + 124 20.0 + 14.1 <0.01
CCT (um) 528.7 + 37.6 537.3 £ 31.6 0.33
Number of glaucome medications 1.50 + 0.71 1.51 £ 0.75 0.95
Follow-up period (months) 67.0 + 50.2 65.0 + 51.2 0.87

Values are presented as mean + SD.
CCT = central corneal thickness; IOP =

intraocular pressure; MD = mean deviation; PSD = pattern standard deviation.

*Glaucomatic progression in Humphrey visual field; "Independent r-test; 1[Chi—square test.
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Table 2. Corneal biomechanical parameters by ORA of the progressing and nonprogressing groups

Progressing (n = 26) Nonprogressing (n = 47) p—value*
CRF (mm Hg) 9.1+13 9.8 +£1.5 0.03
CH (mm Hg) 95+ 15 104 + 14 0.01
IOP GAT (mm Hg) 11.6 £ 2.5 12.6 + 2.7 0.13
IOP cc (mm Hg) 149 + 4.4 143 + 2.7 0.50
IOP g (mm Hg) 13.4 £ 3.9 13.6 £ 2.6 0.85
IOP GAT-IOP cc (mm Hg) 32 +34 -1.7£32 0.06
IOP GAT-IOP g (mm Hg) -1.8+2.9 -1.0 £ 23 0.23
IOP cc-IOP g (mm Hg) 1.5+ 1.7 0.7+1.6 0.08

Values are presented as mean + SD.

ORA = ocular response analyzer; CH = corneal hysteresis; CRF = corneal resistance factor; GAT = Goldmann applanation tonometry; IOP
= intraocular pressure; IOP cc = corneal-compensated IOP; IOP g = Goldmann-correlated IOP.

*Independent t-test.

Table 3. Number of patients on glaucoma medication treatment by class

Progressing (n / %) Nonprogressing (n / %) Both (n/ %)
Prostaglandin analogue 12/32.4 20/29.0 32/30.2
Beta blocker 12/32.4 31/44.8 43 /40.5
Carbonic anhydrase inhibitor 7/18.9 9/13.1 16/ 15.1
Alpha agonist 6/18.9 9/13.1 15/14.2
Nonprogressing All Progressing
CH CH
15 15 4
r=0.32* . r=0.03
13 4 . 13 |
11 11 4
9 9
7 7
5 5 5 -
T T T T T T T T T T T T T T T T T T
400 450 500 550 600 650 400 450 500 550 600 650 400 450 500 550 600 650
CCT (um) CCT (um) CCT (um)

Figure 1. Scatterplot matrix illustrating the relationship among corneal hystereris (CH), central corneal thickness (CCT). 't = corre-
lation coefficient (statistically significant).

= AAtH(p>0.05) (Table 1). = o \
AopAREI aAATMY Bk CHE 27k 95 £ Ho] FARPSHFOR AT o] FRE A
1.5 mmHg, 10.4 + 1.4 mmHgo]y, H+ CRF= 9.1 + 1.3 Zo} 7
of

mmHg, 9.8 + 1.5 mmHg= CHe} CRF KL= AJoplgito] AoRgTo| A= TR AEE R AAI(32.4%), HIERARE

A AR oA Wkth(p=0.01, p=0.03). IOP g, A|(32.4%), e a A A|A(18.9%), Loba-8-A|(18.9%),
IOP cc®} GAT QFQFe] -2 AJopxlsitol A 13.4 £ 3.9 AloFR| Yo A= Z2AelEed A A](29.0%), HEF
mmHg, 14.9 + 4.4 mmHg, 11.6 + 2.5 mmHg3l, Aok A (44.8%), EHAPEE AR (183.1%), Lul2H8-A)
v 28 o A 13.6 + 2.6 mmHg, 14.3 + 2.7 mmig, 12.6 (13.1%) 9] H]&o|AtH(Table 3).

+ 2.7 mmHg2 5F & 25 A Rt Bt ghe] #-2J8k Zjo) CHe}F A 2Pt A|12ke] Al = AlokeA) 18] of 1
= WA ohtH(p=0.85, p=0.50, p=0.13). IOP cc, of whe} ch2 A Urebyith AA SRt Alofr] Rl tol A
IOP g= GAT QItETY, AlopxlsstolA] 3.2 £ 3.4 mmig, = F AT fog 259 ¥l AAE BcH(A
1.8 + 2.9 mmHg, AJofu]AsgtofA] 1.7 + 3.2 mmHg, A r=0.32, AlofB]|Z3Y r=0.49; p<0.01). WHH AJofzl
1.0 £ 2.3 mmHg Z¥7} §-ol8HA| =7 4=tk Table 2). YA = FoS ALTAE HolA grekth(r=0.03,
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p=0.90) (Fig. 1).

IOP cce Ztaf QIALE B53 QEgF o 2 A, AJokxl gt
A SATEEA ol AEEA(r=0.523, p<0.01)E
7AW 5 2 BRoAs CHeF 59 AdahatA (K8
r=—0.570, p<0.01, BR3P r=—0.547, p<0.01)E 7}%
S =4 Zharo] A e S vhgsial &S ST
of. 7123l IOP g@F GAT QFQt2 Alopzlgdtol| A F4lzhat
7 @ CRFQ} oFo] AtakA|(r=0.623, p<0.01, r=0.412,
p=0.03)& 7HA|™, AJopu|xlgito ] CRFL} Fo] Abkt

Table 4. Statistical correlations between IOP GAT, I0P g,
IOP cc, and clinical/ocular characteristics in the progressing
and nonprogressing groups

Progressing Nonprogressing
IOP GAT  Age -0.160 (0.43) -0.261 (0.08)
SE -0.128 (0.53) -0.005 (0.97)
CCT 0.412 (0.03) 0.210 (0.16)
CH -0.131 (0.51) 0.340 (0.02)
CRF 0.381 (0.04) 0.607 (<0.01)
IOP g Age -0.087 (0.67) -0.130 (0.39)
SE -0.265 (0.18) -0.045 (0.76)
CCT 0.623 (<0.01) 0.400 (<0.01)
CH -0.388 (0.04) 0.030 (0.84)
CRF 0.487 (0.01) 0.555 (<0.01)
IOP cc Age 0.033 (0.87) -0.015 (0.92)
SE -0.177 (0.38) 0.124 (0.41)
CCT 0.523 (<0.01) 0.055 (0.71)
CH -0.570 (<0.01) -0.547 (<0.01)
CRF 0.168 (0.40) -0.021 (0.89)

CCT = central corneal thickness; CH = corneal hysteresis; CRF
= corneal resistance factor; GAT = Goldmann applanation tonometry;
IOP = intraocular pressure; IOP cc = corneal-compensated IOP;
IOP g = Goldmann-correlated IOP; SE = spherical equivalent.

A(r=0.555, p<0.01, r=0.607, p<0.01)Z 7}Ac}. GAT
Qret, IOP g, IOP cee & o oA F, FHA= o
29} Fojgt g HolA| Fgtti(Table 4).

TEHOR, 3.58; p=0.03)2} CH(OR, 0.65; p=0.02)7}
BAAE 3| EY o] chAZREA oA FAH R §-o519]
o, o] F thFEAAY JHREA AL FoE Kol
Q92X 13K OR, 3.46; p=0.03)=} CH(OR, 0.66; p=0.02)
StH(Table 5).
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B
t] =9k ORA Z3A] FolA CH, CRE7} f-2JstAl Wk

P cc, IOP g, GAT ¢ty SAZuEA 52 52
3 Zjo]= Ho]z] ekyrt. CH (OR, 0.65 p=0.02), CRF
(OR, 0.67; p=0.05), 18]22 1&HOR, 3.58; p=0.03)9]
ChH A oA Aok 8Tt o3t AT|AS Bl
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Table 5. Binary logistic regression testing the association between all baseline and intercurrent factors with a progression outcome

Univariable model Multivariable model
OR (95% CI) p-value OR (95% CI) p-value
Age (per decade older) 1.01 (0.98-1.04) 0.56 - -
Sex (female) 1.88 (0.71-4.96) 0.23 - -
Presence of diabetes 0.35 (0.07-1.77) 0.31 - -
Presence of hypertension 3.58 (1.20-10.61) 0.03 3.46 (1.12-10.72) 0.03
Spherical equivalent (diopter) 0.99 (0.83-1.19) 0.94 - -
Baseline VF MD (dB) 1.03 (0.89-1.20) 0.69 - -
Baseline VF PSD (dB) 0.99 (0.85-1.15) 0.86 - -
Baseline IOP 1.09 (0.93-1.27) 0.27 - -
CCT 0.99 (0.98-1.01) 0.30 - -
CH (per mm Hg lower) 0.65 (0.46-0.93) 0.02 0.66 (0.46-0.95) 0.02
CRF (per mm Hg lower) 0.67 (0.46-0.99) 0.05 - -
IOP cc (per mm Hg higher) 1.05 (0.91-1.21) 0.50 - -
Number of glaucoma medications 0.98 (0.50-1.90) 0.95 - -

Left = univariate model including each variable independently; Right = stepwise multivariate model including corneal hysteresis and corneal
resistance factor along with the other clinical variables; CCT = central corneal thickness; CH = corneal hysteresis; CI = confidence interval;
CRF = corneal resistance factor; GAT = Goldmann applanation tonometry; IOP = intraocular pressure; IOP cc = corneal-compensated IOP;
MD = mean deviation; PSD = pattern standard deviation; VF = visual field.
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A2 A Zhate] AerA (viscoelasticity )S BHS
, CRF= Wak} o5F, Berere] M 235 &3 CH
e e gho Zhtel A, & e (elasticity)
& Hrgals A xolth Y FAIK CHE w3t Zuh 417
sfelxjol Supao) WAl didt ATES Fu WY,
QMIFI wlwSE o SpetelA] vhe
=5 AARKPSUACIA ThE §7o] Sy
Aol wlgf v W CHE ®Yrhs AEo] ok o y
of7b CH7F =ude] X3 Avke I cixtelw, @
CH7} sudo] whe 28at B Ql= QIAMZA] on|7}

L o32x B1E7 ek Congdon et al®’e Azt
Aol vlslA w2 CH7} o] 284 Alok/dat o
et Aol lvfar ©arskel=d|, CH7} 1 mmHg 57}
ol whet AJopAt %13 917l 20% F7ietehal HA
o & EAaHch De Moraes et al”& wre CHe} w2 A]
ofAF A aFte] HEAS HstEt|, o714 ARES
CHe} A FA7E 5659 723t A E HolA]
T g=A o2 SRl HIshA CH7F Aokt X138
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=ABSTRACT=

The Association Between Corneal Biomechanical Properties and
Progression of Visual Field Loss in Normal Tension Glaucoma

Jong Hyuk Park, MD, Kyu-Ryong Choi, MD

Department of Ophthalmology, Ewha Womans University School of Medicine, Ewha Institute of Ophthalmology and Optometry, Seoul, Korea

Purpose: To evaluate the association between corneal biomechanical properties and progression of visual field loss in nor-
mal tension glaucoma.

Methods: This study enrolled 73 eyes of 73 patients with normal tension glaucoma who were undergoing medical treat-
ment, and classified them into progressing and nonprogressing groups by visual field trend analysis. The corneal bio-
mechanical properties measured by the Ocular Response Analyzer (ORA; Reichert Instruments, Depew, NY, USA), cen-
tral corneal thickness, and Goldmann applanation tonometry were comparatively analyzed between the 2 groups.
Results: Twenty-six eyes reached a progression endpoint. The prevalence of hypertension was higher in the progressing
group (42.3%, progressing, 17.0%, nonprogressing; p = 0.03). Progressing eyes had lower corneal hysteresis (9.1 + 1.3
vs. 9.8 £ 1.5 mm Hg, p = 0.03) and lower corneal resistance factor (9.5 + 1.5 vs. 10.4 £ 1.4 mm Hg, p = 0.01) compared with
nonprogressing eyes. Upon multivariate analysis, the presence of hypertension (odds ratio [OR] = 3.46, p = 0.03) and cor-
neal hysteresis (CH) (OR = 0.66 per mm Hg lower, p = 0.02) remained statistically significant.

Conclusions: The CH measurement with ORA was significantly associated with risk of visual field progression in normal
tension glaucoma. Eyes with lower CH had a greater risk of progression of visual field loss than those with higher CH.

J Korean Ophthalmol Soc 2013;54(11):1757-1766

Key Words: Corneal biomechanical properties, Corneal hysteresis, Normal tension glaucoma, Ocular Response Analyzer,
Progression
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