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The Association between Corneal Biomechanical Properties and Initial Visual
Field Defect Pattern in Normal Tension Glaucoma
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Purpose: To investigate the association between corneal biomechanical properties and initial visual field defect pattern in normal
tension glaucoma using an Ocular Response Analyzer (ORA; Reichert Instruments, Depew, NY, USA).

Methods: Forty-one patients with normal tension glaucoma were divided into 2 subgroups, 21 patients with initial paracentral
scotomas and 20 patients with initial peripheral scotomas. The corneal biomechanical properties of corneal hysteresis (CH), cor-
neal resistance factor (CRF), Goldmann-correlated intraocular pressure (IOPg), corneal-compensated IOP (IOPcc) measured
by the ORA, central corneal thickness, and Goldmann applanation tonometry were comparatively analyzed between the 2

groups.

Results: The patients with initial peripheral scotomas were significantly younger than those with initial paracentral scotomas
(49.45 + 13.33 years vs. 58.14 + 12.49 years, p = 0.035) and showed more myopia (-2.42 + 2.22 diopter vs. -0.89 + 2.22 diopter,
p=0.034). The mean CRF was significantly lower in the initial paracentral scotoma group than in the initial peripheral scotoma
group. (9.45 + 1.95 mmHg vs. 10.58 + 2.05 mmHg; p = 0.041). No significant difference in CH, IOPg, or IOPcc was seen between

the groups.

Conclusions: CRF was significantly different between the initial paracentral scotoma group and initial peripheral scotoma group
in normal tension glaucoma. Thus, CRF may be useful to predict initial central field loss in normal tension glaucoma.
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FollA A efskeich
AJoFAA= &g X}%/\IOFZH(Humphrey@ visual field
analyzer 750, Carl Zeiss Meditec Inc., Dublin, CA, USA)2]
Central 30-2 SITA-standard strategy S ©]-8-3}%1 01, o]
I 51 o] o] AloHARE AlFSHAITE ok AYE e
sto] A WA AloFg A= AR, AR AlZ=E &
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A}e] A A9k (false positive) = 7 Al2A(false negative)
ol A= A5}k Aok ALS] pattern deviation proba-
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AAoFAALS] MDI}F PSD, & A ok}, Z=AzMat=z,
CH, CRF, IOPcc, IOPgE %7

H2s-
T AR WAlA b Wt dole 74
24.59 £ 1.27 mm, 24.85 £ 1.59 mm=Z F + 7+ 8935t A}

o]& Ho|x| otHp-value=0.483).

ORAE o|gsto] 543 CRFe} CHE A/dwollAl= 2t
ZF 11.72 + 2.10 mmHg, 11.55 £ 1.57 mmHg$ oo, A}
Rd=U Aol = 22 10.00 £ 2.06 mmHg, 1038 +
1.76 mmHg= R% AARIor=u Ao ] S-0la1A wof
TH(p<0.001, p<0.001). L £}o] I0Pg, I0PccE= F + 7ol

24 I'.l'
AN R A 4190] B ol 539 &
134809131, Ak o 2 Al 40 o] Hit Lol 4838
£ 13210]810m FAA O 2 {OJ3F Zfol= ¢l ATHp=0.066).
A7 A Fat S AWl Al 14.02 £ 3.08

mmHg, Ao 4] 14.30 + 3.00 mmHg2 A =331, 4]
PO BARIFE GOl 55148 + 35.73 um, A

LoJ5} z}o]E Holz| 29K Table 1).

417 0] AP WARAZE Aok el
27] FARILAE 21943 2] FARLHL 20940
o] BAEE 23, B AU 27] B4R

58.14 + 12,494, 7] FHEor
17] Z A H:Lo]—;(—];LoﬂH %g]a_

gto Al 551.65 + 34.52 ymz SAEOH = o 11 B TH(p=0.035). A& vl&x At F
SAHOR o3t Aol QUTHp=0.684, p=0432). B4 o Fol7k YALT(p=0275, p=0875), T Th-$A =
Table 1. Comparison of corneal biomechanical parameters in normal subjects and NTG patients
Parameters NTG patients Normal subjects pvalue’

(n = 41) (@ = 40)
Age (years) 53.9 +13.48 48.38 + 13.21 0.066
Untreated IOP (mm Hg) 14.02 + 3.08 14.30 + 3.00 0.684
Spherical equivalent (diopter) -1.51 +£2.31 -1.68 + 2.15 0.746
Axial length (mm) 24.85 + 1.59 24.59 + 1.27 0.483
CCT (um) 551.48 + 35.73 551.65 + 34.52 0.984
IOPg (mmHg) 15.08 + 3.48 16.53 + 3.87 0.079
IOPcc (mmHg) 14.76 + 3.11 15.65 + 2.96 0.186
CRF (mmHg) 10.00 + 2.06 11.72 £ 2.10 <0.001
CH (mmHg) 10.38 + 1.76 11.55 + 1.57 <0.001

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

corneal compensated IOP; CRF= corneal resistant factor; CH = corneal hysteresis.

*p—value based on Student #-test.

Table 2. Comparison of clinical characteristics and the perimetric parameters in NTG patients between initial paracentral scotoma

and initial peripheral scotoma group

intraocular pressure; CCT = central corneal thickness; IOPg = Goldman corrected IOP; IOPcc =

Initial paracentral scotoma

Initial peripheral scotoma

Parameters @ = 21) @ = 20) p-value
Age (years) 58.14 + 12.49 49.45 + 13.33 0.035
Sex (Male:Female) 6:15 9:11 0.275"
Untreated IOP (mmHg) 13.91 + 3.05 14.15 + 3.18 0.875"
Spherical equivalent (diopter) -0.89 +2.22 242 +2.22 0.034"
logMAR visual acuity 0.067 £+ 0.12 0.035 +£ 0.75 0.354"
Axial length (mm) 2435 + 1.21 2532 4+ 1.80 0.121
Family history of glaucoma (n, %) 14.8) 2 (10.0) 0.520°
Hypertension (n, %) 6 (28.6) 5(25.0) 0.796"
DM (n, %) 1(4.8) 2 (10.0) 0.520*
MD (dB) -1.27 + 1.51 -2.39 + 0.50 0.037°
PSD (dB) 2.78 + 1.40 3.39 + 1.56 0.050"

Values are presented as mean + SD unless otherwise indicated.

NTG = normal tension glaucoma; IOP = intraocular pressure; DM = diabetes mellitus; MD = mean deviation; PSD = pattern standard deviation.

*p—value based on Mann-Whitney test; TChi—square test; ‘Fisher’s exact test.
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7] FAJRZE oA -0.89 + 2.22D, 27| FHR
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S 2 UERGTHp=0.034). logMAR A 3l QF=57
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L1127 £ 151 dB, 7] FHRFHLol| A -2.39 + 0.50 dB
2 ZAEglon &+ 1t 574]3. 2 73t 2folE HER
UTH(p=0.037). PSDE] 7-9-ofl Slo] 27| FAFIUH Tl
A PSD ZH2 278 + 1.40 dB, 27| FHEGH oﬂxi 339
+ 1.56 dBo] 4=} 27| SF-LolA PSD glo] &
o AFFS Ko} EAR T Qol5R|= oQF Q(Table 2).
27] AoRas: frgel et ZHPAHIIAE Blustole
THATAR: 7 2 eI Aol7t /11 (p-value=0.109).
CRF:= 27] ZA1220F 7oA 945 + 1.95 mmHg & =4 E]

U$~
TN S )
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o] 27| FHEYUZ 4%"“54 10.58 + 2.05 mmHg =t} 7|
zxEglom, EAMOE S8 Mol S B ATkp-0.041).
CH:= 27| 2415294 Tr__LC’ﬂ/\1 10.06 = 1.74 mmHg, 27|
q 10.71 £ 1.77 mmHg= S4 = o] $A4%
Aol HOJA| = A8k om(p=0.134), L 9o]] IOPge}t
IOPcc= 7 ot ZF F2Jgh 2fo] & Holx] AtthTable 3).
Alok HAF A} Mean deviation (MD) (OR, 1.66; p=0.032)2}
CRF (OR, 0.71; p=0.049)7} =A|2E] 3] 55 o] Tt
oA AR Fofsllon, o] F thEEA|IAE 37EA
M= 8oJ5FS HQl Q4= Mean deviation (MD) (OR,
1.77; p=0.033)Z} CRF (OR, 0.69; p=0.047)%ICKTable 4).

a i

Zyaro. Bxbs HEl(viscoelasticity) 5 71 A S

Table 3. Comparison of the relationship between corneal biomechanical properties and initial visual field defect pattern in NTG

Initial paracentral scotoma

Initial peripheral scotoma

Parameters @ = 21) (n = 20) p-value’
CCT (um) 544.00 + 32.99 558.53 + 37.73 0.109
I0Pg (mmHg) 14.75 + 3.51 15.42 + 3.50 0.442
I0Pcc (mmHg) 14.19 + 2.95 15.36 + 3.08 0.220
CRF (mmHg) 9.45 + 1.95 10.58 + 2.05 0.041
CH (mmHg) 10.06 + 1.74 10.71 + 1.77 0.134

Values are presented as mean + SD unless otherwise indicated.

NTG = normal tension glaucoma; CCT = central corneal thickness; IOPg = Goldman corrected intraocular pressure; IOPcc = corneal com-
pensated intraocular pressure; CRF= corneal resistant factor; CH = corneal hysteresis.

*p—value based on Mann-Whitney test.

Table 4. Binary logistic regression testing the association between all baseline and intercurrent factors with initial paracentral scotomas

Parameters Univariable model” Multivariable model’
OR (95% CI) p-value OR (95% CI) p-value

Age (years) 1.06 (1.00-1.12) 0.051 - -
Sex (female) 2.05 (0.56-7.46) 0.278 - -
Untreated IOP (mmHg) 0.97 (0.80-1.19) 0.796 - -
Spherical equivalent (diopter) 1.36 (0.98-1.87) 0.063 - -
Axial length 0.65 (0.37-1.14) 0.135 - -
Family history of glaucoma 0.45 (0.04-5.39) 0.529 - -
Presence of hypertension 1.20 (0.30-4.80) 0.797 - -
Presence of DM 0.45 (0.04-5.39) 0.529 - -
VF MD (dB) 1.66 (1.05-2.75) 0.032 1.77 (1.05-3.00) 0.033
VF PSD (dB) 0.74 (0.47-1.18) 0.209 - -
CCT (um) 0.99 (0.97-1.01) 0.246 - -
IOPg (mmHg) 0.95 (0.79-1.13) 0.538 - -
IOPcc (mmHg) 0.87 (0.71-1.08) 0.217 - -
CRF (mmHg) 0.71 (0.50-0.99) 0.049 0.69 (0.48-0.99) 0.047
CH (mmHg) 0.80 (0.55-1.16) 0.239 - -

OR = odds ratio; CI = confidence interval; IOP = intraocular pressure; DM = diabetes mellitus; VF = visual field; MD = mean deviation;
PSD = pattern standard deviation; CCT = central corneal thickness; IOPg = Goldman corrected IOP; IOPcc = corneal compensated IOP;

CRF= corneal resistant factor; CH = corneal hysteresis.

*Univariate model including each variable independently; TStepwise multivariate model including visual field mean deviation and corneal resist-

ance factor along with the other clinical variables.
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