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Diurnal Variation in Intraocular Pressure Measured by Ocular Response
Analyzer in Korean Patients with Normal Tension Glaucoma
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Department of Ophthalmology and The Institute of Ophthalmology and Optometry, Ewha Womans University School of Medicine, Seoul, Korea

Purpose: To analyze the diurnal change in intraocular pressure (IOP) and corneal biomechanical properties measured using the
Ocular Response Analyzer (ORA; Reichert Inc., Depew, NY, USA) in Korean patients with normal tension glaucoma (NTG) patients.
Methods: Intraocular pressure (Goldmann applanation tonometer IOP [GAT IOP], Goldmann-correlated IOP [IOPg], cor-
neal-compensated IOP [IOPcc]) and corneal hysteresis (CH), corneal resistance factor (CRF) and central corneal thickness
(CCT) were measured in 21 eye of NTG patients (12 males, 9 female) at 3 hour intervals for 48 hours using ORA. We recorded
the time of each parameter that showed the lowest and the highest values of during the 48 hour testing period (Day 1 and Day
2) and evaluated the change of diurnal variation using Repeated measures analysis of variance (Re-ANOVA).

Results: Peak IOP measured with GAT and ORA occurred at 6 AM-9 AM, 3 PM-6 PM and the trough IOP at 9 PM-12 AM during
the 48 hour period. CCT, GAT IOP, IOPcc and IOPg measurements showed statistically significant variations (p<0.05). CH and

CREF variations were not statistically significant (p>0.05).

Conclusions: In Korean NTG patients, IOP exhibits significant diurnal variation, with higher values during the dawn and after-
noon and lower values before retiring. Clinically, measurements of IOP performed in the afternoon could aid in the detection of

relatively elevated IOP.
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9lwsl, FHol 28l oFE 5 thfRh aavf ekl ¥
Foll FFe Fe AR LA ik’ 53 71E9] w2
AtollA ¢heFe] dF WES SAZEA 9 Zd) AR
Aghelzzo] wzkel Wyt ol vk A+t At
HuE =], ol2eh Zute] FZejsha] Hekm QI obeb
o] AT WE2 QoA hHAom SHH Qe 44
£ Higoz Suiel ek} A =7t o] FoA|il Qe ¢
A oA AR wRE ASAE de o Ales
gk

AR oM ohatRl et 274 HRo] ARHIL Sle
], &3] AN AR AR Sl TP e oot
= S4sks HIHSA Ak ket £49] EF(gold stand-
ad)ol2}it QeI 424 FERRI A Goldmann ap-
planation tomometer)7} It SFATF ZFERHQH oS ZF

uhai-E(comeal curvature), ZFeF FA|, EF, FAZEE

7|(central corneal thickness, CCT) S} Z-& t}ofst ¢Ix}
of s} ke wH=rta oju] ofg] A roA wE o,

30wl Mo oo Nl

2 7HA] A Z=E- QHIAIZE FEEE o] from, o] FoflA] Sk
HH-S-E 4 7](Ocular response analyzer, ORA; Reichert Inc.,
Depew, NY, USA)= HIHEUAUA G dF o= Zhd) A
&35}Q1 2] corneal hysteresis (CH)2} corneal resistant fac-
tor (CRF)E A W(in vivo)oll A HIZI52 e &8l 4
FHOor A& 7hssi, olF EAT kel Goldmann
correlated IOP (IOPg)2} corneal compensated IOP (IOPcc)
£ Axtstol AAJE 4= Slck

AAFerol = ZH(normal tension glaucoma, NTG)-2 <}
o] EA| gromA SR S A4 #skel 1o

.
ThE AoF 2&s dovle dgor, 53] YoM =

= Ly
o AWES Holtm delA gtk BAALENY 2ol
Qigto] 4 WSl 9l 2

()
I0Pg, 10Pcc ¥ ZHobA o3kl e 24alo] A% Wi
dis) EA8) moket.

2 3= 20134 6YHE] 2015E 2971A] EY Shafol
A SR Aw Sl 2AE 21721 i es 8t
Aok B 2RO oRT|ES HESIYleH, 7EH o
Y uGA g, As2ELEAAHARK-510A, Nidek, Aichi,
Japan), Ocular Response Analyzer (ORA; Reichert Inc.,
Depew, NY, USA), SA1ZFE7|(SP-3000, Tomey Ltd, Nagoya,
Japan), ZE=19FQIE 9ol (Haag-Streit, Koniz, Switzerland)2-
AT AU AL AISE A AL oA A
9l AJoEH AH30-2 SITA-standard strategy, Humphrey visual
field analyzer HFA750i; Carl Zeiss Meditec Inc., Dublin,
CA, USA)E Aldatqict. & dA-toll= 227 HAMS A
W7ks Holn| ] A4l Hek 52 AR5
A} S| ARsA|oFH A Humphrey  Visual Field Analyzer:
Carl Zeiss Ophthalmic System Inc., Dublin, CA, USA)<{|A]
olo Fsh= Alof Agzo] IAE L 24A7F 59 S E
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0 o) 4% 70PE(s1gnal strength)
7 1 F7|ekEA 92
36l Sl AT ol @ 2

7} AR $A1E ATt o
% % 4o]":‘]'ﬂ7\1](Alcalne ; 0.5% proparacaine hydrochloride,
Alcon Laboratories, Fort Worth, TX, USA)E #est H &
3l ZAAR} de oz ZrulolHollAAE A5}

gom 38 5| FHAUEAS Zote] TERQLEIek
FHAEAZY A HEOR IS G Hasisieck
FAZTAL 33] U8 Zaste] Bk Agat B

74
Ak EA4-2 SPSS (SPSS Win, ver. 21.0; SPSS Science,
Chicago, IL, USA)Z o|&3lglon, WE HAMo|x &9
FE2 005 Mo sholth 24 1A% 27 220
AA A7 HA o2 A% RHGAT IOP, ORA IOPcc,
I0Pg) 7} ZAZHahEAe] Hughnh HAGS 2He A7
Table 1. Clinical and ocular characteristics of the eyes in NTG
groups

NTG patients (n = 21)

Age (years) 48.71 + 10.53
Sex (n, %)

Male 12 (57.1)
Female 9 (42.9)
SE (diopter) -3.87 £ 1.61
CCT (um) 551.81 + 30.74
GAT (mm Hg) 13.49 + 1.80
I0Pg (mm Hg) 16.41 + 2.18
IOPcc (mm Hg) 17.06 + 1.46
CH (mm Hg) 10.17 + 0.80
CRF (mm Hg) 10.49 + 1.19

Values are presented as mean + SD unless otherwise indicated.
NTG = normal tentsion glaucoma; SE = spherical equivalent;
CCT = central corneal thickness; GAT = Goldman applanation
tonometer; IOPg = Goldman-correlated intraocular pressure; IOPcc
= corneal-compensated intraocular pressure factor; CH = corneal
hysteresis; CRF = corneal resistant factor.

Repeated measures

analysis of variance (ANOVA)S o]&35}o] HA519ch

2 at

2 Atol] EFHE A=A 21 T A 12
i, o2} 9o|9lal, Wit Lho]i 48.71 + 10.534(23-59
ANk th-g-2= -3.87 + 1.61 dioptor (D) o0 =
AZHFEA = 551.81 + 30.74 pm$Ath Ht TERRIEH
OHGAT IOP)2 13.49 + 1.80 mmHg% 1], ORAR =4
3 W 10Pg} I0Pcc= 16.41 + 2.18 mmHg, 17.06 +
1.46 mmHg¢lt}. W+ CHeF CRF: 7Hz} 10.17 + 0.80
mmHg, 1049 + 1.19 mmHg& =% % 9tiTable 1).

S 574 194|(Day D 574 24 A (Day 2)9] 42}
REAA|9) QFete] AF WMBELS ACCTE 45.52 + 2934 um,
26.09 £ 9.28 um, AGAT IOP= 433 + 1.53 mmHg, 3.29
+ 1.15 mmHg, AORA IOPg= 6.80 + 2.63 mmHg, 4.91 +
1.72 mmHg, AORA IOPcc= 7.76 + 3.12 mmHg, 5.67 +
2.06 mmHg% 21, ACCT, AGAT IOP ¥ AORA IOPg
= 574 19719 24 Alojol U WlsHo] FAXCE
903t z}olE HYTHACCT, p=0.015; AGAT IOP,
p=0.018; AORA IOPg, p=0.033) (Table 2). 24 1U#e}
297 okre] Ws F=E HWSHS o, ORAR £ ¢
ATOPg®} AIOPcc7} AGAT IOPKT} o]u] 9lA 2 ¥k
-5 YeRth Zhd) A eReIAte] A HEolA ACH
L 2.85 + 1.63 mmHg, 2.27 + 0.68 mmHg, ACRF= 2.53
+ 1.11 mmHg, 2.10 + 0.86 mmHg® x| 24 19719} 24
A AdF HE Aro] 4235 x}olE HATHACH, p=0.034;
ACRF, p=0.007) (Table 2). T3+ =4 19% ¥ =4 29
A BE GAT 10P9] 9% WEZHT} ORA 10Pget ORA
[0Pcc®] ¥5 A7k ou] QA & Z& &1 4 Ul

Table 2. Variation of the intraocular and corneal structural properties measurements during 24 hours in normal tension glaucoma group

Day 1 Day 2 p-value*
ACCT (um) 45.52 + 29.34 26.09 + 9.28 0.015
AGAT IOP (mm Hg) 433 +1.53 329 + 1.15 0.018
AORA IOPg (mm Hg) 6.80 + 2.63 491 + 1.72 0.033
AORA IOPcc (mm Hg) 7.76 + 3.12 5.67 + 2.06 0.128
ACH (mm Hg) 2.85 +£1.63 2.27 £+ 0.68 0.034
ACRF (mm Hg) 2.53 £ 1.11 2.10 + 0.86 0.007

Values are presented as mean + SD unless otherwise indicated.

CCT= central corneal thickness; GAT = Goldman applanation tonometer; IOP = intraocular pressure; ORA = ocular response analyzer;
IOPg = Goldman-correlated intraocular pressure; IOPcc = corneal-compensated intraocular pressure factor; CH = corneal hysteresis; CRF

= corneal resistant factor.
*p—value based on #-test.
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Table 3. Pairwise comparison of mean IOP fluctuation measurements (AGAT IOP, AORA IOPg, AORA IOPcc) on Day 1 and

Day 2
Comparison Day 1 Day 2

P Mean + SD (um) p-value* Mean + SD (um) p-value*
AGAT IOP (mm Hg) and AORA IOPg (mm Hg) -2.46 + 2.76 p = 0.001 -1.63 + 2.04 p = 0.002
AGAT IOP (mm Hg) and AORA IOPcc (mm Hg) -3.42 + 3.45 p < 0.001 -2.39 +£2.21 p < 0.001

Values are presented as mean + SD unless otherwise indicated.

IOP = intraocular pressure; GAT = Goldman applanation tonometer; ORA = ocular response analyzer; IOPg = Goldman-correlated intra-
ocular pressure; IOPcc = corneal-compensated intraocular pressure; SD = stamdard deviation.

*p—value based on #-test
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Figure 1. Diurnal measurements of GAT IOP, I0Pcc, IOPg
and CCT in normal tension glaucoma patients during 1st 24-hr
period. IOP (GAT IOP, I0Pcc, IOPg) reaches its peak at 6
AM on the 1st day and the time of the peak IOP measurements
matched the time of peak CCT measurements. CCT = central
corneal thickness; NTG = normal tension glaucoma; IOP = in-
traocular pressure; GAT = Goldman applanation tonometer;
I0Pg = Goldman-correlated intraocular pressure; IOPcc =
corneal-compensated intraocular pressure factor.

(p<0.05) (Table 3).

Qkoke] A% WES 24T Auk GAT I0P 37| Yt
S7) Y mE 6 AMo| 2|31 QRS LEROm, ORA 10Pg
2} ORA I0Pcc 2jA] 6 AMo]| 2|11 OFke R i) E3h 3
PM-6 PMAO|E oFolo] mojxl AL Hoth GAT
IOP7} 2| A ¢IFE Hl AR AR 23 =4 & B5F 9
PM-0 AM©|¢l.o1, ORA I0Pg2} I0Pcc= 7 Uit 57
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Figure 2. Diurnal measurements of GAT I0P, IOPcc, IOPg
and CCT in normal tension glaucoma patients during 2nd
24-hr period. IOP (GAT IOP, I0Pcc, IOPg) reached its peak
at 6 AM and 6 PM on 2nd day. But the time of the peak IOP
measurements are not matched with the time of peak CCT
measurements thoroughly. CCT = central corneal thickness;
NTG = normal tension glaucoma; IOP = intraocular pressure;
GAT = Goldman applanation tonometer; IOPg = Goldman-cor-
related intraocular pressure; IOPcc = corneal-compensated in-
traocular pressure factor.

& w5 9 PM| Uehdth FAZeRAe) U WES A
A st 5 ol i



Table 4. Change of IOP and biomechanical parameters during
the study period

Day 1 Day 2
CCT (um) p = 0.100 p < 0.001
GAT IOP (mm Hg) p = 0.025 p = 0.052
ORA IOPg (mm Hg) p = 0.040 p = 0.056
ORA IOPcc (mm Hg) p = 0.047 p = 0.001
CH (mm Hg) p =0.183 p = 0.139
CRF (mm Hg) p = 0.514 p = 0.706

p-value by repetaed measures analysis of variance (ANOVA).
IOP = intraocular pressure; CCT = central corneal thickness;
GAT = Goldman applanation tonometer; ORA = ocular response
analyzer; IOPg = Goldman-correlated intraocular pressure; IOPcc
= corneal-compensated intraocular pressure factor; CH = corneal
hysteresis; CRF = corneal resistant factor.
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T 1050
1S
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[®]
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Day 2
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100
2 0=0 ——CHNTG
£ 1000
= —a—CRFNTG
9 950

9,00

3PM 6PM 9PM O0AM 3AM 6AM 9AM 12PM

Figure 3. Diurnal measurements of CH and CRF in normal
tension glaucoma patients during 48-hr period (Day 1 and Day 2).
Diurnal fluctuation of CH and CRF show no significantly dif-
ference on Day 1 and Day 2 (Day 1 CH: p = 0.183; Day 2 CH:
p = 0.139; Day 1 CRF: p = 0.514; Day 2 CRF: p = 0.706).
IOP = intraocular pressure; CH = corneal hysteresis; NTG
= normal tension glaucoma; CRF = corneal resistant factor.

Al(Day 2)2] <k} A=X|(GAT IOP, ORA IOPg, ORA
IOPcc)of|A] -2 ofr] Sl= dF W& Hols Ze
Z YEelg S W(Day 1 p=0.025, p=0.040, p=0.047; Day 2
p=0.052, p=0.056, p=0.001), CH?} CRF+= 533l 435
TS YEMA 4SkthDay 1 CH p=0.183; Day 2 CH
p=0.139; Day 1 CRF p=0.514; Day 2 CRF=0.706) (Fig. 3,
Table 4).
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Aol =&k SRS tfaro 2 Zhak AR o EelAE u]
3}t v 9l=1|, corneal hysteresis (CH)2} IOPcc= 21%
Ty 203} olxfo|H, o]F3t 2ol o1F Flof =]
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ot OZiL

3 ORAZE AR Ziofo] 7H) Eele] A4S i}
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(CRF) 7+ zha} A oatolnts Azt 4= 1A A
o B3 okQF I0Pcc®} I0PgE 317 AAlsle] AL 4=

Ek o]2H B Ao 3ol FARRRRs)
jore TARO R HERIIERIG ORAS ol §5te] A&
U(IOPg, 10Pcc) 9 41} AYA|J8telAkel CH, CRFE|

HEol sl dopiirat shyick

2 =EolAE 71E Atol AAIE e=Qle) AAerek
WA ol Al ORAZ A5t oFeta} ZHak A o 5lel =}
AZAsh AR ATES BT, ThE 1%l Africans}
Caucasian =% 215 tj4Fo 2 §F ORA SA || tjgh &
Jol| A AAEE IOPg:= 16-18 mmHg, I0Pcc= 18-20 mmHg,
CH:= 8-9 mmHg, CRF= ©F 9 mmHg J=glov, & g
AE Blsd Aughe Holt AL AT 4 AYodrh
(Table 1).>'>!°
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