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Purpose: To investigate the effect of a visual field (VF) test on intraocular pressure (IOP) and relevant parameters in a normal
group and an open-angle glaucoma group, and to determine the appropriate time of IOP measurements.

Methods: The IOP was measured by a rebound tonometer before and after a VF test for the normal, normal-tension glaucoma,
and high-tension glaucoma groups, and IOP differences after the VF tests were compared among groups. Parameters including
age, sex, axial length, central corneal thickness, IOP before the VF test, the VF index, mean deviation, VF test duration, and us-
age of IOP lowering medications were investigated, and the correlations of these parameters with IOP changes after VF tests

were determined using linear regression analyses.

Results: A total of 232 participants (232 eyes) included 55 normal subjects, 131 normal-tension glaucoma patients, and
46 high-tension glaucoma patients. The IOP differences after VF tests were not statistically significant in the normal and
high-tension glaucoma groups, and the difference was 0.31 mmHg in the normal-tension glaucoma group (p = 0.013).
Multivariate regression analyses revealed that axial length (p = 0.005) and IOP before the VF test (p < 0.001) were relevant fac-
tors in the total number of patients, and the axial length (p = 0.017), IOP before the VF test (p = 0.001), and duration (p = 0.029)
were found to be significantly associated with IOP differences in the normal-tension glaucoma group.

Conclusions: The IOP changes after VF tests using the rebound tonometer were significant in the normal-tension glaucoma
group, but were within an acceptable range. The IOP value measured after a VF test is clinically valid in clinical practice.
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of Y F= dAER LA ok BohAl g2 M= AdE S, s es ARs

LUt gxke] G719l A=A ket A E Aok WAL QAN 37 EA] G2 AL, QFYEE Alop At
Ak S Rga 2 mo) AAoA Fa3E HARe|H, FFE = T Ue Av 2 RS HRl gL v
W Al Zo] AdE= 97t Estth AloEARE Alds) Y e At e o W e Al T
= WLl ¢ S o] Aol Hof| o] FojA= - 2 AEE AL B AT IA7IAA dZbst
T QlaL AJoRAR o] o] FoR|= A= SleTl, AA o of AYE|QIAL, AlFeietn Y QAT Y3 (Institutional
& Rm SFoA= AloFaAL o]Fof ¢hts SATH= A Review Board, IRB)9] 5-01-& HITH(5¢] H3: 2018-03-016).
$7F g 1ol 2 ok S R ZEReEet A2 AR AL AlSY 5& Aat Al 55 F9] A[H e
PAE ARERE Qb S o] v A HgE & ekt A H QFS 27 SIS oo S-S BFE o HARR
02 gt vt uy w53 HIE §4T = 9lo] Aok o o8] =%, Ieare PRO 2|H}- =R |(Icare” PRO
AL Aol L vA 4= Q7] wRo|th o Ao} tonometer, Icare Finland Oy, Vantaa, Finland)S A}&3}9
A Aol alefel wo) WES S Ak 3H ok aele] 34 YelolE U BAS o AulE olga)
of 9L % 4+ Uk of AzAL) djirle] YR olzoizich. A} Bup

AR AE = 2l FAolA 3 mm ol

Atoll wh=w, ot el Myt i A Sl Ao A ZHafE o] Hado] QbebAlS] Bl 2 o] F
= QY] s &2 shel B yERE 4 Qlrkal Hald © WFeR ST 6119 ALA Y S| o] R
Aol AlekdAE AAF A & |9 ool FAE o] Mot Al o= =
=) Aoz mAlE w7 ASAsIA:. AlopdAR: d2e
= St AJoRARZ} ZAL 32 Qbetel] vl A= Gl tis) AREAOFHAMAIHFA; 7501, Carl Zeiss Meditec, Inc. Dublin,
A obE] sHAle] So7F - EA 2 ARPolth Ea CA, USA)®]| SITA program (Central 24-2)°] o|s} A|2Y%]|

s

71E AsolAe EEUIHAUAE ol 85kl == ATk AlOFHARS Aldshs &t b= FAbE AEIE
AUAY = FAES o2 o] FoJ TR o)) Astal, 29 A=z sy ok wgstlon v
2 AF= el & FEES AAshe A=W, 2 7HPNE 7Ha Ak RSk
okl B A didwts 23stol E45kaL, Al HgARe] o], A, ol WAl ol ZENE
OFFALS] Algio] HR- bt AR ZA%E Qhetol vl A= AMAR SAHE I, Y Hol, SAAYFAE &
P B JAES BAs] s AZEH U ABFRIL, AloFHAl Aol A Bt H<Hmean deviation), A]
OFX] HE(visual field index), FA} 228 A|7Hduration of visu-
CHA D} i al field testing)& 240l ZA3IATE AABPIA ARE- o
5 gRlste] HeAdA|, Ze2eadd AlA, duk-2
2015 10€5E 2016 4€7b4] A|F=dhstarg <t A-GA, St as AR ERSIATh 2ueEeket
oefjof] WAgt e T At A W A=At AlollA HHE S4 0] AES Slstr] flste] s
£ g2 Ask: A RS sUAEAd Al AT 3078 309ollA 99k FUSHA S&E THH = et
7 =4 B SR Aok B4l fle tdAE =3tk = W SASE AmE ARSHH:
A, s AR AN Aol , S SAEA S 2= SPSS (SPSS 12.0, Chicago, IL, USA)E
A &4 9 =W Alof 4ol wEEE RS ol-gstR o, Aol e A ti ol det F F
ettt A=A At S A o2 wekS Adeste] E45 Adstie: 44t
= 4 71Aketo] 21 mmHg w|Rkel 9= EFskglal, il e, QA+t ko] AloF AL
A= LS A= A QFeFo] 21 mmHg o]l ¢ 159 QI 2bolE Hlasly] ffsl d-e-3EE -4 (paired
WA gEA=E2 AN O 49 AR ttest)2 ARSI ZF o 7F 4 29 HlaE sl o
TH3ste] @A 10494 124] Alolof A=slal oMtS = =] EAHE X (one-way analysis of variance) W EHZ Y
gt Ak ST Lol7) 204 ofste] A n: AJok A4S AL AloFEAR A5ef Qhef WSt
AAVEIA 20% ol FA S HAA, 15% °]3e] T A S GofE i T Bl o Ay
YU 52 Y34 HQ AR, AAF Al7be] 308 oA 3] F]E-4H(univariate, multivariate linear regression analysis)
A% B el ADElgn, Az loke A & Askeon], chilg AgRARAL Bl 1394

79



- oistotubets|x] 20204 A 61 H M1 S-

A Aol A p<0.22 E1E RS EFFste] AlRYsH
t}. oket =490 AHAA-L F7HY AFA 4x(intraclass corre-
lation coefficient, ICC)E AAFSle] 13}t HA A o
2 B4 B4 p-value7} 0.05 T]9te] AL EAFo=w
Solt Aoz BEst

AF tAFEoll Al 50.9%, >§§ QFF LA REA} o] 60.3%, T
Sals lﬂ%ﬂZHLOI 63.0%% 1L, 94_%1 E—i Ao 7k

S A Oﬂﬂi 125 £ 3.0 mmHg, = P?j—%Pl_rTLHZOPQz}

oA 11.8 + 3.0 mmHg, 1 oFP=jAgialo A 15.

3.5 mmHg2 AU, g3t A “&%*%IH%@Z}%
of vlsl Y= RRARLAA FoSHAl =A ekt

(p<0.001). ¢F=Ao] Wit Zdol= AAF thAL, AAFereHe=

WAEHAE, LU =02 24.51 + 1.60 mm,

24.35 £ 1.19 mm, 24.30 = 1.88 mm¢lL, FAZHHE7=

747} 516.9 + 36.0 pm, 524.1 + 42.2 um, 521.5 + 25.7 um

2 ZF o F Aol froskAl Tk Alok Al Aol A
% Ll‘lﬂ_i}(mean deviation)-2 A} thAkLollA] -3.02 + 2.00 dB,
A s Sk A o) A -8.90 + 2.00 dB, ALQFF=i%t
SapEoll Al -11.6 + 8.60 dBYLL, M= AsiabE, A
AP R, AL A o0& AJokiAto] At
Ao 2 ZIE Y THp<0.001). AJoFX] H(visual field index)
= AA AFR96.2 £ 3.14%)0] AARFIE=UAskR
(78.1 + 22.3%) 3} 1= WA BEAF(69.7 + 28.8%) 0| H]
3 =7 UERGTHp<0.001). AloFdAlol] AQ% AZFe A
Aol 4] 203.2 + 46,122 EfF 159 vl3) o Ze S
HPTHp<0.001) (Table 1). ¢FlsIAA2] ARE 7|5 AAF
oror=U A SRR Lo A 1.26 + 093793, Qket=uAk
Aol A 1.85 + 119742 8213t 2}o]& H g} ¢rerst
A £F0] vlrl HArolok=jzt gl polok=1)i3}5lr}
oA FEJRE Aol S HolA| oFqkTh
AJOFHAL 29-9] QFQFe] ot WSt AAttoll Al -0.06 +
1.55 mmHg, AesuigeAtol Al 0.31 + 1.43 mmHg,
OISR o A -0.10 + 1.64 mmHg= LR,
Aol A AloFd AR A5 Qb SAAITE #
ot AolE ETh(p=0.013). AloFgAL & <teko] Hofaf
o] 2 mmHgE 233t SA= AT didol Al 129H21.8%),
Aot e Y A3 Aol A 229H(16.8%), ILQF 1A
}% ol Al 99K(19.6%) S tH(Table 2). AloFAAL A Z & 9k}
WIS HQl gxpo] B 5 A, A4 =t 1L
=R Ao A= Qbto] At SRRt frast

oL

Table 1. The comparison of characteristics between normal subject group, normal tension glaucoma group, and high tension glauco-

ma group
Characteristic Normal (n = 55) NTG (n = 131) HTG (n = 46) p-value Post hoc analysis*
Age (years) 60.9 + 11.3 65.9 + 13.0 62.1 +12.2 0.261"
Sex (male:female) 28:27 79:52 29:17 0.392*
IOP by Goldmann tonometry (mmHg) 125 £ 3.0 11.8 £ 3.0 152 £ 3.5 <0.001" NI=NTG<HTG
Axial length (mm) 24.51 + 1.60 2435 £ 1.19 24.30 + 1.88 0.779°
CCT (um) 516.9 + 36.0 524.1 +42.2 521.5 +£25.7 0.615°
Humphrey visual field
MD (dB) -3.02 £ 2.00 -8.90 + 2.00 -11.6 + 8.60 <0.001" NI>NTG>HTG
VFI (%) 96.2 + 3.1 78.1 +22.3 69.7 + 28.8 <0.001" NI>NTG=HTG
Duration (seconds) 203.2 + 46.1 260.2 + 81.5 254.8 £ 52.9 <0.001° NI<NTG=HTG
Number of IOP lowering medication None 1.26 + 0.93 1.85 + 1.19 <0.001" NI<NTG<HTG
IOP lowering medication 0.075%
Beta blocker 55 (42.0) 26 (56.5)
Calcium anhydrase inhibitor 27 (20.6) 18 (39.1)
Alpha agonist 22 (16.8) 20 (43.5)
Prostagladin analogue 61 (46.6) 21 (45.7)

Values are presented as mean + standard deviation or number (%) unless otherwise indicated.

NTG = normal tension glaucoma group; HTG = high tension glaucoma group; IOP =
tral corneal thickness; MD = mean deviation; VFI = visual field index.
"Bonferroni method; ‘one-way analysis of variance; *chi-square test.
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Table 2. The differences of intraocular pressure after visual field test in three groups

Intraocular pressure Normal (n = 55) NTG (n = 131) HTG (n = 46)
Before test 14.91 + 2.78 13.97 + 3.24 17.10 £ 3.51
After test 14.85 + 2.04 14.28 + 3.14 17.01 + 3.54
Difference -0.06 + 1.55 0.31 + 1.43 -0.10 + 1.64
p—value* 0.776 0.013 0.695

Values are presented as mean + standard deviation.
NTG = normal tension glaucoma group; HTG = high tension glaucoma group.

*Paired r-test.
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Figure 1. The distribution of intraocular pressure (IOP) changes after visual field test. Normal group (A) and high tension glaucoma
group (C) show similar distribution between patients with increased and decreased IOP after visual field test, but normal tension
glaucoma group showed high concentration of patients with increased IOP (B).

81



2k
il
1o
i)
o
=2,
>~
=
o 2

MD = mean deviation

- Cjstotntsts|x] 2020 A 61 H M 1E-
FEAolM AAF A% Qbek Apojet fofRt &9 A i
2 Urehdl QlRHs Aok AR A QlgTelgla, QAR o]
OF HARRAIZES 242} ot oFel AEAE 2l d AAEAL HUF A3 e 9 A
AR shelE|odrh(Table 4). At=WRRATAN & ¢ FRsju, Adre] A% R w7k =Y A=
o H3te] ¢fo] 2 mmHg o] 4Ql ShAlEa; 11 mjukel bt o 2 9= & & Utk gEo] AlokAR: SR Al
F& tpro] vjwata e o, A%, 4 tg, hEgol, Zek  ofAe] 47 U Y FEES BAstel, Hfe] Ak
ST, A of FF BT Fofd AolE K o] Ay A RE ddstes Al gatelth. A A=
o12] gEsgort, Q% ke oo 2 mmHg oel BAE  FAGM AL 23] Qere] 2yt AofEArE 2
oA o Qlefjoll A TERIHIUAR ST Qhete] T & WL Lol Al H=d, okekel S4& AlokaAr A
EUTHp=0.044) (Table 5). |RFREE=QIYAIE o]-8=7F Y I & F of= Aj7]of sfoFdtAl= FHE Wit /leh ¢
249 YAAL SIsh] 1T ARl A Qore] WL 5 o SRS FaskA AZeIThE Aofzlat o] ek
A 18)7) QRFS 1446 + 238 mmHgRl L, 2317 QRFe ZA3H= Ao| ThE Ak glo] R Aol 9] Exjol
1467 239 mmHgglom, 27 7F hgle] Jolz 022+ QI9hE HTrhs SolA o HHlrh & 4 ek 2
0.86 mmHgglov EAHOR fol3kA wu}(p 0.158). vk AEo|A ATk vhel o] AloFzA ol Qe =
R 54 2 S0 AEAICO= 093293, 95% A Aohs S B S WA ZERRFIUUAY] AR
= 77-E 0.88904] 0.959%]ck. A BREoR MASH FauA) A R YEoR
Table 3. Univariate and multivariate regression analyses for intraocular pressure differences after visual field test in total subjects
. Univariate analysis Multivariate analysis
Variable B + SE p—value* B + SE p—valuef
Age -0.002 + 0.008 0.824 - -
Sex! 0.199 + 0.201 0.325 - -
Axial length 0.127 + 0.074 0.087 0.207 + 0.072 0.005
CCT -0.006 + 0.003 0.051 0.004 + 0.170 0.170
IOP before test -0.164 + 0.027 <0.001 -0.166 + 0.033 <0.001
HVF
MD -0.023 + 0.014 0.103 -0.025 + 0.018 0.162
Testing time 0.000 + 0.001 0.842 - -
Medication 0.037 + 0.093 0.688 - -
B = P coefficient; SE = standard error; CCT = central corneal thickness; IOP = intraocular pressure; HVF = Humphrey Visual Field
MD = mean deviation
Univariate linear regression analysis; 'multivariate linear regression analysis; ‘male was coded as 1
Table 4. Univariate and multivariate regression analyses for intraocular pressure differences after visual field test in the normal ten-
sion glaucoma group
. Univariate analysis Multivariate analysis
Variable B + SE pvalue’ B + SE p-value
Age -0.010 + 0.012 0.419
Sex' 0.297 + 0.304 0.333
Axial length 0.180 + 0.117 0.128 0.269 + 0.111 0.017
CCT 0.000 + 0.003 0.821
IOP before test -0.120 + 0.044 0.008 -0.153 + 0.046 0.001
HVF
MD -0.051 + 0.022 0.026 -0.001 + 0.041 0.974
Testing time 0.005 + 0.002 0.031 0.005 + 0.002 0.029
Medication 0.210 + 0.163 0.202
B = B coefficient; SE = standard error; CCT = central corneal thickness; IOP = intraocular pressure; HVF = Humphrey Visual Field
Univariate linear regression analysis; 'multivariate linear regression analysis; ‘male was coded as 1

82



—EEH 2 1 AlordAt

o I ¢

N oln

lo et
=
o,
ey
>
to
of
>
2
>
Ogj_-lz
i)
2
o
&
riot
>
lo
offl
2
o
]:o{-

4o Zolmk AHE FHAh olefat ol i Alokd
A} o)l Qohe ZAsHE 9w HA ghed, of ) &
o‘l. [e]

A A Qe ol Holrk YA

A8 ool <l orob
wIA B Q7S Ak

olegh TR of| A Alop AR} QEQtol w|X|= FaFoll thsh
= o) Q1) )Rl ghowl, 1 A AR o
27 B1E itk Recupero et al’9] dito] w2 ¢Julsy

(o,

A7l oI
SHE AT RN A o)F fOIT U WES B
oA T SACE” ool @FEe U e
tgol S BAZo] 509 olfel e pgon, e
NoFHAR At A Fo] ZHT BS7H wot A Az B
AT 4 9A] ote Tl ol E3 Gkt
Az} MRS TR glo] B4o] o]RojA glo] &

Table 5. The comparison of characteristics between the intraocular pressure change exceeding 2 mmHg and the intraocular pressure

change under 2 mmHg in normal tension glaucoma group

e 22

Aol ol HEe Bk k. ®3t 7t
aF 45 WA o] ufg- 2R 2HERERIIAIE AFE O
AOFAAL A bt Z7o] AJopRIA = 9% HAx
slsto] A4E 3T 4= YA

2 AFolx= B gt 2 22l ol A
= AoFAL o] & Fogt kgt ¥ Fokar, A4
s SR A= el Qo 1
=7]= 0.31 mmHg= w9~ 2%} o] guhg- gt
YAE AHEEE Qb 549 A& 2(0.22 mmHg)S 1125}
a1, oo ERREQMAR Y A4E A+
gk O B3-S HalsteS fo= et Wsh=
PAHoR ou7t Qe g2 o Ayt
ik, AA 2329F F 43291(18.5%)0A] 2 mmHgE Z3}3}
= U BIgkE el 72 oA E vt FEe) vlE
2 UEylth ol= izl A AlRYE o o
Tl 183%2 R Aufel vlsdt Jrqey,” 21

ars

.

2o Tat BARA )AL ofat o] Holz et

QGLOLE 259] Ffol A 2 mmHg

= = o
= de o

iy,

Leskeh ol oleidt Wab} ke 2ol #at v
AL = ARHEA g3t 371 @77k Basid o
ol 44 Q4 AR BHNA PPHoI A HgEAt

Aokt Aol
WlHoz oA g

ojidell AloFiAtel et 4
w2 AJoFAAL o]Eo o1eto]
AR WA HAF AR Feh ks 2

=
=
el

AT ool 2 WBkE Mol A9t

Characteristic IOP change (< 2 mmHg) IOP change ( > 2 mmHg) p-value
Age (years) 65.6 + 12.8 67.3 + 14.2 0.616"
Sex (male:female) 64:45 15:7 0.408"
IOP by Goldmann tonometry (mmHg) 11.5 + 2.6 134 + 3.9 0.044"
Axial length (mm) 24.23 + 1.01 2495 + 1.74 0.087"
CCT (um) 524.5 + 43.9 521.8 + 32.6 0.773"
Humphrey visual field

MD (dB) -8.65 + 6.65 -10.22 + 7.26 0.379"

VFI (%) 78.8 + 22.1 74.6 +22.8 0.464"

Duration (seconds) 257.8 + 73.8 272.5 + 114.6 0.579"
Number of IOP lowering medication 1.30 + 0.94 1.05 £+ 0.90 0.233"
IOP lowering medication 0.817"

Beta blocker 47 (43.1) 8 (36.4)

Calcium anhydrase inhibitor 24 (22.0) 3 (13.6)

Alpha agonist 20 (18.3) 209.1)

Prostagladin analogue 51 (43.1) 10 (45.5)

Values are presented as mean + standard deviation or number (%) unless otherwise indicated.

IOP = intraocular pressure; CCT = central corneal thickness; MD = mean deviation; VFI = visual field index.

*t—test; +chi—square test.
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