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+3.7dBZ At el o Ak Alokeite 11.3 mmHgZ 9eNdd=sd3de] 60.0+11.4
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ottt Grb Jde IAe IS A hY mmHgREt SAZHSZE FosiA o @A Yeist
(16.7%), W EZ=gdeld 98 (30%), HET (p=0.024, p=0.031). 1 9] H& ofzke] Y<l
ANA 69 (20%)°lAth. 8] e A= A AR Bdtdsugels sy iz
=gl A T8 (23.3%), SN gz=suydea] 13 TR BA YER oW o8 Afol= HolA] gFgke
H(43.3%), ZRTAA TH(23.3%)02 ZE 18 o, ofgtel] =43 7} PRt variability index

¢ A= oflo) s 13 FuEPAE EL3sta 9 T AARRIEUAAA Y =suigely dE2T
Aok o} Qe MG Fuk BT A Ho} ZAgtou} BAHOE fost Afol= Ho|RA] &9k
oA foldt 2o)E HolA] ¢kt (Table 1). tHTable 3).

Table 1. Clinical and demographic data of the patients with normal tension glaucoma (NTG), primary open-angle glaucoma
(POAG), and control group

Parameter NTG POAG Control prvalue
NTG vs POAG NTG vs Control POAG vs Control

Number 30 30 30

Sex (M/F) 18/12 16/14 15/15 0.602" 0436 0.796"
Age (years) 56.4+10.1 58.4+12.4 56.0410.3 0.562" 0.823" 0.573"
IOP (mmHg) 12942.0 17.16£7.7 142433 0.061" 0.127" 0.179"
No. of anti-glaucomatous medication 1.17 1.36 0 0.625" -

MD (dB) 117470 -7.9+6.8 - 0.148" -

PSD (dB) 10.8443  6.943.7 ; 0.101" ;

C/D ratio 0.85+0.15 0.86+0.13 0.42+0.14 0.867" 0.066" 0.078"
Diabetes mellitus 5 9 6 0.222" 0.739" 0371
Hypertension 7 13 7 0.100" 1.000° 0.100"

NTG = normal tension glaucoma; POAG = primary open-angle glaucoma; IOP = intraocular pressure; MD = mean deviation;
PSD = pattern standard deviation.

' Chi-square test.

" Paired t-test.
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Table 2. Blood pressure data of 24-hour ambulatory blood pressure measurement in patients with normal tension glaucoma

(NTG), primary open-angle glaucoma (POAG), and control group during the daytime (meantS.D.)

NTG  POAG  Control prvalue
Parameter (1=30) (1=30) (1=30) NTG vs NTG vs POAG vs
POAG Control Control

Systolic blood pressure (SBP, mmHg)

highest SBP 172.1£28.7 169.5£19.0 165.0+18.4 0.741 0.162 0.420

lowest SBP 103.8415.0 110.9£15.8 107.8£15.2 0.162 0.343 0.316

mean SBP 132.8413.5 137.3£17.2 131.3£14.3 0.321 0.723 0.209

variability index of SBP 15.3£5.8 13.4£3.5 13.0+4.9 0.254 0.231 0.815
Diastolic blood pressure (DBP, mmHg)

highest DBP 124.5422.8 114.7420.0 112.4+£19.5 0.113 0.078 0.497

lowest DBP 61.0£10.6 6524109  64.6+9.9 0.145 0.216 0.795

mean DBP 82.9+9.4  87.0+12.1 86.0+10.3 0.262 0.328 0.783

variability index of DBP 12.7£5.6 10.5+4.5 10.945.1 0.137 0.244 0.787
Heart rate (HR, rate/min)

highest HR 125.9£27.1 118.2428.3 115.2+26.8 0.443 0.126 0.559

lowest HR 53.548.2  53.0£134  56.319.0 0.775 0.335 0.317

mean HR 72.8+£7.5  73.5¢£12.0  74.2+48.7 0.721 0.376 0.711

variability index of HR 15.0474 143471 13.7+6.8 0.652 0.356 0.638
Mean arterial blood pressure (MAP, mmHg)

highest MAP 138.9421.4 128.5+18.1 128.3£19.6 0.104 0.100 0.837

lowest MAP 747+11.3  80.1+11.4  80.2+11.2 0.233 0.224 0.879

mean MAP 99.5£10.0 103.8+14.8 101.1+11.7 0.271 0.725 0.559

variability index of MAP 13.0£5.8 10.9£3.5 10.5+4.2 0.095 0.087 0.773

NTG = normal tension glaucoma; POAG = primary open-angle glaucoma.

" Paired t-test.

S v HA P Yol 60 mmHg #vkel A9 A
Aokt g e 8% (27%) o2 A=

A 29 (7%), ETANA 2% (7%) R 19314 Y
2dthp=0.038, p=0.038). &A%+, HA FFS=
o] 65 mmHg PP A= Fddd=sui (127,
40%) A LR A=EWF (67, 20%) 2 =T (6
W, 20%) Bt BRko frofgh 2ol & KolA] §hokar,
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o]& HolA| &3kt (Table 4).
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Table 3. Blood pressure data of 24-hour ambulatory blood pressure measurement in patients with normal tension glaucoma
(NTG), primary open-angle glaucoma (POAG), and control group during the nighttime (mean£S.D.)

p-value*
POAG Control
Parameter NTG (n=30) NTG vs NTG vs POAG vs
(n=30) (n=30)
POAG Control Control

Systolic blood pressure (SBP, mmHg)

highest SBP 172.1£28.7  169.5£19.0 165.0+18.4 0.741 0.162 0.420

lowest SBP 103.8+15.0  110.9+15.8 107.8+15.2 0.162 0.343 0.316

mean SBP 132.8+13.5  137.3£17.2  131.3£14.3 0.321 0.723 0.209

variability index of SBP 15.34£5.8 13.443.5 13.0+4.9 0.254 0.231 0.815
Diastolic blood pressure (DBP, mmHg)

highest DBP 124.5422.8  114.7420.0  112.4£19.5 0.113 0.078 0.497

lowest DBP 61.0£10.6  65.2£10.9 64.6+9.9 0.145 0.216 0.795

mean DBP 82.9+9.4 87.0+12.1 86.0+10.3 0.262 0.328 0.783

variability index of DBP 12.745.6 10.5+4.5 10.945.1 0.137 0.244 0.787
Heart rate (HR, rate/min)

highest HR 125.9427.1  118.24283  115.2426.8 0.443 0.126 0.559

lowest HR 53.5+8.2 53.0£13.4  56.349.0 0.775 0.335 0.317

mean HR 72.8+7.5 73.5+12.0  74.248.7 0.721 0.376 0.711

variability index of HR 15.047.4 14.347.1 13.746.8 0.652 0.356 0.638
Mean arterial blood pressure (MAP, mmHg)

highest MAP 138.9+21.4  128.5£18.1  128.3%19.6 0.104 0.100 0.837

lowest MAP 74.7+11.3 80.1+11.4  80.2£11.2 0.233 0.224 0.879

mean MAP 99.5+10.0  103.8£14.8 101.1x11.7 0.271 0.725 0.559

variability index of MAP 13.0£5.8 10.9+3.5 10.5+4.2 0.095 0.087 0.773

NTG = normal tension glaucoma; POAG = primary open-angle glaucoma.
" Paired t-test.

Table 4. Number of patients classified by lowest mean arterial blood pressure (MAP) in normal tension glaucoma (NTG),
primary open-angle glaucoma (POAG), and control group

Parameter NTG (n=30) POAG (n=30) Control (n=30) prvalue
NTG vs POAG NTG vs Control POAG vs Control
Lowest MAP < 60 mmHg 8 (27%) 2 (7%) 2 (7%) 0.038 0.038 1.000
Lowest MAP < 65 mmHg 12 (40%) 6 (20%) 6 (20%) 0.091 0.091 1.000
Lowest MAP < 70 mmHg 17 (57%) 10 (33%) 11 (37%) 0.069 0.121 0.787

NTG = normal tension glaucoma; POAG = primary open-angle glaucoma; MAP = mean arterial blood pressure.

’ Chi-square test.

o] 30%7 WETe 30%EtE frolstA o et ! &t
(p=0.037, p=0.037, Table 6).

L= g2 304 F At WER A S =g #xe] AN A4S AYste 7IdeEE
AR Y B4 169 AFREa A g A} sl <3 71AIH 29l o]9d @A 8Qlo] &
147 <] F713) ofzte] 5 71¥S}, o|7|¥8st, Ak S3t= 7o) de] wolEdR|al 9lo] AT
& PgEmels ulws) Bekoul % §-93k xjo)= Ry dRdart Mo g 7] Aejzta
Holx| ¢kkth(Table 7, 8). A zystal 9ok 2
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Table 5. Average nighttime blood pressure depression in normal tension glaucoma (NTG), primary open-angle glaucoma
(POAG), and control group

Parameter NTG (n=30) POAG (n=30) Control (n=30) p-value
NTG vs POAG NTG vs Control POAG vs Control
Night time systolic dip (%)  13.0653 11178 8.05.7 0.259 0.053 0219
Night time diastolic dip (%) 154461  11.6+7.0 11.56.0 0.068 0.066 0.871
Night time MAP dip (%) 144457 115475 10.0£5.9 0.197 0.061 0.427

NTG = normal tension glaucoma; POAG = primary open-angle glaucoma; MAP = mean arterial blood pressure.
" Paired t-test.

Table 6. Number of dipper group in normal tension glaucoma (NTG), primary open-angle glaucoma (POAG), and control group

Parameter NTG (n=30) POAG (n=30) Control (n=30) prvalue
NTG vs POAG NTG vs Control POAG vs Control
SBP dipper group 11 (37%) 8 (27%) 9 (30%) 0.405 0.584 0.774
DBP dipper group 17 (57%) 9 (30%) 9 (30%) 0.037 0.037 1.000
MAP dipper group 13 (43%) 9 (30%) 9 (30%) 0.284 0.284 1.000

NTG = normal tension glaucoma, POAG = primary open angle glaucoma; SBP = systolic blood pressure; DBP = diastolic
blood pressure; MAP = mean arterial blood pressure.

" Chi-square test.

Table 7. Blood pressure data of 24-hour ambulatory blood pressure measurement in primary open-angle glaucoma (POAG) with
or without topical beta-blocker during the daytime (mean+S.D.)

Parameter With beta-blocker (n=16) Without beta-blocker (n=14) p-value*

Systolic blood pressure (SBP, mmHg)

highest SBP 167.7£19.2 171.3+18.8 0.665

lowest SBP 111.8+16.2 110.0+15.4 0.821

mean SBP 137.0+17.6 137.6+16.8 0.892

variability index of SBP 13.6+3.4 13.243.6 0.764
Diastolic blood pressure (DBP, mmHg)

highest DBP 115.9+20.9 113.5419.1 0.712

lowest DBP 63.3+10.7 67.111.1 0.214

mean DBP 88.3£12.0 85.7+12.2 0.727

variability index of DBP 10.4£4.5 10.6+4.5 0.924
Heart rate (HR, rate/min)

highest HR 115.7£27.2 120.7+29.4 0.287

lowest HR 52.2+13.1 53.8+13.7 0.746

mean HR 71.9+13.4 75.1£10.6 0.508

variability index of HR 14.7£8.0 13.946.2 0.776
Mean arterial blood pressure (MAP, mmHg)

highest MAP 130.0+18.8 127.0£17.4 0.693

lowest MAP 79.5¢11.7 80.7+11.1 0.885

mean MAP 104.5+14.2 103.0+15.4 0.852

variability index of MAP 10.1£3.6 11.7£3 .4 0.749

*Mann-Whitney U test.
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or without topical beta-blocker during the nighttime (mean+S.D.)
Parameter With beta-blocker (n=16)  Without beta-blocker (n=14) p-value*
Systolic blood pressure (SBP, mmHg)

highest SBP 139.7£19.5 137.5£18.3 0.789

lowest SBP 104.5£15.5 104.9£16.5 0.908

mean SBP 120.8416.7 123.2417.1 0.761

variability index of SBP 11.545.7 10.9+5.3 0.852
Diastolic blood pressure (DBP, mmHg)

highest DBP 91.5+18.0 91.9+18.2 0.911

lowest DBP 58.7+11.9 61.3£10.9 0.645

mean DBP 76.0+11.8 77.8+11.6 0.823

variability index of DBP 9.7+4.5 9.3+4.3 0.891
Heart rate (HR, rate/min)

highest HR 77.9+19.3 81.1+19.9 0.671

lowest HR 50.2+11.2 51.0+10.8 0.919

mean HR 61.1£11.5 62.3+12.3 0.874

variability index of HR 8.6£4.0 8.8£3.8 0.892
Mean arterial blood pressure (MAP, mmHg)

highest MAP 105.5+18.5 106.7+18.3 0.884

lowest MAP 76.9£15.9 78.7£17.7 0.827

mean MAP 90.9+12.5 92.9+11.9 0.766

variability index of MAP 9.844.2 9.6+3.8 0.878
*Mann-Whitney U test.

ARAAFFE dYBFEe BEEHdT dde] 3 BHSEY ofghe] Ht o]ehr|Egte] o wtal, ofzte]
E AoE dEA glor 1 eketate MEE Hgte ojgh71dste] dipe © AR, AEtdEWETE
Hato B HatFHigto] sptste] QHAFte A WA E F 79 FAF Aol ok
7h st AN fRe ERAAE FEAE F 9l ® 13519}k Bechetoille and Bresson-Dumont?
9. 53 2z¥B) Ar12d(autoregulation)s & AAEEgo] LAY ARY F1he] 5
ozt Sl A5 BF AR o] Wshy @ 71997 olgrdstol ¥ wrka Husilnt. o]}
o) Wstol we} o] 2H R0 Qlate] A P E Plange et al”& A UAo] ZAtz
2 2749 sds A g len, ojd #xE TET ofte] olr|dtd HEsHol ¥ Erka
oA et Hae AN #FY ERALE FEet B8t o]FA o]He] ATES AR & AHE
of WY &S 4o F vk B LRt Bolil glo], o]o] Mzh= 24A1%F SEPtEAs 3
2O 7 ofgte] djt At dojuhs AoR delA skl AR A=A B iRl 4 2
=, oRF "9k F3F ditell Hlske] oF 10~20%4 Zre] zpolE HlaLskedt.
=g ge Row g9A g o Aol A=A Y TR

2407 EEtS A o F T A&HeE W A=A A ofghe] HA o]r|dt HA
slshe H s oy 9t nocturnal dipe] S TsHete] FostA WA vehds G e, o
Aol v)A ] e o2} BuEo] glof gh A7183e] dipper7t 8RSt frolstAl
Hayreh et al*’& A4t Qupgzsy3 Bol uehstth. ol ATollM ERIskA= FAITE,
3} S PYA AT Sl A 24407 FEEEA Do At vt e Al ARG
= SR8 o5 B sWH ol EAAA Z nocturnal dip°] FEHH AANE F52 dAF

1518



— ettt ol Xl M 48 & M 11 = 20074 —

& AAEAA A A Q] el A =
WA Aal7 EAdelu Alopds dod 4= S A
o2 HRlth 3HH AARMIsU A ofgtel| 71 vt
& PHaEwelo] 60 mmHg P9l A7 Qaspt
Ay A 27 RT o8 o 2ol yElst
o AF7HA T8l RE A= AR ofgtel] YA
Aoz goto] fudHA = Bl IAIFQ
OMHF{ HFo =7 Qlste] AlAlHo] 2EYAE WS
A o] FiFo] A&H o2 HEEHTE Ut f
oy 3ol geke vE 4 g AoF Hog
e} 2HebA| Y G312 25AlT S Al 93-S
v X oFAI7} obE el ARy Ftel vX e JES v
A 4 9on 53 %‘%}711 W= ge] X gokEe W

o
b
o
Ir
=
o
_);1_1‘
AV
2
N
N
O
f

gR gefol Jare m)2
FOLIB oy Ao v
Sol 4 29 ulae A et
5 suadzuq, A g2 ol A
2 dgich ST Az 8
A v e ARAE s SR 167

=2
rr
ol
ox
o
0,
1A
A
!.:
0
floy,

3} g3 YA e 1418 Fkat ofzte] 437)
9% olBNUL, ANES AFFALE s

[e]
Hgoy 2 A5 thdzolde =
oA sttt

ﬂ‘%}ﬂ% H‘ﬂri\ﬂﬂ A g gz TR o
o] § @& Azo] BolHQr}. E3] okgte] o]t
1

ol S Uehten ol Hiswete] Aojo=
Rt o] frefsiAl WAl et 3 oy ]t

dipper= SIS ARzl ot
B4 Nz folshl e MR Yehdth we
A RGN Bl ARl Qo] B I 5
S HAE Tk o] FrhE olde) Bu¥E w
3 ¥ 5 U 2AZ ANSEeR, 25l ol
HAT AHEIA HEEE A9 Ake s Al
£ o] $2 jlow M. 90 A @
bR L L m1F 5 g AE
A ABES wrk ARSA AT AEF ARE S
E% fEsE Qo] FL A0 Bl

a

an=s

1) Armaly MF. Ocular pressure and visual fields. A ten-year
follow-up study. Arch Ophthalmol 1969;81:25-40.

2) Levens RZ. Low tension glaucoma. a critical review and new
material. Surv Ophthalmol 1980;24:621-64.

3) Perkins ES. The Bedford glaucoma survey. I . Long-term
follow-up of boarderline cases. Br J Ophthalmol 1973;57:179-85.

4) Van Buskirk EM, Cioffi GA. Glaucomatous optic neuropathy.

Am J Ophthalmol 1992;113:447-52.

5) Brubaker RF. Delayed functional loss in glaucoma. LII Edward
Jackson Memorial Lecture. Am J Ophthalmol 1996;121:473-83.

6) Becker B. Diabetes mellitus and primary open-angle glaucoma.
Am J Ophthalmol 1971;71:1-16.

7) Mcleod SD, West SK, Quigley HA, Fozard JL. A longitudinal
study of the relationship between intraocular and blood
pressures. Invest Ophthalmol Vis Sci 1990;31:2361-6.

8) Armstrong JR, Daily RK, Dobson HL, Girard LJ. The
incidence of glaucoma in diabetes mellitus. A comparison with
the incidence of glaucoma in the general population. Am J
Ophthalmol 1960;50:55-63.

9) Mitchell P, Lee AJ, Rochtchina E, Wang JJ. Open-angle
glaucoma and systemic hypertension: the blue mountains eye
study. J Glaucoma 2004;13:319-26.

10) Pradalier A, Hamard P, Sellem E, Bringer L. Migraine and
glaucoma: an epidemiologic survey of French ophthalmologists.
Cephalalgia 1998;18:74-6.

11) Broadway DC, Drance SM. Glaucoma and vasospasm. Br J
Ophthalmol 1998;82:862-70.

12) Harris A, Rechtman E, Siesky B, et al. The role of optic nerve
blood flow in the pathogenesis of glaucoma. Ophthalmol Clin
North Am 2005;18:345-53.

13) Hayreh SS. Progress in the understanding of the vascular
etiology of glaucoma. Curr Opin Ophthalmol 1994;5:26-35.
14) Hayreh SS. The blood supply of the optic nerve head and the
evaluation of it: myth and reality. Prog Retin Eye Res

2001;20:563-93.

15) Gherghel D, Orgul S, Gugleta K, et al. Relationship between
ocular perfusion pressure and retrobulbar blood flow in
patients with glaucoma with progressive damage. Am J
Ophthalmol 2000;130:597-605.

16) Sehi M, Flanagan JG, Zeng L, et al. Relative change in
diurnal mean ocular perfusion pressure: a risk factor for the
diagnosis of primary open-angle glaucoma. Invest Ophthalmol
Vis Sci 2005;46:561-7.

17) Hayreh SS. Duke-elder Lecture. Systemic arterial blood
pressure and the eye. Eye 1996;10:5-28.

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

19) Pickering T. Recommendations for the use of home (self) and
ambulatory blood-pressure monitoring. Am J Hypertens
1996;9:1-11.

20) Hayreh SS, Zimmerman MB, Podhajsky P, Alward WL.
Nocturnal arterial hypotension and its role in optic nerve head
and ocular ischemic disorders. Am J  Ophthalmol
199415;117:603-24.

21) Bechetoille A, Bresson-Dumont H. Diurnal and nocturnal
blood pressure drops in patients with focal ischemic glaucoma.
Graefes Arch Clin Exp Ophthalmol 1994;11:675-9.

22) Plange N, Kaup M, Daneljan L, et al. 24-h blood pressure
monitoring in normal tension glaucoma: night-time blood
pressure variability. J Hum Hypertens 2006;20:137-42.

1519



o

3

[0

il

23) Graham SL, Drance SM, Wijsman K, et al. Ambulatory blood
pressure monitoring in glaucoma. The nocturnal dip.
Ophthalmology 1995;102:61-9.

24) Carenini AB, Sibour G, Boles Carenini B. Differences in the
longterm effect of timolol and betaxolol on the pulsatile ocular
blood flow. Surv Ophthalmol 1994;38:S118-24.

1520

b= 2 sWHE SRUAM 2402 &

Ol

Sy 0otz __
=B85 = o

25) Arend O, Harris A, Arend S, et al. The acute effect of topical
beta-adrenoreceptor blocking agents on retinal and optic nerve
head circulation. Acta Ophthalmol Scand 1998;76:43-9.

26) Hayreh SS, Podhajsky P, Zimmerman MB. Beta-blocker
eyedrops and nocturnal arterial hypotension. Am J Ophthalmol
1999;128:301-9.



— ettt ol Xl M 48 & M 11 = 20074 —

=ABSTRACT=

Difference in 24-Hour Ambulatory Blood Pressure in Normal Tension
Glaucoma and Primary Open-Angle Glaucoma

Chang Jun Park, M.D., Nam Ho Lee, M.D., Chang Sik Kim, M.D.
Department of Ophthalmology, College of Medicine, Chungnam National University, Daejeon, Korea

Purpose: To evaluate the variation of 24-hours blood pressure in patients with normal tension glaucoma
(NTG) and primary open-angle glaucoma (POAG).

Methods: Thirty patients with NTG, 30 patients with POAG, and 30 normal controls were enrolled in this
study. Each subjects underwent 24-hours ambulatory blood pressure monitoring. The variation of each
parameter and difference among NTG, POAG, and control groups were compared.

Results: The lowest diastolic blood pressure (DBP) and the lowest mean arterial blood pressure (MAP) were
significantly lower in the NTG group(51.9£11.3 mmHg and 66.9+13.1 mmHg) than in the POAG
group(60.0£11.4 mmHg and 77.8+16.8 mmHg, p=0.048 and 0.024) and the control group(60.1£10.5 mmHg
and 77.4+13.3 mmHg, p=0.047 and 0.031) during nighttime. More patients showed a lowest MAP less than
60 mmHg in the NTG group(8 patients, 27%) than in the POAG group(2 patients, 7%) and the control
group(2 subjects, 7%, p=0.038 each). In addition, a decrease of more than 15% in DBP was more frequent
in NTG group(17 patients, 57%) than in the POAG group(9 patients, 30%) and the control group(9 subjects,
30%, p=0.037 each).

Conclusions: Nocturnal reduction in blood pressure may play an important role in the pathogenesis of NTG
in some patients. Therefore, nighttime blood pressure should be considered as an important reference factor
in diagnosis and treatment of NTG.
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Key Words: 24-Hour ambulatory blood pressure monitoring, Lowest mean arterial blood pressure, Nocturnal
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