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Effect of Carteolol Hydrochloride on Ocular Blood Flow
Dynamics in Normal Human Eyes

Kenji Mizuki and Yoshio Yamazaki

Department of Ophthalmology, Nihon University School of Medicine

Abstract

Purpose : The effect of topical 2% calteolol hy-
drochloride on the ocular blood flow dynamics in
normal human eyes was studied.

Materials and Methods : Ten healthy volunteers
were studied using color Doppler imaging and scan-
ning laser Doppler flowmetry. In the first experi-
ments, one eye received 30 ul of 2% carteolol hydro-
chloride twice daily for 7 days and the fellow eye a
placebo in a randomized masked manner. The blood
flow velocity of the central retinal artery, the oph-
thalmic artery, and the short posterior ciliary ar-
tery, the blood flow volume of the peripapillary ret-
ina (PPR), intraocular pressure (IOP), ocular perfu-
sion pressure (OPP) and pulse rate (PR) were meas-
ured before treatment, 2 hours after the initial in-
stillation, and after the last instillation on the 7 th
day. In the control experiments, 30 ul of placebo was
instillated in both eyes, and the above parameters
were measured according to the same time schedule
as in the first experiments.

Results : In the carteolol-treated eyes, the systolic
maximum (p=0. 012) and diastolic minimum (p=
0. 019) blood flow wvelocities of the ophthalmic ar-
tery, and the blood flow volume of the superior (p=
0. 003), central (p=0. 001) and inferior (p=0. 000) PPR
showed significant increases in the first experments
compared with the control experiments. IOP and
OPP in both eyes showed siginificant reduction in
the first experiments compared with the control
study.

Conclusion : These results indicated that topical
carteolol hydrochroride increases the blood flow of
the intraorbital microcirculation and PPR. (] Jpn
Ophthalmol Soc 104 : 226—231, 2000)

Key words : Carteolol hydrochroride, Ocular blood
flow dynamics, Color Doppler imaging,
Scanning laser Doppler flowmetry, No-
rmal human eye
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DWTHBWES T — Fy 7585 v, NEIR TR
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FEAL T & RR Mo EA##HEY " ® Lz 3615,
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ENREDOLRAEEG T OMEEFERML 7.

2. 5 &

SRS 1 HOFRT 10 B2 mIRO BT, EREIRE 3
ORI Z WER, MR OWTBEEY T —Fy 77
P X B Bk 1E o I A B0 ol 5 i o 4 BE ) 22, Heidel-
berg Retina Flowmeter (Heidelberg Engineering GmBH,
Heidelberg, F 4 7 ; HRF)IZ & % # e 2L 55US PR LA
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MR E &7 - 7. EOBBICHELERECL D
MR 29% i A v 740 — L (2% 3 7 5 OIS, KIF
B ) 30 pl, MR 2 2] 30 ul & SCHE L 7o, RN 2 B R B
A RRAT & FEEOMEEZ T o 72, 85 1 HOMER LI,
1 H 2\ (i 10 B 3 X OV 1% 8 1) Fr I 2% Sk #
WFd o — b, IR % 7 B IR L, SURB A 7 H
B T 12 B PERE SURAT & MRk W E T 17 - 72,
Z0i#,2 5 H O wash-out W % 3 5, A IHIZE =
LTHA %AW EREET- . 2% MBI VT F 10—
WS R GEER X AR, 2855 1 H OFaT 10 Rl o IR
FE, EREEIIR I 35 & ONRIA % 30 1%, Wil 2> v Tl
Weh T — Fv 778 X B ERE O NS I 0 A5 i 4
FE 58, HRE 4 & 2 5 e L R0 DR L, 3 0 5 %
fofz, FOHEBICTHRIC I 30 pl % pilR L 7o, 5K 2
IR 4 e L MR & RBR O RE R AT - 72, 88 1 H O WER
T, 1 H 2 R 10 BB X OV 8 RE) Ml 12 254
7 HESHIRL 72, SHEBGS 7 H 2O 12 Byl PR
AT & AR OPE %2 fT VA IR SEER & 46 T L 72,
1) ERHe o0 6 PPN LG I GAE o T 0 5
Bk A 5 — Fy 77 M A A —3 » 7% (SSA-
380 A, I2) 2 7.5 MHz £ 7 # — RN 70— 7
(PVF-70 FT, 1% % $&#t L, 3Rk oo M PN i/ il 38 o
L 3 P 5 A AT o . B LB e T Bl
MBS, B L ARETTY L ELT
hydroxyethylcellurose ( & I ¥ /' — IV, %) & #:Ai L
b B S v — T R S l]l‘slﬁ‘e%%éﬁéf*ﬂlvb\
BUARRE & 2558 L, IR AT IR~ 70 5 HRBYIR, #RAAE A
e 2 B AT LA AR FL IR~ 10 20 5 ML OB IR, B0 i
ZAEAT LA A e LB 5~ 1) 0 ) B AR B IIR O S
He, B % A L, B MRS » S Fy 77 E—-L L
KIMEE DT AHIE ZRD, Ky 7I70OHEMIETE,
A EERNIE %2 17 o 72 LT SR EE P T % fiphT L 7z, S,
— Rk {% A &, SLa R FLE Lig A S 15 mm A
T, 22, IR EE B % B 173 2 IREHIR 0 — 53, BLAh e
FLIA L% 5 5 mm P oM b B R, B4 B Rk ED IR
OIMIEE & IRIEE D % — B 330 T, I0H U 5k e i o
JE (Vmax) , 300 95 1 55 41 1L 35 78 B (Vmin) , 3 X OVAAT I
M HEHTAE B (resistivity index, RT) # 52 L 7=. R {X RI=
(Vmax—Vmin) /Vmax @72 58I L7z 2 B, AR
B, RHR 2 WRR B, 35 £ OF 7 H e i 1 0 JiL it R i)
£, B E— FWRG QIS S 45 MEHIZIED S, &
QIR & —EicBWTEZT- 72,
) R A LS P A PR I 5 k)
HRF % Fve, BEHO 12 U C RS T 2 m & 5
B AL S, WOl EESL T CTHEAT L7z, Wi AT IR
FR e b, SRR LB s % 5 ) T FLE A P
H A0 A 1R 3~4 [ o WA EA4T - 7z mi{g AT
., BLARE LI R A S %9 100 um o H 4 o> I 0 H 1
Ji, e, FH® 3 BIZ2WT 10X 10 pixel O 1F Jj T ik
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i 5 (#) 100X 100 um) T, IfiL % 3 FE (Velocity) , 1L 7 &t
(Volume) % 3 019" D[] — 45 & A3l s L 2z 30 52 4G %‘ii
Michelson & ™' @i (230 &, Wi o LAt O E T H
5 DCEA80~150 £ TOMPERB L 72, 2 b, MR
i, A HE 2 W 2, 45 X OF 7 1 FT o a1 ML 75 D ML AL 8
s E I, RS S A7 PO M {212 ST X | KRR
W —H I B TlE 247 - 72,
3) HRFE, R IRIE 45 & ORI

HRFE 2 1, 0. 4% B+ ¥ 7 7o s 4 v (X7 *
VW BRBE)ONRBEI IV LS V(7
o — L A BB, I ISE S AL 1) o ¥ 45 #, applanation
tonometer (Haag-streit, Bern, A 4 2)I12X Y $7-7:.
WO IR LA 35 & OSMRAAM 42 &, 1B G (HEM - 722 C,
AL Yo7 & 2T, NI % BPs, #55E
WME% BPd &9 % &, P ImIE (BPm) it kX2 & b
1 Al

BPm =BPd+1/3(BPs—BPd)
& 62, MR % (OPP) 12 BPm 3 X ORI (IOP) 20
Ly RRDZTE EHRLL.
OPP=2/3 BPm—IOP

33, AT LA 3T G R 2 T (Two - way
analysis ANOVA) & v,  BEAHEDT 5% KD b @ %
WMatEMIcHEE L7,

mr & R

1. BR{E OBRES P H ] 0 I 7850 B

AT AR =R T, V7 b — b SRR
MRFA (e TR & Heie L, IR IR 10 i 6 0% > Vmax (p
=0.012) & Vmin(p=0.019) IZH E e Bhnasd b, #EHE

(2 A IRGEIRIE & el L, SR 2 R R # Vmax (p=
0.014), Vmin(p=0. 030) & Mf 1 7 H [ Vmax (p=
0.000), Vmin (p=0. 01 \ZAT HAED D - 72 (F D). — 4,
FEA IR T, v T A o — b SR R Nﬂ&i—}%ﬁﬁ
RICBWTHEAIZ 72 (382).

2. fREpHETLEA R FAR B A SR E

AT A0 — VT RETIE, AV T A T — b R
IRF 2 1300 B E BRI & JLe L, LI S o b7, e,

FHOFTRTOHT Velocity (115 : p=0.014, 14z :
p=0.005, T4 : p=0.000) & Volume (75 : p=0.003,
Hge D p=0.001, FJi: p=0.000) > &80,
FERFAYLZ & 0 I & L L, IR 2 I 18 7% o H i 48
I+ J @ Velocity (p=0.007) £ Volume (p=0.022), i#i&E
RHR 7 H % TR E M )@ Velocity (p=0.002)
EFHD Velocity (p=0.001), 7=, HIHEE T 5 Velo-
city (p=0.001) & Volume (p=0.002) I &4 - 7>
(F3).

< AT T, A v 7 4 o — RIS BRI b 5t
WEBRFICBWTHRE I b o7z (F4).

3. IRE, BRERE, OEi

REEIEA VT Ao — L ARAICI, A VT4 o — Ll
MRS BR I 1 3 IR B & b AT 35 2 R)E F bR (p=
0.000) %32 1), #ERENYIZ & 3t HRIZERIE & LR L, O 2 1
M # (p=0.002) & Lz LR 7 H 8 #(p=0.026) 12 4 &%
2 o 2 BF IR BT, AT F o — L Al
FEBRIG & AP IR IIERIE & L L AT R IR F R (p=
0.000) %5 1) , FEWERYIZ & A IEFZBRIE & Moz L 5 IR 2 e
M EIZAT A (p=0.002) 2 - 7=,

MESETEE (A V7 o a — b g R, 35450 2R & & 12

R 2% BEEH IV T F O — )L RERR O BRE ) & 7 B DB

Aof Hi g H VT4 0 — b IR ER ANOVA
S 2 W[ % 7 M e 1370 2 W% 7 H % P-value
A UL B IR
Vmax (cm/s) 7.7+2.5 7.6%2.5 7.8%3.1 7.3+1.8 7.5+2.3 7.0£1.3 0.715
Vmin (cm/s) 1.6+0.9 1.8+0.9 1.6%0.9 1.4%0.9 1.8+0.9 1.7+0.3 0.545
RI 0.80=0.08 0.78=0.10 0.81+0.10 0.81%0.10 0.75+0.07  0.74%0.07 0.178
HEL il R
Vmax (em/s) 21.5%5.5 20.7%4.2 20.7+4.4 20.4%5.7 25.6£5, 4* 27.4£3.9%%  0.012
Vmin (em/s) 3.9%1.6 3.8%1.3 BGET S 3.6%1.3 5.1+1.8% 5. 42 0" 0.019
RI 0.82+0. 06 0.82%0. 04 0.80=0.08 0.78%0.18 0.80+0.05 0.80=0.07 0.768
T T ARTY RS EE
Vmax (cm/s) 8.8+2.4 7.5+2.0 8.4+1.8 8.2+1.5 8.0+2.2 8.8+1.9 0. 228
Vmin (¢cm/s) 2.2%0.8 2.2+0.7 2.4+0.6 1.9=0.8 2.1%0,7 2.2+0.9 0. 889
RI 0.75=0. 08 0.70£0.07 0.72+0. 06 0.76+0.11 0.73£0. 06 0.75+0.08 0. 866
T TE BRI PN A
Vmax (cm/s) 7.9+1.9 7.321.2 7.5+£1.6 7.7£1.4 T.7%1:4 7.4x1.1 0. 261
Vmin (cm/s) 2.1£0.9 2.0%0.9 2.0£0.9 1.9+0.7 1.9%+0.8 1.7%0.6 0. 896
RI 0.72%0.12 0.72+0.12 0.73£0.11 0.75%0.09 0.76+£0.08  0.74+0.07 0.972
SR+ Bl R n =10

ANOVA : analysis of variance, Vmax : DU 5 MG EE,  Vimin : DU IR0 4, R : RS 4S8 5 5
** . P<0.01 (paired t-test)

ATt oa—

IV s ER Ol & TR D it o 7%

* 2 P<0,05;
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S22 B AER M 00 BR T P g i I 5 R D ZEE
o IS AT F 10— ANOVA
LT 2 1 7 1M AN 2 B Mt 7HM#E  Pvalee
BN Lol iR
Vmax (cm/s) 7.4%1.8 7.4%2.6 7.2+2.4 7.0+1.8 6.8+1.1 5.8%0.6 0.481
Vmin (cm/s) 1.7+0.4 1.6=0.6 1.6%0.4 1.6+0.4 1.4+0.4 1.620.6 0.727
RI 0.76£0.06  0.75%0.10 0.76+0.07 0.76 0. 06 0.800.04 0.73=0.08 0.174
[ h R
Vmax (cm/s) 22.5+7.8 24.7+11.0  24.1£5.5 24.0%5.4 26.1+6.1 98.3%7. 1 0. 436
Vmin (cm/s) 1.2+2.1 5.1%3.0 4.1£2.0 4.0=1.8 5.0+1.4 5.5+1.8 0. 247
RI 0.82+0.07  0.79%0.11 0.83+0.07 0.83%0.07 0.81=0.04 0.80%0. 06 0.325
% T RRED IR A0 B
Vmax (cm/s) 7.7+2.1 7.5+2.5 7.6+2.7 7.8%2.9 8.1=2.6 8.3+2.8 0.822
Vmin (cm/s) 1.4%0.8 1.4%0.7 1.4+0.7 1.1+0.7 2.1=1.1 1.5+0.8 0.155
RI 0.82+0.11 0.81+0.09 0.82+0.07 0.86+0.08 0.75+0.08  0.81%0.0 0.239
A1 1% AT IR P9 0 Bz
Vmax (cm/s) T.4£2:0 8.0+2.0 7.5+2.3 7. 1£1:8 8.0x2.0 7.8+2.4 0. 889
Vmin (cm/s) 1.9+0.8 1.9=1.1 1.5£1.0 1.4+0.8 1.7+0.8 1.6+0.5 0.439
RI 0.740.11  0.74+0.15  0.78%0.14 0.79+0.13  0.78+0.09 0.77+0.08 0. 640
*£3 2% EEHILT A O— )L SERE O FLEEE RS0 TEOZEE)
o AN T+ 0 — b s R ANOVA
SR 2 W1 e 7 HIM#% Py A1) 2 I 7 % P-value
A L S
Velocity 0.86+0.27 0.88+0. 26 0.85+0.26 0.86=0.24 1.01£0.25 1.14+0.32* 0.014
Volume 15.00+2.46  15.38%2.07  15.03+2.00 15.13£2.02  16.78=2.64  18.86+2,63* 0.003
RERITE ] AR ER g
Velocity 1.04%0.4 1.01=0.31 1.01%0.31 0.97+0.30 1.15=0.41 1.18+0.43 0.005
Volume 17.42+6.34  16.84=4.51  16.92+4.78 16.94%5.28  19.21%6.61  20.52%6.90 0.001
H I F 4
Velocity 0.87 0. 26 0.82+0.24 0.79+0.22 0.84+0.21 1.01£0.21*  1.17%0.28* 0.000
Volume 15.70+3.43  14.84%2.95  14.91+2.83 15.15+2.92  16.59=2.69* 20.18+4.55% 0. 000
(arbitrary unit)
Velocity : MiLFed 1%, Volume : MLHE At
BT A T — b g HREER O L A B EROE O A * : P<0.01 (paired t-test)
x4 EHAREGOIEDRBEMRGLREDCEE
1 IS b 7o 1 — b SRR —
£ 2 WM % 7 H % LU 2 W e 7 HM# i
RERIITE ] )
Velocity 1.05+0.57 1.02+0.53 1.04£0.53 0.92+0.37 1.10£0.53 1.09+0.42 0. 168
Volume 16.40+5.78  16.05+5.63  16.39+5.48 15.04%£3.07  16.63%5.04  17.75+5.36 0.070
T e e
Velocity 1.08 0. 45 1.11%0.53 0.99%0, 40 1.05+0.50 1.020.60 1.02+0.45 0,637
Volume 17.45+4.36  17.38+4.11  16.12+2.98 16.12+3.79  17.34%4.87  15.64+2.92 0. 464
H Mg T
Velocity 1.06+0.68 0.97£0. 62 1.00+0. 64 1.02%0.59 1.23%0. 60 1.13£0.52 0. 068
Volume 15.76+5.19  15.92%5.03  15.93%5.07 16.34£4.74  18.47+4.74  17.64+5.82 0.166
H VT4 0 — b RS ERIR (2 IRRRy & M LA 4 :
IV # 3

B2 T RECh V74 0 — v SR p=0. 031, 265 AR
il p=0.003) 2’ > 7z.
OB AR B B2 72 (R 5).

WREA VT A o — v IEEINAY BERTERIC L B
HEFEER L L bz, 2R DA oER & LT, ISAY, i
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F*k5 MmE, KiE, RE, REFEOEE

ST 2 I 7 7 HIE ST 2 W 7 0% P-value
WRFr1 (1 7 53 73+14 73+12 71+15 73+ 14 67+8 677 0.218
[0Pc (mmHg) 12.4+2.5 12.4%2.4 12.2%2.4 12.5+2.7 9.4%1.4%*%  10.7%1.4* 0.000
I0Pp (mmHg) 12,728 12.5+2.5 12.7+2.3 12542, 7 9.4+1.7%* 11.1£2.1 0.016
OPPc (mmHg) 48.3+7.7 48.2+8.0 48.3%7.7 48.3%7.3 44.9%5.9 43.9%7.2 0.031
OPPp (mmlig) 48.3+7.7 48.7+7.7 49.0%8.6 48.3%7.3 44.6+5.9* 43.5%7.4** 0.003

I0Pc : 2% Ml A v 74+ 0 — b s ONIE, 10Pp : JE#4) iR o LT,
OPPc : 2% 3l 7 v 74 v — b SR O MR, OPPp - S5 2 IVE o B ¢
T A T — b S ERR O & B EEROE D ¢ P<0.05, ** : P<0.01(paired t-test)

N RS AF R 0 A Sl 7, 35 X OF Ca®* 5 PU3k Bk o 1l
WHORIEHY 2R 2 LA ME STV 5285, 12 Bl
Wi e U mAS 25003 2 aTREME> 9 A% 0, in vitro 12
T B ER TR EBEI LT 0 — L S THAEDE
BREIIR TGS 2 L OWELH L. LA LD S, S0
2% WME A VT & 1 — b g IR FEER T UL, ok I gL R b Rk

LALFda—GiRiicsne, SIRBICHEEES
F—F» 7Z I L0 IREY IR 5 HE o 15 & HRF 12
1) LA FL R P LR L R DAY - 72, 2
DI, W S A RS P B W LA o 1 23
fiji=Z EAHEES NG,

BEWEA S — Fv 77828 TIE, M E o s
A& D KM OMAFRPIAML F 45 &, 2O THS
A7 e T 1 5 L, AR i A PR B
HIEPHLNIZEINTWEY™ T4 HRFIZ L A
GE T V7 o 1 — b i IR ~C 45 8 2L 5 3 P 4 A
MR O INEZ R LR, Bk F—Fy 75
WL HMERREEEH L THEIENHEESR, A LT
A0 — LIRS BT 2 IS o T B E D 2ALIE B
EEEH DA O MR E £ 2 Hh b,

FEELPDL—HF—=ARy 7 VEE VR RT
3, SRR AL IR RGO IR B C & 5 B R EL 9 nor-
malized blur (NB) fifi 2%, L& I, JEALE R & S 124 512
EmMLTwad. ZhicHL, SROERTIEAI LT Fo—
W TR D ARG BR ) RE 0 2 b A% A& & 4, JEF0 s IR
WCIEHEARZE R b o7z 351, LG50 BFA ¥
AT AEHORETIE, LBEIROAIZ 55720 Ok
WA O ERBMAH 0, IR T A E R ZmiE %
V. IDOE IS EFIEFLRRESME STV BB &
LT M S 407z B3 7S o i o R2 05 IR I 1) o0
SE D FE O, HIRAE BB 00 52 7 1 0 2 o R0 3l 2 A
OPBUEORMER EHREZ S, SHOBETH 5.

LD 2% WA VT A O — L HIREERTIE, A LT
0 — b SR D A A & 3 LA TS ) I gz kA
e U, sl AT R T T R 25 & ALz 45 44,
Vil V7 A4 0 — L O& SIS X B IR B R
EHOMELEZ N5,

L AL I 7 7D 2 s o T, IR PN I L2 0, R S
DAL LR M &% — I MEFF L X 9 &35 HB)
il ST B AT AE L, MR P bt MR e o 1 /A5 4R hT L He
BT HZERMOENTWE, SHOEERIZBENT, L
74 0 — b TR 35 X OV R A R T U, R BRI
(o) RSB & Feie LG RIE A TR T Lzic b
54, BT T — b SR O AN 330 T, FLTHE A
SRR ML A5 BT RO L 728 90, NP L 78 0 3
LB O &R0, IR T I s
ST RRM R B0 2 B R LA o 15 4k R
PERIC L ) MAEEPAMET LA EAkim S b, — 0,
FEA RN 3w TR, AR FZBRIE L2 A7 38 2 IR Vi IE
T 278 L7214t & 97, 2L 57T PR A8 S Ak o 37 k02 2
b3 % 2 o 7o e iZ, BB MR A ICEM L7
D eI S,

REBRICBOWT 2% HEEA LT A o0 — L, RrB &
O WL & % JE eI BEWT R 12 & » T D
HRE TR ZR L, SMIRMIZB TR L7+
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