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Background. Carteolol is a nonselective adrenergic blocking agent.
Theaim of thisstudy wasto eval u atetheef fect of topi cal carteolol on
retrobulbar hemodynamicsin patientswith nor mal ten sion glau coma
NTG).
](VIeth(zds. Twelve NTG patients received twelve-week topical treat-
ment of 2% carteolol. Color Dopplerimaging (CDI) wasusedtoeva u-
atethe hemodynamic ef fectsbefore and af ter drug ther apy. Measure-
mentswereobtained fromthecentra reti na ar tery (CRA), thelat eral
posteriorcil i ary artery (LPCA) andthemedial posterior cil i ary ar tery
(MPCA). From each vessdl, peak systolic velocity (PSV), end-
diastolic velocity (EDV), resistance index (RI) and Goding's pul -
satility index (Pl) werecol lectedandanalyzed.
Results. Af ter topi cal carteolol treat ment for twelve weeks, meanre-
sistanceindex reducedsignifi cantly from0.83t00.74intheCRA (p =
0.03), from 0.74 to 0.68 in the LPCA (p = 0.09). Moreover, mean
pulsatility in dex of the LPCA decreased from 1.45t0 1.26 (p = 0.08).
Conclusions. Twelve weeks of 2% carteoiol treatment may decrease
the vascularresistance in NTG patients possibly due to the intrinsic
sympathomimeticactivity (ISA) of carteolol.
[Chin Med J (Taipei) 2001,64:575-580]

Normal tension glaucoma is characterized by
glaucomatousoptic disc cupping, vi sual field
lossineyes, and con sistently nor mal intraocular pres
sure (< 21 mmHg) with out any other intraocular le-
sion. The pathogenesisof NTG istill un cer tain. Re-
duced ocular perfusion and hence slow ongoing
chronicischemiaof theoptic nervehead may giverise
toapae-cuppeddisc. Thoseev i dencessup portingthe
vascularmechanisminclude: opticdischemorrhage,*
theassoci ationwithmi graines,” and spasmsof periph
eral vessels.® Beta-blockersdevel opsspecifi cally as
ocular hypotensiveagentsunquestionably dodecrease

intraocular pressure. Incontrast, their vascular ef fect
onocular hemodynamicsremainscontroversial *°
Carteolol hydrochloride is a nonselective beta-
adrenergicantagonistwithintrinsicsympathomimetic
activity (ISA), whichistheabil ity of adrugto par tialy
activate beta-receptors in the absence of catechol-
amines.®Inthefield of car di ol ogy, |SA hasbeen stud-
iedwithther apeuticpotentia todecreasevascularre
sistance.”® Theoreticdly, topi ca carteolol could beex-
pectedtodecreasevascular resistanceandin creaseoc
ular blood flow. How ever, theex actinflu enceof ISA
on retrobulbar hemodynamicsisnot well un der stood.
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Color Dopplerul trasoundimaginga lowsred-time
B-scanul trasoundimaging of anatomicstructuresin
theor bit, display ing superimposed col or- coded Dopp-
ler fre quency shiftsre sulting from blood flow. Blood
flow veloci tiesof the extraocul ar ves selscan then be
localized and measured.®1° Using this noninvasive
technique, westudiedtheef fectsof topi cal carteolol on
ocularcirculationintwelvepatientswithNTG.

Methods

Twelve NTG patients (nine male and three fe-
male) werere cruited for the study. All patientshad vi-
sual defectsinoneor both eyes, bi lat eral glau co ma
tousopticdisccupping, openanterior chamber angles
indi cated by gonioscopy, andintraocular pressureless
than 21 mmHg with nor mal di ur nal curve measure-
ments. Ex cluded cri teriawerehistory of signif i cant
renal or liver disease, bradycardia, con gestiveheart
fail ure, car diacconductiondefects, reactiveair way
disease, stroke, and poorly controlled di abetes. Those
under systemic beta- adrenergic blockers, apha
adrenergicagonistor cal ciumchannel blockerswere
alsoex cluded. Ophthal micex clusioncriteriawere
history of ocular traumaor sur gery, di abeticretino-
pathy and use of any other anti-glaucomatousmedi ca
tion.

Informed con sent was ob tained af ter afull brief-
ing with each patient. Patientswere sched uled for a
base line visit be tween 8 AM and 10 AM, for the pro-
ceduresincluding: general ophthal micexamination,
intraocular pressure by Goldmann applanation
tonometry, blood pressure, and heart ratewith digi tal
electronic sphygmomanometry. Theav er agesof three
measurementswererecorded. Af ter theini tial visit,
pa tients were treated with 2% carteolol (Arteoptic,
Otsuka Co., Japan); one drop in each eye twice daily
for 12 weeks. Patientswereasked toreturnev ery four
weeks at the same time of the day to have the same
measurements.

Color Dopp lerim aging was per formed at theini-
tial visit and 12 weeks later. A high-resolution ATL
HDI 3000 scan ner (Advanced Technol ogy Labora
tories, Bothell, Washing ton, USA) witha7.5 MHz

lin ear phasetransducer was used for Dopp lerim ag-
ing. Anex peri enced ultrasonographer (H.J.C.) per-
formedall theDoppler procedures. Duringtheexami-
nation, subjectswereinthesupineposi tion, withthe
head tilted for ward at about a 30-degree an gle. The
transducer was ap plied gently to the closed eyelid us
ing acou pling gel, and carewastaken to avoid ap ply-
ing any pressuretotheeye.

Thecentral reti na ar tery (CRA) canbede picted
within the anterior part of the optic nerve shadow,
about 2 to 3 mm behind thedisc sur face.° Temporal
and nasal fromtheoptic nerveshadow, thelat eral pos
teriorciliary artery (LPCA) andmedial posterior cil i
ary artery (MPCA) canbeidenti fied. Char acteristic
Doppler spectracan beobtained fromtheposterior
ciliaryarterieswithhigherdi astolicflowvelocities
because of the low resistance in the choroid sup-
plied. >

From each vessel, peak systolicvelocity (PSV)
andend-diastolicvelocity (EDV) weredefinedandre-
corded. Theresistanceindex (peak systolicvelocity
mi nusend-diastolicvelocity di vided by peak systolic
velocity), ac cord ing to themethod of Poucelot and
Gosling pulsatility index (peak systalicvelocity mi-
nus end-diastolic velocity divided by mean veloc
ity),*? werecal culated for each vessel. Oneeyewas
selected from each patient for anal y sis. The paired
t-testswereusedto com parebloodflow veloci ties, re-
sistance indices, blood pressure, heart rate and
intraocular pressurebeforeand af ter drugtreat ment. A
p valuelessthan 0.05 wereregarded asstatisti cally
significant.

Results

Twelve NTG patients included nine males and
three fe males with mean age 67 years (range 58-76
years). The effects of topically administered 2%
carteolol on systemic blood pres sure, heart rate and
intraocular pressure were studied (Table 1). After
threemonthsof treat ment, nostatisti cally signif i cant
dif fer encesinsystolicpressure, di astolicpressureand
heart rate were noted. The mean intraocular pres sure
reduced from 15.2to 14.0 mmHg, which was statisti-
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Table 1. Comparison of blood pressure, heart rate and intraocular pressure (means + SD) in normal tension
glaucoma patients before and after 2% carteolol treatment

Baseline
Blood pressure (mmHg)
Systalic 146.6 + 27.8
Diastolic 835+129
Heart rates (beats/min) 695175
I ntraocular pressure (mmHQ) 152+17

Carteolol 2%
12 week p vaue
141.8+ 21.9 0.329
80.2+ 9.8 0.226
68.5+ 12.2 0.797
14.0+1.79 0.071

Table 2. Comparison of blood flow parameters (means + SD) in normal tension glaucoma patients before and

after 2% carteolol treatment

CRA LPCA MPCA

Baseline 2w pvdue Baseline 12w pvaue Basdine 12w p vaue

PSV(cnm/s) 8.30 7.94 0.499 8.75 8.48 0.696 9.07 9.34 0.730
1242 241 +245 +3.10 +3.21 +3.70

EDV(cm/s) 154 1.62 0.781 2.28 244 0.610 2.50 2.67 0.675
+1.31 +1.06 +1.40 +1.22 +2.00 +1.10

RI 0.83 0.74 0.030 0.74 0.68 0.090 0.73 0.71 0.317
+0.13 +0.19 +0.13 +011 +0.14 + 0.09

Pl 1.80 171 0.473 145 1.26 0.081 142 134 0.103
+0.72 +0.64 +0.37 +0.25 + 0.56 +0.29

CRA =central retinal artery; LPCA = lateral posterior dliary artery; MPCA = medial posterior ciliary artery; PSV = peak
systalic veocity; EDV = end-diastolic velodty; RI = resistance index; Pl = pulsatility index.

cdlysignificant(p =0.007) (Table1).

Asshownin Table 2, the PSV and EDV were not
altered after topical carteolol treatment for twelve
weeksin any of thethreevesselsstudied. Meanresis
tanceindexreducedsignifi cantly from0.83t00.74in
the CRA (p=0.03). Thereductionwasalso seeninthe
LPCA from 0.74 to 0.68 (p = 0.09). More over, mean
pulsatility in dex of the LPCA de creased from 1.45to
1.26 (p = 0.08).

Discussion

Color Dopplerimagingal lowsinfor mationabout
theflow of blood to su per im posein color on B-mode
gray-scaleul trasoundimage, whichenablesdi rect vi-
sual izationof specificvesselstointerrogatetopro
duce a specific spec trum. Using the color imageasa
guide, theDoppler anal y siscanquanti tatively assess
someoc ular blood flow param eters- PSV, EDV, RI
and PI to eval u atethe blood flow in the oph thal mic,

ciliaryandcentral reti nal ar teriesfor nor mal andglar
comatoussubjects. Previ ousstudieshaveshownthat
patientswith glau comahavelower blood flow veloci-
tiesand higher resistancein di cesintheir retrobul bar
vessalscom paredwithnor mal control subjects*®4

CDI was used by Buitt et al.*>to com pare 34 NTG
patientswith 17 controls. ThePI of theophtha micar-
tery intheNTG patientswassignif i cantly lessthanin
thecontrol group. Therewasasignif i cantincreasein
RI of both ophthal micand central reti nal ar teriesin
theNTG group com pared withthenor mal controls. In
asimilar study, Rankinget a. showedinNTG patients
adtatisti caly signif i cantdecreaseinmean EDV and
anin creasein mean Rl inall ves sels stud ied, most
promi nently inthecentral reti nal arteries.® These re-
sultssug gest anin creased re sistanceto blood flow in
theophtha micandcentral reti nal arteriesof NTG pa
tients.

InpatientswithNTG, pro gressivenervefi ber

layer dam ageandlossof vi sual function occur despite
their nor mal intraocular pres sure. Be cause both me-



578 Mei-Ju Chenetal.

Chinese Medical Journal (Taipei) Vol. 64 No. 10

chani cal andvascular factorsmay contributetoNTG,

cur rent ther apiesshould becarefully eval uatedfor

both hypotensive and vasorel axant ef fects. Topi cal

beta-adrenergic antag o nistsarewidely used for glaw

comather apy. Itsvasocongtrictive ef fect wasdem on-

stratedasincreasedvascularresistance’® and reduc

tioninthe pulsatile oc u lar blood flow.*® Themech &

nismre spon si blefor the vasoconstriction of the pe-

ripheral cir culation of beta-blockers might bean un

opposed alpha-vasoconstriction.?’° Concerning the
eye, vasoconstriction is pre sum ably due to the block-

age of beta-receptorswhich have showntoex istinthe
humanchoroids,? anterior opticnerveandopticnerve
head,??andretina.? Carteolol bindsto both beta-1 and

beta-2 adrenoceptor sub typesand also actsasapar tia

agonist. Thusitspartial agonistactiononthevascular

beta-2 adrenoceptors could be ex pected to de crease
vascularresistance.

Al thoughtopi cal carteolol might have some ef-
fects on oc ular blood flow, there were few re ports
deal ing with the sub jects. Grunwald and Del ehanty
reported noef fect wasfoundonhumanreti nal cir cula
tion of carteolol-treated eyes by laser Doppler
velocimetry.? Y amazaki and Babadem on strated anet
increase in the pulsatile volume change of the
carteolol instilledeyes?® Using la ser speckle micro-
circulationanalyzer, increasedtissuebloodvelocityin
the op tic nerve head was ob served in twelve healthy
vol unteersaf terasingleintil lationof 2%carteol ol
How ever, thehemodynamicef fect of topi cal carteolol
with CDI wasnot yet re ported.

Inthe present study, color Dopp ler ana y sisdem-
onstratesadecreaseof vascular resistanceindi cesin
NTG patients after topical carteolol treatment for
twelveweeks. Ineval uat ingthesedata, wenoticea
significant reduction of the resistance index inthe
CRA (p =0.030). Thereductionwasaso seeninthe
LPCA (p=0.09). More over the pulsatility in dex of
the LPCA is also lower than beforetreat ment (p =
0.08). These two indexareapproachingsignifi cance.
Theten dency for carteolol toin crease EDV dlightly,
whileleav ing PSV un changed, re sultedinareduced
resistanceindexinthe CRA. Sincethisisasmall sam-
plestudy, fur ther eval uationfor more patientsshould
bedoneinthefuture.

Carteolol hydrochloride is a nonselective beta-
adrenergicantagonistwithintrinsicsympathomimetic
activity (ISA). But studiesdem on strated that timol ol
re ducesintraocular pres sure as much as or more than
other beta-blockers, with out al ter ing the retrobul bar
vascularresistanceindi ces.?”2Thesecondpossi bil ity
isthat carteolol ex erts| SA ef fectson blood vessels.

Thecontri butionof | SA to beta-blocker ther apeu
ticpotentia hasbeenstudiedextensivelyincar dio-
vascularhy pertension.?® Beta-blockers with | SA have
showntodecreasevascularresistanceincar diovascu
lar system af ter acuteand chronicex posure.”® Merli
et al. com pared the long-term vasoactive ef fects of
atenolol and carteolol in humanessential hy perten
sion.® Theresultsindi cated di lation by carteolol and
constriction by atenolol of thesmall resistivevessels
of forearm. Because of ISA, carteolol actsasapar tial
agonist. Its partial agonist action on the vascular
beta-2 adrenoceptors might explain in part its
vasodilation prop erty onperiphera vessels. Another
mech anism for the vasodilation of carteolol ismedi-
ated by endotheliumfunctionandtheactionof prosta
glandinsystemasshownby invi trostudiesonarteria
strips.®

In conclusions, our results suggest that twelve
weeks of 2% carteolol treat ment can de creasethevas
cularresistancein NTG patients. Thevasodilation ef-
fect may bedueto the par tial ag o nist action of |SA of
carteolol.
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