
Nor mal ten sion glau coma is char ac ter ized by
glau co ma tous op tic disc cup ping, vi sual field

loss in eyes, and con sis tently nor mal intraocular pres -
sure (< 21 mmHg) with out any other intraocular le -
sion. The pathogenesis of NTG is still un cer tain. Re -
duced oc u lar per fu sion and hence slow on go ing
chronic ischemia of the op tic nerve head may give rise
to a pale-cupped disc. Those ev i dences sup port ing the
vas cu lar mech a nism in clude: op tic disc hem or rhage,1

the as so ci a tion with mi graines,2 and spasms of pe riph -
eral ves sels.3 Beta-blockers de vel ops spe cif i cally as
oc u lar hypotensive agents un ques tion ably do de crease 

intraocular pres sure. In con trast, their vas cu lar ef fect
on oc u lar hemodynamics re mains con tro ver sial.4,5

Carteolol hy dro chlo ride is a nonselective beta-
 adrenergic an tag o nist with in trin sic sympathomimetic
ac tiv ity (ISA), which is the abil ity of a drug to par tially
ac ti vate beta-receptors in the ab sence of cate chol -
amines.6 In the field of car di ol ogy, ISA has been stud -
ied with ther a peu tic po ten tial to de crease vas cu lar re -
sis tance.7,8  The o retically, top i cal carteolol could be ex -
pected to de crease vas cu lar re sis tance and in crease oc -
u lar blood flow. How ever, the ex act in flu ence of ISA
on retrobulbar hemodynamics is not well un der stood. 
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Back ground. Carteolol is a nonselective adrenergic block ing agent.
The aim of this study was to eval u ate the ef fect of top i cal carteolol on
retrobulbar hemodynamics in pa tients with nor mal ten sion glau coma
(NTG).
Methods. Twelve NTG pa tients re ceived twelve-week top i cal treat -
ment of 2% carteolol. Color Dopp ler im ag ing (CDI) was used to eval u -
ate the hemodynamic ef fects be fore and af ter drug ther apy. Mea sure -
ments were ob tained from the cen tral ret i nal ar tery (CRA), the lat eral
pos te rior cil i ary ar tery (LPCA) and the me dial pos te rior cil i ary ar tery
(MPCA). From each ves sel, peak sys tolic ve loc ity (PSV), end-
 diastolic ve loc ity (EDV), re sis tance in dex (Rl) and Gos ling’s pul -
satility in dex (PI) were col lected and an a lyzed.
Re sults. Af ter top i cal carteolol treat ment for twelve weeks, mean re -
sis tance in dex re duced sig nif i cantly from 0.83 to 0.74 in the CRA (p =
0.03), from 0.74 to 0.68 in the LPCA (p = 0.09). More over, mean
pulsatility in dex of the LPCA de creased from 1.45 to 1.26 (p = 0.08).
Con clu sions. Twelve weeks of 2% carteoiol treat ment may de crease
the vas cu lar re sis tance in NTG pa tients pos si bly due to the in trin sic
sympathomimetic ac tiv ity (ISA) of carteolol.
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Color Dopp ler ul tra sound im ag ing al lows real- time 
B-scan ul tra sound im ag ing of an a tomic struc tures in
the or bit, dis play ing su per im posed color- coded Dopp -
ler fre quency shifts re sult ing from blood flow. Blood
flow ve loc i ties of the extraocular ves sels can then be
lo cal ized and mea sured.9,10 Using this noninvasive
tech nique, we stud ied the ef fects of top i cal carteolol on
oc u lar cir cu la tion in twelve pa tients with NTG.

Methods

Twelve NTG pa tients (nine male and three fe -
male) were re cruited for the study. All pa tients had vi -
sual de fects in one or both eyes, bi lat eral glau co ma -
tous op tic disc cup ping, open an te rior cham ber an gles
in di cated by gonioscopy, and intraocular pres sure less
than 21 mmHg with nor mal di ur nal curve mea sure -
ments. Ex cluded cri te ria were his tory of sig nif i cant
re nal or liver dis ease, bradycardia, con ges tive heart
fail ure, car diac con duc tion de fects, re ac tive air way
dis ease, stroke, and poorly con trolled di a be tes. Those
un der sys temic beta- adrenergic blockers, al pha-
 adrenergic ag o nist or cal cium chan nel blockers were
also ex cluded.  Oph thal mic ex clu sion cri te ria were
his tory of oc u lar trauma or sur gery, di a betic retino -
pathy and use of any other anti-glaucomatous med i ca -
tion.

In formed con sent was ob tained af ter a full brief -
ing with each pa tient. Pa tients were sched uled for a
base line visit be tween 8 AM and 10 AM, for the pro -
ce dures in clud ing: gen eral oph thal mic ex am i na tion,
intraocular pres sure by Goldmann applanation
tonometry, blood pres sure, and heart rate with dig i tal
elec tronic sphygmomanometry. The av er ages of three
mea sure ments were re corded. Af ter the ini tial visit,
pa tients were treated with 2% carteolol (Arteoptic,
Otsuka Co., Ja pan); one drop in each eye twice daily
for 12 weeks. Pa tients were asked to re turn ev ery four
weeks at the same time of the day to have the same
mea sure ments.

Color Dopp ler im ag ing was per formed at the ini -
tial visit and 12 weeks later. A high-resolution ATL
HDI 3000 scan ner (Ad vanced Tech nol ogy Lab o ra -
tories, Bothell, Wash ing ton, USA) with a 7.5 MHz

lin ear phase trans ducer was used for Dopp ler im ag -
ing.  An ex pe ri enced ultrasonographer (H.J.C.) per -
formed all the Dopp ler pro ce dures. Dur ing the ex am i -
na tion, sub jects were in the su pine po si tion, with the
head tilted for ward at about a 30-degree an gle. The
trans ducer was ap plied gently to the closed eye lid us -
ing a cou pling gel, and care was taken to avoid ap ply -
ing any pres sure to the eye.

The cen tral ret i nal ar tery (CRA) can be de picted
within the an te rior part of the op tic nerve shadow,
about 2 to 3 mm be hind the disc sur face.9 Tem po ral
and na sal from the op tic nerve shadow, the lat eral pos -
te rior cil i ary ar tery (LPCA) and me dial pos te rior cil i -
ary ar tery (MPCA) can be iden ti fied. Char ac ter is tic
Dopp ler spec tra can be ob tained from the pos te rior
cil i ary ar ter ies with higher di a stolic flow ve loc i ties
be cause of the low re sis tance in the choroid sup -
plied.9,10

From each ves sel, peak sys tolic ve loc ity (PSV)
and end-diastolic ve loc ity (EDV) were de fined and re -
corded. The re sis tance in dex (peak sys tolic ve loc ity
mi nus end-diastolic ve loc ity di vided by peak sys tolic
ve loc ity), ac cord ing to the method of Poucelot11 and
Gos ling  pulsatility in dex (peak sys tolic ve loc ity mi -
nus end-diastolic ve loc ity di vided by mean ve loc -
ity),12 were cal cu lated for each ves sel. One eye was
se lected from each pa tient for anal y sis. The paired
t-tests were used to com pare blood flow ve loc i ties, re -
sis tance in di ces, blood pres sure, heart rate and
intraocular pres sure be fore and af ter drug treat ment. A 
p value less than 0.05 were re garded as sta tis ti cally
sig nif i cant.

Re sults

Twelve NTG pa tients in cluded nine males and
three fe males with mean age 67 years (range 58-76
years). The ef fects of top i cally ad min is tered 2%
carteolol on sys temic blood pres sure, heart rate and
intraocular pres sure were stud ied (Ta ble 1). Af ter
three months of treat ment, no sta tis ti cally sig nif i cant
dif fer ences in sys tolic pres sure, di a stolic pres sure and
heart rate were noted. The mean intraocular pres sure
re duced from 15.2 to 14.0 mmHg, which was sta tis ti -
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cally sig nif i cant (p = 0.007) (Ta ble 1).
As shown in Ta ble 2, the PSV and EDV were not

al tered af ter top i cal carteolol treat ment for twelve
weeks in any of the three ves sels stud ied. Mean re sis -
tance in dex re duced sig nif i cantly from 0.83 to 0.74 in
the CRA (p = 0.03). The re duc tion was also seen in the 
LPCA from 0.74 to 0.68 (p = 0.09). More over, mean
pulsatility in dex of the LPCA de creased from 1.45 to
1.26 (p = 0.08). 

Dis cus sion

Color Dopp ler im ag ing al lows in for ma tion about
the flow of blood to su per im pose in color on B-mode
gray-scale ul tra sound im age, which en ables di rect vi -
su al iza tion of spe cific ves sels to in ter ro gate to pro -
duce a spe cific spec trum. Using the color im age as a
guide, the Dopp ler anal y sis can quan ti ta tively as sess
some oc u lar blood flow pa ram e ters- PSV, EDV, RI
and PI to eval u ate the blood flow in the oph thal mic,

cil i ary and cen tral ret i nal ar ter ies for nor mal and glau -
co ma tous sub jects. Pre vi ous stud ies have shown that
pa tients with glau coma have lower blood flow ve loc i -
ties and higher re sis tance in di ces in their retrobulbar
ves sels com pared with nor mal con trol sub jects.13,14

CDI was used by Butt et al.15 to com pare 34 NTG
pa tients with 17 con trols. The PI of the oph thal mic ar -
tery in the NTG pa tients was sig nif i cantly less than in
the con trol group. There was a sig nif i cant in crease in
RI of both oph thal mic and cen tral ret i nal ar ter ies in
the NTG group com pared with the nor mal con trols. In
a sim i lar study, Rank ing et al. showed in NTG pa tients 
a sta tis ti cally sig nif i cant de crease in mean EDV and
an in crease in mean RI in all ves sels stud ied, most
prom i nently in the cen tral ret i nal ar ter ies.16 These re -
sults sug gest an in creased re sis tance to blood flow in
the oph thal mic and cen tral ret i nal ar ter ies of NTG pa -
tients. 

   In pa tients with NTG, pro gres sive nerve fi ber
layer dam age and loss of vi sual func tion oc cur de spite 
their nor mal intraocular pres sure. Be cause both me -
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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

Carteolol 2%
Baseline 12 week p value

Blood pressure (mmHg)
Systolic 146.6 ± 27.8 141.8 ± 21.9 0.329
Diastolic 83.5 ± 12.9 80.2 ± 9.8 0.226

Heart rates (beats/min) 69.5 ± 7.5 68.5 ± 12.2 0.797
Intraocular pressure (mmHg) 15.2 ± 1.7 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 12W p value Baseline 12W p value Baseline 12W p value

PSV(cm/s) 8.30 7.94 0.499 8.75 8.48 0.696 9.07 9.34 0.730
± 2.42 ± 2.41 ± 2.45 ± 3.10 ± 3.21 ± 3.70

EDV(cm/s) 1.54 1.62 0.781 2.28 2.44 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 ± 0.11 ± 0.14 ± 0.09

PI 1.80 1.71 0.473 1.45 1.26 0.081 1.42 1.34 0.103
± 0.72 ± 0.64 ± 0.37 ± 0.25 ± 0.56 ± 0.29

CRA = central retinal artery; LPCA = lateral posterior ciliary artery; MPCA = medial posterior ciliary artery; PSV = peak
systolic velocity; EDV = end-diastolic velocity; RI = resistance index; PI = pulsatility index.



chan i cal and vas cu lar fac tors may con trib ute to NTG,
cur rent ther a pies should be care fully eval u ated for
both hypotensive and vasorelaxant ef fects. Top i cal
beta-adrenergic an tag o nists are widely used for glau -
coma ther apy. Its vasoconstrictive ef fect was dem on -
strated as in creased vas cu lar re sis tance17,18 and re duc -
tion in the pulsatile oc u lar blood flow.19 The mech a -
nism re spon si ble for the vasoconstriction of the pe -
riph eral cir cu la tion of beta-blockers might be an un -
op posed al pha-vasoconstriction.20 Con cern ing the
eye, vasoconstriction is pre sum ably due to the block -
age of beta-receptors which have shown to ex ist in the
hu man chor oids,21 an te rior op tic nerve and op tic nerve 
head,22 and ret ina.23 Carteolol binds to both beta-1 and 
beta-2 adrenoceptor sub types and also acts as a par tial
ag o nist. Thus its par tial ag o nist ac tion on the vas cu lar
beta-2 adrenoceptors could be ex pected to de crease
vas cu lar re sis tance.

Al though top i cal carteolol might have some ef -
fects on oc u lar blood flow, there were few re ports
deal ing with the sub jects. Grunwald and Delehanty
re ported no ef fect was found on hu man ret i nal cir cu la -
tion of carteolol-treated eyes by la ser Dopp ler
velocimetry. 24 Yamazaki and Baba dem on strated a net 
in crease in the pulsatile vol ume change of the
carteolol in stilled eyes.25 Using la ser speckle micro -
circulation an a lyzer, in creased tis sue blood ve loc ity in 
the op tic nerve head was ob served in twelve healthy
vol un teers af ter a sin gle in stil la tion of 2% carteolol.26

How ever, the hemodynamic ef fect of top i cal carteolol 
with CDI was not yet re ported. 

In the pres ent study, color Dopp ler anal y sis dem -
on strates a de crease of vas cu lar re sis tance in di ces in
NTG pa tients af ter top i cal carteolol treat ment for
twelve weeks. In eval u at ing these data, we no tice a
sig nif i cant re duc tion of the re sis tance in dex in the
CRA (p = 0.030). The re duc tion was also seen in the
LPCA (p = 0.09). More over the pulsatility in dex of
the LPCA is also lower than be fore treat ment (p =
0.08). These two in dex are ap proach ing sig nif i cance.
The ten dency for carteolol to in crease EDV slightly,
while leav ing PSV un changed, re sulted in a re duced
re sis tance in dex in the CRA. Since this is a small sam -
ple study, fur ther eval u a tion for more pa tients should
be done in the fu ture.

Carteolol hy dro chlo ride is a nonselective beta-
 adrenergic an tag o nist with in trin sic sympathomimetic 
ac tiv ity (ISA). But stud ies dem on strated that timolol
re duces intraocular pres sure as much as or more than
other beta-blockers, with out al ter ing the retrobulbar
vas cu lar re sis tance in di ces.27,28 The sec ond pos si bil ity
is that carteolol ex erts ISA ef fects on blood ves sels.

The con tri bu tion of ISA to beta-blocker ther a peu -
tic po ten tial has been stud ied ex ten sively in car dio -
vas cu lar hy per ten sion.29 Beta-blockers with ISA have
shown to de crease vas cu lar re sis tance in car dio vas cu -
lar sys tem af ter acute and chronic ex po sure.7,8  Merli
et al. com pared the long-term vasoactive ef fects of
atenolol and carteolol in hu man es sen tial hy per ten -
sion.30 The re sults in di cated di la tion by carteolol and
con stric tion by atenolol of the small re sis tive ves sels
of fore arm. Be cause of ISA, carteolol acts as a par tial
ag o nist. Its par tial ag o nist ac tion on the vas cu lar
beta-2 adrenoceptors might ex plain in part its
vasodilation prop erty on pe riph eral ves sels. An other
mech a nism for the vasodilation of carteolol is me di -
ated by en do the lium func tion and the ac tion of pros ta -
glan din sys tem as shown by in vi tro stud ies on ar te rial
strips.31

In con clu sions, our re sults sug gest that twelve
weeks of 2% carteolol treat ment can de crease the vas -
cu lar re sis tance in NTG pa tients. The vasodilation ef -
fect may be due to the par tial ag o nist ac tion of ISA of
carteolol.
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