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Effect of treatment with carteolol and latanoprost in newly diagnosed primary 
open-angle glaucoma on peripapillary vessel density

Jan Lestak, Martin Fus, Sarka Pitrova

Background and Aim. In a previous follow-up of glaucoma patients taking carteolol or latanoprost, we found a greater 
progression of visual field changes with the prostaglandin than the betablocker. In the present study we compared the 
impact of carteolol and latanoprost on peripapillary vessel density in newly diagnosed primary open-angle glaucoma 
(POAG) patients. 
Methods. The study consisted of two groups of POAG patients. There were 46 patient eyes treated with carteolol 
(Carteol LP 2%) in the first group and 52 eyes treated with latanoprost (Xalatan 0.005%) in the second. Intraocular 
pressure (IOP), vessel density (VD) and visual field were assessed in all patients. VD was measured peripapillary by 
optical coherence tomography angiography (OCTA) with the Avanti RTVue XR in eight segments: Inferior Temporal – 
IT (1); Temporal Inferior –TI (2); Temporal Superior – TS (3); Superior Temporal – ST (4); Superior Nasal – SN (5); Nasal 
Superior – NS (6); Nasal Inferior – NI (7) and Inferior Nasal – IN (8). The measurements were compared before and after 
three months of treatment. The visual field was examined with a fast threshold glaucoma program using a Medmont 
M 700 instrument from Medmont International Pty Ltd. and only when a diagnosis of POAG was done. The overall 
defect (OD) was assessed.
Results. Before treatment, there was no difference between groups in either OD or VD. After treatment, there was a 
decrease in IOP in both groups. In the carteolol-treated group, the mean decrease was 5.8 mmHg and in the latanoprost-
treated eyes, the mean decrease was 7 mmHg. The difference was not statistically significant (P=0.133). After treatment 
with carteolol, there was a statistically significant increase in VD in segments 4, 5 and 6. After latanoprost treatment, 
VD was statistically significantly improved only in segment 5. A greater increase in VD values was found in eyes treated 
with carteolol than in eyes treated with latanoprost.
Conclusion. Carteolol had a better effect on vessel density than latanoprost. 
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INTRODUCTION

Glaucoma is a progressive disease in which early di-
agnosis is essential to preserve visual function. Due to 
the asymptomatic nature of glaucoma, early detection 
of the disease before its severe stages is challenging and 
the number of diagnosed glaucoma patients is lower than 
the number of undiagnosed1,2. Lowering intraocular pres-
sure (IOP) is generally considered standard treatment for 
glaucoma patients3,4. Conventional first-line treatment of 
glaucoma usually starts with the use of a topical selective 
or non-selective beta-blocker or a topical prostaglandin 
analogue5-7. Prostaglandin analogues are recommended 
as the first-line treatment for primary open-angle glau-
coma (POAG) because of their efficacy, limited systemic 
side effects and once-daily dosing8-10. Ocular carteolol is 
a nonselective beta-adrenoceptor antagonist with intrin-
sic sympathomimetic activity. Ocular carteolol effectively 
reduces intraocular pressure in patients with POAG. Like 
latanoprost, carteolol is applied once a day11. Beta block-
ers cause a reduction in aqueous humour production12. 

Latanoprost is an ester analogue of prostaglandin F2alpha 
that reduces IOP by increasing uveoscleral outflow13. 

In our previous study, we demonstrated changes in 
the vessel density peripapillary and in whole image with 
increasing IOP (ref.14). The most damaged vessels were 
located in segments 1, 4, 5, 6, 7 and 8 (ref.15,16). In another 
study, we demonstrated a statistically significant improve-
ment in VD of small and all vessels both peripapillary and 
whole image in eyes treated with carteolol. We found no 
statistically significant change with latanoprost17.

Because we compared the effect of these drugs on VD 
of all vessels and VD of small vessels peripapillary and 
whole image, we were interested in whether this difference 
in treatment would be seen in all or only some peripapil-
lary segments.

MATERIALS AND METHODS

Patients who were newly diagnosed with primary 
open-angle glaucoma (POAG) and had not been treated 
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with antiglaucomatous drugs were randomly divided into 
two groups with different medication. Inclusion criteria 
for the study: visual acuity 1.0 with possible correction 
< ±3 dioptres, no changes in visual fields in all subjects, no 
other ocular or neurological disease. No patient had nor-
mal tension glaucoma. The first group of 46 eyes (total of 
12 females and 11 males, mean age 47.3 years ±14.4) were 
treated with carteolol (Carteol LP 2%). In this group were 
included only the patients without contraindications to 
beta-blocker use. The second group of 52 eyes (13 females 

and 13 males, mean age 56.4±13.6 years) were treated 
with latanoprost (Xalatan 0.005%).

The IOP was measured non-contact with an Ocular 
Response Analyser (ORA) from Reichert Technologies 
and the resulting IOP was averaged from the three mea-
surements. VD was measured peripapillary by OCT 
(Avanti RTVue XR) in eight segments: Inferior Temporal 
– IT (1); Temporal Inferior –TI (2); Temporal Superior – 
TS (3); Superior Temporal – ST (4); Superior Nasal – SN 
(5); Nasal Superior – NS (6); Nasal Inferior – NI (7) and 
Inferior Nasal – IN (8) (Fig. 1).

The visual field was examined with a glaucoma pro-
gram (fast threshold program of 50 degrees nasally and 22 
degrees temporally) using a Medmont M 700 instrument 
from Medmont International Pty Ltd. To demonstrate 
that the glaucoma disease was approximately equally ad-
vanced, we assessed the overall defect (OD) of the visual 
field, only prior to treatment.

VD results in each segment were compared before and 
3 months after treatment. The measured values were sub-
jected to statistical processing. Since the two groups were 
different in age, statistical adjustment using multivariate 
regression models was necessary. The limit of statistical 
significance (P-value) was set at 0.05 for all statistical 
processing.

The Ethics Committee of the Ophthalmology Clinic 
of the JL FBE CTU at its meeting on 11 January 2021 
discussed the request of the Head of the Ophthalmology 
Clinic of the JL FBE CTU about the intention to deter-
mine, in patients with different values of intraocular pres-
sure, its influence on vessel densities, nerve fibre layer and 
visual field. The Commission found that this is not a clini-
cal study, and the non-contact outpatient examinations 
performed will not affect or interfere with the health of 
the patient according to the Declaration of Helsinki of the 
World Medical Association (revised version 1 September 
2000), and therefore this plan was not subject to approval 
by the Ethics Committee.

Fig. 1. Designation of each peripapillary segment in which 
RNFL and VD were evaluated. 
Inferior Temporal – IT (1); Temporal Inferior – TI (2); Temporal 
Superior – TS (3); Superior Temporal – ST (4); Superior Nasal 
– SN (5); Nasal Superior – NS (6); Nasal Inferior – NI (7) and 
Inferior Nasal – IN (8). 

Table 1. The table shows the mean VD values (%) in each segment before treatment and their differences after three months of 
treatment. 

  Mean values of peripapillary vessel density (VD) [%]
P (difference 
between both 

treatment)

Segments Carteolol treatment Latanoprost treatment

  before after difference before after difference 

1-IT 55.70 57.55 	 1.85 	 (P=0.08) 54.70 55.95 	 1.25	 (P=0.26) 0.65
2-TI 53.35 53.50 	 0.15	 (P=0.84) 52.05 51.80 	 −0.25	 (P=0.64) 0.31
3-TS 54.70 54.60 	 1.05	 (P=0.12) 54.65 54.75 	 0.10	 (P=0.92) 0.97
4-ST 54.75 55.35 	 1.95*	 (P=0.02) 53.85 54.95 	 1.10	 (P=0.25) 0.55
5-SN 48.10 50.60 	 2.50*	 (P=0.01) 45.95 47.70 	 1.70*	(P=0.02) 0.31
6-NS 48.35 49.55 	 1.25*	 (P=0.04) 46.15 47.20 	 1.05	 (P=0.16) 0.15
7-NI 45.00 46.35 	 1.25	 (P=0.12) 45.40 46.50 	 1.10	 (P=0.17) 0.81
8-IN 48.40 49.45 	 1.05	 (P=0.17) 46.07 48.25 	 1.55	 (P=0.13) 0.47

1-IT (Inferior Temporal); 2-TI (Temporal Inferior); 3-TS (Temporal Superior); 4-ST (Superior Temporal); 5-SN (Superior Nasal); 6-NS (Nasal 
Superior); 7-NI (Nasal Inferior); 8-IN (Inferior Nasal). 
Values marked with * indicate statistically significant P-values of VD change.
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Fig. 2. Vessel density values in a patient born in 1974.  

A. before treatment; B. and after carteolol. 
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Fig. 2. Vessel density values in a patient born in 1974. 
A. before treatment; B. and after carteolol.

RESULTS

The mean VD values before treatment and the dif-
ferences after three months are shown in the Table 1. 
OD of visual field before treatment was not statistically 
significant between the groups (P=0.674), confirming ap-
proximately the same equal changes of glaucoma progres-
sion in both groups. The carteolol group had a mean OD 
(2.09±1.19) and the latanoprost group (2.197±1.31).

Comparing the two groups, we also did not observe 
differences in VD in each segment before treatment. For 
carteolol, we found an increase in VD in all segments 
evaluated after treatment deployment. The statistically 
significant increase was in segments 4 (r=1.95, P=0.02), 5 
(r=2.50, P=0.01) and 6 (r=1.25, P=0.04). For latanoprost, 
the increase was in segments 1, 3, 4, 5, 6, 7 and 8. There 
was a decrease in VD in segment 2. A statistically signifi-
cant increase occurred for latanoprost only in segment 5 
(r=1.7, P=0.02). The resulting differences in VD before 

and after treatment were not statistically significant in 
individual segments when comparing the two drugs. 

DISCUSSION

Accumulating evidence suggests that abnormalities 
in the retinal microcirculation contribute to the develop-
ment of primary open-angle glaucoma18-20. However, the 
precise role of vascular abnormalities in the pathogenesis 
of glaucoma remains poorly understood21.

In our previous study, where we investigated the rela-
tionship of VD peripapillary at different IOP values, we 
found no correlation for IOP ≤ 20 mmHg. For IOP (>20 
IOP<22 mmHg) the correlation reached intermediate 
values (r=0.42–0.44). For IOP values (>22 IOP<24) it is 
also in medium correlation (r=0.48–0.53) and for values 
above 24 mmHg (r=0.56) although the correlation values 
increased it remains in the interval of medium values. 
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This indicates that pathological IOP directly affects VD 
(ref.14). Vessel density has a large influence on the changes 
in the field of the POAG. Their loss results in an increase 
in the resistance index in the central retinal artery22. The 
loss of blood vessels may also be related to a decrease in 
total oxygen extraction from the retina, leading to struc-
tural and functional damage in glaucoma23. Because beta-
blockers and prostaglandins are among the main drugs in 
monotherapy for POAG (ref.24), we enrolled just carteolol 
and latanoprost in our study.

A very interesting paper was presented by Diaz et al.25. 
who measured after experimentally elevated IOP in rats, 
capillary density, capillary volume, length of capillary per 
unit volume, surface area of capillary per unit volume and 
mean capillary diameter in the prelaminar region (PLR), 
laminar region (LR), postlaminar region (PR) and optic 
nerve in four groups. The first was a control group where 
IOP was not elevated. The second after IOP increase, the 
third after IOP increase and timolol deployment and the 

fourth after IOP increase and latanoprost deployment. 
The prelaminar region was at the level of the sclera. 

The capillary density in the PLR was less than in the 
other regions of the optic nerve. No changes were found 
in this parameter in the PLR in the experimental group 
compared with the control group. Treatment with timolol 
or latanoprost failed to modify the values compared with 
the experimental group25.

Chronic elevation of the IOP resulted in a significant 
reduction of the capillary volume in all the regions, 52% 
in the PLR, 78% in the LR, 88% in the PR, and 63% in the 
optic nerve compared with the control group (P<0.05). 
After treatment with the two drugs, the capillary volume 
rose compared with the values seen in the experimental 
group, though without reaching the control group levels25.

The length of capillary per unit volume fell signifi-
cantly in the experimental group in all the regions studied: 
73.5% in the PLR, 90% in the LR, 93.5% in the PR, and 
76% in the optic nerve compared with the control group 
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Fig. 3. Vessel density values in a patient born in 1969. 

A. before treatment; B. and after latanoprost. 
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(P<0.05). Treatment with timolol or latanoprost produced 
a significant increase in this parameter in the LR, in the 
PR, and in the optic nerve compared with the experimen-
tal group (P<0.05). However, the differences in the LR 
and the optic nerve were not significant when compared 
with the control group25.

The surface area of capillary per unit volume fell sig-
nificantly after chronic elevation of the IOP in all the 
regions studied, especially in the PR (96%). Although 
topical treatment with timolol or latanoprost returned 
the surface area of capillary per unit volume values to 
those of the control group in the initial part of the optic 
nerve, it was onefold to twofold less in all the regions of 
the ONH after the two drugs25.

The capillaries with the largest diameters were found 
in the PLR, in both the control group (8.09 ± 0.2 μm) and 
the experimental group (5.83 ± 0.2 μm). Compared with 
the control group, it was found a significant decrease in 
capillary diameter in all regions of the optic nerve in the 
experimental group (P<0.05). After treatment, the mean 
capillary diameter increased significantly, except in the 
PLR (ref.25).

When we look at these findings, we find that the great-
est vascular changes occurred in the postlaminar region 
(PR). This is consistent with the available findings that in 
glaucoma, retinal ganglion cells (mostly magnocellular) 
are the first to die26-30, then their axons located retrolami-
narly and finally prelaminarly31,32.

These findings are very important not only for the ear-
ly diagnosis of glaucoma but also for the early treatment. 
For comparison with the results of our cohort, where we 
investigated vessel density in the prelaminar region.

No changes in capillary density were observed in the 
prelaminar region in the experiment. The values of capil-
lary volume, length of capillary, surface area of capillary 
per unit volume and mean capillary diameter improved 
in the prelaminar region after treatment with latanoprost 
and timolol but did not reach the values of the control 
group25. 

Both groups of our cohort showed an improvement in 
vessel density (except for the temporal inferior segment – 
2 in latanoprost). Statistically significant improvement be-
tween groups was achieved only in patients on carteolol.

In the experimental work of Diaz et al. both angtiglau-
comatous agents were applied one hour after the elevation 
of intraocular pressure and this treatment lasted for 90 
days. We do not know the duration of glaucoma in our 
patients. Therefore, the decrease in vessel density in the 
prelaminar region in our study was also higher than in the 
work of Diaz et al.

In our previous work, where we evaluated peripapillary 
vessel density of all vessels, peripapillary vessel density 
of small vessels, vessel density of all vessels of the whole 
image and vessel density of small vessels of the whole im-
age between the carteolol and latanoprost treated groups, 
we found a statistically significant difference only in the 
carteolol group17.

From the above experimental work of Diaz et al. capil-
lary density values increased slightly after increasing the 

intraocular pressure of the prelaminar vascular region. On 
the other hand, the values of length of capillary, surface 
area of capillary per unit volume and mean capillary di-
ameter decreased after increasing IOP (ref.25).

High intraocular pressure can affect the vascular sys-
tem directly and also by increasing glutamate leakage 
throughout the visual pathway33, which has an ischemic 
effect on the surrounding vascular system34.

After prolonged duration of high IOP, damage occurs 
to the retinal ganglion cells, which are the largest (which 
are the fewest) in the periphery of the inferior temporal 
quadrant. Their fibres enter the optic nerve target in the 
inferior nasal segment – 8. Comparing this with the pres-
ent work, we can conclude that there was an improvement 
in vessel density in this segment, but this improvement 
was not statistically significant. This is probably because 
in this segment the axons of just the magnocellular gan-
glion cells are the most atrophied, and in the periphery of 
the inferior temporal quadrant of the retina there are the 
fewest magnocellular cells that are nourished by these ves-
sels. Parallel to this atrophy is a decrease in vessel density.

Other authors have also demonstrated a positive ef-
fect of medical IOP lowering on microvascular changes 
in glaucoma patients35-38. Why latanoprost did not have 
the same effect on VD as carteolol in our study may be ex-
plained by the work of Zhou et al., who demonstrated that 
prostaglandins F2alpha can induce vasoconstriction39. 
With carteolol, which also has an intrinsic sympathomi-
metic component, beta-adrenergic receptors on the small 
vessels of the optic nerve head are also blocked40. 

As mentioned in the introduction with increasing IOP, 
vessels localized in segments 1, 4, 5, 6, 7 and 8 were dam-
aged15,16. This means at the point where the optic nerve 
is entered by axons of mainly magnocellular retinal gan-
glion cells. Most of them are located in the upper nasal 
periphery, then in the lower nasal periphery. This is fol-
lowed by the superior temporal and finally the inferior 
temporal retinal periphery41. As a result of our investiga-
tion in both groups, we found that both applied antiglau-
comatous drugs had a significant effect on IOP reduction. 
However, we saw greater importance in the increase in VD 
observed with both drugs. For carteolol in all segments 
and for latanoprost in segments 1, 3, 4, 5, 6, 7 and 8. The 
increase in VD values was greater in eyes on carteolol. 
The highest increase was observed in segment 5. More 
importantly, however, we found a statistically significant 
change in carteol in segments 4, 5 and 6. In latanoprost, 
only in segment 5. If we correlate this with RNFL loss, 
the biggest changes are in segments 5 and 8, as we have 
shown in other study16.

The European Glaucoma Society’s latest 5th edition 
recommends prostaglandin analogues as the most ef-
fective drugs, and they are usually recommended as the 
first-choice treatment for HTG, also because of minimal 
systemic side effects42.

The results of our work indicate that both antiglau-
comatous drugs had a significant effect on IOP reduc-
tion. We observed a greater decrease after latanoprost, 
although the difference between carteolol and latanoprost 
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was not statistically significant. However, we see greater 
importance in the increase in VD, which was significant 
for both drugs. After treatment with carteolol, there was a 
statistically significant increase in VD values in segments 
4, 5 and 6. After latanoprost treatment, VD improved 
only in segment 5. A greater increase in VD values was 
observed in eyes treated with carteolol than in eyes with 
latanoprost. 

We have not seen similar work in the available litera-
ture and believe that this will assist ophthalmologists in 
their decision making regarding the indication of antiglau-
coma treatment.

CONCLUSION

Based on comparison of both antiglaucomatous drugs 
a better effect on vessel density of carteolol compared to 
latanoprost has been shown. 
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