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OCT ANGIOGRAPHY, VISUAL FIELD AND RNFL 
WITH VARIOUS MEDICATIONS IN HYPERTENSIVE 
GLAUCOMAS

OCT ANGIOGRAPHY, VISUAL FIELD AND RNFL WITH VARIOUS MEDICATIONS IN 
HYPERTENSIVE GLAUCOMAS
Aim: The aim of the study was to determine whether hypertensive glaucoma (HTG) with different types of treatment leads to significant damage in any 
of the evaluated parameters.
Sample and methodology: The sample, consisting of 36 HTG patients (72 eyes), was divided into three subgroups:
In the first group, patients were treated with combination therapy (latanoprost + timolol, latanoprost + dorzolamide + timolol, dorzolamide + timolol). 
The group consisted of seven women and five men, with an average age of 64 years (49-81).
In the second group, patients were treated with beta-blockers (carteolol, betaxolol, timolol). The group consisted of five women and five men, with an 
average age of 62 years (27-77).
In the third group, patients were treated with prostaglandins (latanoprost, bimatoprost). The group consisted of eleven women and three men, with an 
average age of 61 years (61-78).
Criteria for inclusion in the study were visual acuity of 1.0 with a possible correction of less than ±3 dioptres, approximately the same changes in the 
visual fields of all patients, an intraocular pressure (IOP) of less than 18 mmHg, and no other ocular or neurological disease.
The retinal nerve fibre layer (RNFL) on the optic nerve target and vessel density (VD) was measured using an Avanti RTVue XR from Optovue. We 
determined the values of VD in whole image (WI) and VD of peripapillary (PP). In both cases, we then measured all vessels (VDa) and small vessels (VDs).
The visual field was examined by means of a fast threshold glaucoma program with a Medmont M 700 instrument. In addition to the sum of 
sensitivities in apostilbs (asb) in the range of 0-22 degrees, the overall visual field defect (OD) was also evaluated. The statistical analysis was 
carried out using a multivariate regression model with adjustment for age and gender. The measured values of the third group were taken as 
baseline.
Results: In the statistical analysis, we have found differences in visual field in the combination treatment group (p = 0.0006) and differences were 
recorded for RNFL in the beta-blocker group (p = 0.04).
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INTRODUCTION

In our previous study, where we looked at vessel density 
(VD) and visual field in HTG, we demonstrated a moderate 
relationship between these parameters (r = 0,64) [6]. We 
were interested in how the VD and retinal nerve fiber layer 
(RNFL) would look in approximately equally advanced 
glaucoma patients who take various types of antiglauco-
matous medicines. This was also the aim of our study, whe-
re we tried to find out whether some drugs have a greater 

protective effect on the evaluated parameters.
In hypertensive glaucoma (HTG), the ganglion cells of 

the retina and subsequently the entire visual pathway are 
damaged, with high intraocular pressure (IOP) playing a 
cardinal role [1-4]. In an experimental study in mouse mo-
dels, Soto et al. found that retinal ganglion cell degenerati-
on in glaucoma has two separate stages. The former invol-
ves atrophy of ganglion cells and the latter damage to their 
axons. The retrolaminar degeneration of axons takes place 
before the degeneration of their intraretinal.
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Group and methodology of examinations
The group, which consisted of 36 patients with HTG (72 

eyes), was divided into three groups:
In the first group, patients were treated with a combi-

nation therapy (latanoprost+timolol, latanoprost+dorzo-
lamide+timolol, dorzolamide+timolol). The group consi-
sted of seven women and five men, with an average age 
of 64 years (49–81).

In the second group, patients were treated with beta 
blockers (carteolol, betaxolol, timolol). The group consi-
sted of five women and five men, with an average age of 
62 years (27–77).

In the third group, patients were treated with prosta-
glandins (latanoprost, bimatoprost). The group consisted 
of 11 women and three men, with a mean age of 61 years 
(61–78).

Inclusion criteria for the study were a visual acuity of 
1.0 with a possible correction of less than ±3 dioptres, 
approximately equal changes in visual fields in all pati-
ents, intraocular pressure (IOP) of less than 18 mmHg, 
and no other ocular or neurological disease. 

RNFL on the optic disc and VD were measured using 
the Avanti RTVue XR from Optovue. We investigated 
whole-image (WI) and peripapillary (PP) VD values. In 
both cases, we then measured all vessels (VDa) and small 
vessels (VDs). 

The visual field was examined with a rapid threshold 
glaucoma program using the Medmont M700. We eva-
luated the overall defect (OD) of the visual field.

Because gender and age were very unevenly dis-
tributed between the groups, statistical analysis was 
performed using a multivariate regression model with 
adjustment for age and gender. The measured values 
of group number three (no treatment) were taken as a 
control.

RESULTS

The mean values of the measured parameters of the 
untreated group were considered as reference values. 
Table 1 presents the difference of the mean values of 
the other groups (Δ diameter) by treatment type from 
the mean value of the reference group, including the 
standard deviation (SD) and statistical significance of the 
difference (p-val) of the following parameters: overall 
defect (VF OD), peripapillary vessel density of all vessels 
(PPVDa) and small vessels (PPVDs), vessel density of the 
whole image of all vessels (WI VDa) and small vessels (WI 
VDs), and nerve fibre layer thickness (RNFL). The results 
are included in Table 1.

The results showed that there are statistically significa-
nt changes in RNFL in compensated IOP, and in patients 
treated with beta-blockers (p = 0.04). The OD values of 
the visual field showed statistically significant differen-
ces in the group of patients on combination therapy (p 
= 0.006). 

DISCUSSION

Slowing disease progression and preserving quality of 
life are the main goals of HTG treatment.

Reduced quality of life may occur earlier than initially 
thought, confirming the importance of early diagnosis 
and treatment [7].

Reduction of IOP is the only proven method of glau-
coma treatment [8]. There is no doubt about the hypo-
tensive effect of available antiglaucomatous medicines 
today [9].

We confirmed the protective effect of beta-blockers 
and prostaglandins in HTG patients in a study where 

Table 1. Average results of the measured values

 
PG FK BB

mean SD Δ mean SD p-val Δ mean SD p-val

VF OD 1,74 0,53 -0,73 0,25 0,006 0,42 0,34 0,22

PPVDa [%] 64,81 2,38 -0,008 0,29 0,907 -2,05 1,13 0,11

PPVDs [%] 58,84 2,37 -2,20 1,14 0,06 -2,2 1,29 0,09

WI VDa [%] 62,14 2,12 -1,30 1,02 0,2 -1,70 1,16 0,14

WI VDs [%] 55,69 2,07 -1,22 1,00 0,23 -1,75 1,13 0,13

RNFL [um] 121,32 7,75 -6,81 3,74 0,07 -8,85 4,23 0,04

VF OD – visual field overall defect; PPVDa – peripapillary vessel density of all vessels; PPVDs – peripapillary vessel density of small vessels; WI 
VDa – vessel density of the whole image of all vessels; WI VDs – vessel density of the whole image of small vessels; RNFL – retinal nerve fiber 
layer thickness, PG – prostaglandins, FK– combination therapy, BB– beta-blocker
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we found no statistically significant effect on visual field 
changes over five years of follow-up. There was a pattern 
defect (PD) (p = 0.35) and OD (p = 0.09) for prostaglan-
dins. The PD (p.=.0.37) and OD (p.=.0.23) of beta-blockers 
were similar [10]. 

We now focus on the issue of the parameters evalua-
ted.

The visual field examination for HTG is the oldest of the 
above methods. With the introduction of static automa-
ted perimetry, the examination area was narrowed to 30 
degrees from the point of fixation [11,12]. Obviously, in 
the early stages of HTG, where the first changes occur in 
the retinal ganglion cells, we cannot even theoretically 
detect a decrease in sensitivity in the central visual field 
[13]. 

The ratio of one ganglion cell associated with one cone 
in the fovea would require so many Henle fibres that the-
se would be directed away from the foveal centre [14].

This means that when one or two ganglion cells are 
lost, both central visual acuity and sensitivity in the cen-
tral visual field are preserved. These are the reasons that 
are currently pushing visual field testing to the next pla-
ces in the order of diagnosis. However, few ophthalmolo-
gists realise that the only measured examination that is 
able to determine the condition of the entire visual ana-
lyser is the visual field examination. With the alteration of 
retinal ganglion cells, the ganglion cells of the subcortical 
and cortical visual centres are damaged. However, these 
centres are not able to examine RNFL and VD.

As mentioned in the introduction, retrolaminar dege-
neration of axons takes place before the degeneration 
of their intraretinal part [5]. We are not yet able to selec-
tively diagnose this part of the optic nerve. In relation 
to retinal cell morphology and visual field examination, 
Harwerth et al. also found that RNFL measurement is 
more sensitive in the early stages of glaucoma and visual 
field examination is more sensitive in the intermediate 
and advanced stages of HTG [15].

The relationship between RNFL loss and IOP was also 
addressed in an experiment by Tu et al. who found grea-
ter RNFL loss at higher IOP. RNFL in the superior and infe-
rior quadrants of the optic nerve target showed a greater 

decrease than the nasal and temporal quadrants [16]. 
This corresponds to the damage of retinal ganglion cells, 
which axons enter the vertical quadrants. That changes 
in the RNFL are outpacing changes in the field of view 
has been known for quite some time. This was confirmed 
by monitoring RNFL in the altitudinal halves of the retina 
with secondary altitudinal changes in the central field of 
view (0–22 degrees), where we were able to show no sta-
tistical dependence [17]. Obviously, in the range of the 
visual field examined by the glaucoma program or the 
0–30 degree program, incipient glaucomatous changes 
will not be shown. Therefore, it is still important to in-
vestigate RNFL and VD as well. OCT angiography is a rela-
tively new, non-invasive and reproducible method. Initial 
results of studies have shown high diagnostic potential 
in glaucoma [18]. 

The relationship of VD in different stages of HTG has 
been addressed by other authors. All have found that 
VD decreases with advancement of glaucoma disease 
[19–24]. The IOP value also plays a significant role in the 
VD value. By reducing IOP in young individuals with high 
IOP, Holló observed an increase in VD [25]. Conversely, 
after its increase above 20 mmHg, the density of blood 
vessels in the macula and peripapillary decreased signi-
ficantly [26].

A positive surprise of the present work was the finding 
that none of the evaluated therapies had an ischemic 
effect on VD. Another surprise is why there was no statis-
tically significant change in RNFL in patients treated with 
prostaglandins compared to the other groups. Because 
the OD of the visual field is more specific for HTG, we ex-
pected greater changes in both VD and RNFL for prosta-
glandins [10,27].

We will have to wait for an answer.

CONCLUSION

Our results showed that only RNFL changes in HTG are 
statistically significant in compensated IOP and OD in pa-
tients treated with beta-blockers and OD in patients on 
combination therapy. Other values did not show statisti-
cally significant differences.

LITERATURE

  1. 	 Morgan JE, Uchida H, Caprioli J. Retinal ganglion cell death in exper-
imental glaucoma. Br J Ophthalmol. 2000;84:303-310.

  2.	 Naskar R, Wissing M, Thanos S. Detection of Early Neuron Degenera-
tion and Accompanying Microglial Responses in the Retina of a Rat 
Model of Glaucoma. Invest Ophthalmol Vis Sci. 2002;43:2962-2968.

  3.	 Shou T, Liu J, Wang W, Zhou Y, Zhao K. Differential dendritic shrink-
age of alpha and beta retinal ganglion cells in cats with chronic glau-
coma. Invest Ophthalmol Vis Sci. 2003;44:3005-3010.

  4.	 Lestak J, Fus M: Neuroprotection in glaucoma – a review of electro-
physiologist. Exp Ther Med. 2020;19:2401-2405.

  5.	 Soto I, Oglesby E, Buckingham BP. et all. Retinal Ganglion Cells Down-
regulate Gene Expression and Lose Their Axons within the Optic 
Nerve Head in a Mouse Glaucoma Model. J. Neurosci, 2008;28:548-
561.

  6.	 Lešták J, Fůs M, Benda A, Bartošová L, Marešová K. OCT angiography 
and Doppler ultrasound in hypertension glaucoma. Cesk Slov Oftal-

mol. 2021;77:130-133.
  7.	 McKean-Cowdin R, Wang Y, Wu J, et al. Impact of visual field loss on 

health-related quality of life in glaucoma: the Los Angeles Latino Eye 
Study. Ophthalmology. 2008;115:941-948.

  8.	 Boland MV, Ervin AM, Friedman DS, et al. Comparative effectiveness 
of treatments for open-angle glaucoma: a systematic review for the 
US Preventive Services Task Force. Ann Intern Med.  2013;158:271-
279.

  9.	 Cvenkel B, Kolko M. Current Medical Therapy and Future Trends in 
the Management of Glaucoma Treatment. Journal of Ophthalmolo-
gy. 2020. Article ID 9138132. doi.org./10.1155/2020/6138132

10.	 Maresova K, Lestak J, Fus M, Weisova, Effect of prostaglandins and 
beta blockers on progression of hypertensive and normotensive 
glaucoma. Biomed Pap Med Fac Univ Palacky Olomouc Czech Re-
pub. 2020 Mar 26. doi: 10.5507/bp.2020.011

11.	 Keltner JL, Johnson ChA, Quigg JM. et al. Confirmation of Visual Field 

proLékaře.cz | 8.11.2025



CZECH AND SLOVAK OPHTHALMOLOGY 6/2021 287

Abnormalities in the Ocular Hypertension Treatment Study. Arch 
Ophthalmol. 2000;118:1187-1194.

12.	 Heijl A, Patella VM, Bengtsson B. The field analyser primer. Essen-
tial perimetry. Fourth edition. Carl Zeiss Meditec Inc. 2012. ISBN: 
0-9884795-0-8, s. 29

13.	 Lešták J, Fůs M. Vissual field assessment in hypertension glaucoma. 
Cesk Slov Oftalmol. 2021;77:20-24.

14.	 Curcio CA, Allen KA. Topography of ganglion cells in human retina. 
J Comp Neurol. 1990;300:5-25. doi: 10.1002/cne.903000103

15.	 Harwerth RS, Vilupuru AS, Rangaswamy NV, Smith EL. The relation-
ship between nerve fiber layer and perimetry measurements. Invest 
Ophthalmol Vis Sci. 2007;48:763-773. doi: 10.1167/iovs.06-0688

16.	 Tu S, Li K, Ding X, Hu D, Li K, Ge J. Relationship between intraocular 
pressure and retinal nerve fibre thickness loss in a monkey mod-
el of chronic ocular hypertension. Eye (Lond). 2019;33:1833-1841. 
doi: 10.1038/s41433-019-0484-1

17.	 Zakova M, Lestak J, Fus M, Maresova K. OCT angiography and vi-
sual field in hypertensive and normotensive glaucomas. Biomed 
Pap Med Fac Univ Palacky Olomouc Czech Repub. 2020, 164, DOI: 
10.5507/bp.2020.044

18.	 Alnawaiseh M, Lahme L, Eter N, Mardin C. Optical coherence to-
mography angiography: Value for glaucoma diagnostics. Oph-
thalmologe. 2019;116:602-609. doi: 10.1007/s00347-018-0815-
9

19.	 Mammo Z, Heisler M, Balaratnasingam C, et al. Quantitative Op-
tical Coherence Tomography Angiography of Radial Peripapillary 
Capillaries in Glaucoma, Glaucoma Suspect, and Normal Eyes. Am 
J Ophthalmol. 2016;170:41-49.

20.	 Yarmohammadi A, Zangwill LM, Diniz-Filho A, et al. Relationship 
between Optical Coherence Tomography Angiography Vessel 

Density and Severity of Visual Field Loss in Glaucoma. Ophthalmol-
ogy. 2016;123:2498-2508.

21.	 Hou H, Moghimi S, Zangwill LM, et al. Inter-eye Asymmetry of Opti-
cal Coherence Tomography Angiography Vessel Density in Bilater-
al Glaucoma, Glaucoma Suspect, and Healthy Eyes. Am J Ophthal-
mol. 2018;190:69-77.

22.	 Hollo G. Comparison of Peripapillary OCT Angiography Vessel 
Density and Retinal Nerve Fiber Layer Thickness Measurements 
for Their Ability to Detect Progression in Glaucoma. J Glaucoma. 
2018;27:302-305.

23.	 Penteado RC, Zangwill LM, Daga FB, et al. Optical Coherence 
Tomography Angiography Macular Vascular Density Measure-
ments and the Central 10-2 Visual Field in Glaucoma. J Glaucoma. 
2018;27:481-489.

24.	 Mangouritsas G, Koutropoulou N, Ragkousis A, Boutouri E, Di-
agourtas A. Peripapillary Vessel Density In Unilateral Preperimet-
ric Glaucoma. Clin Ophthalmol. 2019;13:2511-2519. doi: 10.2147/
OPTH.S224757

25.	 Holló G. Influence of Large Intraocular Pressure Reduction on 
Peripapillary OCT Vessel Density in Ocular Hypertensive and 
Glaucoma Eyes. J Glaucoma. 2017n;26(1):e7-e10. doi: 10.1097/
IJG.0000000000000527

26.	 Ma ZW, Qiu WH, Zhou DN, Yang WH, Pan XF, Chen H. Changes in 
vessel density of the patients with narrow antenior chamber af-
ter an acute intraocular pressure elevation observed by OCT an-
giography. BMC Ophthalmol. 2019 Jun 21;19(1):132. doi: 10.1186/
s12886-019-1146-6

27.	 Lestak J, Nutterova E, Bartosova L, Rozsival P. The Visual Field in 
Normal Tension and Hyper Tension Glaucoma. IJSR, 3;2014:49-51. 
ISSN No 2277-8179.

proLékaře.cz | 8.11.2025


