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ORIGINAL ARTICLE

VISUAL FIELD ASSESSMENT IN HYPERTENSION 
GLAUCOMA

SUMMARY
Aims: The aim of the work is to verify the necessity of full-field perimetry test in incipient glaucoma.
Material and methods: The study included group of 16 incipient hypertension glaucoma (HTG group) patients without obvious changes in visual 
field and control group of 10 patients with normal ocular findings and value 1.0 of visual acuity. In both groups, full-field perimetry test was performed 
followed by a glaucoma perimetry test (rapid threshold strategy in both cases). Evaluated parameters were pattern defect (PD) and overall defect (OD) 
using Pearson’s correlation coefficient.
Results: Strong correlation coefficient between PD (r = 0.74) and OD (r = 0.63) of both perimetry test were found in HTG group. Moderate correlation 
of PD (r = 0.54) and strong correlation of OD (r = 0.64) in control group.
Conclusion: Results of the study shows, that expected changes of peripheral visual field will be recorded first in HTG group, but opposite is true. 
Perimetry glaucoma test is for incipient glaucoma sufficient to document the course and the examination of glaucoma disease.
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INTRODUCTION

A perimetry test is most often indicated in ophthal-
mological practice in the case of glaucoma pathology. 
With regard to the fact that the finding on the optic 
nerve papilla may conceal also a further neurogenic, 
mainly compressive lesion, this examination remains 
irreplaceable in the first contact between the ophthal-
mologist and the patient.

The recommendations on the selection of the scope 
of the perimetry test up to now have not differentiated 
between hypertension (HTG) and normal tension (NTG) 
glaucoma. Approximately one third of primary open-
-angle glaucomas are constituted by NTG [1,2].

NTG is characterised by changes in the central part 
of the visual field, which are accompanied by a deeper 
decrease of sensitivity [3,4,5,6,7].

After an increase of intraocular pressure (IOP) in ex-
perimental conditions, activation of microglia and ma-
croglia takes place in the retina [8]. In addition to this 
change, direct alteration of the retinal ganglion cells 

also occurs. Before the process of apoptosis is trigge-
red, the cell defends itself against cell death by redu-
cing not only its surface, but also the dendritic tree. 
Magnocellular ganglion cells are more heavily damaged 
[9,10,11,12]. These processes take place not only on the 
level of the retina, but also of the corpus geniculatum 
laterale (CGL) [12,13,14,15].

This issue has also been focused on by Quigley et 
al., who in cadaverous glaucomatous eyes determined 
a greater loss of large retinal ganglion cells, while the 
perifoveal region remained intact [16,17]. Because the 
magnocellular ganglion cells are located in the periphe-
ry of the retina, changes should take place precisely in 
the periphery upon examination of the visual field. The 
central part of the visual field should remain intact, at 
least in the early stages. For this reason, it was the aim 
of our study to determine whether it is sufficient to exa-
mine the central part of the visual field (with glaucoma 
perimetry test) in the case of incipient hypertension 
glaucoma, or whether it is necessary to conduct a full-
-field perimetry test.
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Cohort and method of examination
The cohort included seven women with an average 

age of 53.6 years (34-70 years) and nine men with an 
average age of 65.4 years (44-77 years). All had verified 
hypertension glaucoma in the incipient stage, without 
manifest changes in the visual fields, persisting for at 
least three years. The control group comprised seven 
women with an average age of 39.7 years (26-61 years) 
and three men with an average age of 40.7 years (29-

45 years) with a normal ocular finding and visual acuity 
equal to 1.0.

In all of the subjects, we examined the visual field by 
means of a fast threshold strategy and subsequently, 
after a ten minute interval, also by a glaucoma perime-
try test on the instrument Medmont M700 (Medmont 
Pty Ltd., Victoria 3124, Austrialia). The glaucoma peri-
metry test examines in 104 points within the range of 
0 to 22 degrees temporally and 0 to 50 degrees nasally. 

Table 1. Summary data 

Glaucoma patients Control group

sex-
birth

Full-field perimetry test Glaucoma perimetry test
sex-

birth

Full-field perimetry test Glaucoma perimetry test

PD OD  
PO/LO

PD  
PO/LO

OD  
PO/LO PD OD 

PO/LO
PD 

PO/LO
OD 

PO/LO

F-1950
1.71 5.56 0.91 3.84

F-1959
3.10 3.10 3.60 2.18

1.98 5.40 2.34 3.01 2.75 3.05 2.49 2.23

F-1956
7.10 0.43 3.15 3.83

F-1963
1.96 2.22 1.99 1.68

5.46 2.98 3.61 3.34 3.15 3.36 2.30 2.08

F-1956
5.80 1.88 6.48 0.82

F-1964
3.24 2.51 3.10 3.20

3.74 3.59 3.77 2.53 2.10 3.19 2.20 2.95

F-1960
1.71 3.31 2.63 2.07

F-1970
2.03 4.13 2.10 3.29

2.01 4.06 2.19 3.57 2.46 4.67 2.20 3.80

F-1971
3.05 0.14 1.66 1.56

F-1973
2.76 3.54 1.26 2.06

2.22 3.26 1.38 2.79 2.36 3.89 1.35 2.19

F-1986
1.97 1.98 2.16 0.70

F-1982
2.35 1.52 2.72 0.81

2.11 1.67 1.92 1.18 2.69 2.65 2.35 0.70

F-1986
2.26 2.80 1.23 1.62

F-2004
2.40 3.31 1.28 1.80

1.44 3.19 1.69 2.35 2.75 2.59 1.34 1.83

M-1943
2.60 4.68 1.89 3.61

M-1975
3.34 0.85 3.11 1.54

4.08 3.99 2.12 3.36 3.22 0.97 3.79 1.38

M-1946
6.68 0.74 3.92 -0.53

M-1991
2.35 0.85 3.11 1.54

6.34 2.05 6.65 2.01 3.22 0.97 3.79 1.38

M-1946
3.21 4.37 2.92 3.77

M-1992
2.76 1.62 1.80 2.54

3.62 3.02 2.80 2.60 2.64 2.01 2.01 0.84

M-1952
4.15 2.42 2.05 4.23

4.13 5.03 2.51 4.33

M-1954
3.00 4.24 2.17 2.85

3.09 4.19 2.46 3.43

M-1955
2.07 4.42 1.79 3.84

2.07 5.04 2.34 3.01

M-1955
2.73 5.55 1.99 3.32

2.46 4.20 1.78 3.29

M-1964
2.20 3.21 1.80 1.97

1.85 2.28 2.10 1.52

M-1976
2.43 3.15 1.63 2.58

3.25 3.40 3.43 3.17
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The full-field perimetry test is within the range of 0 to 
50 degrees and contains 164 points. In each visual field 
we evaluated the pattern defect (PD) and overall defect 
(OD). Losses of fixation, false positive and false negative 
responses in all subjects were less than 10 %. The su-
mmary data is presented in table 1.  

RESULTS

By comparing the measured PD values in the glau-
coma test and the full-field test, in patients with HTG 
we determined a strong correlation (r = 0.74). A simi-
larly strong correlation was recorded in the case of OD 
values (r = 0.64). In the healthy individuals there was a 
moderate correlation of PD in both tests (r = 0.54). OD 
recorded a strong correlation (r = 0.636). Table 2.

DISCUSSION

In the incipient stages of HTG, unstable (transitional) 
and isolated changes take place in the sensitivity of the 
examined points. Due to the variability demonstrated in 
this study, the OCULAR Hypertension Treatment Study 
(OHTS) amended its protocol of the visual field for con-
firmation of abnormality. Three consecutive abnormal 
visual fields are required, in which the defect is not ar-
tephakic, incorporates the same index, and abnormality 
is in the same location. In this study the subjects were 
examined using a 30-2 test [18].

As regards the selection of the test, in the glaucoma 
perimetry test Heijl and Patella recommend the use of 
central 30 degrees in a number of 54 examined points 
(Humphrey field analyser from the company Carl Zeiss 
Meditec SRN) [19]. The authors share this opinion also in 
the next fourth edition of Essential perimetry [20].

At the beginning of this discussion, we must present a 
number of facts concerning the physiology and morpho-
logy of the retinal ganglion cells and psycho-physiologi-
cal examinations (perimeter). The number of photorecep-
tors (rods and cones) which are connected with a single 
ganglion cell form a receptive field. The retina of the eye 
contains several types of ganglion cells. The types most 
frequently presented in connection with glaucoma are 
parvocellular (P), magnocellular (M) and coniocellular (C). 

P retinal ganglion cells are characterised by:
•	 large number (1 000 000),
•	 localisation more centrally,

•	 low axonal conduction velocity,
•	 relatively small receptive field (as a result these 

cells are also responsible for central visual acuity),
•	 react to slowly flashing light stimuli,
•	 react to objects with a high spatial frequency and 

low contrast sensitivity,
•	 react to coloured stimuli,
•	 do not react to moving stimuli [21], 

M retinal ganglion cells are characterised by:
•	 small number (100 000),
•	 localisation more peripherally,
•	 high axonal conduction velocity,
•	 relatively large receptive field,
•	 react to quickly flashing light stimuli,
•	 react to objects with low spatial frequency and 

high contrast sensitivity,
•	 react to moving stimuli,
•	 do not react to coloured stimuli [21]. 

If blue colour appears in the receptive field, C retinal 
ganglion cells react [21].

Significant changes in the visual field have been lin-
ked with a loss of 25-35 % of retinal ganglion cells, in 
which primarily M cells were the first to die. However, it 
is necessary to emphasise that for the examination the 
authors used a 30-2 test (Humphrey field analyser) [22].

These cellular processes may take place independently 
of damage to the nerve fibres of the retinal ganglion cells.

It has also been demonstrated that changes in the vi-
sual fields are preceded by changes in the RNFL [23]. We 
also arrived at similar results in another study, in which 
we determined vessel density (VD) in the peripapillary re-
gion by means of optical coherence angiography (OCTA). 
We demonstrated that in the case of HTG, VD has a very 
small influence on changes in the visual fields. A similar 
situation applies also regarding the RNFL on changes in 
the visual field. However, VD has a moderately strong 
influence on changes in the RNFL [24]. In another stu-
dy, with the aid of SD-OCT RTvue-100, we compared the 
thickness of the layer of the ganglion cells complex (GCC) 
and the RNFL with the bilateral altitudinal half of the visu-
al field. In HTG we did not determine any statistically sig-
nificant correlation [25]. It is necessary to note that exa-
minations of the GCC, RNFL and VD provide information 
about the central part of the retina, and not its peripheral 
part. This was also a reason why we wanted to examine 
also the periphery of the visual field in the incipient st-
ages for this diagnostic group.

Similar conclusions were reached also by Na et al. [26]. 
Here it is also important to state that in glaucomatous 
eyes with IOP above 20 mmHg, there was a pronounced 
decrease of macular and papillary vessel density (VD) (p 
< 0.05) [27].

Following adjustment of IOP, In et al. observed a mar-
ked improvement of VD in the peripapillary region of 
patients with HTG [28].

Changes in the retinal nerve fibre layer in eyes with hi-

Table 2. Pearson’s coefficient r: 0.00-0.19 very weak, 0.20-0.39 
weak, 0.40-0.59 moderate, 0.60-0.79 strong, 0.80-1.00 very strong

PEARSON’S R

GROUP VISUAL 
FIELD

Defect

Pattern Overall

Glaucoma patients
GI/Full

0.740 0.630

Control group 0.543 0.636
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gher IOP have been known for more than thirty years. In 
an experiment on monkeys, Quigley et al. and Sommer 
et al. demonstrated that fibres of M cells atrophied more 
quickly than others, even when fibres of other cells were 
not spared [16,29].

When we examine the functions of M ganglion cells, 
we determine that they react to contrast, structure and 
movement in the receptive field. From this it is possible 
to deduce also that they are more sensitive to a perime-
try test, in which the stimuli used are movement [30], 
contrast in combination with movement [31-34] and 
quickly flashing light stimuli [34-36].

Unfortunately, these technologies are not ordinarily 
used for examination of the visual field.

As stated in the introduction, following an increase 
of IOP in experimental conditions, an alteration of the 
main magnocellular retinal ganglion cells occurs. We 

verified this conclusion also in a healthy individual, in 
whom we demonstrated, by means of electrophysiolo-
gical measurement, that following an increase of IOP to 
40 mmHg a blockade of transmission of electrical chan-
ges of voltage takes place precisely on the level of the 
retinal ganglion cells. Ganglion cells reacted similarly in 
another patient with HTG, in whom we determined a 
decrease of amplitude N50-N95 in both eyes following 
the discontinuation of antiglaucomatous drugs [37].

CONCLUSION 

The results of our study did not demonstrate the signi-
ficance of a full-field perimetry test in cases of incipient 
glaucoma. However, this does not mean that we shall be-
gin to treat HTG only after the first changes have appea-
red in the visual field. It is important to examine the RNFL 
and also VD, which anticipate perimetric changes.
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