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ABSTRACT

The purpose of this study was to evaluate the location and pattern of visual field defects as
measured by Humphrey Field Analyzer (HFA 24-2) in newly diagnosed primary open angle
glaucoma (POAG) attending tertiary care hospital. This was a cross sectional, descriptive study.
One hundred and four eyes of 52 patients who fulfilled the inclusion criteria during one year
were included. They were classified as mild, moderate and severe glaucoma according to
severity. Paracentral scotoma in superotemporal and superonasal region was the most frequent
visual field defect observed in mild glaucoma. Superior arcuate defect and double arcuate defect
was commonly seen among moderate and severe stages of POAG respectively. There was a
significant association between severity of glaucoma and pattern of visual field defect (p=0.000).
The superior hemifield was affected twice more than the inferior hemifield in newly diagnosed
cases of POAG.
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INTRODUCTION

Glaucoma is the second leading cause of
blindness globally.** It is a leading cause
of preventable blindness worldwide and is
characterized by irreversible optic nerve
damage and progressive visual field (VF) loss.>
6Patients are generally asymptomatic until late
anatomical and functional damage of the optic
nerve.” HFA allows the functional evaluation
of the optic nerve and is used to diagnose,
determine the severity and monitor progression
ofthedisease.”®Visual field defects are observed
in HFA when about 40% of the retinal ganglion
fibers have been damaged. ° It does not help in
early diagnosis, since the loss of fibers of the
nerve fiber layer of the retina precedes the
appearance of visual field defects.’®!* The most
frequent initial defect is the nasal step, which
may or may not be accompanied by paracentral
scotoma.!?!® Visual field defects near fixation
have a greater impact on the level of function
compared with peripheral changes, even at an
early stage of glaucoma.!*5 It is generally taught
that initial glaucomatous VF abnormalities
frequently occur in the periphery with relative
preservation of the central field. But in some
patients the initial defect may be quite centrally
located. Therefore, the aim of this study was to
evaluate various pattern and location of visual
field defects in patients with POAG across
different severity level as no such study has
been reported in our setting.

MATERIALS AND METHODS

The study was conducted in outpatient
department (OPD) of Ophthalmology at
Nepal Medical College Teaching Hospital
(NMCTH) from January 2019 to December
2019. One hundred and four eyes of 52 cases
of POAG were studied. Sample size was taken
using the formula Finite size n=n / 1+n,/N =
4806/1+4806/50= 4806/1+96.12= 4806/97.12= 49.
This was a descriptive, cross sectional hospital-
based study.

Patients with glaucomatous optic disc changes
like vertically elongated optic cups, asymmetry
of cup disc ratio (CDR) >0.2, thinning or
notching of Neuro Retinal Rim (NNR), nerve
fibre layer defect, Intraocular pressure (IOP) >
20mmHg were included in the study. Patients
with secondary open angle glaucoma, who had
undergone glaucoma surgery and patients with
neurological diseases that could cause visual
field defect were excluded from the study.
Informed consent was taken from each patient.
Ethical clearance was taken from Nepal Medical
College- Institutional Review Committee (NMC-

IRC). All patients received an ophthalmic
examination including visual acuity, anterior
segment by slit lamp examination, intraocular

pressure measurement Dby applanation
tonometry, central  corneal  thickness
measurement by pachymetry, gonioscopy

with single mirror goniolens and evaluation
of the optic discs with +90 Diopter lens. All 52
patients were examined with Humphrey visual
field using 24-2 Swedish Interactive Threshold
Algorithm (SITA) threshold program of both
eyes. Only the reliable (fixation losses <20%,
false positives and false-negatives <33%) visual
fields were included in the study. In case of
unreliable fields, the test was repeated after
few days. Then the more reliable field was
selected for analytical purposes.

Visual fields were considered to be abnormal
according to Hodapp-Parrish-Anderson
criteria.'®

Perimetry
A. A glaucoma hemi field test (GHT) outside
normal limits

B. Pattern standard deviation (PSD) p < 5% or

C. Three adjacent non-edge points p < 5% in
the pattern deviation probability plot of
which at least one point was p < 1% and
all points were on the same side of the
horizontal meridian.

For this study, we defined POAG as mild,
moderate and severe.

Mild POAG as a vertical CDR <0.65, mild VF
defect not within 10°of fixation (Mean Deviation
(MD) better than -6dB on HFA 24-2).

Moderate POAG as a vertical CDR 0.7 to 0.85,
moderate VF defect not within 10°of fixation
(MD between -6 and -12dB on HFA 24-2).

Severe POAG as a vertical CDR >0.9, VF defect
within 10°of fixation (MD worse than -12dB on
HFA 24-2).77

Data was collected in research proforma. Data
entry and statistical analysis were done using
SPSS version 16. The chi-square test was used
to find the association between categorical
variables. P value < 0.05 was considered
significant.

RESULTS

A total of 104 eyes of 52 patients with newly
diagnosed case of POAG were evaluated in the
study. Twenty-nine (55.8%) of the cases were
male while 23 (44.2%) were female. The mean
age of study subjects was 54.75+15.62 years
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Table 1: Glaucoma parameters and associ-
ation between VF defect.

Variables Meant SD P value
Age 54.75 + 15.62 0.05
Vertical CDR 0.64 + 0.12 0.000
I0P 20.10 + 3.28 0.42
CCT 532.18 + 35.12 0.05
HFA MD -9.93 dB + 8.21 0.000
HFA PSD 5.50dB + 3.54 0.26
Test time 6.57 +1.43 0.20

(range 30-87 years). There was no significant
association between age and severity of cupping
(p=0.67) but there was significant association
between age and visual field defect (p=0.05)
(Table-1). Tibeto-Mongolian was 33 (63.5%)
while Indo-Aryan was 19 (36.5%). About 42
(80.8%) were asymptomatic and 10 (19.2%) had
headache. Among 42 asymptomatic, 23 cases

Table 2: Pattern and location of VF defect

in newly diagnosed POAG

Pattern and location of VF 0
defect N (%)
Superonasal paracentral 10 (9.6%)
scotoma

Superotemporal paracentral 0
scotoma 10.(9.6%
Inferonasal paracentral 8 (7.7%)
scotoma

Inferotemporal paracentral o
scotoma 6 (5.8%)
Superior arcuate scotoma 28 (26.9%)
Inferior arcuate scotoma 7 (6.7%)
Double arcuate scotoma 7 (6.7%)
Superior nasal step 5 (4.8%)
Central scotoma 4 (3.8%)
No scotoma 19 (18.3%)

were of mild glaucoma, 16 were moderate and 3
were severe glaucoma. Out of 10 symptomatic,
6 cases were mild and 4 were moderate
glaucoma (p=0.68).

Out of 52 patients, 32 (61.6%) had refractive
error and 20 (38.5%) had no refractive error.
Twelve (23.1%) had simple myopia, 7 (13.5%)
had simple myopic astigmatism, 3 (5.8%) had
compound myopic astigmatism, 5 (9.6%) had
simple hypermetropia, 2 (3.8%) had simple
hypermetropic astigmatism and 3 (5.8%)
had compound hypermetropic astigmatism.
There was no significant association between
refractive error and severity of cupping and VF
defect (p=0.12, p=0.56).

In this study, 15 (28.8%) were hypertensive
patients, 4 (7.7%) were diabetic, 7 (13.5%) were
both hypertensive and diabetic and 2 (3.8%)
were of chronic obstructive pulmonary disease
and 46.2% had no systemic diseases. There
was a significant association between systemic
disease and severity of cupping and VF defect
(p=0.000, p=0.005).

The mean IOP was 20.10+3.28 mmHg and
it ranged from 14-30 mmHg. The mean CCT
was 532.18 ym + 35.12 ranged from 435 to
630um. There was a significant association
between IOP and CCT (p=0.003). There was
a significant association between IOP and
severity of cupping (p=0.03) and no association
between VF defect (p=0.42). Whereas there
was significant association between CCT and
VF defect (p=0.052) and no association with
severity of cupping (p=0.73) (Table 1).

The mean cup disc ratio was 0.64:1 + 0.12,
ranged from 0.5:1 to 0.95:1. According to cup
disc ratio, mild glaucoma (CDR <0.65) was seen
in 62 (59.6%) eyes, moderate glaucoma (CDR
0.7 to 0.85) was seen in 34 (32.7%) and severe
glaucoma (CDR > 0.9) was seen in 8 (7.7%) at
the time of diagnosis. There was a significant
association between CDR and pattern of
visual field defect and HFA MD (p=0.000 and
p=0.003) respectively (Table 1). But there was
no significant association between CDR and

Table 3: Pattern of VF defect in POAG across different severity

of 1 paracentral JHECE e areuate masal Contral  No g b
glaucoma scotoma scotoma scotoma step

Mild 26 16 1 0 4 1 14 62
Moderate 8 9 6 4 1 1 5 34

Severe 0 3 0 3 0 2 0 8

Total 34 28 7 7 5 4 19 104 0.000

Significant association between severity of glaucoma and pattern of VF defect (p=0.000).
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Table 4: Association between vertical CDR and HFA MD

Severity of glaucoma MD<-6dB MD-6to-12dB MD >-12dB Total P value
Mild (CDR<0.65:1) 27 24 11 62

Moderate (CDR 0.7 to 0.85:1) 13 6 15 34 0.003
Severe (CDR> 0.9:1) 1 1 6 8

Total 41 31 32 104

Significant association between vertical CDR and HFA MD (p=0.003)
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Fig. 1: HFA showing Superonasal paracentral

scotoma Fig. 3: HFA showing Inferotemporal
paracentral scotoma
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Fig. 4: HFA showing Superior arcuate

Fig. 2: HFA showing Superotemporal scotoma
paracentral scotoma
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Fig. 5: HFA showing Inferior arcuate
scotoma

HFA GHT and HFA PSD (p=0.69 and p=0.16)
respectively.

Out of 104 eyes which were studied, 67 (64.4%)
had thinning of NNR, 21 (20.2%) had notching
and 16 (15.4%) had intact NNR. The most
common site for NNR loss was inferior rim 35
(33.7%) followed by bipolar rim 22 (21.2%),
superior rim 16 (15.4%), inferotemporal 9
(8.7%), superotemporal 3 (2.9%), temporal 2
(1.9%) and nasal 1 (1%). There was a significant
association between rim loss and stage of
glaucoma (p=0.000). Out of 16 intact NNR, 5
eyes had visual field defect on HFA and out of
67 thinning NNR, 8 had no visual field defect.
There was significant association between site
of rim loss and pattern of visual field defect and
HFA GHT (p=0.000, p=0.033) respectively. But
there was no significant association between
site of rim loss and HFA MD and HFA PSD
(p=0.38, p=0.77).

The most common pattern of visual field defect
in this study was paracentral scotoma which
was seen in 34 (32.7%) eyes. Among paracentral
both  superonasal and superotemporal
paracentral defect was seen in 10 eyes (9.6%)
each whereas inferonasal paracentral in 8
(7.7%) and inferotemporal in 6 (5.8%). Superior
arcuate scotoma in 28 (26.9%), inferior arcuate
scotoma in 7 (6.7%), double arcuate scotoma
in 7 (6.7%), Superior nasal step in 5 (4.8%),
central scotoma in 4 (3.8%) and 19 (18.3%) had
no VF defect (Table 2). In the early glaucoma,
paracentral scotoma was the most frequent
visual field defect followed by superior arcuate
defect and superior nasal step. In moderate
glaucoma, superior arcuate defect was common

Fig. 6: HFA showing double arcuate scotoma

followed by paracentral scotoma and in severe
glaucoma double arcuate and superior arcuate
scotoma was common. There was a significant
association between severity of glaucoma and
pattern of visual field defect (p=0.000) (Table-3).
Superior defect was seen in 50.9% whereas
inferior was seen in 20.2%. In this study visual
field defects showed superior defects to be
twice as common as inferior defects.

The average mean deviation (MD) of HFA was
-9.93 dB + 8.21, ranged from -32.50 to -0.39 dB.
Out of 104 eyes 41 (39.4%) had MD < -6 dB, 31
(29.8%) had between -6 to-12 dB and 32 (30.8%)
had >-12 dB. There was a significant association
between HFA MD severity and pattern of visual
field defect (p=0.000). In this study the mean
pattern standard deviation (PSD) of HFA was
5.50 dB + 3.54 ranged from 1.29 dB to 15.02 dB.
It showed no significant association between
HFA PSD and pattern of VF defect (p=0.26).

Out of 104 eyes 76 (73.1%) had outside normal
limit GHT, 15 (14.4%) had within normal GHT
and 13 (12.5%) had borderline GHT. There was
a significant association between HFA GHT and
pattern of VF defect (p=0.000).

The average test time was 6.57 + 1.43, ranged
from 4.14 to 11.48 minutes. There was no
significant association between test time and
pattern of visual field defect (p=0.20).

DISCUSSION

Glaucoma is a disease that initially affects
the peripheral vision. Often, it is difficult to
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recognize that peripheral vision is changing
during normal daily activities because
the deficits can be subtle and one eye can
compensate for the other. As the disease
progresses, more and more of the peripheral
vision is lost until eventually, in very late and
advanced disease, the central vision is also
affected. Sometimes there are patients with
glaucoma who have their central vision affected
early in the course of the disease which is
another reason that formal visual field testing
is so important. In many individuals who are
developing the disease, changes in the optic
nerve or retinal nerve fiber layer are the initial
signs of loss.’® Perimetric damage, when
present, is thought to signal that significant
structural damage has occurred.!®?22 Visual
field assessment is mandatory for the diagnosis
and management of POAG.

This study was carried out to identify the
pattern and location of visual field defect in
newly diagnosed cases of POAG. In our study
paracentral scotoma was seen in 34 (32.7%)
eyes. Among paracentral scotoma both
superonasal and superotemporal paracentral
scotoma (Fig. 1, 2) was seen in 10 eyes (9.6%)
whereas inferonasal paracentral in 8 (7.7%)
and inferotemporal paracentral scotoma (Fig.
3) was found in 6 (5.8%). Superior arcuate
scotoma (Fig. 4) in 28 (26.9%), inferior arcuate
scotoma (Fig. 5) in 7 (6.7%), double arcuate
scotoma (Fig. 6) in 7 (6.7%), superior nasal
step in 5 (4.8%), central scotoma in 4 (3.8%)
and 19 (18.3%) had no VF defect. Out of 19
who had normal VF, 14 eyes were of mild and
5 eyes were of moderate glaucoma. This may
be because of the fact that patients with early
POAG may have normal visual fields on HFA
and it has been estimated that 40% of ganglion
cells need to be damaged before a field defect
becomes apparent.

Our study results suggest that paracentral
scotoma in superotemporal and superonasal
region was the most common visual field
defect seen in early stage of POAG. Superior
arcuate defect and double arcuate defect
was commonly seen among moderate and
severe stage of POAG respectively. There was
a statistically significant association between
severity of glaucoma and pattern of VF defect
(p=0.000).

Similarly, in a study by Lichter et al?
a consecutive series of POAG patients
was evaluated to determine the earliest
glaucomatous visual field defect. Paracentral
defects and isolated nasal steps were found to
occur early in the pattern of glaucomatous field
loss. Another study conducted by Nascimento

VC et al** found that in the early POAG group,
the nasal superior step was the most frequent
visual field defect, followed by paracentral
scotoma and inferior nasal step as evaluated
by SITA strategy and the superior hemifield
comprises most of the defects. A study done by
Alipanahi et al*® showed that the most common
visual field defect was nasal and peripheral
scotoma beyond 20° of fixation at the Tabriz,
Nasal and arcuate visual field defect at Graz
patients. Using automated perimetry the
distribution of visual field loss in 40 chronic
open angle glaucoma eyes was found to be
predominantly in the nasal, supranasal and
superotemporal regions in O’Brien C and
Schwartz B study.?® Similarly, Goldberg 1%’ study
found that paracentral scotoma and nasal step
defects were the earliest visual field changes
in POAG. Lewis et al?® study found superior
arcuate scotoma and superior nasal steps were
the most common visual field defects in both
POAG and secondary glaucoma. Similar to our
study, Sharma et al* found that among the most
common causes of visual defect in glaucoma,
the most common was paracentral scotoma
(44.4%) followed by arcuate scotoma (23.4%).

The inferotemporal segment of the neuroretinal
rim is typically most susceptible to early
damage in POAG,** which explains the greater
propensity toward defects in the superior
visual field in the early stages of the disease.3"
2 In our study, the most common site for NNR
loss was inferior rim 35 (33.7%) followed by
bipolar rim 22 (21.2%), superior rim 16 (15.4%),
inferotemporal 9 (8.7%), superotemporal 3
(2.9%), temporal 2 (1.9%) and nasal 1 (1%). In
this study the superior hemifield was affected
twice more than the inferior hemifield. Superior
defect was seen in 50.9% whereas inferior was
seen in 20.2%, double arcuate was seen in 6.7%,
central in 3.8% and normal in 18.3%. Similarly,
Nicholas SP et al*® showed that superior defects
to be twice as common as inferior defects.

Schiefer et al** found that glaucomatous VFD
loss occurred more frequently in the upper
than in the lower hemifield, with a typical
retinal nerve fiber-related pattern and a
preference of the nasal step region. More than
50% of the eyes with predominantly mild to
moderate glaucomatous field loss showed
defective locations in the immediate superior
paracentral region within an eccentricity of 3°.

In a study by Han et al** found that POAG
cases had the greatest rate of central visual
field damage (52.38%), followed by acute
angle-closure glaucoma (47.6%), the central
visual field of CACG is the least suffered (22.
6%). The nasal area was the most commonly
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involved area in the early stage of glaucoma.
But in our study only 4 patients had central
field defect, among them 1 was of mild stage,
1 was of moderate and 2 were of severe stage
of glaucoma. Nasal area was not commonly
involved in our study. It was seen only in 5 eyes
(4.8%). Out of 5, 4 eyes were of mild glaucoma
that had superior nasal VF defect and 1 was of
moderate glaucoma.

The temporal wedge defect was very rare
in mild glaucoma, probably because the
medial fibers were the last to be injured and
its incidence, even in moderate and severe
glaucoma, was low. These fibers correspond
to the rhyme of the nasal quadrant of the optic
disc, some found that when compared to the
evaluation of the other regions of the disc, the
evaluation of the nasal region is less important
in detecting the glaucomatous optic nerve.’*¢In
our study also temporal wedge defect was not
seen in a single case.

In our study mild glaucoma (CDR <0.65) was
seen in 62 (59.6%) eyes, moderate glaucoma
(CDR 0.7 to 0.85) was seen in 34 (32.7%) and
severe glaucoma (CDR > 0.9) was seen in 8
(7.7%) at the time of diagnosis. There was
a significant association between CDR and
pattern of visual field defect and HFA MD

(p=0.000 and p=0.003) (Table 4) respectively.
About 80.8% were asymptomatic and
only 19.2% were symptomatic. Among 42
asymptomatic, 23 cases were of mild glaucoma,
16 were moderate and 3 were severe glaucoma.
The cases were mainly diagnosed coincidently
when they came for different purpose of eye
examination. Therefore, glaucoma awareness
among the population is needed to prevent
from blindness.

In conclusion, our study suggests that
Paracentral scotoma in superotemporal and
superonasal region was the most frequent
visual field defect observed in mild glaucoma.
Superior arcuate defect and double arcuate
defect was commonly seen among moderate
and severe stages of newly diagnosed POAG
respectively. The limitation of this study is that
our results are derived from cross sectional
study. Furthermore, longitudinal studies are
needed with large sample size to overcome the
limitation.
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