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ABSTRACT
Introduction: Primary open angle glaucoma is the most common subtype of glaucoma prevalent in Asian 
FRXQWULHV��$V\PSWRPDWLF�GLVHDVH�QDWXUH�DQG�ODFN�RI�DZDUHQHVV�KDYH�FUHDWHG�GLI¿FXOWLHV�LQ�GLDJQRVLV�DQG�WUHDWPHQW��
6LJQL¿FDQW�YLVXDO�¿HOG�GHIHFWV�DUH�PRVWO\�VHHQ�LQ�FDVHV�ZLWK�HOHYDWHG�,23��2XU�VWXG\�DLPV�WR�FRUUHODWH�EHWZHHQ�
LQWUDRFXODU�SUHVVXUH�ZLWK�YLVXDO�¿HOG�SDWWHUQV�LQ�SULPDU\�RSHQ�DQJOH�JODXFRPD����

Methods: A descriptive correlational study of newly diagnosed patients with Primary Open Angle Glaucoma 
was conducted in the glaucoma clinic of Shree Birendra Hospital (SBH) from November 2021 to January 2022. 
Ethical clearance was obtained from the Institutional Review Board of the Nepalese Army Institute of Medical 
Science. Ninety-four eyes of 47 patients were taken for the study. Data collected after getting informed consent 
was transferred in an excel sheet and analyzed using SPSS version 25.

Results:� 6XSHULRU� DUFXDWH� VFRWRPD�ZDV� WKH�PRVW� FRPPRQ� YLVXDO� ¿HOG� GHIHFW� VHHQ� LQ� ��� �������� H\HV�� �7KH�
mean IOP in mild POAG was 24.29 mm Hg (range 21-30); 26.40mmHg (range 22-31) in moderate POAG and 
������PP+J��UDQJH��������LQ�VHYHUH�32$*��$�VLJQL¿FDQW�UHODWLRQ�ZDV�GHPRQVWUDWHG�EHWZHHQ�HOHYDWHG�,23�DW�
presentation and higher negative values of MD (p<0.001).

Conclusions:�7KH�VHYHULW\�RI�SULPDU\�RSHQ�DQJOH�JODXFRPD�LV�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�LQWUDRFXODU�SUHVVXUH�
in previously untreated patients.
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INTRODUCTION

Glaucoma is a common ocular condition that causes 
damage to the optic nerve resulting in vision loss and 
eventually blindness. It is the second leading cause of 
irreversible blindness after cataract. A national survey of 
Nepal done in 1981 ranked glaucoma in the third position 
for total blindness after cataract and corneal blindness.1 
It is estimated that in 2040, glaucoma will affect 111.8 
million people globally.2 Different studies show different 
SDWWHUQV� RI� YLVXDO� ¿HOG� ORVV� WKDW� DUH� SDUWO\� H[SODLQHG�
by various pathologies involved, including pressure-
dependent and pressure-independent factors. Glaucoma 
includes two entities- intraocular pressure higher 
than normal range; Primary Open Angle Glaucoma 
(POAG) and intraocular pressure within normal range; 
1RUPDO� 7HQVLRQ� *ODXFRPD� �17*��� 6LQFH� YLVXDO� ¿HOG�
loss is irreversible, early diagnosis and treatment 
prevent further damage to the ganglion cell loss. 

The major risk factor for POAG is the elevated IOP, thus 
lowering IOP by 20-30% from the baseline becomes the 
aim of glaucoma treatment.3 Standard automated white 
in white perimetry with Swedish interactive threshold 
algorithm test is most commonly used for the assessment 
RI� YLVXDO� ¿HOG� WKDW� FRUUHVSRQGV� WR� WKH� JODXFRPDWRXV�
VWUXFWXUDO�GDPDJH��9LVXDO�¿HOG�GHIHFWV� LQ�SHULPHWU\�DUH�
seen only after damage of 40% of retinal ganglion cells.4 
Careful examination and interpretation of the visual 
¿HOG�KHOS�LQ�WKH�GLDJQRVLV�RI�JODXFRPD��7KH�LUUHYHUVLEOH�
GDPDJH�WR�WKH�UHWLQDO�QHUYH�¿EHU�OD\HU�FRPSURPLVHV�WKH�
SDWLHQW�TXDOLW\�RI�OLIH�LQ�PDQ\�ZD\V�WKXV�WKH�UHVHDUFK�LV�
still ongoing emphasizing the pathogenesis of glaucoma. 

In our country, there is lack of study in regards to 
the relation between pretreatment IOP and visual 
¿HOG� ORVV�� 7KLV� VWXG\� ZDV� FRQGXFWHG� ZLWK� WKH� DLP�
RI� ¿QGLQJ� WKH� FRUUHODWLRQ� EHWZHHQ� SUHWUHDWPHQW�
,23� DQG� YLVXDO� ¿HOG� ORVV� LQ� 32$*� DW� SUHVHQWDWLRQ�

METHODS

This was a descriptive correlational study of newly 
diagnosed patients with POAG, conducted in the glaucoma 
clinic of Shree Birendra Hospital, Chhauni, Kathmandu, 
Nepal from November 2021 to January 2022. Ethical 
clearance was obtained from the Institutional Review 
Board of the Nepalese Army Institute of Medical Science 
(NAIHS). The sample size was calculated using the 
IRUPXOD��Q�� �>�=Į�=ȕ��&@�������:KHUH�IRU�VLPSOLFLW\��&�
is just a notion, whose value is, C= 0.5 * ln [(1+r)/(1-r)].  

Assuming among POAG, the correlation of IOP with 
PHDQ� GHYLDWLRQ� �U�� EH� �����:LWK� D� ���� FRQ¿GHQFH�
level and 80% power, the minimum sample size for 
the study was 85. With a 10% non-response rate, the 
total sample size is 94 eyes. Patients with secondary 
glaucoma, angle closure glaucoma, congenital or 
developmental glaucoma, media opacities obscuring 
posterior segment examination, and uncooperative 
patients were excluded from the study. Ninety-four 
eyes of 47 patients were taken for the study and these 
patients had never received medical, laser, or surgical 
treatment for glaucoma prior to the study. Thorough 
ophthalmologic examination was done including 
visual acuity, slit lamp examination, an average of 
three IOP measurements by Goldmann Applanation 
Tonometry (GAT), gonioscopy with Sussman four 
mirror goniolens and optic nerve assessment using 
����'LRSWHU�OHQV��32$*�ZDV�GH¿QHG�DV�JODXFRPDWRXV�
RSWLF�QHUYH�GDPDJH�ZLWK�FRUUHVSRQGLQJ�YLVXDO�¿HOG�
defect, at least one recorded IOP > 21 mm Hg and open 
angle on gonioscopy. At least two Humphrey Visual 
Field assessments two weeks apart were performed 
for each patient using 24-2 Swedish Interactive 
Threshold Algorithm (SITA)- standard program after 
DGHTXDWH� UHIUDFWLYH� HUURU� FRUUHFWLRQ� ZKHQ� QHHGHG��
The test was considered reliable if false positive 
and false negative results were less than 33% and 
¿[DWLRQ�ORVVHV�LV�OHVV�WKDQ������&HQWUDO�YLVXDO�¿HOG�
10-2 was performed when indicated. Glaucomatous 
YLVXDO� ¿HOG� GHIHFW� DQG� LWV� VHYHULW\� ZHUH� GLDJQRVHG�
based on Hodapp-Parrish-Anderson criteria.5

,�� *ODXFRPD�+HPL¿HOG�7HVW� �*+7�� ��2XWVLGH�
Normal Limits

II. The Corrected Pattern Standard Deviation 
(CPSD) P < 5%

III. Three contiguous, non-edge points on 
the pattern deviation plot each one of which with 
a probability of seeing in <5% and at least one 
with a probability of seeing in < 1% and all points 
was on the same side of the horizontal meridian.

6HYHULW\� RI� 32$*� ZDV� GH¿QHG� DV� PLOG��
moderate and severe in following manner.5,6

Mild POAG: vertical cup disc ratio (CDR) < 
����� RU� PLOG� YLVXDO� ¿HOG� GHIHFW� QRW� ZLWKLQ� ���� RI�
¿[DWLRQ��0HDQ�'HYLDWLRQ��0'������GE�RQ�+9)�����

Moderate POAG: vertical cup disc ratio (CDR) < 
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arcuate 15 (16%), superotemporal paracentral 
scotoma 13 (13.8%), inferonasal paracentral scotoma 
7 (7.4%), superior nasal step 7 (7.4%), inferotemporal 
paracentral scotoma 6 (6.4%), superonasal paracentral 
scotoma 5 (5.3%), inferior arcuate scotoma 4 
(4.3%) and least in inferior nasal step 2 (2.1%) 
whereas 13 (13.8%) had no scotoma (Figure 1). 

In our study 56 (59.6%) eyes had mild POAG (MD 
of < - 6 dB) with no cases having double arcuate 
scotoma whereas 1 (16.0%) eye with moderate POAG 
(MD of - 6 to – 12 dB) had 1 double arcuate scotoma 
and 23 (24.5%) eyes with severe POAG (MD of 
>-12dB) had 14 double arcuate scotoma (Figure 2).

Figure 2. Bar diagram showing percentage of the 
severity of POAG in the study population (n = 94)

�����RU�PLOG�YLVXDO�¿HOG�GHIHFW�QRW�ZLWKLQ�����RI�¿[DWLRQ��
MD between -6 db to -12 db on HVF 24-2

Severe POAG: vertical cup disc ratio (CDR) < 0.7 or 
PLOG�YLVXDO�¿HOG�GHIHFW�QRW�ZLWKLQ�����RI�¿[DWLRQ��0'�!�
-12 db on HVF 24-2

Data was collected after getting written informed 
consent from patients by using standard proforma and 
later on transferred in an excel sheet. Statistical analysis 
was performed using SPSS version 25. For comparing 
normally distributed Intra Ocular Pressure with POAG 
gradings, the ANOVA test was used, and for post 
hoc test, Bonferroni correction was done. For casual 
HIIHFW� EHWZHHQ� ,23� �8QWUHDWHG�� DQG�YLVXDO�¿HOG� �0HDQ�
deviation), simple regression analysis was performed. 
3� YDOXH� �� �����ZDV� FRQVLGHUHG� VWDWLVWLFDOO\� VLJQL¿FDQW�

RESULTS

A total of 47 patients (94 eyes) with newly diagnosed and 
previously untreated cases of POAG were included in 
the study comprising 27 (57.4%) males and 20 (42.6%) 
females with a mean (SD) age of 52.2 (9.5) years.

Superior arcuate scotoma was most common visual 
¿HOG�GHIHFW�VHHQ�LQ������������H\HV�IROORZHG�E\�GRXEOH�

Figure 1. %DU�GLDJUDP�VKRZLQJ�GLVWULEXWLRQ�RI�YLVXDO�¿HOG�GHIHFW�LQ�QHZO\�GLDJQRVHG�32$*
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52

Original ArticleOriginal Article

MJSBH Vol 21 Issue 1 Jan-Jun 2022

largest proportion of the patient worldwide. Although 
the African population is known to have the highest 
prevalence of POAG, Asians account for almost half 
of the worlds’ glaucoma population. This shows that 
race and ethnicity are associated with POAG. Thus, 
early diagnosis of POAG is possible only after careful 
examination and its correlation with the investigations. 
POAG has become a great challenge in diagnosing 
and treatment as it remains asymptomatic in the initial 
stages, and when the symptoms are seen it is usually 
in advanced stages. Medical, laser and surgical therapy 
are commonly practiced treatments to limit vision loss 
by glaucoma and enhance lifestyle in many ways.

Extensive studies have been done to show the 
correlation between IOP and glaucoma. Average IOP of 
14 - 17 mmHg has been reported in a normal population 
but this changes in different races.8 Elevated IOP, optic 
nerve changes, old age, African race, family history 
of glaucoma, and comorbidities such as hypertension, 
diabetes and thyroid disease are considered major risk 
factors for POAG.9-11 Nowadays, the concept of setting 
Target IOP is getting popular where IOP is lowered 
to a certain level for different stages of glaucoma 
using absolute cut-off values, percentage reduction 
or formulas to halt the disease progression.12,13 This 
helps to reduce further damage and better functioning 
of the damaged, malfunctioning, anatomically and 
physiologically altered ganglion cells.8 Eye treatment 
should be directed toward preserving a good visual 
IXQFWLRQ� PDLQWDLQLQJ� WKH� SDWLHQW¶V� TXDOLW\� RI� OLIH� IRU�
years. Patients with elevated IOP need special attention 
and follow-up for the treatment.

Studies of glaucoma have shown weaker correlation 
EHWZHHQ� SUHWUHDWPHQW� ,23� DQG� YLVXDO� ¿HOG� GHIHFWV�
at presentation.14,15 Our result demonstrated that 
pretreatment IOP measurement is higher in severe 
POAG compared to the mild POAG with mean IOP of 
29.70 mm Hg and 24.29 mm Hg, respectively and is 
VLJQL¿FDQW� �S�����������%XW�QR�VLJQL¿FDQW�DVVRFLDWLRQ�
was seen in a study between pretreatment IOP at 
SUHVHQWDWLRQ�DQG�YLVXDO�¿HOG�PHDQ�GHYLDWLRQ�E\�*D]]DUG�
et al.16 However, earlier studies have shown a protective 
effect of lowering IOP is associated with decreasing 
WKH�SURJUHVVLRQ�RI�YLVXDO�¿HOG�GHIHFW�17-19 Few studies 
have shown that lowering IOP is not always effective 
in glaucoma progression.20,21 

We categorized POAG as mild, moderate and 
severe based on optic nerve head changes and HVF 

Table 1. IOP and severity of POAG

Grading IOP mmHg p value
Count Mean SD Mini 

mum
Maxi 
mum

< 0.001 Mild 56 24.29 1.83 21 30
Moderate 15 26.40 2.47 22 31
Severe 23 29.70 3.47 22 36
Total 94 25.95 3.30 21 36
Bonferroni correction: Mild vs Moderate p = 0.01, Mild 
Versus Severe p < 0.001, Moderate vs Severe p < 0.001.

Figure 3. Scattergram showing simple regression analysis of 
WKH�UHODWLRQ�EHWZHHQ�,23��XQWUHDWHG��DQG�YLVXDO�¿HOG��PHDQ�

deviation)

The mean IOP was 25.95 mm Hg ranging from 
21 - 36 mmHg. The mean IOP in mild POAG 
was 24.29 mm Hg (Range 21 - 30); 26.40 mm 
Hg (Range 22 - 31) in moderate POAG and 29.70 
mm Hg (Range 22-36) in severe POAG (Table 1).

)LJXUH� �� GHPRQVWUDWHV� D� VLJQL¿FDQW� VWURQJ� QHJDWLYH�
correlation (r = - 0.74) between elevated IOP at 
presentation and values of MD (p < 0.001). In one 
unit increase in MD (in db), IOP decreases by 0.357.

Ten (17.9%) eyes with mild POAG had a common 
presentation of superotemporal paracentral scotoma, 
followed by 5 (33.3%) eyes with superior arcuate 
scotoma and 14 (60.9%) eyes with double arcuate 
scotoma in moderate and severe POAG respectively. 
None of the cases had disc hemorrhage.  

DISCUSSION

The burden of glaucoma is increasing day by day as 
studies done in Nepal show higher incidence of POAG in 
Nepalese population such as the study by Thapa et al in 
Nepal showed glaucoma prevalence of 1.9% with primary 
open angle glaucoma 1.24%; 0.39% of primary angle 
closure glaucoma and 0.15% of secondary glaucoma.7 
POAG is an IOP-dependent entity and comprises the 
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the cases with higher IOP can be correlated with the 
VLJQL¿FDQW�YLVXDO�¿HOG�GHIHFW�DQG�VKRXOG�EH� WUHDWHG�
without any delay to prevent visual disability due to 
disease progression.

Diagnosis of POAG is usually made late when gross 
YLVXDO�¿HOG�ORVV�KDV�DOUHDG\�RFFXUUHG��$V\PSWRPDWLF�
disease nature except in advanced stage, lack of 
awareness of the disease and its impact on vision are 
the major issues in the Nepalese population creating 
GLI¿FXOWLHV� LQ� WUHDWPHQW� LQ� PRVW� FDVHV�� 7KRURXJK�
eye examination, diagnostic tools and technologies 
enable us to detect disease early, which may not be 
feasible in all parts of our country. Identifying the 
possible risk factors, providing knowledge about 
glaucoma and the importance of vision in society aids 
to arrest the rate of disease progression. Reducing 
the baseline IOP by medication or by surgery is the 
mainstay of treatment for POAG. The limitation of 
our study is a single-centered study with a small 
number of populations taken for a short duration of 
time. Additionally, the central corneal thickness was 
not taken into consideration too.

CONCLUSIONS

Intraocular pressure of previously untreated patients 
LV�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�LQFUHDVHG�VHYHULW\�RI�
primary open angle glaucoma. The most common 
YLVXDO�¿HOG�GHIHFW�VHHQ�ZDV�VXSHULRU�DUFXDWH�VFRWRPD�

SDUDPHWHUV��*ODXFRPDWRXV�YLVXDO�¿HOG�GHIHFW�LV�JHQHUDOO\�
VHHQ� LQ� SHULSKHU\� EXW� FDQ� RFFXU� DV� FHQWUDO� YLVXDO� ¿HOG�
loss initially in some cases.22,23 Glaucomatous visual 
¿HOG�GHIHFW�ZDV�VHHQ�FRPPRQO\�LQ�WKH�VXSHULRU�KHPL¿HOG�
compared to the inferior, especially in the nasal step 
region.24 Our study revealed POAG is common in men 
compared to women with superior arcuate scotoma as 
WKH�PRVW� FRPPRQ�YLVXDO�¿HOG�GHIHFW��$FFRUGLQJ� WR� WKH�
severity, superotemporal paracentral scotoma, superior 
arcuate scotoma and double arcuate scotoma were the 
FRPPRQ� YLVXDO� ¿HOG� GHIHFWV� VHHQ� LQ� PLOG�� PRGHUDWH�
and severe POAG, respectively. Studies have shown 
SDUDFHQWUDO�VFRWRPD�LQ�VXSHULRU�KHPL¿HOG�DV�D�FRPPRQ�
YLVXDO� ¿HOG� GHIHFW� LQ� HDUO\� 32$*� ZKHUHDV�� VXSHULRU�
arcuate defect and double arcuate defect in moderate and 
severe stages respectively.25 Similarly, another study has 
shown paracentral scotoma and nasal step as a common 
YLVXDO�¿HOG�GHIHFW� LQ�32$*�26�6WXG\�E\�<RXVH¿�HW� DO27 
VKRZHG�SURQRXQFHG�YLVXDO�¿HOG�GHIHFW� LQ�VXSHULRU� WKDQ�
LQ�LQIHULRU�KHPL¿HOG�

Studies have also shown higher IOP with generalized 
YLVXDO� ¿HOG� GHIHFW� LQ� SULPDU\� DQJOH� FORVXUH� JODXFRPD�
than in POAG.16,28� /RFDOL]HG� SDWWHUQ� RI� YLVXDO� ¿HOG�
defect in POAG may be due to non-pressure dependent 
PHFKDQLVP�DQG�OHVVHU�,23�ÀXFWXDWLRQ29 but due to different 
pathophysiology. This reveals the fact that not only 
elevated IOP, but also the prolonged duration of raised 
IOP plays a role in the severity of glaucomatous damage.30 
Whereas, our results demonstrated pretreatment average 
IOP increases as the severity of POAG increases. Thus, 
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