
Introduction 

Glaucoma is a multifactorial disease 
characterized by a loss of retinal ganglion cells 
that leads to typical damage of the optic nerve 
and visual field. Although intraocular pressure 
is considered the main risk factor for the 
development of glaucoma and the only 
parameter subject to treatment but glaucoma 
continues to progress despite lowering patient’s 
intraocular pressure to targeted level.1 The 
number of people with primary glaucoma in 
the world by the year 2000 is estimated at 
nearly 66.8 million, with 6.7 million suffering 
from bilateral blindness.2, 3 Glaucoma blindness 
ranking only second to cataract (19.3 million) as 
a cause of blindness worldwide.4 Approxi-
mately 70% of glaucoma is found in developing 
countries and estimated that two-thirds of those 
blind are cases of primary open angle glau-
coma.5 Primary open angle glaucoma is more 
common than PACG in Indo-Aryan.6 It is 
estimated that there are approximately 586000 
people of 40 years and older with definite or 
probable glaucoma in Bangladesh.7 The intra-
ocular pressure refers to the pressure exerted 
by intraocular contents on the coats of the 
eyeball. The normal level of intraocular 
pressure is essentially maintained by a dynamic 
equilibrium between the aqueous humor 

formation, aqueous humor outflow and 
episcleral venous pressure. Perfusion pressure 
is the difference between arterial and venous 
pressure. In the eye, venous pressure is equal to 
or slightly higher than intraocular pressure.8 
Ocular perfusion pressure can be further 
broken down into diastolic perfusion pressure 
(diastolic blood pressure minus intraocular 
pressure) and systolic perfusion pressure 
(systolic blood pressure minus intraocular 
pressure). Hence, ocular perfusion pressure can 
be decreased by raising the intraocular pressure 
or reducing blood pressure. Poor perfusion of 
tissues can occur in the context of either hyper-
tension or hypotension. Hypertension works by 
increasing peripheral vascular resistance in 
small vessels, while hypotension works by 
producing insufficient perfusion pressure of the 
optic disc. Treatment or overtreatment of 
systemic hypertension may cause a marked 
decrease in systemic blood pressure this, in 
turn, causes decrease in systolic and diastolic 
perfusion pressure leading to chronic decrease 
of ocular blood flow, ultimately loss of retinal 
ganglion cells.9  Blood flow in any tissue is 
generated by the perfusion pressure that is 
defined as the difference between mean arterial 
blood pressure and venous pressure.10 In the 
resting position, mean arterial blood pressure is 
calculated as: MAP = DBP + 1/3(SBP-DBP). 
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It is established that the venous pressure should be 
marginally higher than the intraocular pressure, to 
allow for adequate blood circulation.10, 11 To calcu-
late the mean ocular perfusion pressure, intraocular 
pressure is substituted for venous pressure. So, the 
mean ocular perfusion pressure in the eye is equal 
to the difference between the 2/3 of mean arterial 
blood pressure and intraocular pressure.12  

Diurnal variation of intraocular pressure is well 
documented and it has been demonstrated that the 
range of intraocular pressure variation is larger in 
persons with primary open angle glaucoma than 
normal.13, 14 The perfusion pressure changes during 
the day, but the tissue blood flow should remain 
stable to maintain adequate metabolic activity.15 The 
higher the intraocular pressure, the larger the range 
of diurnal variation and that diurnal variation in 
intraocular pressure is not an independent risk 
factor for the development of glaucoma. However, 
mean intraocular pressure was found to be a strong 
risk factor.16 There are very few studies regarding 
the effect of mean ocular perfusion pressure and its 
role as a risk factor for primary open angle glau-
coma.17 

Materials and Methods 

This study was carried out from January 2011 to 
June 2012. Considering the inclusion and exclusion 
criteria, 60 study subjects were selected of which 30 
were newly diagnosed untreated primary open 
angle glaucoma (Group A) and 30 were age and sex
-matched healthy volunteers (Group B). Inclusion 
criteria for case individuals were a) Patients having
primary open angle glaucoma only without any
other ocular pathology; b) Age -35 years and above;
c) Patients from both sexes; d) Intraocular pressure
more than 21 mm Hg, recorded in any time; and e)
Newly diagnosed patients as primary open angle
glaucoma but not started treatment. The inclusion 
criteria for control individuals were a) Age and sex- 

matched (with the case group); b) No history of 
ocular diseases affecting intraocular pressure; c) No 
history of ocular surgery; d) No family history of 
primary open angle glaucoma; and e) At present 
free from any eye disease. 

The detailed history was taken from all the selected 
study subjects, which then underwent a detailed 
clinical examination. Demographic and clinical data 
of the study population were noted in a 
predesigned datasheet. Intraocular pressure was 
measured with Goldmann applanation tonometer 
(Haag-Streit, Germany), 3 hourly, from 8:00 am to 
11:00 pm of admitted study subjects under admission. 
To ensure the quality of data of every study subject 
was crosschecked by the supervisors. The resting 
blood pressure was also recorded at the same time, in 
the left arm. The measured blood pressure and 
intraocular pressure were recorded in the data sheet. 
From systolic blood pressure, diastolic blood pressure, 
intraocular pressure, ocular perfusion pressure were 
calculated in both the case and control groups. The 
mean ocular perfusion pressure of untreated 
primary open angle glaucoma was compared with 
those of the control group by appropriate statistical 
analysis.  

Blood flow in any tissue is generated by the 
perfusion pressure that is defined as the difference 
between mean arterial blood pressure and venous 
pressure.10  

It is established that the venous pressure should be 
marginally higher than the intraocular pressure, to 
allow for adequate blood circulation.10, 11 To calcu-
late the mean ocular perfusion pressure, intraocular 
pressure is substituted for venous pressure. So, the 
mean ocular perfusion pressure in the eye is equal 
to the difference between the 2/3 of MAP and 
intraocular pressure.12 

Results 

Table I shows the mean age and the number gender 
variation were similar.  

The mean intraocular pressure and ocular perfusion 
pressure in both eyes of untreated primary open 
angle glaucoma were higher than the normal 
control (Table II). Both the parameters were not 
changed significantly at different time of the day. 

Both systolic and diastolic blood pressure in both 
groups were within normal range (data not shown). 

Table III shows the odds ratio for right eye was 6.6 
(95% CI, 2.1-20.5, p=0.002) and for left eye was 5.7 
(95% CI, 1.8-17.5, p=0.004) when cut off value of 
mean ocular perfusion pressure was 46 mm Hg. The 
right eye of untreated primary open angle glaucoma 
had 6.6 times more risk compared to the control 
group. It was statistically significant (p=0.002). The 
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Table I 

Age and sex distribution of study subjects 

Group A  
(n = 30) 

Group B  
(n = 30) 

p value  

No. No. 

Age (in years) 

35-44 3 3 0.983 

45-54 9 8 

55-64 6 7 

65-74 9 10 

75 and above 3 2 

Mean age ± SD 59.2 ± 2.2 58.9 ± 2.0 

Sex 

Male 26 26 0.647 
Female 4 4 



 

left eye of untreated primary open angle glaucoma 
had 5.7 times more risk compared to the control 
group. It was statistically significant (p=0.004). 

The odds ratio for right eye was 6.6 (95% CI, 2.1-
20.5, p=0.002) and for left eye was 5.2 (95% CI, 1.7-
16.5, p=0.007) when the cut off value of mean ocular 
perfusion pressure was assumed 48 mm Hg. The 
right eye of untreated primary open angle glaucoma 
had 6.6 times more risk compared to the control 
group. It was statistically significant (p=0.002). 

The left eye of untreated primary open angle 
glaucoma had 5.2 times more risk compared to the 
control group. It was statistically significant 
(p=0.007). 

Discussion 

It has already been established that measurement of 
blood pressure in a single session may give the 

potential variability of blood pressure and the 
impact of "white coat syndrome" having a single 
elevated blood pressure reading may not represent 
the status of true blood pressure.18 Diurnal variation 
of intraocular pressure is an well-known pheno-
menon in primary open angle glaucoma, single 
measurement of intraocular pressure may have 
been subject to measurement error.19 In this study, 
instead of a single time point measurement we 
measure blood pressure, intraocular pressure and 
calculated mean ocular perfusion pressure, 3 
hourly, from 8:00 am to 11:00 pm. The value of 
single time-point measurement of perfusion 
pressure in clinical settings is uncertain.20 During 
this study, we found the different presentation in 
both eyes regarding BCVA, C:D, NRR and 
intraocular pressure. Intraocular pressure is an 
important determinant of mean ocular perfusion 
pressure, so we wanted to explore logically the 
asymmetric presentation of both eyes in most of the 
cases and we focused on mean ocular perfusion 
pressure for the individual eye in every point of 
time.  

Mean intraocular pressure of left eye was found 
highest at 11:00 am and lowest at 11:00 pm in Group
-A. Highest mean intraocular pressure at 8:00 am
and lowest mean intraocular pressure at 11:00 pm in 
Group-B. The differences between the two groups 
were statistically significant (p=0.001). The mean 
intraocular pressure of right eye was found highest 
at 11:00 am and lowest at 11:00 pm in Group A.
Highest mean intraocular pressure at 8:00 am and
lowest mean intraocular pressure at 2:00 pm in 
Group B. The differences between the two groups 
were statistically significant.

In this study, we found the lowest mean ocular 
perfusion pressure 40.3 ± 5.9 mm Hg at 2:00 pm in 
Group A and 48.6 ± 4.0 mm Hg at 5:00 pm in Group 
B, in left eye. We found the lowest mean ocular 
perfusion pressure 39.9 ± 7.5 mm Hg at 2:00 pm in 
Group A and 47.6 ± 7.7 mm Hg at 2:00 pm in Group 
B of right eye. The differences between the two 
groups were statistically significant (p<0.001).  

The longitudinal perspective, Beaver Dam Eye 
Study found an association between low perfusion 
pressure and open angle glaucoma.21 Low perfusion 
pressure is more relevant to the development of 
primary open angle glaucoma than low blood 
pressure, as low pulse pressure may more closely 
reflect the level of blood flow to the optic nerve 
head.19  

The odds ratio for right eye was 6.6 (95% CI, 2.1-
20.5, p=0.002) and for left eye was 5.7 (95% CI, 1.8-
17.5, p=0.004), when cut off value of mean ocular 
perfusion pressure was 46 mm Hg.18 The right eye 
of untreated primary open angle glaucoma in 
Group A had 6.6 times more risk compared to 
control group in Group B. The difference was 
statistically significant (p=0.002).  

Table II 

Mean intraocular pressure of both eyes 

Time Left eye Right eye 

Group A 
(n = 30) 

Group B 
(n = 30) 

Group A 
(n = 30) 

Group B 
(n = 30) 

Mean intraocular pressure 

8.00 am 19.7 ± 6.2 12.8 ± 2.4 20.0 ± 6.0 12.8 ± 2.2 

11.00 am 19.7 ± 5.1 12.4 ± 2.2 20.3 ± 4.5 12.5  ± 2.2 

2.00 pm 18.1 ± 4.9 11.8 ± 2.1 18.7 ± 4.9 11.8  ± 2.0 

5.00 pm 17.9 ± 4.4 12.1 ± 2.1 18.5 ± 4.5 12.2  ± 1.9 

8.00 pm 17.2 ± 4.1 12.3 ± 2.1 18.1 ± 4.9 12.5  ± 1.9 

11.00 pm 16.0 ± 3.7 11.7 ± 1.8 16.6 ± 4.4 12.0  ± 1.9 

Mean ocular perfusion pressure 

8.00 am 43.1 ± 6.9 50.5 ± 4.0 43.2 ± 8.2 50.5 ± 3.9 

11.00 am 42.6 ± 6.0 50.3 ± 4.1 42.0 ± 7.3 50.3 ± 3.8 

2.00 pm 40.3 ± 5.9 49.0 ± 4.1 39.9 ± 7.5 47.6 ± 7.7 

5.00 pm 41.1 ± 5.3 48.6 ± 4.0 41.0 ± 7.2 48.6  ± 3.9 

8.00 pm 42.9 ± 5.5 50.7 ± 4.2 42.3 ± 7.5 50.6 ± 3.8 

11.00 pm 42.7 ± 5.6 51.0 ± 3.4 43.0 ± 6.1 50.7  ± 3.4 

Data are mean ± SD (mmHg) 

Table III 

Odds ratio of untreated primary open angle glaucoma study 
subjects for ocular perfusion pressure of both eyes in both groups  

Measurement  Cut off value 46 mmHg  Cut off value 48 mmHg, 
assumed 

Odds 
ratio 

95% CI p 
value  

Odds 
ratio 

95% CI p 
value  

Mean ocular perfusion 
pressure, right eye 

6.6 2.1-20.5 0.002 6.6 2.1-20.5 0.002 

Mean ocular perfusion 
pressure, left eye 

5.7 1.8-17.5 0.004 5.2 1.7-16.5 0.007 
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The left eye of untreated primary open angle 
glaucoma in Group A had 5.7 times more risk 
compared to control group (Group B). The differen-
ce was statistically significant.  

When we assumed the cut off value of mean ocular 
perfusion pressure, 48 mm Hg, then the odds ratio 
for right eye was 6.6 (95% CI, 2.1-20.5, p=0.002) and 
for left eye was 5.2 (95% CI, 1.7-16.5, p=0.007). The 
left eye of untreated primary open angle glaucoma 
in Group A had 5.2 times more risk compared to 
control group (Group B). The difference was statis-
tically significant.  

The decrease in diurnal mean ocular perfusion 
pressure was found to be significantly larger in 
patients with untreated primary open angle glau-
coma than in normal subjects.22 

Mean ocular perfusion pressure distinguished 
patients with untreated primary open angle 
glaucoma from normal subjects. The assessment of 
mean ocular perfusion pressure may be a useful 
clinical tool for the evaluation of early primary open 
angle glaucoma. We found postprandial significant 
reduction of mean ocular perfusion pressure in both 
eyes in untreated primary open angle glaucoma in 
Group A, which should be considered when evalua-
ting ocular perfusion. The mean ocular perfusion 
pressure was at its lowest in untreated primary 
open angle glaucoma at 2:00 pm and intraocular 
pressure was at its highest at 11:00 am. In another 
study, it was found postprandial systemic 
hypotension but not regarding the mean ocular 
perfusion pressure.23 In this study, it was found that 
lowest mean ocular perfusion pressure in primary 
open angle glaucoma at 2:00 pm was not due to 
intraocular pressure, it was most probably due to 
diastolic blood pressure. The effect of periods of 
reduced ocular perfusion pressure on optic nerve 
head blood flow remains to be answered. 
Decreasing the mean ocular perfusion pressure 
from 48 to 46 mm Hg, there is increased risk of 
primary open angle glaucoma from 5.2 to 5.7 in the 
left eyes, but the risk of right eyes remained higher 
as 6.6. 

Conclusion 

The findings of this study revealed evidence of a 
vascular mechanism in glaucoma pathogenesis: 
Reduction of mean ocular perfusion pressure ≤48 
mm Hg, may lead to daily repetitive ischemic insult 
to the optic nerve. This study suggests that the 
mean ocular perfusion pressure should be consi-
dered when evaluating primary open angle glau-
coma.  

Ethical Issue 

The study protocol was approved by the Institutional 

Review Board. The objectives of the study along with 
risk and benefits were fully explained to the study 
subjects and informed written consent was taken from 
all. The ethical principles of the Helsinki Declaration 
were followed. 
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