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Purpose: To estimate the range of IOP among normal individuals of different
age groups.

Material and Methods: This cross sectional descriptive study was conducted in
Department of Ophthalmology, Bahawal Victoria hospital, Bahawalpur for a
period of six months from 1* Feb 2010 to 31% July 2010. Data was collected
from 300 normal individuals. The IOP was measured with air puff tonometer and
Results were recorded on specially designed structured proforma. As the
variable was quantitative in nature simple descriptive analysis was performed to
calculate mean and range of intraocular pressure.

Results: Mean IOP was found to be 15.368 + 3.37 mm Hg giving a range of 5 to
25 mm Hg. No significant difference was found in the range of IOP between
individuals of both sexes of various age groups. It also revealed that IOP in both
eyes of the same individual was almost the same.

Conclusion: In different age groups IOP was similar. Similarly, mean I0P was
found to be same in two sexes. No difference was found in the IOP of two eyes.

uman eye is a spherical structure with

flexible and elastic walls. Maintenance of

spherical shape is essential for the optical
properties of eye. Tissue pressure of the intraocular
contents is called intraocular pressure that is main-
tained by a balance between aqueous humor
production and its outflow through the drainage
pathways!.

Intraocular pressure is found to vary depending
on the gender, the presence of Diabetes Mellitus and
refractive error in different population of the world..
IOP in children is much lower than the adults and it is
noted to increase with age?. Intraocular pressure is
known to differ in various racial groups and even
within various regions of the same country.3> IOP
varies with time of the day, changes in body posture,
and changes in eye movements®. In population based
studies the mean IOP is 16 mm Hg. Two standard
deviation of 2.5 on either side gives a range from 11 to
21 mm of Hg. There is a significant number of
population whose IOP is found to exceed normal IOP
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of 21 mm Hg on several consecutive occasions but are
without any visual damage. Similarly in few people,
glaucomatous damage is found despite very low IOP”.

So the rationale of our study is to estimate the
range of IOP in normal individuals of various age
groups of either sex presenting in our settings as this
can vary in various setups. Consequently this range of
IOP will act as a tool to early detect and to refer all the
cases outside this range to glaucoma clinic for more
complex and time consuming tests like assessment of
cup disc ratio, automated visual fields and optical
coherence tomography to complete the diagnosis and
management.

MATERIAL AND METHODS

In this cross sectional descriptive study 300
individuals (600 eyes) were included. Study subjects
were divided into three groups according to age. First
group included individuals between 25 to 40 years of
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age; second group included 41 to 60 years and third
was comprised of individuals older than 60 years.
Convenient sampling technique was employed to
carry out the study.

Individuals of either sex above 25 years of age
with normal vitals including pulse rate, respiratory
rate and blood pressure were included in the study
while following individuals were excluded from the
study.

1. Individuals with systemic disease like diabetes
mellitus, hypertension.

2. Individuals using drugs affecting IOP.

3. Individuals with history of ocular trauma or
surgery.

4. Individuals with high astigmatism that could
affect IOP measurements.

5. Individuals with conditions causing difficulty in
taking IOP like blepharospasm and lid
abnormalities.

6. Individuals with abnormal cup disc ratio on
fundus examination.

7. Individuals with visual field defects.

The healthy relatives of the patients presenting to
outpatient department and admitted in our ward were
explained the purpose of study and requested to
participate in the study. Each individual underwent a
thorough ophthalmic examination including visual
acuity, visual field analysis by Humphrey field
analyzer, slit lamp examination and dilated fundus
examination to rule out conditions affecting the 10OP.
Those who fulfilled our criteria were included in the
study. Study was approved by ethical and research
committee of our hospital. Informed consent was
taken from study subjects and their demographics like
name, age, sex were noted. Intraocular pressure of
both eyes was taken by air puff tonometer which was
Shin Nippon Non-contact tonometer NCT-10. Average
of three IOP readings with air puff tonomeret was
recorded. IOP measurement was performed during
the morning hours from 8 am to 11 am. Data was
collected on specially designed structured proforma.

Mean outcome measures include

1. Range of IOP

2. IOP according to various age groups.
3. IOP in both sexes separately.

Data were analysed using SPSS version 10. Mean
and range of intraocular pressure was calculated in
each group.

RESULTS

In our study, a total of 300 subjects (600 eyes) were
studied. Mean IOP was found to be 15.368 + 3.37 mm
Hg giving a range of 5 to 25 mm Hg. Table 1 shows
IOP in both sexes at different age groups. No
significant difference was found in the range of IOP
between individuals of both sexes of various age
groups. Similarly table 2 shows mean IOP and
standard deviation of both right and left eye of the
same individual under study. It also revealed that IOP
in both eyes of the same individual was almost same.
In Table 3 the range of IOP in different age groups is
shown which reveals that range of IOP in middle age
group is wider than younger and elder age groups.

Table 1: IOP in two sexes in different age groups

Mean IOP * Standard Deviation (n = 300)
Gender
25-40 Years 41-60 Years > 60 Years
Mal 15.063 £3.017 | 15.017 +£3.469 | 14.53 +3.341
ale
mm Hg mm Hg mm Hg
16.20 +£2.596 | 14.841 + 3.685 16.5 +4.012
Female
mm Hg mm Hg mm Hg

Table 2: Mean IOP and standard deviation in two
eyes (n = 260)

Mean IOP e Standard Deviation
Right Eye 15.336 + 3.471
Left Eye 15.4 + 3.282

Table 3: Table showing range of IOP in different age
groups (n = 300)

Age Groups Range of IOP mm Hg
25 - 40 years 9-25
41 - 60 years 5-25
Older than 60 years 7:=92
DISCUSSION

In this study of healthy individuals, mean IOP is
found to be 15.368 + 3.37 mm Hg while range of IOP is
5-25 mm Hg. In another study conducted in Pakistan®
previously mean IOP was found to be 14.3 £ 0.17 mm
Hg. Elevated IOP is a major risk factor for open angle
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glaucoma. Similarly there are several other factors that
affect IOP. One of these is relationship of increasing
age with IOP. So it is very difficult to accurately define
a level of IOP which is likely to cause glaucomatous
damage. In our study, no age related increase in IOP
was found. This finding is similar to a study,
conducted on a large number of individuals in United
States® that stated there was no evidence found of an
independent age effect on IOP.

In our study effort was made to include only
healthy subjects. All those using any kind of medicine
were excluded from the study. This excluded a large
number of older individuals from the study.
Accordingly this result may not be representative of
general older population as this study was conducted
on a limited scale. All the patients with ocular diseases
or history of ocular trauma were also excluded from
the study.

Mean value of IOP was found to be 13.6 + 2.6 mm
Hg in men and 133 + 2.6 mm Hg in women in
Japanese population’0. The IOP was found to be
decreasing with age in Japanese population. Central
corneal thickness is one of the most important factors
affecting corneal rigidity which is a major source of
error in applanation tonometry'. An extremely thick
or thin cornea can respectively cause overestimation or
underestimation of IOP'2. Since CCT and applanation
tonometeric estimates of IOP correlate positively,
monitoring of the former parameter has served as the
basis for adjusting readings pertaining to the latter,
with the consequence that many patients have had to
be reclassified’®. Study of this variable was beyond the
scope of my study. Furthermore in my study, all
measurements were taken with puff tonometer.

The variation in IOP was also studied in two sexes
and no significant difference was found as in other
studies conducted in Pakistan previously4.

IOP undergoes fluctuation with the time of the
day?® and with seasonal variation'. In our study no
diurnal variation and seasonal variation in IOP was
noted.

There is ocular hypotensive effect of pregnancy!”
and higher IOP is found in postmenopausal women
than in those who are still menstruating?®. This factor
should be considered while assessing for IOP
variations. In our study this factor was not considered
and this is our limitation.

IOP is also altered by changing the subject’s
gravity dependent body position’. So while taking
IOP values this factor should be kept in mind. Since

my study was conducted in OPD and IOP
measurements was done in sitting position in all
subjects, so bias due to this factor is eliminated.

IOP readings can be altered by many factors
including instrumental, anatomical, physiological,
examiner induced and patient induced sources of
error®. All these factors should be considered while
taking IOP readings. So far the most accurate
instrument to take IOP is Goldmann applanation
tonometer whereas in my study, all measurements
were made by puff tonometer. The readings taken
with it are found to be higher than those measured
with Goldmann applanation tonometer?! so actual
range of IOP might be lower than that found in my
study. This is another limitation of our study.

Sample size in our study was 300 normal
individuals. Sample size should be in thousands as it
is reflective of big population. Small sample size is a
limitation of our work.

Our study estimated the range of IOP in normal
individuals of various age groups of either sex
presenting in our settings. All cases having IOP
outside this range can be further examined and
investigated to rule out glaucoma.

CONCLUSION

The mean IOP in normal individuals is found to be
15.368 + 3.37 mmHg. No difference was found in two
sexes. Also insignificant relationship was found
between age and IOP. Consequently this range of IOP
will act as a tool to early detect and to refer all the
cases outside this range to glaucoma clinic for more
complex and time consuming tests like assessment of
cup disc ratio and automated visual fields to complete
the diagnosis and start early management.

Author’s Affiliation

Dr. Sarfraz Ahmad Mukhtar
Department of Ophthalmology
Bahawal Victoria Hospital
Bahawalpur

Dr. Ahmad Zeeshan Jamil
Department of Ophthalmology
Rashid Latif Medical College
Lahore

Dr. Zulfigar Ali

Department of Ophthalmology
Bahawal Victoria Hospital
Bahawalpur

131 vol. 30, No. 3, Jul — Sep, 2014

Pakistan Journal of Ophthalmology



ESTIMATION OF RANGE OF IOP IN NORMAL INDIVIDUALS BY AIR PUFF TONOMETER

REFERENCES

1.

10.

11.

Shafiq I. Influence of Central Corneal Thickness (CCT) on
Intraocular Pressure (IOP) Measured with Goldmann
Applanation Tonometer (GAT) in Normal Individuals. Pak ]
Ophthalmol. 2008; 24: 196-200.

Sihota R, Tuli D, Data T, Gupta V, Sachdeva MM.
Distribution and determinants of intraocular pressure in a
normal pediatric population. ] Pediatr Ophthalmol Strabismus.
2006; 43: 14-8.

Yazici A, Sen E, Ozdal P, Aksakal FN, Altinok A, Oncul H,
et al. Factors affecting intraocular pressure measured by
noncontact tonometer. Eur ] Ophthalmol. 2009; 19: 61-5.
Vandeviere S, Germononpre P, Renier C, Stalmans I, Zeyen
T. Influences of atmospheric pressure and temperature on
intra-ocular pressure. Invest Ophthalmol Vis Sci. 2008; 49:
5392-6.

Liu J, Roberts CJ. Influence of corneal biomechanical
properties on intraocular pressure measurement: quantitative
analysis. ] Cataract Refract Surg. 2005; 31: 146-55.

Sawada A, Yamamoto T. Posture-Induced Intraocular Pressure
Changes in Eyes with Open-Angle Glaucoma, Primary Angle
Closure with or without Glaucoma Medications, and Control
Eyes. Invest. Ophthalmol. Vis. Sci. 2012; 53: 7631-5.

Kanski JJ, Bowling B. Clinical Ophthalmology A systemic
approach: Glaucoma. 7th ed. China: Butterworth Heinemann
Elsevier; 2011: 390-504.

Qureshi IA, Xi XR, Huang YB, Lu HJ, Wu XD, Shiarkar E.
Distribution of intraocular pressure among healthy Pakistani.
Chin J Physiol. 1996; 39: 183-8.

Rochtchina E, Mitchell P, Wang II. Relationship between age
and intraocular pressure: The Blue Mountain Eye study. Clin
Experiment Ophthalmol. 2002; 30: 173-5.

Nomura H, Ando F, Niino N, Shimokata H, Miyake Y. The
relationship between age and intraocular pressure in Japanese
population: The influence of central corneal thickness. Curr
Eye Res. 2002; 24: 81-5.

Feltgen N, Leifert D, Funk J. Correlation between central
corneal thickness, applanation tonometry and direct

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

intracameral intraocular pressure readings. Br ] Ophthalmol.
2001; 85: 85-7.

Dueker DK, Singh K, Lin SC, Fechtner RD, Minckler DS,
Samples JR, Schuman JS Corneal thickness measurement in
the management of primary open angle glaucoma: a report by
the American Academy of Ophthalmology. 2007; 114: 1779-87.
Weizer J S, Stinnett SS, Herndon L W. Longitudinal changes
in central corneal thickness and their relation to glaucoma
status: and 8 year follow up study. Br ] Ophthalmol. 2006; 90:
732-6.

Hassan M, Rehman A, Munawar A, Fawad U, Bhatti N, Daud
A. Relationship between Central Corneal Thickness and
Intraocular Pressure in Selected Pakistani Population. Pak J
Ophthalmol. 2010; 26: 79-82.

Magacho L, Toscano DA, Freire G, Shetty RK, Avila MP.
Comparing the measurement of diurnal fluctuations in
intraocular pressure in the same day versus over different days
in glaucoma. Eur ] Ophthalmol. 2010; 20: 542-5.

Gardiner SK, Demirel S, Gordon MO, Kass MA. Seasonal
Changes in Visual Field Sensitivity and Intraocular Pressure in
the Ocular Hypertension Treatment Study. Ophthalmology
2013; 120: 724-730.

Ebeigbe JA, Ebeigbe PN, Ighoroje ADA. Intraocular Pressure
in Nigerian Women. Afr ] Reprod Health. 2011; 15: 20-3.
Qureshi IA. Intraocular pressure: association with menstrual
cycle, pregnancy and menopause in apparently healthy
women. Chin ] Physiol. 1995; 38: 229-34.

Selvadurai D, Hodge D, Sit AJ. Aqueous Humor Outflow
Facility by Tonography Does Not Change with Body Position.
Invest Ophthalmol Vis Sci. 2010; 51: 1453-7.

Yazici A, Sen E, Ozdal P, Aksakal FN, Altinok A, Oncul H,
Koklu G. Factors affecting intraocular pressure measured by
noncontact tonometer. Eur ] Ophthalmol. 2009; 19: 61-5.

Chou CY, Jordan CA, McGhee CN]J, Patel DV. Comparison of
Intraocular Pressure Measurement Using 4 Different
Instruments Following Penetrating Keratoplasty. Am ]
Ophthalmol. 2012; 153: 412-8.

Pakistan Journal of Ophthalmology

Vol. 30, No. 3, Jul — Sep, 2014 132


http://www.ncbi.nlm.nih.gov/pubmed?term=Dueker%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=17822980
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17822980
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=17822980
http://www.ncbi.nlm.nih.gov/pubmed?term=Fechtner%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17822980
http://www.ncbi.nlm.nih.gov/pubmed?term=Minckler%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=17822980
http://www.ncbi.nlm.nih.gov/pubmed?term=Samples%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=17822980
http://www.ncbi.nlm.nih.gov/pubmed?term=Schuman%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=17822980

