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A B S T R A C T

Background: Glaucoma has been established as the second leading cause of blindness as blindness due to
glaucoma is untreatable. Glaucoma screening is very important step to prevent visual loss and for screening
intraocular pressure measurement plays an important role.
Aim: The study aims to compare the Goldmann applanation tonometer with Huvitz non-contact tonometer.
Material and Methods: This was a cross-sectional study conducted for a period of 3 months March 2023
to May 2023. 200 patients were included in the study taking care of exclusion criteria. The study was
started after getting permission from the institutional ethics committee. Patients were randomly taken and
they underwent NCT and GAT. The values of both were compared and analysis was done using STATA and
SPSS software.
Findings: The study includes 200 patients who underwent GAT and NCT. The age group ranges from 21-
45 years. The IOP values showed that the mean value in the GAT group was 15.54 mmHg and that in the
NCT group was 17.255 mmHg. So, the mean value shows that the values obtained from NCT are higher
than those obtained from GAT. The mean IOP in the NCT group is 1.715 mmHg higher than that in the
GAT group. The study has a p-value of 0.001.
Conclusion: Both the above methods are frequently used for the measurement of IOP. NCT is an easy
and less time-consuming method that is used more frequently. But the study concludes that the results of
NCT are not as accurate and should be rechecked with those of GAT in cases with borderline values before
starting workup of glaucoma.
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1. Introduction

It has been determined that glaucoma is the second
most common reason for blindness.1 In India, glaucoma
ranks third among the leading causes of blindness. The
fundamental goal of treating glaucoma is to reduce
intraocular pressure (IOP), which slows or stops the disease
progression and decreases vision loss while preserving
patients’ quality of life.1–3

* Corresponding author.
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IOP is the term used to describe the pressure that
the intraocular contents exert on the coats of the eye.4

The balance between production and drainage causes the
aqueous humour to impose hydrostatic pressure on the
intraocular tissues. IOP varies across people and even
between the same person’s eyes.5 In individuals with
glaucoma, increased IOP is the only risk factor that can be
altered, hence accurate measurement is crucial for managing
the condition.6,7 In glaucoma patients, pharmaceutical
and surgical treatments aiming at lowering IOP may
successfully halt the deterioration of structural damage and
visual field loss.8 IOP measurement using tonometry is
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therefore crucial for ophthalmological evaluation. The fact
that glaucoma may advance despite IOP lowering to desired
values suggests that variables other than IOP may be crucial
in the pathophysiology of glaucoma.9

The mean IOP, as determined by pooled data from
significant epidemiologic studies, is roughly 16 mmHg;
however, these pooled data exhibit a non-Gaussian
distribution with a skew towards higher pressures,
particularly in people over the age of 40. In the past, 22
mmHg has been used to distinguish between normal and
abnormal pressures as well as to identify patients who
needed ocular hypotensive medication.10,11

There are several ways to measure IOP, including
contact methods (such as Goldmann applanation (GAT),
Schiotz Indentation, Rebound, and Dynamic Contour
Tonometry) and non-contact methods (Air puff and Pulse
air tonometry).12–15

The gold standard for measuring IOP is known as GAT,
which is based on the Imbert-Fick law16,17 which states that
the pressure inside of an infinitely thin, dry, smooth-walled,
flexible sphere is equal to the external force needed to flatten
the sphere’s surface divided by the area flattened. It is made
up of a double prism fixed to a typical slit lamp.18 Based on
how much pressure is used to appliance the region, the IOP
is measured.14,16,17

The IOP is measured by non-contact tonometry (NCT)
by blowing air into the cornea. The IOP is determined based
on how long it takes for the cornea to become flattened
by the air puff as its velocity increases.19–21 NCT is less
complicated to perform, non-invasive, does not require prior
anesthetic instillation, does not require Fluorescein staining,
and is simple to perform, all of which contribute to increased
comfort, reduced damage to the corneal surface, and a lower
risk of contamination.22 It also takes less time to complete
the procedure, with the added benefit of being useful for
children.

The purpose of this study is to check the efficacy of NCT
over GAT.

2. Materials and Methods

The study was a cross-sectional study conducted on
patients who attended Ophthalmology OPD of a tertiary
care hospital in the rural area of Panipat after taking
ethical clearance. 200 patients were randomly taken for
the study. The study was conducted for a period of 3
months from March 2023 to May 2023 in the Department
of Ophthalmology at NC Medical College and Hospital,
Israna.

2.1. Inclusion criteria

Patients above 20 years who attended Ophthalmology OPD
and had given informed consent

2.2. Exclusion criteria

1. Patients with corneal opacity/ dystrophy/
degeneration.

2. Patients with any active eye disease like
uveitis/corneal disease/infection/discharge.

3. Patients with keratoconus/ pterygium.
4. Patients who did not give informed consent.

A detailed history of all the patients above 20 years was
taken. After taking history they underwent visual acuity
testing followed by a thorough slit lamp examination. After
that, they were randomly selected for study based on
inclusion and exclusion criteria and they underwent NCT
and GAT.

NCT was done first in every patient followed by
applanation tonometry. It was finished before applanation
tonometry since contacting the cornea by applanation prism
could significantly affect NCT readings. The subjects were
made to sit with chin contacting the chin rest and front
head contacting forehead rest and IOP was estimated by the
HUVITZ NCT (HNT1 2022 made in Korea). The readings
by the HUVITZ NCT were taken three times and the
average of three readings was taken as the final value since it
has been found that HUVITZ NCT records the first reading
higher.

The applanation tonometry was done by a slit lamp-
mounted applanation tonometer on the Haag-Streit device.
The subjects were made seated over the unit seat and the
procedure was explained. Xylocaine eye drops were used
as an anesthetic followed by the instillation of Fluorescein
(1%) in the inferior fornix of the eye. The applanation prism
tip was cleaned to keep away from transmission of disease
and reading was taken by joining the inner ends of 2 mires.
The value obtained was multiplied by 10 to get the final
value.

After collecting data, the data were entered into a
Microsoft Excel spreadsheet. The mean IOP was calculated
for each instrument. Pearson’s correlation coefficient was
used to explore the correlation between the two methods of
IOP measurements. The efficacy of the Huvitz tonometer
was checked.

The study aims to compare NCT with GAT and to check
which method is more reliable.

3. Results

Table 1: Shows the distribution of patients according to sex.

Sex No. of patients
F 112
M 88

The Table 1 shows that the number of females taken in
the study were 112 and the number of males was 88.
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Table 2: Shows the distribution of patients according to age
group.

Age group No. of patients
21-25 years 38
26-30 years 39
31-35 years 24
36-40 years 42
41-45 years 57

The Table 2 that the maximum number of patients belong
to the age group 41-45 years (57) followed by the age group
36-40 years (42). The minimum patients belong to the age
group 31-35 years (24) followed by 21-25 years (38). The
patients in the age group 26-30 years were 39.

Table 3: Shows the maximum and minimum values in both
groups.

Value GAT NCT
Maximum 46 49
Minimum 10 11

It shows that the results of both groups are different.

Table 4: Shows the sum of all values in both groups and the mean
of each group.

Parameter GAT NCT
SUM 3108 3451
Mean 15.54 17.255

The Table 4 that the sum of all values in the GAT group
was 3108 and that in the NCT group was 3451. It also shows
that the mean IOP in the GAT group was 15.54 mmHg
and that in the NCT group was 17.255 mmHg. It shows a
difference of 1.715 mmHg in the GAT and NCT groups.
The NCT group shows a higher value than the GAT group.

The line graph shows that the value in the NCT group is
higher than that in the GAT group hence the results of NCT
can’t be taken as final as they vary from gold standard GAT
results.

Table 5: Showing distribution of patients according to their IOP
value done by GAT.

IOP Range No. of patients
10-19 mm Hg 186
20-29 mm Hg 10
30-39 mm Hg 1
39-49 mmHg 3

Table 5 shows the distribution of patients according to
their IOP by GAT and it was seen that maximum patients lie
within the range of 10-19 mmHg (186) which indicates that
maximum patients were having normal IOP.

Table 6 shows the distribution of patients according to
their IOP by NCT and it was seen that maximum patients

Table 6: Showing distribution of patients according to their IOP
value done by NCT.

IOP Range No. of patients
10-19 mm Hg 171
20-29 mm Hg 22
30-39 mm Hg 3
39-49 mmHg 4

lie within the range of 10-19 mmHg (171) which indicates
that maximum patients were having normal IOP but with
this technique, the number of patients lying out of normal
range is more than that in GAT group.

Table 7: Showing the difference in readings of NCT and GAT.

Difference in NCT and GAT
readings (NCT-GAT)

No. of Patients

0 25
1 81
2 63
3 23
4 4
8 1
9 1
13 1
21 1

Table 7 shows that 0 difference was present in 25 patients
that is the value on GAT and NCT was the same. 81 had a
difference of 1 in reading followed by 63 with a difference
of 2 and 23 with a difference of 3. 4 patients had a difference
of 4 among readings. Some patients were having large
differences (8,9,13,21) in readings.

Fig. 1: Showing distribution of patients according to their IOP.

Figure 1 shows that there is a significant difference in
IOP value done by both techniques. The values obtained by
NCT are higher than that in the GAT group and hence NCT
is not a reliable indicator for the diagnosis of IOP changes.
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4. Discussion

Intraocular pressure is the measurement of the magnitude
of the force exerted by aqueous humor on the anterior
surface of the eye.23 IOP plays an important role as if
more pressure is exerted on the wall it can lead to adverse
consequences. Measurement of IOP can be done by using
tonometers. IOP measurement is necessary for the diagnosis
and management of glaucoma and similar disorders. GAT
is a gold standard technique for IOP measurement.16,17 On
the other hand, NCT is an easy, non-invasive, and less time-
consuming technique that is used widely.

The present study was conducted to evaluate the
difference between IOP measurements taken by GAT and
those taken by NCT. 200 patients were included in the study.
In our study 112 were females and 88 were male. In our
study, we found that there was a difference between the
mean IOP among males and females with higher IOP in
females. Similar to our results, Waheed et al performed a
study on 100 males and 100 females with normal IOP and
found that there was a statistically significant difference
between mean IOP in females and males with that in
females being on the higher side.1 Jeelani et al also found
that out of 50 males and 50 females above the age of 40
years with normal IOP values had a difference between
the mean IOP in males and females, with higher IOP in
females.24

In the present study, we found significant differences
between the IOP measurements of GAT and NCT with
the mean IOP in the GAT group being 15.54 mmHg and
that of the NCT group being 17.255 mmHg (p-value of
0.001). Similarly, Waheed et al also found that the mean
IOP was 16.34±2.3 mmHg for NCT and 14.48±2.29 mmHg
for GAT which shows a significant difference among both
groups. Masood et al also found similar results in their
study IOP was measured by GAT and PT100 NCT and
the mean intraocular pressure was 16±3.2 mmHg for GAT,
and 16.58±2.7 mmHg for PT 100 and it showed significant
differences in results.19

As per our findings, we report that there is a significant
difference between results by GAT and NCT, and hence to
avoid error and to prevent misdiagnosis we should always
confirm NCT value with GAT.

5. Conclusion

GAT and NCT both are widely used for screening and
diagnosis of glaucoma. IOP can be measured by both
techniques but in our study, we found that IOP measured
by GAT is a more accurate and reliable source than NCT.
NCT was seen to produce inaccurate and usually higher
values. The disadvantage of GAT over NCT is that it is an
invasive procedure, takes a long duration, and requires direct
contact with the cornea, hence the chances of infections
and abrasions increase. Where as NCT is a non-invasive
quick technique. So, NCT can’t be the ideal method for

calculating IOP. In cases where IOP value with NCT is
highly raised, we must confirm them using GAT before
prescribing medication.
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