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Objective: To assess whether the non-contact air-puff tonometer (NCT) is an appropriate
alternative to the Goldmann applanation tonometer (GAT) for measuring intraocular pressure
I0P).

Patients and Methods: An observational, cross-sectional, and comparative study with
a quantitative approach was carried out. Two techniques for IOP measurements using the
standard GAT and the NCT were compared. A total of 180 eyes from 90 patients were
included in the study.

Results: The total mean IOP according to NCT measurements was 14.12 mmHg, and the
total mean IOP according to the GAT was 12.98 mmHg; these values were significantly
different (p=0.0018). When dividing the participants into three groups according to the
measurement range obtained and comparing the mean NCT and GAT measurements in
each group, in Group 1 (10-15 mmHg), no statistically significant difference was found
between the means of the two tonometers (p=0.3100), a difference was observed between
Group 2 (16-19 mmHg) and Group 3 (20 mmHg or more) (p<0.001). When dividing the
participants by age group, the means obtained by the two tonometers also differed signifi-
cantly between Group 4 (40-59 years) and Group 5 (60 years or more) (p<0.0001). In all
groups, the mean measurements by the NCT were higher than those by the GAT.
Conclusion: The NCT presented an approximate mean of the measures with the GAT in
group 1 but was overestimated in the measurements of the groups 2 and 3.

Keywords: ocular tonometry, glaucoma, ocular hypertension, intraocular pressure,
efficiency

Plain Language Summary

Glaucoma is one of the major causes of blindness in the world even though, in most cases, it
is a controllable desease. One method of detecting the disease is measuring high intraocular
pressure using tonometers, one of the manifestations of glaucoma, although there are others,
also important, such as changes in the visual field and optic nerve. Some tonometers directly
contact the eyes, requiring instillation of anaesthetic eye drops and fluorescein for their use,
while others do not contact the eyes and are easier to use but are less accurate. The ease of
obtaining intraocular pressure measurements using non-contact air-puff tonometers for the
early diagnosis of glaucoma motivates studies on how these devices perform relative to the
standard measuring instrument—the Goldmann tonometer. The non-contact tonometer over-
estimates the measurement at higher pressures, does not replace the Goldmann tonometer,
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but can be used for screening due to its easier use when com-

pared to the Goldmann tonometer.

Introduction

The decision to treat glaucoma is directly influenced by
intraocular pressure (IOP) measurements, emphasizing the
need to obtain accurate measurements. Decisions based on
false-positive or false-negative diagnoses of glaucoma can
have severe consequences because the damage caused to
the optic nerve is irreversible.'® 12) On the other hand,
unnecessary exposure to potentially harmful medications
can generate inappropriate anxiety and waste resources,
rendering the discussion about the modalities of medical
equipment that best support the diagnosis of glaucoma
very timely.

IOP is the hydrostatic pressure exerted by the aqueous
humour in the intraocular tissues as a result of the balance
between production and drainage. IOP varies between
individuals and between the eyes of the same individual.
The mean IOP in adult populations is estimated to be
between 15 mmHg and 16 mmHg, with a standard devia-
tion (SD) of 2.5 mmHg to 2.8 mmHg?; however, values
below 21 mmHg are considered normal.'® ** JOP mea-
surement is part of the basic ophthalmological evaluation
since ocular hypertension is the main risk factor for the
onset and development of glaucoma, which is the only
modifiable risk factor.*® 294®- 20 T gwering IOP is
a proven method to delay or stop the progression of
glaucoma and thereby reduce visual loss, thus preserving
patients’ quality of life.’

The slit lamp-mounted Goldmann applanation ton-
ometer (GAT) is the most commonly used instrument to
measure IOP and is currently considered the reference
instrument, ie, the most accurate and recommended stan-
dard to which all other tonometers are compared.'® ¥
However, it should be noted that even the measurement
made with the standard tonometer (GAT) is not precise
since its values are significantly lower than the intracam-
eral pressure.®

On the other hand, the non-contact air-puff tonometer
(NCT) is simpler to operate, is non-invasive, does not
reduce IOP by the massage effect, and does not require
prior anaesthetic instillation, all of which contribute to
increased comfort, reduced damage to the corneal surface,
and a lower risk of contamination.”® The measurement
requires only a few fractions of a second and is completed
when the sensor receiver detects the light being reflected

in the cornea; the measured value is shown on an LCD
screen or a touch screen depending on the model.

Early identification of patients with glaucoma can delay
their blindness process from 23 to 35 years, supporting the
adoption of methods that facilitate IOP measurement on
a large scale as is possible with the NCT.? In this context,
the present study aimed to analyse whether the NCT is an
appropriate alternative to the GAT to measure IOP.

Patients and Methods

A retrospective, cross-sectional, and comparative study
with a quantitative approach was performed. Two IOP
measurement techniques were compared: the standard
GAT and the NCT.

The study was conducted at the Centro Oftalmologico
Belloto Stock (Belloto Stock Ophthalmological Centre) —
COBS during routine ophthalmologic visits and included
180 eyes of 90 patients. Before data collection, the parti-
cipants received verbal information about the procedures
involved. All patients signed an informed consent.

The medical devices used in the study were the NCT
Huvitz HNT 7000 (Republic of Korea) and the GAT HS
Haag-Streit Diagnostics (Switzerland). For the examina-
tion, Anestalcon anaesthetic eye drops (5 mg/mL proxy-
metacaine hydrochloride) were used. The medical
equipment was calibrated prior to the examination.

The target population consisted of patients aged 40
years or older with healthy eyes. The exclusion criteria
were patients with previous eye diseases, glaucoma
patients or eye with 20mmhg or more measured by TAG,
eye drop users, and patients diagnosed with some systemic
disease, such as diabetes or rheumatic diseases, during the
first visit.

The IOPs of both eyes of each patient were evaluated,
first on the right and then on the left and each eye was
used as one isolated data. The NCT measurement was
always performed before the GAT measurement to elim-
inate the effect of ocular massage, which has been
described when using the GAT and is absent with the
NCT.® The patients were selected randomly and sequen-
tially from February 2019 to February 2020.

After performing tonometry with both devices, the values
were tabulated and statistically analysed using the statistical
programme Bioestat 5.3. For data analysis, the Mann—
Whitney test was used for the difference between the IOP
measures at a significance level of 5%. The groups were
considered different when the comparison of the mean IOP
measurements resulted in p<0.05.
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Results

A total of 180 eyes from 90 patients with healthy eyes
were included in the study. Of the 90 patients, 51 were
female and 39 were male. The total mean IOP with the
NCT was 14.12 mmHg, with an SD of + 3.41, a minimum
value of 8 mmHg, and a maximum value of 23 mmHg.
The total mean IOP with the GAT was 12.98 mmHg, with
an SD of + 2.93, a minimum IOP value of 9 mmHg, and
a maximum value of 19 mmHg.

The I0Ps measured by the NCT and GAT were divided
into three groups. For Group 1 (Table 1), IOPs between 10
and 15 mmHg were selected, totalling 123 eyes. In this group,
the total mean IOP measured by the NCT was 12.22 mmHg
(SD = 1.85), and that measured by the GAT was 12.12 mmHg
(SD = 2.50). In Group 2 (Table 2), IOPs between 16 and 19
mmHg were selected, with total mean IOPs of 17.36 mmHg
(SD +£ 1.19) by the NCT and 14.39 mmHg (SD + 2.83) by the
GAT, totalling 47 eyes. In Group 3 (Table 3), patients with
IOPs of 20 mmHg or more were included, with total mean
IOPs of 21.3 mmHg (SD + 1.05) by the NCT and 17.5 mmHg
(SD + 1.08) by the GAT, totalling 10 eyes.

According to age, patients were divided into two
groups: Group 4, patients aged between 40 and 59 years,
totalling 96 eyes, and Group 5, patients aged 60 years or
older, totalling 84 eyes. In Group 4, the mean IOPs were
14.29 mmHg (SD + 2.82) by the NCT and 12.85 mmHg
(SD + 2.50) by the GAT. In Group 5, the mean IOPs were
14.03 mmHg (SD + 3.87) by the NCT and 13.27 mmHg
(SD =+ 3.10) by the GAT.

Table | Comparison of the Mean and Standard Deviation of IOP
Between 10 and 15 mmHg Measured by the Non-Contact Air-
Puff Tonometer (NCT) Relative to the Goldmann Applanation
Tonometer (GAT)

NCT (mmHg) | GAT (mmHg) | p value
Mean 12.22 12.12 0.3100
Standard deviation | 1.85 2.50

Table 2 Comparison of the Mean and Standard Deviation of IOP
Between 16 and 19 mmHg Measured by the Non-Contact Air-
Puff Tonometer (NCT) Relative to the Goldmann Applanation
Tonometer (GAT)

NCT (mmHg) | GAT (mmHg) | p value
Mean 17.36 14.39 <0.0001
Standard deviation | [.19 2.83

Table 3 Comparison of the Mean and Standard Deviation of
Intraocular Pressure (IOP) of 20 mmHg or More Measured by
the Non-Contact Air-Puff Tonometer (NCT) Relative to the
Goldmann Applanation Tonometer (GAT)

NCT (mmHg) | GAT (mmHg) | p value
Mean 21.3 17.5 <0.001
Standard deviation | 1.05 1.08

Discussion

When comparing the total mean IOP, the value obtained by
the NCT (12.12 mmHg) was greater than the mean
obtained by the GAT at 1.98 mmHg, and this difference
was statistically significant (p=0.0018). However, when
dividing the patients into three groups according to the
pressure obtained, in Group 1 (10-15 mmHg), no statisti-
cally significant difference was found between the total
mean [OP measurements obtained with the NCT and the
GAT (p=0.3100); that is, the IOP measurements with both
devices were similar in the range of 10 to 15 mmHg
(Table 1).

A similar result was found in three other studies, which
did not divide the participants by pressure range and
obtained NCT results comparable to those of the GAT
except at extreme pressures, although the mean NCT
values were slightly higher.”® However, a study con-
ducted with the same device (Huvitz HNT-7000) found
lower values relative to GAT measurements in healthy
participants aged between 20 and 25 years, but the authors
warned that other studies found higher values, as observed
in the present study and that the measurements may be
influenced by both human factors and the models (as well
as the units) of the devices used.'”

However, the correlation between the mean IOPs
obtained by the NCT in Group 2 (16-19 mmHg) and in
Group 3 (20 mmHg or more) was higher than that found
with the GAT, and the differences were statistically sig-
nificant (p<0.0001), showing that in these groups, the NCT
overestimated the IOP (Tables 2 and 3). This result is
consistent with two other studies that found results similar
to those of the GAT at measurements between 10 and 20
mmHg, although the accuracy decreased at the higher
values.'""?

NCT measurements are influenced by corneal thickness
but are highly related to GAT measurements as shown by
another study in both patients with ocular hypertension
(p=0.086) and patients with primary open-angle glaucoma,
with no significant difference between groups (p=0.1112),
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although the NCT measurements were slightly higher than
the GAT measurements, and a difference in the measure-
ments of the control group was found (p=0.033)."°
Regarding thickness, a study showed that NCT values
were higher than GAT values in thin and normal corneas,
but that IOP was overestimated in thicker corneas.'*

Glaucoma is prevalent among older people. Therefore,
an analysis by age group was performed. In Group 4
(40-59 years) and Group 5 (60 years or more), as in
Group 2 (16-19 mmHg) and Group 3 (over 19 mmHg),
a statistically significant difference (p<0.0001) was found
between the total mean IOP measurements obtained by the
NCT, which were higher, and the total mean IOP measure-
ments obtained by the GAT, which were lower. This result
is consistent with a study that found a significant differ-
ence and an increase in IOP measurements for both
devices with increasing age, which were not found in the
present study.'

However, the equipment does not perform equally, and
NCT measurements may vary according to the brand and
model of the device used. Therefore, the results were
compared by the brands of devices studied in articles
containing information about brands, results, statistical
analyses, and participant characteristics to build the theo-
retical framework (Table 4).

Two studies comparing the same brand of device, but
different models (Topcon CT-60"° and CT-80)° showed
more accurate measurements with the latest model (CT-
80) without a significant difference relative to GAT mea-
surements; however, the participants in this group (CT-80)
were young, between 20 and 27 years old, with lower
mean pressures, which may have influenced the accuracy.
In another study with a Topcon CT 80 tonometer including
patients with all pressure levels, the mean IOP measured
by the NCT was higher than that measured by the GAT
(1591 mmHg x 13.01 mmHg), and the difference was
significant, suggesting that an increase in IOP increases
the inaccuracy of the NCT (Table 4).'¢

A study using the Nidek NT-530 model in participants
with a mean IOP below 21 mmHg showed no difference
relative to the GAT (p=0.998) as observed in Group 1 in
the present study (Tables 1 and 4).® However, two other
studies using the Nidek SL-300 and Tonoref Nidek II
models in patients with all IOP levels found a significant
difference between the NCT and GAT (p<0.001 and
p<0.01, respectively) as observed in Groups 2 and 3 in
the present study (Tables 2 and 3), showing that participant

characteristics and the model of devices of the same brand
can influence the results (Table 4).'>!7

Reliable results relative to GAT results for Goldmann-
correlated intraocular pressure (IOPg) were obtained with
the Reichert PT-100 (p=0.64) and Reichert CR7 (p=0.52)
even in patients with all pressure levels, although lower
accuracy was achieved when considering the corneal-
compensated IOP (IOPcc) modality in Reichert CR7
(p<0.01) (Table 4).'®

A study with the Corvis ST tonometer including
patients with all pressure levels obtained means similar
to those of the GAT, with no significant difference between
the tonometers (p=0.1162)."> However, these results do
not agree with the findings of another study with glaucoma
patients with all pressure levels, which obtained lower
values with a device of the same brand and model
(Corvis ST) for both the corrected IOP based on corneal
thickness (IOPpachy) and IOPcc measurements (p<0.01),
perhaps because these units do not operate exactly the
same, and technical or human factors affect the measure-
ments (Table 4).'®

A recent study confirmed that no significant difference
existed between the Tomey FT-1000 and the GAT for
measurements below 21 mmHg (p=0.151), which is simi-
lar to the observations in Group 1 in the present study, but
when measurements were equal to or greater than 21
mmHg, the NCT obtained significantly lower values than
the GAT (p=0.016) in contrast to the observations in the
present study.'® In another study conducted with
a different NCT model (Thomey NCT) in which partici-
pants were not divided by pressure group, a difference
relative to GAT was found (p<0.001), with the NCT yield-
ing lower values.*

A study analysing the Canon Full Auto Tonometer TX-
F in patients aged 16 to 78 years without stratification by
pressure group also found a higher mean value obtained by
the NCT than by the GAT, with values of 18.17 mmHg and
15.59 mmHg, respectively, which may have contributed to
the significant difference between groups (p=0.003) (Table
4).2°2! Accordingly, a study evaluating the repeatability
and reproducibility of the Reichert PT-100 tonometer in
young patients showed exactly the same mean results
between the NCT and GAT in the first measurement (a
mean of 15 mmHg for both instruments), corroborating the
finding that NCT results are more reliable at lower IOP
levels.®

In general, as shown in Table 4, seven of the thirteen
devices showed no significant differences relative to the

submit your manuscript

448

Dove

Clinical Ophthalmology 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Stock et al

Table 4 Comparative Results of the Non-Contact Air-Puff Tonometer (NCT) Relative to the Goldmann Applanation Tonometer

(GAT) by the Brand/Model of Device from 2005 to 2020

Year | Authors NCT Brand/ NCT GAT P Participants
Model Measurement Measurement
in mmHg in mmHg
2021 | Stock et al (This Huvitz HNT 12.22 12.12 0.3100 Group I: 10-15 mmHg
research) 7000*
17.36 14.39 <0.0001 | Group 2: 16—-19 mmHg
21.30 17.50 <0.001 Group 3: 220 mmHg
2020 | Trakanwitthayarak | Tomey 14.14 13.60 0.151 Group 1:<2] mmHg
S FT-1000*
30.21 35.12 0.016 Group 2: 221 mmHg
2019 | Luebke et al Corvis ST 18 17.6 0.1162 Outpatients with a mean age of 66.9
years
Thomey NCT 16.3 17.6 <0.001
2017 | Nakao et al Corvis ST- 10.3 13.6 <0.01 Patients with primary open-angle
IOPpachy glaucoma with a mean age of 61.94 years
Corvis ST-IOPcc 9.7 13.6 <0.01
Reichert 7CR- 13.7 13.6 0.52
I0OPg*
Reichert 7CR- I5.5 13.6 <0.01
IOPcc
2017 | Jacob et al Tonoref Nidek Il ® | <13 mmHg > GAT <0.001 Patients aged 20 to 60 years
213 mmHg <GAT
2016 | Mahsud et al Canon Full Auto 18.17 15.59 0.003 Patients aged 16 to 78 years
Tonometer TX-F
2016 | Tolomei et al Nidek SL-300 22.77 17.79 <0.001 Patients with a mean age of 51.6 years
2014 | llmaz et al Nidek NT-530% 16.1 15.5 0.998 Patients without glaucoma, with IOP <21
mmHg
2013 | Farhood QK Topcon CT 80 1591 13.06 0.001 Outpatients aged |5 to 84 years
2009 | Salim et al Reichert PT-100? 15.0 14.3 0.64 Patients without glaucoma with a mean
age of 62.6 years
2006 | Ogbuehi CK Topcon CT 80° 13.6 13.4 >0.05 University students aged 20 to 27 years
2005 | Ko etal Topcon CT-60 16.6 15.5 <0.001 Patients older than 18 years

Notes: *Devices that showed no difference relative to the Goldman tonometer in at least one of their measurement methods or one of the groups of participants. °For
values below 13 mmHg, the NCT obtained higher values than the GAT, and for values equal to or above 13 mmHg, the NCT values were lower than the GAT values.

GAT (p<0.05) in at least one of its measurement methods
(when the device had more than one) as observed in Group
1 in the present study, which had lower pressure values,
contributing to the similarity of the results.

However, six NCT devices showed differences relative
to the GAT (p>0.05) as observed in the other groups in the
present study, suggesting that in addition to the technical,
human, pressure, and corneal thickness factors involved in

the measurements, the NCT brand, unit, and model can
also influence the results. On the other hand, in addition to
the risk of infection, inaccuracies can also occur during
measurements with the GAT due to calibration defects,
incorrect techniques, a tight collar or tie, the Valsalva
manoeuvre, breath holding, constricting or touching the
eyelids, measurement repetitions, and alteration of the

tear film. ! ®- 33)-60. 33).22
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Conclusion

The results of this study indicate that the NCT used was
a valid alternative to the GAT, which is considered the
gold standard, only in Group 1 (eyes with an IOP
between 10 and 15 mmHg). In Groups 2 and 3 (eyes
with an IOP equal to or greater than 16 mmHg), as well
as in Groups 4 (patients aged 40 to 59 years) and 5
(patients aged 60 years or older), the NCT overestimated
the IOP.

The non-contact tonometer overestimates the measure-
ment at higher pressures, does not replace the Goldmann
tonometer, but may be a good screening tool that helps the
measurement of IOP, especially in eyes with less than
15mmbhg, due to its ease of use. The results of the NCT
depend on the brand, unit, and model used, and most NCT
devices are more reliable for measuring lower eye pres-
sures as observed in the present study, emphasizing the
need to develop devices with greater accuracy at higher
pressures to increase the level of reliability.

The limitation of the study was the performance of
NCT with only one device brand, and a strength of the
study was the stratification of participants by pressure
range. Future studies comparing different non-contact
devices (brand and model) with participants stratified by
eye pressure range will be necessary to better understand
their performance compared to the Goldmann tonometer in
the measurement of intraocular pressure.

Abbreviations
IOP, intraocular pressure; GAT, Goldmann applanation
tonometer; NCT, Non-contact air-puff tonometer.
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