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Reproducibility with the Keeler Pulsair 2000
non-contact tonometer

Stephen A Vernon

Abstract
Ains-The IOP variation on repeated
testing with the recently introduced
Keeler Pulsair 2000 instrument was inves-
tigated.
Methods-One hundred normal indi-
viduals (50 male and 50 female) new to the
instrument had three sets of IOP record-
ings within a 15 minute time period.
Results-The mean ofthe first set ofIOPs
from both right and left eyes was signifi-
cantly higher than those from subsequent
sets (p<0.0001 for right eyes and p=0-01
and <0-0002 for left eyes). This tendency
increased significantly with increasing
IOP. Second and third IOP sets were,
however, similar indicating stabilisation
of IOP measurements. The coefficient of
repeatability of the instrument between
second and third sets was 4-2 mm Hg for
right eyes and 3*6 mm Hg for left eyes.
Conclusion-The Pulsair 2000 passes the
British standard for reproducibility of a
standard test method.
(Br_J Ophthalmol 1995; 79: 554-557)
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Tonometry is one of the commonly used
methods when screening for chronic open
angle glaucoma (COAG).' 2 In the UK,
optometrists are using non-contact tonometry
(NCT) in increasing numbers.' 2 NCT with
the American Optical instrument has been
reported to produce readings which, when
repeated a number of times in quick succes-

sion, have a range spanning only 2 or 3 mm Hg
in normals.3
The Keeler Pulsair NCT was introduced in

the late 1980s, and uses a lower pulse volume
and pressure than the American Optical instru-
ment (personal communication, Keeler Ltd).
The recently introduced Pulsair 2000 incor-
porates software to enable the operator to take
sequential readings without moving the instru-
ment away from the eye.
The range of readings in normal eyes with

Pulsair exceeds that of the American Optical
instrument,4 and therefore more pulses per eye

are advised in order to calculate the IOP, with
some authors advising the median rather than
the mean of several readings be taken.5 In
addition, a marked asymmetry between the
eyes had been observed when testing normals
using a procedure in common practice (all
readings from the right eye taken before those
from the left).6
The Pulsair has been compared with

Goldmann tonometry by a number of authors
who have reported correlation coefficients
varying between 0X80 and 0 95.5 7-10 A

constant feature of the studies is the tendency
for Pulsair to under-read Goldmann as IOP
increases. There are a number of reasons why
the IOP measured with the Pulsair at a point in
time may not equate with that measured by a
Goldmann, even assuming perfect operation of
the equipment.

Repeatability with the same equipment is
composed of within subject variation (true or
biological variation) and measurement varia-
tion. With an experienced operator following a
standard procedure, measurement variation
can be considered to be due mainly to the
machine. Subject variation may have a number
of components including true IOP variation
from repeated tonometric events"1 and
apparent IOP variation as a result of factors
such as anxiety. In practice, it is important to
know whether lOPs recorded with the Pulsair
are reproducible in subjects undergoing
screening for glaucoma.

In order for an instrument to be accepted as
capable of producing repeatable readings, it
should satisfy the following criterial2:

(1) The mean difference on repeated read-
ings should not vary significantly from zero,
and

(2) 95% of the differences should be less
than two standard deviations from the mean
difference.

In order to ascertain the coefficient of
repeatability of the machine in humans a series
of readings is necessary. As the true IOP can be
altered by Goldmann tonometry,"I interspers-
ing Pulsair readings with Goldmann is not
appropriate for such a study.
A study was therefore designed to test the

reproducibility and thereby calculate the coef-
ficient of repeatability of the Pulsair.

Methods
Fifty male and fifty female subjects aged over
40 years were recruited from patients attending
the ophthalmic clinic for disease other than
glaucoma. All had had Goldmann applanation
tonometry readings of 21 mm Hg or less at a
previous visit and none had optic discs sugges-
tive of glaucomatous excavation on clinical
examination. In addition, all had normal
comeas on slit-lamp biomicroscopy, corrected
visual acuity of 6/12 or better in both eyes, and
refractive errors within 5 dioptres best sphere
of emmetropia. None of the subjects had had
NCT with the Pulsair before the study.
To record an IOP, the patient was seated

and the mean of four consecutive pulse record-
ings with the Keeler Pulsair 2000 was calcu-
lated. The right eye was always measured
before the left and all IOPs were performed by
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Table 1 Comparison ofmean IOPs in right and left eyes
for each IOP set by Pulsair NCT

Right eye mean (SD) Left eye mean (SD)

Reading 1 15-96 (4-15) 15-30 (3 92)
Reading 2 14-38 (3 55) 14-56 (3.27)
Reading 3 14-22 (3 27) 14-20 (3-17)

a single experienced operator. Three sets of
paired IOPs were recorded from each patient,
all readings being taken within the space of 15
minutes.

Before the first pair of IOPs (four pulses
right eye followed by four pulses left eye to give
two 'mean' IOPs), the power of the pulse was
demonstrated on the patient's cheek as advised
in the instrument handbook. The first five indi-
viduals to complete the 12 individual pulse
IOP recordings in each eye had their corneas
examined by slit-lamp biomicroscopy with
fluorescein dye in order to detect any epithelial
abnormalities which might result from
multiple pulses.

Statistical analysis was performed with the
two tailed paired t test using Multistat (Biosoft,
UK). In addition, methods outlined by Altman
and Bland were used.'3
The design of the study was intended to

simulate common IOP measuring practice with
the Pulsair (the Pulsair 2000 has the ability to
store and average multiple readings on the same
eye). The results from right and left eyes were
analysed separately in order to minimise any
bias introduced by testing both eyes of a patient.

Results
Six sets of results are available for analysis
(rl, r2, r3, 11, 12, and 13), each set comprising
100 IOPs. The mean and standard deviation of
these data sets are shown in Table 1.

0 10 20 30

(rl+r2)/2 (mm Hg)
Figure 1 Graph of rl minus r2 versus mean of rl and r2. Solid line= regression slope, fine
broken line=mean of rl - r2, broader broken line=2 SDfrom the mean. Slope is significant
p= 0-0094.

Using the two tailed paired t test, the IOPs
recorded for rl were found to be significantly
different from those in r2 and r3 (t=6-41 and
6-72 respectively (p<0-0001 in both cases));
r2, however, was not distinguishable from r3
(t=0-75, p=0A46): 11 was also found to be
significantly different from 12 and 13, but at
lower values of significance (t= 2-65 and 39 1
respectively (p=0-01 and 00002)); 12 was
found to differ from 13 at a significance level of
p=0 044 (t=2 04). (It should be noted that in
studies with a large sample size, this level of
significance in a two tailed t test is not neces-
sarily considered to be important. 14)

In order to display the difference between
single IOP readings graphically, the method of
Altman and Bland is preferred. 13 Figure 1
plots the difference between individual IOPs
from rl and r2 against their mean. Four eyes
(4%) lie outside plus or minus 2 SD from the
mean difference between the readings (1-58
mm Hg). A significant regression line slope
indicates that the difference between rl and
r2 increases with increasing IOP. The scatter
is also shown to increase as IOP rises over
15 mm Hg. A similar graph of rl minus r3 (not
shown) versus their mean indicates a signifi-
cant slope at p=0O026.

In contrast, a similar graph of r2 minus r3
versus their mean (Fig 2), indicates no such
tendency.

Graphs of11 minus 12 versus their mean, and
12 minus 13 versus their mean are shown in
Figures 3 and 4. Again 11 minus 13 versus their
mean (not shown) has a significant regression
slope (p=0 003).
When calculating the coefficient of repeat-

ability, the mean difference of the measure-
ments should not differ significantly from
zero.'3 Therefore, rl and 11 cannot be used.
r2 and r3 can be used as there is no significant
difference between their means. It is also
reasonable in this context to use 12 and 13 (see
above). The coefficient of repeatability is twice
the standard deviation ofthe differences, and is
4-2 mm Hg for right eyes and 3'6 mm Hg for
left eyes.
There was no visible effect on the corneal

epithelium of those eyes studied with fluores-
cein following the 12 Pulsair pulses.

Discussion
Erroneously high IOPs, measured by screeners
which are never substantiated in hospital with
Goldmann applanation appear common in
clinical practice, reduce the specificity of a
glaucoma screening programme and place an
increased workload on the hospital eye service.
The only previous reports to address the

reproducibility of the Pulsair have used
Goldmann tonometry as well. The firstl5 used
Landis K analysis on values obtained by differ-
ent operators. Details of the exact protocol are
not given in the report based on 125 eyes, but
reproducibility was deemed 'good' in the 90
eyes with IOPs <24 mm Hg. In the other,
repeated Pulsair readings were interspersed
with Goldmann readings and IOP, as
measured by the Pulsair, was found to reduce

15

0)
I
E

C14

555

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.79.6.554 on 1 June 1995. D

ow
nloaded from

 

http://bjo.bmj.com/


556

cn 5
------------ --- -- -- -- ----- - ---~~~---------------- - - - -- - - - -- - - -

3 4
E3 ~~~~0

5 0 . -W . ...]0CV) a~~~~0 .0 0

-10
-110-

0

-2 0 0 0

-3
lo 2

-4

-6

-7

-8

-9

-10

-11

0 10 20

(r2+r3)/2 (mm Hg)
Figure 2 Graph of r2 minus r3 versus mean of r2 and r3. Solid line=regression slope, fi
broken line=mean of r2-r3, broader broken line=2 SDfrom the mean. Slope is not
significant p= 0 77.

by 1-6 (SD 2 8) mm Hg.'6 This could ha
been due to the Goldmann readings loweri:
the true IOP, poor Pulsair reproducibility, oi

combination of the two.
The present study, with a single operat(

demonstrates that Pulsair NCT, when p(
formed for the first time on normal individua
will tend to record IOPs that are significani
higher than IOPs recorded by the sar

tonometer only minutes later. The degree
which this occurs increases significantly as IC
approaches the threshold for suspicion of gla
coma. A third IOP does not differ significan
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Figure 3 Graph of 11 minus 12 versus mean of 11 and 12. Solid line=regression slope, fi
broken line=mean of11-12, broader broken line=2 SDfrom the mean. Slope is significa
p=OO1.

from the second, over the normal range of
IOP, indicating that, for clinical purposes,
stabilisation can be considered to have
occurred following the second set of measure-
ments.
The individuals in the sample are considered

representative of those who would be screened
for glaucoma. It is relevant that none had

--- previous experience of Pulsair NCT. Forbes
et al, in 1974, reported that some individuals
produced readings with the American Optical
NCT that were less reproducible on repeat-
ing the test, attributing this to 'anxious
squeezers'.17 Our subjects had had a test pulse
on the cheek before proceeding with the ocular
measurements, as suggested by the manu-
facturers, in an attempt to alleviate anxiety.
Examination of Figures 1 and 3 indicates that
there is a generalised tendency for the first IOP
to measure higher than the second and that it is
not a few individuals biasing the results. The
effect of increasing scatter, particularly in the

30 positive direction, with increasing IOP, would
result in false positives in the screening

n situation if the individual under test was not
experienced in Pulsair tonometry.

If the calibration algorithm of the instru-
ment used data from such inexperienced
individuals, it could result in the regression

yve slopes observed by previous authors where, at
ng IOPs over about 20 mm Hg, Pulsair reads
ra lower than Goldmann.

Although a generalised tendency to measure
Dr, lower IOPs on repeating NCT did not feature
er- in early reports on the American Optical
ls, instrument by its inventors,'7 18 a later much
tly larger study by independent observers showed
ne that initial readings averaged about 1 mm Hg
to higher than the mean of 150 measurements.19
P In this study there appeared to be a gradual
.u- decrease in measured IOP over the first eight
tly readings, the authors attributing this to

patient apprehension. In our study, using
Pulsair, the mean of the first four readings
were 1'28 mm Hg and 0-64 mm Hg higher
than the mean of the second four readings for
right and left eyes respectively (Table 1). As
the mean of the third set of four readings with
Pulsair are lower (although not statistically
significantly so) it would appear that a similar
phenomenon is occurring with this instrument
as with the American Optical instrument,
despite the lower pulse pressure used.

It is possible that a true (or biological)
difference in IOP is occurring between the first
and second set of IOP readings. This is not
considered likely as continued applanation
with the Goldmann produces further signifi-
cant reduction in IOP,"1 a phenomenon not
observed in this study. Also no significant
differences were shown between populations
of pulses in right eyes (tested first) of normals
during one of our previous studies with the
Pulsair.4 It is therefore considered more likely
that the difference in IOP observed on repeat-

-,-

30 ing tonometry with the Pulsair is due to factors
involved in the measurement rather than true

ne biological variation. As there was no significant
znt difference between the second and third sets of

IOPs, operator and machine factors are not
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Figure 4 Graph of 1I minus 13 versus mean of 12 and 13. Solid line= regression slope, fine
broken line= mean of 11-12, broader broken line= 2 SD from the mean. Slope is not
significant p= 0-58.

considered likely to be contributing signifi-
cantly to the reduction noted between first and
second 1OPs. The most plausible explanation
for the difference is the 'first exposure' effect
from anxiety at being exposed to a new test.
Whether this occurs only on first exposure to
the instrument is yet to be investigated.
The coefficient of repeatability (twice the

standard deviation of the mean difference)
in a study on Goldmann tonometry was
5-2 mm Hg for right and 4-8 mm Hg for left
eyes,20 slightly larger than in this study (4-2 for
right and 3 6 for left). As, in addition, >95% of
the differences between second and third IOPs
fell within 2 SD from the mean difference
(Figs 2 and 4), the Pulsair can be considered to
have acceptable reproducibility12 once initial
measurement effects have stabilised.
The results of this study go some way

towards explaining the IOP asymmetry find-
ings of the community study6 where right eyes

in a normal population recorded IOPs signifi-
cantly higher than left eyes. In both studies
right eyes were always measured first but in the
community study only one set of readings was

taken per eye and very few patients had had
Pulsair NCT performed previously. The asym-

metry found between eyes in the present study
does not quite reach statistical significance for
first IOPs (rl and 11), probably as a result of
reduced sample size (p=007). When repeated
IOPs are analysed, no asymmetry is evident
(p=044 and 0O93 for second and third IOPs
respectively).

With the present level of knowledge gleaned
from this and other studies of Pulsair NCT, it
is therefore suggested that, in the screening
situation, the initial IOP recorded in a patient
unfamiliar with the instrument should be inter-
preted with caution. If the IOP is above a given
threshold for referral, a second set of readings
should always be taken. If referral is to be
based on IOP alone, both IOPs should be
above the predetermined threshold if a high
specificity is to be achieved. This would appear
acceptable as we have demonstrated that, in
eyes with normal corneas, repeated applana-
tion with the Pulsair NCT has no visible effect
on the epithelium.
The findings in this study have important

consequences for those comparing and cali-
brating new tonometers against a gold stan-
dard such as the Goldmann tonometer. During
calibration, each patient should be experienced
with the method of IOP measurement of both
tonometers if the comparison is to be valid.
The author has no financial interest in the Pulsair 2000
tonometer or Keeler Ltd.
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