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SUMMARY 

The difference in intraocular pressure (lOP) between the 

highest and lowest measurements on an eye with non
contact tonometry (the range) has been reported to be less 

than 4 mmHg in most normals. The range of lOP to be 
expected with the Keeler Pulsair in normals over the age 

of 50 years was determined by analysing the results of 
lOP recordings on 741 normal individuals. Between 56% 
and 62% of eyes recorded a range >4 mmHg and 
between 4% and 8% a range >10 mmHg when four 
pulses per eye were used. Population pulse profile analy

sis indicated that this was not due to an erroneously high 
first pulse in a set of four, and that lOP asymmetry pre

viously reported when screening females is due to a 
generalised tendency for lOPs in right eyes to measure 

higher than those recorded in the left. The occurrence of a 
range ofIOP recordings up to 10 mmHg in an eye is rela
tively common with the Pulsair and individuals under
going glaucoma screening with this instrument should 
not be referred purely on the basis of a large lOP range. 

Non-contact tonometry (NeT) samples the ocular pulse 
by causing a momentary applanation event on the cornea 
with a ramped jet of air. In order to estimate the mean 
intraocular pressure (lOP) in an eye, a number of NeT 
pulses are used. The Keeler Pulsair NeT was introduced 
in 1988.1 We have reported previously on the effect of 
altering the number of pulses used to estimate the lOP in a 
population at risk of glaucoma,2 and the asymmetry to be 
expected in normal individuals when using the Keeler Pul
sair NeT.3 In the latter study we demonstrated that, when 
screening for glaucoma, normal individuals record an lOP 
which is on average 0.63 mmHg higher in the right eye 
than the left eye when the right eye is tested first. The 
effect is marked in females, reaching a level of statistical 
significance of p<O.OOO 1; in males asymmetry just fails to 
reach statistical significance (p<0.07). 
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Two questions remain unanswered. Firstly, is the first 
pulse of the series of four used to calculate the lOP in an 

eye likely to be higher than the remaining three pulses (as 
a result of patient anxiety)? If so, this might explain the 
asymmetry as right eyes were always measured first. 
Secondly, what is the range of lOPs in a set of four in a 
normal population? Do right eyes differ from left and do 
males differ from females? 

Piltz et al., using the American Optical NeT, reported 
the range of lOPs (highest minus lowest lOP recorded in a 
set of pulses on an eye) to be significantly increased in 
subjects with glaucoma.4 An lOP range greater than 
4 mmHg within a set of four NeT readings might there
fore be considered to be significant when screening for 
glaucoma. 

This paper studies the range of lOPs found in a group of 
741 normal individuals when screening for glaucoma with 
the Pulsair NeT and examines the 'pulse profiles' from a 
population of individual measurements within the set of 
four used to calculate the lOP. 
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Fig. 1. Range of lOPs in a set of four: males (n = 309). 
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Fig. 2. Range of lOPs in a set off our: females (0 = 432). 

MATERIAL S AND METHODS 
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The study uses lOP data derived from an epidemiological 
project that has been the subject of a number of previous 
reports.2,3,5.7 Of all eligible persons aged 50 years and over 
from a general practice population 88.5% were screened 
for glaucoma using a protocol described in detail else
where.5 All 874 persons had lOP assessment of both eyes 
by a single operator using the Puis air NCT. lOP was 
recorded as the mean of four consecuti ve readings with the 
eye in the primary position; right eyes were always 
measured first. 

A subpopulation comprising 741 of these individuals 
had lOPs <22 mmHg in both eyes, a normal Henson 
CFS2000 field examination, and normal optic discs as 
assessed by an experienced observer 'blind' to lOP and 
field data. This group, further examined in this study, can 
therefore be considered a representative sample of the 
normal population aged 50 years and over. 

For each eye, the lowest lOP pulse of the four recorded 
was subtracted from the highest to produce a 'range'. In 
addition, pulse profiles were calculated by correlating 
single-pulse lOP readings in each popUlation subset. For 
example, the frequencies of lOPs recorded from all first 
pulses from male right eyes were charted against the lOP, 
producing a distribution plot. This permits one pulse pro
file to be compared statistically and graphically with any 
of the seven similar profiles constructed from the eight 
pulses used per person (four right, four left). 

RESULTS 

Fig. 1 shows the range found in male right (R) and left (L) 

Table I. Mean range of lOPs (mmHg) with 95% confidence intervals 
of the means 

Mean 95% CI 

Male R eyes 5.53 ±0.31 
Male L eyes 5.60 ±0.62 

Female R eyes 5.22 ±0,49 
Female L eyes 5.65 ±0.53 
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Table II. Variation of mean range of lOPs (mmHg) with number of 
pulses per eye used 

Range with: 

2 pulses 3 pulses 4 pulses 

Male R eye 2.90 4.33 5.53 
Male L eye 3.04 4.53 5.60 

Female R eye 3.01 4.25 5.22 
Female L eye 3.07 4.71 5.65 

eyes and Fig. 2 the range for females. There is no signifi
cant difference between the distribution of lOP range in 
any subset. Fifty-seven per cent of female Rand L eyes 
had a range >4 mmHg; 62% of male R eyes and 56% of 
male L eyes had a range >4 mmHg. Four per cent of 
female R and 8% of female L eyes had a range 

> 10 mmHg. Five per cent of male Rand 8% of male L 
eyes had a range> 10 mmHg. 

Table I indicates the mean range to be found in the 
population subsets and the 95% confidence intervals of the 
means. Table II indicates how the range would decrease if 
fewer pulses were used per eye ('2 pulses' is based on the 
first two recorded, etc). 

Fig. 3 shows the four pulse profiles from male Reyes. 
Each of the eight profiles in both males and females 
approximated to a normal distribution and therefore a two
tailed t-test was used to compare one profile with any of 
the others from that sex. There are therefore 28 possible 
comparisons that can be made in males and 28 in females 
(e.g. R 1st vs. L 2nd, R 4th vs. L 3rd). 

Of the 28 profile comparisons in females, significant 
differences were recorded in 16, whereas in males only 
3/28 were statistically different (p<0.05 by chi-squared 
using Yates' correction for small groups). Profiles which 
are statistically different are itemised with their level of 
significance in Table III. 

Fig. 4 demonstrates graphically the difference between 
the R 1 st pulse and L 2nd pulse profiles in females, and 
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Fig. 3. Pulse profiles of male right eyes. No profile IS 
significantly different from any other. 
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Table III. Pulse profile comparisons. Only those values significant 
using the two-tailed t-test are shown 

Profile comparison 

FRI > FR2 
FRI > FLl 
FRI > FL2 
FRI > FL3 
FRI > FL4 

FR2 > FLl 
FR2 > FL2 
FR2 > FL4 

FR3 > FLl 
FR3 > FL2 
FR3 > FL4 

FR4 > FLl 
FR4 > FL2 
FR4 > FL4 

FR3 > FLl 
FR3 > FL2 

MRI > ML2 
MR4 > MLl 
MR4 > ML2 

Significance level (p) 

<0.05 
<0.0001 
<0.0001 
<0.003 
<0.0001 

<0.002 
<0.001 
<0.02 

<0.0002 
<0.0001 
<0.002 

<0.0()05 
<0.0003 
<0.005 

<0.05 
<0.04 

<0.03 
<0.02 
<0.007 

F. female; M, male; L .. kft; R ,  right. 

shows a shift to the right in the normal distribution. This is 
typical of instances when a right pulse profile is different 
from a left. In females, 1 i /14 R versus L profile compari
sons showed this effect. This indicates a generalised tend
ency for all pulses measured in R eyes to be higher than 
those measured in L eyes. In males only 3/14 R versus L 
profile comparisons were significantly different, indi
cating a much decreased tendency for lOPs in R eyes to 
record higher than those from L eyes. 

Not all significant differences in females were between 
right and left profiles. Female R 1 st is different from 
female R 2nd (see Fig. 5), but the lower lOP frequencies 
are similar, a change in the mid-range/upper frequencies 
being sufficient to induce statistical significance at the 
p<0.05 level. (Although R 1st is statistically greater than 
R 2nd, note that R 2nd is still greater than List, L 2nd 
and L 4th.) A similar profile curve explained why L 3rd 
pulse was greater than L 2nd pulse and therefore why 
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Fig. 4. Pulse profile:female right 1 st (FR1) versus female left 
2nd (FR2). FR1>FL2 (p<O.OOOl). 
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Fig. 5. Pulse profile: female right 1st (FRl) versus female 
right 2nd (FR2). FRl>FR2 (p<O.05). 

L 3rd was not significantly different from R 2nd, R 3rd 
and R 4th. 

DISCUSSION 

The range of lOPs found using the forerunner to the Pul
sair, the American Optical NeT, has been reported to be 
less than 4 mmHg in almost 90% of normals. 8 On repeated 
applanation in 18 normal eyes of 10 patients involving 144 
sets of four pulses, Piltz found that a range of >4 mmHg 
in a set of four was found in only 12.5% of sets. No men
tion of the age or sex of the patients was made and as each 
eye had eight sets of readings, individuals would be con
siderably experienced in NeT as data collection 
proceeded. 

Armstrong has reported a range> 10 mmHg to occur in 
32% of cases when using the Pulsair, but again no details 
of age or sex were given in this paper.9 Our study, on a 
much larger popUlation, indicates that in a screening pro
gramme with a single operator performing Pulsair NeT 
between 56% and 62% of normal eyes will have a range of 

>4 mmHg, and between 4% and 8% > 10 mmHg when 
four pulses per eye are used. 

The mean amplitude of the intraocular pulse in normals 
has been reported to be between 1.8 and 2.8 mmHg.IO,11 
The mean range of around 5,5 mmHg found in this study 
using four pulses per eye further emphasises the import
ance of taking a series of measurements with the Pulsair in 
order to estimate the true IOp'2 It also suggests that indi
vidual pulses may record relatively inaccurate lOPs, 
Although the manufacturers advise taking the mean of all 
readings, from Figs. 1 and 2 we deduce that it is probably 
wise to repeat a set of four where the range exceeds 
8 mmHg. 

Although there was not a significant difference between 
the eyes of either sex with respect to the range of lOPs 
recorded, we have demonstrated that any of the pulses 
from female right eyes are likely to be higher than those 
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from the left. It should be emphasised that very few of the 
subjects in this study had had Pulsair NCT on a previous 
occasion and that right eyes were always tested first. If 
anxiety is the primary reason for Pulsair NCT asymmetry,3 

it is clear that this is much more of a factor in females. 
It would appear, therefore, that the Pulsair, which uses a 

lower pulse pressure and volume than the American Opti
cal instrument (personal communication from Keeler 
Ltd.), can be expected to record higher ranges of pressures 
within a set of four in normal subjects. However, it 
remains to be seen whether asymmetry and relatively large 
ranges persist when subjects have prior experience of the 
instrument. The finding of a large range of lOPs within a 
set should not, therefore, be used as a criterion for referral 
if the mean is still acceptable and disc and fields appear 
normal. Individuals recording a range > 8 mmHg should 
have all four readings repeated. 

The author acknowledges the support of the International Glau
coma Association and Merck Sharp and Dohme Ltd in the epi
demiological study. The Keeler Pulsair was loaned by the 
company, in which the author has no financial interest. 

Key words: Glaucoma, lOP range, Non-contact tonometry, Normals, 
Screening. 
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