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Objective : To compare intraocular pressure (lOP) measured by two different instruments, air 
puff tonometer (APT) versus Goldmann applanation tonometer (GAT), in gas-filled vitrectomized eyes. 

Design: Three-month, prospective, comparative trial. 
Participants : Thirty-eight patients (38 eyes), who underwent a pars plana vitrectomy (PPV) 

with gas injection, were enrolled in the study. 
Intervention: The lOP was measured by an APT, followed by GAT within 10 minutes by two 

different, masked investigators. 
Main outcome measures : lOPs were measured by two methods and then were compared. 
Results : Overall, there was a high correlation between both measurements (r = 0.908, p < 

0.05). Using the paired t-test, lOPs measured by the APT (21.69 ± 9.28 mmHg) and GAT (22.84 ± 
9.84) were not significantly different (p > 0.05). By a subgroup analysis of 17 eyes with lOP measured 
by a GAT of 21 mmHg or less, the APT readings (15.28 ± 4.81) and GAT readings (14.4 7 ± 3.89) were 
not significantly different (p > 0.05). Of 21 eyes, with lOP measured by a GAT of 22 mmHg or more, the 
APT readings (26.88 ± 8.81) were significantly lower than those obtained by the GAT (29.62 ± 7.69) (p < 
0.05). 

Conclusion : In gas-filled vitrectomized eyes, lOP measurements obtained by an APT corre­
lated well with those obtained by GAT, especially when the lOP was within normal range. However, 
in eyes with elevated lOP, the APT significantly underestimated the lOP measurement when compared 
to the gold standard, GAT. 
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Up to one-third of eyes, which undergo a 
pars plana vitrectomy procedure, can have post-opera­
tive elevation of intraocular pressure (lOP) that if 
undetected, could result in permanent damage of the 
optic nerveO). Generally, the Goldmann applanation 
tonometer (GAT) is known as the clinical standard for 
measuring IOP(2). However, it is a contact instru­
ment, requiring instillation of a topical anesthetic/fluo­
rescein combination prior to contact with the globe(2). 

The air puff tonometer (APT), a non-contact 
instrument, has some advantages when compared to 
the GAT and Tonopen. Corneal anesthesia and stain­
ing are not required. As there is no direct contact, the 
possibility of damaging the corneal epithelium is very 
minimaJ(3). The measurement is operator indepen­
dent, as the air puff is released automatically only 
when proper alignment is reached. Repeated measure­
ments do not reduce lOP due to the "massage effect"(4, 
5). Disadvantages include the necessity of the patient 
to be capable of fixation, and the corneal surface being 
regular and smooth(6). Also a brief pulse of pres­
surized air can lead to some degree of tear film dehis­
cence and dispersing microaerosol formation, thus 
resulting in a potentially small risk of spreading infec­
tionC7). The machine is sensitive to a quick fluctua­
tion of lOP, as a result of cardiac and respiratory 
cycles. As suggested by Meyers et aJ(8), this is 
neutralized by some degree when calculating an 
average of three measurements. 

The XPERT® non-contact APT has been 
compared with the GAT with fairly good agreement 
(5, 8-11). To the authors' knowledge, there has been 
no information on the APT in gas-filled eyes. The pre­
sence of a compressible intraocular gas bubble in the 
eye can result in an underestimation of lOP by an 
indentation tonometry02) and the degree of under­
estimation depends upon the volume of intraocular 
gas02). Since the APT instrument has been intro­
duced in many ophthalmic practices for lOP screen­
ing, the authors have evaluated the use of an APT in 
measuring the lOP in gas-containing eyes in compa­
rison with GAT. 

MATERIAL AND METHOD 
Patients were recruited from the retina ser­

vice, Maharaj Nakorn Chiang Mai Hospital, Chiang 
Mai. A series of 38 patients (38 eyes) were enrolled in 
the study. All patients underwent pars plana vitrec­
tomy with fluid-air exchange and a long-acting gas 
injection of either sulfur hexafluoride or perfluoro­
propane gas, between May and August 2002 in Maharaj 
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Nakorn Chiang Mai Hospital. Patients, who had swollen 
eyelids, corneal epithelial irregularity or a defect that 
was thought to interfere with the reliability of the lOP 
measurement, and those who could not be examined 
in an upright, seated position, were excluded from the 
study. Institutional review board approval for experi­
mentation on human subjects and written consent from 
each patient prior to the examination were obtained. 

As a significant amount of gas bubble in the 
eye was required, each patient had undergone lOP 
measurement within 72 hours after the vitrectomy 
procedure. Eyes with a gas bubble size of less than 50 
per cent in the vitreous cavity were not included in 
the study. The average of three lOP readings was first 
obtained with a non-contact air puff tonometer (Canon 
model TX-10, Canon, Tochigiken, Japan) by one of 
the investigators (SN). Within 10 minutes of lOP mea­
surement by the APT, the measurement was repeated 
by another investigator (ST) using a calibrated Haag­
Streit GAT. 

Using SPSS software (SPSS Inc; Chicago, 
IL), data were analyzed by the t-test for pair measure­
ments and Pearson's coefficient of correlation. A p­
value of less than 0.05 was considered to be statis­
tically significant. The data were also divided into two 
groups (21 mmHg or less, and 22 mmHg or more). 

RESULTS 
Thirty-eight patients, 38 eyes, were enrolled 

in the study. lOP measurement was performed on day 
1 in 13 eyes (33.3%), day 2 in 18 eyes (46.2%), and 
day 3 in 7 eyes (17.9%). Scattergram of lOP mea­
surements between the GAT and APT are shown in 
Fig. 1. Overall, there was a linear relationship and a 
high correlation between both measurements (r = 
0.?08, p < 0.05) (Table 1). With linear regression 
analysis, the equation describing the linear relation­
ship was y = 0.96x+ 1.96, when y was the GAT and x 
was the APT (95% confidence intervals for the slope, 
0.81 to 1.11; and 95% confidence intervals for the y­
intercept, -1.57 and 5.49). 

For all 38 eyes, the mean lOP measured by 
the APT was 21.69 ± 9.28 mmHg and that measured 
by the GAT was 22.84 ± 9.84. Using the paired t-test, 
the lOP obtained by the APT was slightly less than 
that obtained by the GAT, with the mean difference 
being -1.15 ± 4.13 (95% confidence intervals, -0.21 to 
2.51; p > 0.05) (Table 1 and 2). 

In a subgroup analysis of 17 eyes, with the 
lOP measured by a GAT of 21 mmHg or less, the mean 
lOP measured by the APT was 15.28±4.81 and that 
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Fig. 1. Significant corrrelation between air puff tonometer and Goldmann applanation tonometer readings 
(Pearson correlation coefficient, r = 0.908, p < 0.05). 

measured by the GAT was 14.47 ± 3.89, as seen in 
Table 1. The mean difference of lOP measured by 
APT and GAT was 0.81 ± 2.99 mmHg, which was 
not statistically significant (95% confidence intervals, 
-0.73 to 2.35; p > 0.05) (Table 2). Of 21 eyes, with the 
lOP measured by a GAT of 22 mmHg or more, the 
mean lOP measured by APT was 26.88 ± 8.81 and that 
measured by the GAT was 29.62 ± 7.69. However, 
the paired analysis showed a statistically significant 
difference of mean lOP measured by APT and GAT 
( -2.74 ± 4.30 mmHg) (95% confidence intervals, -4.70 
to -0.79; p < 0.05) (Table I and 2). 

From Table I in the present report, Pearson' s 
correlation coefficient showed a high correlation be­
tween two lOP measurement methods in eyes both 
normal (r = 0.784, p < 0.01) and elevated lOP (r = 
0.873, p < 0.01). 

DISCUSSION 
The authors found that among all eyes in 

the present study the GAT and APT measurements 
showed a good correlation (r = 0.908) and the slope 
of the linear relationship (0.963, 95% confidence 
interval 0.81 to 1.11) did not differ significantly from 
1.0. The mean difference between both measurements 
of 1.15 mmHg was not statistically significant (p > 
0.05). The standard deviation of difference ( 4.13 

mmHg) was larger than earlier reports that compared 
the GAT and APT in eyes with normal corneas ( 1.5-
2.93 mmHg)<5, 8-10). This is not surprising because 
the measurement of the GAT is sometimes not easy 
to obtain in eyes that have undergone pars plana 
vitrectomy with gas injection. The eyelid can be 
edematous, due to prone positioning, and the eye can 
become greatly irritated with tearing during the first 
few days after the vitrectomy procedure. Patients may 
have some difficulty in aligning the eye for a good 
lOP reading by either the GAT or APT method, and 
may be aware of the eye being touched when using 
the Goldmann applanation tonometer. However, the 
APT can reduce this awareness, thus improving the 
patient's co-operation. By using the APT, trauma to 
the post-operative and unhealthy corneal epithelium 
can be minimized. The standard variation of the dif­
ference represents the total variability of the study, 
including variability due to operator, instruments, and 
physiologically related factors, such as time depen­
dent lOP fluctuations and the possible effect of one 
measurement on the next03). 

Fig. I shows that, as lOP increased, there 
was a tendency for the APT measurement to be under­
estimated when compared to the GAT measurement. 
This was confirmed by subgroup analysis. Among 21 
eyes, the lOP measured by APT was significantly 



470 D. PATIKVLSILA et al. J Med Assoc Thai May 2003 

Table 1. Comparison of GAT* and APT** readings in gas-filled eyes. 

Variable All eyes lOP by GAT (mmHg) 
s;21 > 21 

Number of eyes 
Mean ±SD (mmHg) by GAT 
Mean± SD (mmHg) by APT 
Correlation coefficient (r) 
P-value for r 

38 
22.84 ± 9.84 
21.69 ± 9.28 

0.908 
0.000 

17 
14.47 ± 3.89 
15.28 ± 4.81 

0.784 
0.000 

21 
29.62 ± 7.69 
26.88 ± 8.81 

0.873 
0.000 

* GAT = Goldmann applanation tonometer 
** APT= air puff tonometer 

Table 2. Difference between GAT* versus APT**. 

APT minus GAT All eyes lOP by GAT (mmHg) 
s;21 > 21 

Number of eyes 38 17 21 
Mean ± SD (mmHg) -1.15 ± 4.13 0.81 ±2.99 -2.74 ± 4.30 
Range (mmHg) -10.20 to 6.90 -3.20 to 6.90 -10.20 to 6.50 
95% Confidence intervals -2.51 to 0.21 
Paired t-test 1.720 
P-value (two-tailed) 0.094 

* GAT= Goldmann applanation tonometer 
** APT= air puff tonometer 

lower than that measured by GAT of 22 mmHg or 
more, but both methods were not significantly diffe­
rent for eyes with GAT reading of 21 mmHg or less. 

Repeated measurement by the GAT was 
shown to decrease the lOP, but not when the APT was 
used(4). Therefore, the authors measured the lOP by 
the APT first and followed that by using the GAT. As 
the lOP can quickly fluctuate, as a result of cardiac 
and respiratory cycles, this effect has been compen­
sated by calculating an average of three measure­
ments(8). 

The ideal measurement of the lOP would be 
a manometric study of the pressure by indwelling a 
catheter from the anterior chamber, but this method 
is not feasible in a clinical setting03,14). One can 
question whether the use of the GAT, as the control 
measurement, is inappropriate. However, the GAT is 
generally considered the most reliable method in a cli­
nical setting, and at this time there are no other eli· 
nically available methods that are more accurate( B). 

The Tonopen, another contact instrument 
based on the Mackay Marg principle, is small, portable 
and convenient, and the reading is quick. Additionally, 
it is relatively independent of surface irregularity( IS). 

-0.73 to 2.35 -4.70 to -0.79 
-1.12 2.93 
0.280 0.008 

Compared to the GAT, however, the Tonopen requires 
direct contact to the cornea, thus necessitating instilla­
tion of topical anesthetic drops, and it creates a possi­
bility of corneal epithelial damage in post-operative 
eyes03). Hines et al found that measurements from 
the Tonopen correlated well with those made by the 
GAT at both normal and elevated ocular pressure 
levels06). Lim et al studied intraocular pressure 
measurement in vitrectomized gas-filled eyes. They 
concluded that Tonopen readings were highly corre­
lated with those of the manometer. However, the 
Tonopen underestimated lOP as it increased above 30 
mmHg(l4). 

The present study showed that in gas-filled 
vitrectomized eyes, the non-contact APT correlates 
well with those obtained by a GAT when the lOP 
level is normal. However, care must be taken, since the 
APT significantly underestimates when the lOP is 
elevated above normal range. Although this under­
estimation by the APT is not extreme, with an average 
of -2.74 ± 4.30 mmHg (95% confidence intervals, 
-0.79 and -4.70), undetection of the elevated lOP could 
lead to some optic nerve damage, especially in eyes 
with pre-existing optic nerve pathology or ischemic 
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retinopathy. Therefore, if a non-contact APT tono­
meter is used for lOP screening in eyes containing a 
gas bubble, it is wise to recheck the lOP by the GAT 
if the APT measurement is found to be increased. 

One might question whether the tendency to 
underestimate the lOP by APT against the GAT in 
eyes with a high lOP contributed to the absence of 
vitreous gel or presence of the compressible intra­
ocular gas. Therefore, the effect of vitrectomy on the 
lOP measurement by the APT in comparison with the 
GAT remains to be seen. 

SUMMARY 
Besides the GAT and Tonopen, the air puff 

tonometer can be used as an alternative method for 
lOP assessment in gas-filled eyes. Its measurement 
method is objective, rapid, easy to operate, not un-

pleasant, and friendly to the delicate epithelium of 
the post-operative cornea. The APT, however, may be 
misleading in ascertaining whether the lOP is at an 
acceptable level or underestimated in gas-containing 
eyes, thus, insufficient management of the real ocular 
pressure occurs. This is clinically important in eyes 
with underlying glaucomatous optic nerve damage or 
ischemic retinal vasculopathy. 
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