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IINTRODUCTION

The variability in corneal thickness and rigidity, as 
well as the tear film surface tension, is responsible for 
the errors in intraocular pressure (IOP) measurement 

accuracy by applanation tonometry methods.[1] The ideal 
tonometer should be accurate, reliable, easy to use, and 
comfortable for the patient and physician. It should provide an 
IOP reading that is as close to manometric IOP as possible. To 
date, no such tonometer exists, but the Goldmann applanation 
tonometer is the gold standard for measurements of IOP 
and is accurate but unfortunately not precise.[2] Disposable 
prism tonometer (Tonosafe) provides a reliable, effective, 

and safe alternative to reusable prism tonometer with the 
advantage of eliminating the need for chemical disinfection 
and risk of cross infection.[3,4] Phacoemulsification causes the 
corneal endothelial cell loss, leading to post-cataract surgery 
corneal edema[5-7] and is caused by irrigation and the heat 
generated by phacoemulsification devices, and is dependent 
on intraoperative phacoemulsification time and ultrasound 
power used.[6,8] The degree of permanent corneal endothelial 
damage is related to the degree of early post-operative corneal 
swelling; therefore, measuring the differences in pachymetry 
postoperatively seems to be useful in assessing the effects of 
phacoemulsification on corneal integrity.[9]
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patients with thicker cornea (0.1 ± 0.2 mmHg) than in patients with thinner cornea (0.4 ± 0.3 mmHg) and lower in the normal 
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Aims and Objectives
The aim of this audit was to compare the accuracy of the 
disposable applanation tonometer (Tonosafe) as a potential 
substitute to the standard reusable applanation tonometer 
head, to determine the influence of central corneal thickness 
(CCT) on the measurement of IOP with these devices, and to 
determine the difference of CCT in operated and non-operated 
eye 2 weeks postoperatively in patients undergoing temporal 
corneal incision phacoemulsification cataract extraction.

METHODS

A prospective audit was performed over 4 weeks and patients 
were recruited from 2 weeks cataract post-operative clinic. 
30 patients (10 men and 20 women) with temporal corneal 
incision cataract surgery in one eye only were included after 
informed consent.

IOPs of patients were measured using both the Goldmann 
applanation tonometer prisms and the single-use Tonosafe 
disposable tonometer prisms. The trained ophthalmologist 
checked IOP using both devices for each patient while 
waiting for at least 3–4 min between measurements to 
avoid erroneously lower pressure readings from repeated 
tonometry.[10] CCT measurements were recorded with the 
Alcon OcuScan by an experienced ophthalmologist, 5 min 
before IOP measurements. Ophthalmologist alternated the 
testing method used first on each patient for counterbalancing 
and recorded both measurements and the order in which the 
testing was performed on the pro forma. Measurements with 
patient squeezing the eyelids were excluded from the study. 
After use, the Tonosafe heads were disposed and the Goldmann 
tonometer heads were disinfected by soaking in 10% bleach 
for 5–10 min, followed by thorough rinsing with tap water for 
60s, then rinsing with sterile water, and finally wiping it dry.

All patients were known to have normal IOP preoperatively 
and patients with corneal pathology, respiratory diseases such 
as chronic obstructive pulmonary disease and asthma, shallow 
AC, glaucoma of any sort, complicated cataract surgery or 
uncooperative, and anxious were excluded from the study.

RESULTS

IOPs of 60 eyes of 30 patients were measured by both 
Tonosafe and Goldmann applanation, with an IOP range of 
8–24mmHg.

The average age of patients was 71.4 years (range 
54–93 years). We noticed that the mean IOP with the reusable 
tonometer in both eyes was 13.40 ± 3.11 mmHg and with 
the Tonosafe disposable tonometer was 13.11 ± 3.18 mmHg. 
The mean difference was 0.29 ± 0.08 mmHg. The t-test 
analysis revealed the value of 0.51, which is not found to be 
significant.

Subgroup analysis on operated eyes showed mean IOP 
measurements of 13.40 ± 3.45 mmHg with reusable 
tonometer and 13.40 ± 3.43 mmHg with Tonosafe with a 
difference of 0 ± 0.02 mmHg. The observed t-value is 0 and 
the means are not significantly different.

Subgroup analysis on unoperated eyes showed that the 
Tonosafe IOP measurements (12.83 ± 2.95 mmHg) were on 
average 0.57 ± 0.04 mmHg lower than the reusable tonometer 
measurements (13.4 ± 2.91 mmHg). The observed t = 0. 75.

The Tonosafe IOP measurements were recorded higher in 
patients with thicker (0.1 ± 0.2 mmHg) and thinner corneas 
(0.4 ± 0.3 mmHg) and lower in patients with normal corneal 
thickness as compared to reusable tonometer [Table 1]. 
However, we found no direct correlation of corneal thickness 
on IOP measurements with both tonometers.

Linear regression analysis was used to determine whether 
the Tonosafe generates an IOP measurement equivalent 
to the Goldmann in with difference in CCT such that the 
devices would be essentially interchangeable. In our audit, 
IOP measurements with Goldmann were less affected 
by differences in CCT [Figure 1a], as compared to the 
Tonosafe [Figure 1b]. Our audit result showed that the 
corneal thickness varied between two eyes in the same 
individual [Figure 2]. Phacoemulsification through a 
temporal corneal incision causes an increase in corneal 
thickness along the horizontal meridian;[11] we noticed in 
operated eyes; 2 weeks after temporal corneal incision 
cataract surgery had higher average CCT of 570.3 ± 50.5 µ 
as compared to unoperated eyes of the same patient with 
the average CCT of 557.4 ± 43.2 µ. No adverse event was 
recorded during the audit.

DISCUSSION

Despite disparity in IOP measurements, disposable tonometer 
is better and safer option out of two tonometers.[12,13,14]

Table 1:  Effect of Corneal Thickness on the measurement of two tonometers
Corneal thickness Average IOP with reusable tonometer Average IOP with Tonosafe Difference
610.5±29.0 µ 13.1±3.0 mmHg 13.2±3.2 mmHg 0.1±0.2 mmHg

554.3±13.2 µ 13.8±3.6 mmHg 12.9±3.6 mmHg 0.9±0 mmHg

494.1±20.3 µ 13.1±2.0 mmHg 13.5±2.3 mmHg 0.4±0.3 mmHg
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Goldmann had pointed out that the theoretical model of 
applanation tonometry, which relied on the Imbert-Fick 
law,[15] concealed errors in clinical practice, 50 years ago. 
It is well known that the Goldmann applanation tonometry 
IOP value in thicker corneas is falsely higher, while in 
thinner corneas, it is falsely lower.[16-20] However, few 
studies showed in normotensive patients; CCT has no 
significant effect on IOP measurements[21] and we also agree 
with their findings as all our patients were normotensive 
and we did not find significant correlation between CCT 
and IOP measurements.

Therefore, we conclude from these findings that the 
difference between IOP measurement with Tonosafe and 
reusable tonometer is not significantly affected by CCT in a 
normotensive patient.

Our audit findings suggested that IOP measurements with 
Goldmann were higher as compared to Tonosafe, but not so 
significant to bring the accuracy of disposable tonometer to 
question which can be more safe to use due to less chances of 
cross-contamination and spread of potentially life-threatening 
ocular surface diseases.[14]

Although Kim et al. reported higher reading with Tonosafe 
(0.14 ± 1.73 mmHg) 12 and Goel et al. in their study found 
the mean difference of 0.78 mmHg 13 between two prisms 
used for tonometry, they agreed that disposable tonometer is 
the safer option out of two tonometers.

We should not assume that Tonosafe is a valid alternative to 
reusable tonometer for higher IOP measurements as it had not 
found to be accurate in patients with raised IOP as compared 
to reusable tonometer.[22]

However, adequate care should be taken while handling 
the Tonosafe to prevent contamination of the holder and 
head.[23]

Corneal endothelial cells loss during cataract surgery is the 
known factor for corneal edema and thickness of the cornea 
after cataract operation and is due to multiple risk factors such 
as dense cataract, advanced age, long phacoemulsification 

time, high ultrasound energy, small pupil diameter, large 
infusion volume, type of intraocular lens, and short axial 
length.[24-28]

Previous studies recorded higher CCT measurements in the 
operated eye as compared to non-operated eye and suggested 
that post-operative CCT following cataract surgery returns to 
baseline during the 1st week.[11,23]

CCT in our patients was recorded at 2 weeks 
postoperatively and average CCT in the operated eye was 
higher (570.3 ± 50.5 µ) as compared to non-operated eyes 
(557.4 ± 43.2 µ) at 2 weeks.

None of the previous studies measured CCT at 2 weeks. We 
believe from our findings that minimal corneal edema persists 
for more than 1 weeks after cataract surgery and CCT takes 
longer than 1 week to return to pre-operative state.

CONCLUSIONS

We conclude that disposable prism tonometry provides 
a reliable, effective, accurate,[5] and safe alternative to 
Goldmann reusable prism tonometry 4 with the advantages 
of eliminating the need for chemical disinfection and also 
eliminating the risk of cross infection,[14,29] especially in post-
operative patients and corneal edema persist for more than 
1 weeks post-cataract surgery.

Figure 2: Difference of central corneal thickness in operated 
and non-operated eye

Figure 1: (a and b) Linear regression analysis

a b
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