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How to Disinfect and Calibrate Your
Goldmann Applanation Tonometer
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oes your practice use alcohol or
hydrogen peroxide to disinfect
its Goldmann applanation to
nometers? If so, you may risk exposing
patients to infection. According to a
2017 Academy Ophthalmic Technology
Assessment (OTA), the 3 most com
monly used disinfectants are alco
hols, hydrogen peroxide, and sodium
hypochlorite (bleach); only the last
was found to be effective disinfection
against adenovirus and herpes simplex
virus (HSV), the viruses commonly
associated with nosocomial outbreaks
in eye care.1
Teresa C. Chen, MD, of Harvard
Medical School, who coauthored the
OTA, suspects that many physicians are
not yet using bleach on prisms. “The
common misconception is that alcohol
wipes—which are easier—are ade
quate,” she said.
And good tonometer care does not
stop with disinfection. Calibration is
important for getting accurate and
consistent monitoring of intraocular
pressure (IOP), yet calibration proto
cols are often neglected.2
Learning a few best practices for to
nometer maintenance can help ensure
safe and effective IOP monitoring in
your practice, the experts say.
Disinfecting Reusable Prisms
Because the GAT prism contacts the
corneal surface, reusable prisms that
are inadequately disinfected between

patients can be a source of disease
transmission. In fact, tonometer tips
have been implicated in clusters of
epidemic keratoconjunctivitis.3
The OTA panel evaluated 10 labora
tory studies on disinfection of tonom
eter prisms and concluded that soaking
in 10% bleach for 5 minutes afforded
the most effective disinfection.1 This
finding is consistent with the 2008 Cen
ters for Disease Control and Prevention
(CDC) Guideline for Disinfection and
Sterilization in Healthcare Facilities4 and
with recommendations of tonometer
manufacturers.
Microbes of concern. Anna K. Junk,
MD, lead author of the OTA and an
ophthalmologist at the Bascom Palmer
Eye Institute and the Miami Veterans
Affairs Healthcare System, stated that
most iatrogenic infections in ophthal
mic settings can be traced to adeno
virus 8, adenovirus 19, or HSV 1. The
studies reviewed by the OTA panel ad
dress contamination of the tonometer
tip with adenovirus 8 and 19, enterovi
rus 70, HSV-1 and -2, human immu
nodeficiency virus (HIV) 1, hepatitis C
virus (HCV), and prions.
Bleach eliminates a broad spectrum
of microorganisms by rapidly oxidizing
cell membranes and denaturing pro
teins, without leaving a toxic residue.
The OTA found that a bleach soak is
the only method that consistently inac
tivates adenovirus and HSV—though it
may be more troublesome to use than
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SLIT-LAMP MICROGRAPHS. (1) An
undamaged tonometer prism and (2, 3)
tonometer prisms that have been damaged over time. Cracks formed in the
prism can cause corneal abrasions and
may harbor microorganisms or residual
disinfectant.

alcohol or hydrogen peroxide.
Although no case of CreutzfeldtJakob disease has been linked to GAT,
prions are extremely resistant to dis
infection, and the incubation period
between exposure and observable
illness can be several decades. Practi
tioners should consider using dispos
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able tip covers or single-use prisms if
evaluating a patient with suspected or
confirmed prion disease, according to
the OTA. However, the risk of prion
disease transmission is thought to be
extremely low, said Dr. Junk, emphasiz
ing that when you are disinfecting the
tonometer prism, “the concerns should
be adenovirus and HSV.”
Adenovirus is a causative agent
of acute follicular conjunctivitis and
epidemic keratoconjunctivitis. And the
adenovirus particle is extremely hardy:
Desiccated virus can remain viable on
surfaces for well over a month, and dis
infection with 70% isopropyl alcohol or
3% hydrogen peroxide does not reliably
destroy infectivity.1
Safe, aseptic applanation. “The
perfect disinfectant would kill virus
es commonly involved in infectious
outbreaks but would not damage the
tonometer tip,” said Dr. Chen. “There
isn’t a perfect disinfectant,” she con
tinued, “but diluted bleach inactivates
the most commonly involved viruses,
and proper disinfection technique can
minimize damage to tonometer tips.”
The duration of the soak is important.
A soak for less than 5 minutes may not
inactivate contaminating microbes, and
a longer soak is more likely to damage
the tonometer tip.
Checking for damage. The OTA
panel determined that all disinfec
tants “have been identified as causing
tonometer prism damage and may
result in patient injury.”1,5 According
to Dr. Junk, over multiple disinfection
cycles, the disinfectant may dissolve the
glue holding the hollow tip together,
causing cracks to form along the rim.
These cracks can irritate the cornea and
may harbor microorganisms, and the
cracked hollow tip can retain disinfec
tant that could leak out during subse
quent applanation. Dr. Junk advised
inspecting reusable tips for integrity
“under the slit-lamp microscope, every
time before use.”
When to discard. Haag-Streit,
a manufacturer of tonometer tips,
recommends that any reusable tip be
discarded 2 years after the first use.6
Dr. Junk noted that all prisms also have
“an expiration date after which the tip
should be discarded, regardless of the
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duration of use. Monitoring these dates
can be very challenging logistically,
especially in a teaching institution.”
Reusable Versus Disposable
As an alternative to reusable prisms,
practitioners can applanate with
disposable prisms (e.g., Tonosafe,
Haag-Streit; Tonomate, Keeler). The
choice of tip may be based on person
al preference, results of cost-benefit
analyses, or concerns about disease
transmission. In general, researchers
have observed a “gradual but definite
shift to the use of disposable prisms
worldwide.”7
Dr. Chen said that many physicians
continue to utilize reusable tips for
2 reasons: 1) single-use tips can be
cost-prohibitive [Tonosafe and Tono
mate are more than $1/prism], and 2)
“some physicians are uncertain whether
the disposable tips have the same accu
racy as the reusable tips.”
Cost comparison. In a cost-benefit
analysis of reusable versus disposable
prisms conducted nationally in the
United Kingdom, Jasani et al.7 noted
substantial savings (£2 million an
nually) with reusable GAT prisms.
(However, the authors did not account
for the added costs and time associated
with disinfecting tonometer tips.) Tsai
et al.8 found that Tonosafe prisms were
approximately 8-fold more costly than
reusable prisms.
At Veterans’ Affairs Medical Cen
ters nationally, Dr. Junk explained that
implementation of CDC guidelines4
involved either transitioning to dispos

able tips or submitting used reusable
tips to a central sterilization unit. “We
were looking at purchasing rough
ly 1,000 reusable tips to make sure
we would not run out given a 2-day
turnaround for sterilization. We chose
disposable tips.” She also noted that
disposable tips are a mainstay among
glaucoma faculty at Bascom Palmer.
Accuracy differences? In a study of
326 patients at general and specialty
eye care clinics, IOP measurements of
Tonosafe disposable prisms and GAT
with reusable prisms were found to
correlate closely, and repeated measure
ment variability was similar for the 2
modalities.9 In a prospective study of
100 patients with glaucoma, Tsai et al.8
demonstrated good correlation in IOP
results between Tonosafe and reusable
GAT prisms.
Safety differences? Sterile, singleuse tips have the obvious safety benefit
of minimizing disease transmission
between patients due to insufficient
disinfection. Nonetheless, caution
should be exercised even when appla
nating with a disposable prism. In an
assessment of Tonosafe prism use at the
Sussex Eye Hospital (United Kingdom),
16 of 35 questionnaire respondents
admitted to touching the applanating
face of the disposable prism prior to
use, and Staphylococcus epidermidis and S. aureus were cultured from
briefly touched prisms.10 This occurred
despite respondents indicating that the
reusable prisms were easier to handle
and were unlikely to be touched on the
applanating face during preparation.10

Handheld Tonometry Devices
Handheld tonometers include the Tono-Pen XL and Tono-Pen Avia (Reichert)
and iCare devices. Cross-contamination and transmission of infectious disease
are less of a concern because these tonometers are supplied with single-use
tip covers (Ocu-Film, Reichert) or with disposable probe tips (iCare). The
iCare does not require calibration.1 And the Tono-Pen Avia requires no regular
calibration.2 Dr. Choudhari noted that calibration checks with the Tono-Pen
XL are only needed before the first use of the day and when indicated by the
instrument display. A common source of inaccurate readings is debris in the
handheld tonometer tip.
1 http://icare-usa.com.
2 www.reichert.com/products.

Calibrating the Tonometer
In GAT, calibration error (CE) typically
is assessed at 0, 20, and 60 mm Hg, but
widely accepted guidelines on CE check
frequency are lacking, said Nikhil S.
Choudhari, DNB, at the VST Glaucoma
Centre of L.V. Prasad Eye Institute in
Hyderabad, India.
Acceptable level of error. Dr.
Choudhari and colleagues assessed 132
GATs at their institution and found only
4% compliance with manufacturerrecommended CE tolerance for GAT at

more than 10 years of age can devel
op CE in a month.”12 Dr. Choudhari
recommended that new tonometers be
checked biannually in the first year.
Tonometers more than 1 year old
should be checked monthly.12
Dr. Choudhari and others have pro
posed a “screening approach” in which
CE is determined frequently, but only
at 0 mm Hg.13 This is the testing level
at which CE check weight bars are not
involved. The screen can be performed
quickly and easily on a weekly or even

“Wipe the tonometer tip clean. Soak in 10% bleach for 5 minutes.
Rinse with water, and let dry. Check for cracks every time before
use with 16 × magnification on slit lamp.”
20 mm Hg, even though their bioengi
neering department performs annual
servicing and recalibration on the de
vices.11 However, Dr. Choudhari noted
that manufacturer limits are stringent
in a clinical sense and may actually rep
resent an industrial (ISO) convention.
The levels of acceptable CE set by the
World Glaucoma Association (WGA)
and the Asia Pacific Glaucoma Society
(APGS) are more likely to be achievable
in clinical practice. The WGA recom
mendation is within ± 1 mm Hg at all
testing levels, and the APGS guideline
is within ± 2 mm Hg at 0 mm Hg, ± 3
mm Hg at 20 mm Hg, and ± 4 mm Hg
at 60 mm Hg.11
“I am of the opinion that the
acceptable level of CE should depend
on the severity of glaucoma,” said Dr.
Choudhari. “A wider range of CE might
be acceptable in early to moderate glau
coma, but error in the measurement
of IOP should be minimal in advanced
disease.” His practice generally applies a
CE tolerance limit of ± 2 mm Hg.
Calibration frequency. In a study
of 100 ophthalmology residents, 85
acknowledged that they never check the
GAT for CE, and only 7 stated that they
perform CE checks at the start of each
clinical session.2 Dr. Choudhari empha
sized the importance of checking the
GAT frequently for CE. He and others
have found that as many as “20% of
tonometers between 1 and 10 years of
age and as many as 50% of tonometers

—Dr. Junk

daily basis and had a good negative
likelihood ratio of 0.11 when the less
stringent APGS guideline was applied.13
Dr. Choudhari asserted that this simpli
fied approach “should not be used as a
substitute for the monthly checks of CE
with the weight bars, especially in the
context of advanced glaucoma.”
Sources of error. GAT calibration
can be affected by dust accumulation
or fluctuations in humidity or tem
perature. Dr. Choudhari also noted,
“The GAT is a balancing instrument,
and any tilt in the surface on which the
tonometer is mounted can cause errors
in measurement of IOP.” In addition,
operator-related factors can increase
the likelihood of CE, Dr. Choudhari
explained. “For example, an inadvertent
backward push on the tonometer tip
during cleaning may cause wear to the
spring mechanism.”
Correcting the problem. Dr.
Choudhari said that there are 2 ways to
address CE in GAT. “If an instrument
is found to have an unacceptable CE,
the ophthalmologist should send the
instrument to the manufacturer for
repair.” Alternatively, he and others
have described a technique by which a
bioengineer can address CE in-house.
(View the video that accompanies this
article at aao.org/eyenet.)
Best Practices
Dr. Junk gave the takeaway message
for disinfection of the reusable prism

after every patient: “Wipe the tonome
ter tip clean. Soak in 10% bleach for 5
minutes. Rinse with water, and let dry.
Check for cracks every time before use
with 16 × magnification on slit lamp.”
Based on the current evidence, do
ing so—coupled with frequent calibra
tion of the GAT—can improve patient
safety and precision of IOP measure
ments at the slit lamp.
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MORE ONLINE. To view an
8-minute video showing how to
address calibration error, look for this
Clinical Update at aao.org/eyenet.
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