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The English ophthalmologist Richard Banister was one of the first to report palpable
hardness of the normal-appearing eye in 1622.* Tonometry is an essential
measurement in the assessment of eye health and a key component of glaucoma
diagnosis and treatment, with intraocular pressure (IOP) remaining the only modifiable
risk factor for glaucoma.? Goldmann applanation tonometry (GAT) is the currently
accepted “gold standard” and approximates IOP by measuring the force needed to
flatten a fixed area at the corneal apex.3* To do so, GAT makes important assumptions
about corneal thickness and behavior, assumptions that are not met in a significant

proportion of patients.®

GAT has been used for nearly 70 years and is considered the reference standard* for
intraocular pressure measurement largely owing to the fact that nearly all clinical trial
protocols have relied on GAT. The technique is widely integrated within clinical practice
and a certain amount of inertia has prevented clinicians from shifting to newer, possibly
better, technologies. This resistance is perhaps analogous to the slow adoption of
superior LogMAR measures of visual acuity, even when the limitations of Snellen were

well established.® The relatively low cost of GAT also contributes to its ongoing appeal.

Yet GAT has significant limitations that make it a suboptimal, far from ideal reference
standard. First, the results of GAT are influenced by corneal properties, underestimating
manometric IOP in thin corneas, overestimating in thick corneas®” and varying
unpredictably with difficult to measure properties such as stiffness. Second, GAT
requires topical anesthesia, which, depending on regulations, limits the personnel able
to carry out the test. Third, GAT requires a slit lamp (Perkins can be done without a slit
lamp but a separate device needs to be purchased and measuring IOP with the Perkins
can be difficult). Fourth, GAT is subjective and there is no quality metric to alert the
physician to a poor measurement. Finally, even when measured by qualified staff on the
same person at more or less the same time, GAT results vary to a degree that can be
clinically significant: the 95% repeatability coefficient (range within which 95 of 100

readings will fall) is +/-2mmHg.2 Other important considerations include the need to train



personnel in how to perform the exam and the ongoing need for calibration of the

tonometer (which is often omitted).® 1°

Should Goldmann applanation be the reference standard in 2020 now that so many
alternative approaches to IOP measurement exist? While many tonometers can
reproducibly measure 10P,*! 12 a body of evidence is accumulating that cornea-
corrected IOP as measured with the Ocular Response Analyzer (ORA, Reichert
Technologies, Depew, NY, USA) is a better measure of IOP than GAT and should be

used more widely.

The ORA is a non-contact device that measures the flattening of the cornea by a fixed
force of air both as the cornea flattens inwards and as it returns to its normal shape. The
difference in these measures provides an estimate of the shock absorption properties of
the cornea - hysteresis,® which has been shown in numerous publications to be an
independent predictor of visual field progression in individuals with known glaucoma or
ocular hypertension.*317 The financial outlay in purchasing a new tonometry device may
be an initial disadvantage in times of fiscal austerity. However using the ORA is simple
and does not require the use of topical anesthesia. IOP assessments can therefore be
performed by ancillary staff, making this technique applicable to novel models of
delivering glaucoma care.*® There are no disposable parts, so once the device is
purchased there are few marginal costs (electricity, occasional maintenance) or cross-
contamination risks. Micro-aerosol formation from non-contact tonometry® might be a
considered a potential hazard in the current COVID-19 era.?° However, virus patrticles
have been detected only in ocular secretions from patients with active conjunctivitis??
and therefore use of this technique in quiet eyes would seem to confer minimal risk. It is
worth noting that the ORA is validated for IOP levels between 7-60mmHg, however its
accuracy for the extremes of low and high pressure outside of this range that may be
encountered in surgical practice in particular is not yet known and GAT will continue to

have a role in validating measurements in this specialist area.



There is a myriad of reasons to abandon GAT and shift to ORA, but most importantly,
we rely on intraocular pressure as a guide to caring for patients. Ultimately, the
measure of IOP that best predicts who will get worse is the device most able to help us
make the right decisions. A recent prospective observational study?? and a large
randomized controlled clinical trial?® both showed that over two thirds of the variance in
rates of visual field progression remained unexplained by IOP alone, making this a poor
predictive feature used in isolation. However, both studies showed that the ORA derived
IOPcc was superior to GAT in predicting rates of glaucoma progression. These
observations most likely reflect the fact that IOPcc measurements are more closely

related to true IOP measurements, but further studies are necessary to confirm this.

Why are we persisting in using GAT clinically? The test itself is relatively time
consuming, physicians often repeat the measurement because they cannot fully trust a
technician, it slows down the clinic requiring technical staff to have slit lamps and place
drops in patient’s eyes and worse, it may be giving us a false sense of security. ORA is
a clearly better alternative that provides more information about who is getting worse.
There may be other alternative tonometers comparable to the ORA that require further

evaluation, but nevertheless it’s time for a change!

References

1. Leffler CT, Schwartz SG, Giliberti FM, et al. What was Glaucoma Called Before the
20th Century? Ophthalmol Eye Dis 2015;7:21-33. doi: 10.4137/0ed.S32004
[published Online First: 2015/10/21]

2. Ocular Hypertension Treatment Study G, European Glaucoma Prevention Study G,
Gordon MO, et al. Validated prediction model for the development of primary
open-angle glaucoma in individuals with ocular hypertension. Ophthalmology
2007;114(1):10-9. doi: 10.1016/j.0phtha.2006.08.031 [published Online First:
2006/11/11]

3. Okafor KC, Brandt JD. Measuring intraocular pressure. Curr Opin Ophthalmol
2015;26(2):103-9. doi: 10.1097/icu.0000000000000129 [published Online First:
2015/01/17]

4. Ophthalmic instruments — Tonometers. ISO 8612:2009 Geneva, Switzerland:
International Organization for Standardization, 2009.



5. Liu J, Roberts CJ. Influence of corneal biomechanical properties on intraocular
pressure measurement: quantitative analysis. J Cataract Refract Surg
2005;31(1):146-55. doi: 10.1016/j.jcrs.2004.09.031 [published Online First:
2005/02/22]

6. Kaiser PK. Prospective evaluation of visual acuity assessment: a comparison of
snellen versus ETDRS charts in clinical practice (An AOS Thesis). Trans Am
Ophthalmol Soc 2009;107:311-24. [published Online First: 2010/02/04]

7. McCafferty S, Levine J, Schwiegerling J, et al. Goldmann applanation tonometry error
relative to true intracameral intraocular pressure in vitro and in vivo. BMC
Ophthalmol 2017;17(1):215. doi: 10.1186/s12886-017-0608-y [published Online
First: 2017/11/28]

8. Kotecha A, White E, Schlottmann PG, et al. Intraocular pressure measurement
precision with the Goldmann applanation, dynamic contour, and ocular response
analyzer tonometers. Ophthalmology 2010;117(4):730-7. doi:
10.1016/j.ophtha.2009.09.020 [published Online First: 2010/02/04]

9. Choudhari NS, George R, Baskaran M, et al. Measurement of Goldmann applanation
tonometer calibration error. Ophthalmology 2009;116(1):3-8. doi:
10.1016/j.0phtha.2008.06.020 [published Online First: 2008/08/19]

10. Choudhari NS, Rao HL, Ramavath S, et al. How Often the Goldmann Applanation
Tonometer Should be Checked for Calibration Error? J Glaucoma
2016;25(11):908-13. doi: 10.1097/ijg.0000000000000545 [published Online First:
2016/11/05]

11. Cook JA, Botello AP, Elders A, et al. Systematic review of the agreement of
tonometers with Goldmann applanation tonometry. Ophthalmology
2012;119(8):1552-7. doi: 10.1016/j.ophtha.2012.02.030 [published Online First:
2012/05/15]

12. Garcia-Feijoo J, Martinez-de-la-Casa JM, Morales-Fernandez L, et al. New
technologies for measuring intraocular pressure. Prog Brain Res 2015;221:67-
79. doi: 10.1016/bs.pbr.2015.06.003 [published Online First: 2015/11/01]

13. Congdon NG, Broman AT, Bandeen-Roche K, et al. Central corneal thickness and
corneal hysteresis associated with glaucoma damage. Am J Ophthalmol
2006;141(5):868-75. doi: 10.1016/j.aj0.2005.12.007 [published Online First:
2006/03/11]

14. De Moraes CV, Hill V, Tello C, et al. Lower corneal hysteresis is associated with
more rapid glaucomatous visual field progression. J Glaucoma 2012;21(4):209-
13. doi: 10.1097/13G.0b013e3182071b92 [published Online First: 2011/06/10]

15. Medeiros FA, Meira-Freitas D, Lisboa R, et al. Corneal hysteresis as a risk factor for
glaucoma progression: a prospective longitudinal study. Ophthalmology



16.

17.

18.

19.

20.

21.

22.

23.

2013;120(8):1533-40. doi: 10.1016/j.0phtha.2013.01.032 [published Online First:
2013/05/07]

Susanna BN, Ogata NG, Jammal AA, et al. Corneal Biomechanics and Visual Field
Progression in Eyes with Seemingly Well-Controlled Intraocular Pressure.
Ophthalmology 2019;126(12):1640-46. doi: 10.1016/j.0phtha.2019.07.023
[published Online First: 2019/09/15]

Zhang C, Tatham AJ, Abe RY, et al. Corneal Hysteresis and Progressive Retinal
Nerve Fiber Layer Loss in Glaucoma. Am J Ophthalmol 2016;166:29-36. doi:
10.1016/j.2j0.2016.02.034 [published Online First: 2016/03/08]

Kotecha A, Brookes J, Foster PJ. A technician-delivered 'virtual clinic’ for triaging
low-risk glaucoma referrals. Eye (Lond) 2017;31(6):899-905. doi:
10.1038/eye.2017.9 [published Online First: 2017/02/18]

Britt JM, Clifton BC, Barnebey HS, et al. Microaerosol formation in noncontact ‘air-
puff' tonometry. Arch Ophthalmol 1991;109(2):225-8. doi:
10.1001/archopht.1991.01080020071046 [published Online First: 1991/02/01]

Lai THT, Tang EWH, Chau SKY, et al. Stepping up infection control measures in
ophthalmology during the novel coronavirus outbreak: an experience from Hong
Kong. Graefes Arch Clin Exp Ophthalmol 2020;258(5):1049-55. doi:
10.1007/s00417-020-04641-8 [published Online First: 2020/03/04]

Xia J, Tong J, Liu M, et al. Evaluation of coronavirus in tears and conjunctival
secretions of patients with SARS-CoV-2 infection. J Med Virol 2020 doi:
10.1002/jmv.25725 [published Online First: 2020/02/27]

Susanna BN, Ogata NG, Daga FB, et al. Association between Rates of Visual Field
Progression and Intraocular Pressure Measurements Obtained by Different
Tonometers. Ophthalmology 2019;126(1):49-54. doi:
10.1016/j.ophtha.2018.07.031 [published Online First: 2018/08/17]

Lascaratos G, Garway-Heath DF, Russell RA, et al. Intraocular pressure (IOP)
measured with the Ocular Response Analyzer is a better predictor of glaucoma
progression than Goldmann IOP in the United Kingdom Glaucoma Treatment
Study (UKGTS). Investigative Ophthalmology & Visual Science 2014;55(13):128-
28.



