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Utility of the Tono-Pen in Measuring Intraocular Pressure in Trinidad
A Cross-sectional Study
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ABSTRACT

Aim: To determine the sensitivity and specificity of the Reichert™ Tono-Pen AVIA® when used by novice
medical students in an ethnically diverse population in Trinidad.
Subject and Methods: Participants were residents of Trinidad between the ages of 20 and 90 years
attending the Ophthalmology Clinic at the Eric Williams Medical Sciences Complex (EWMSC). In-
traocular pressure (IOP) was measured using the Goldmann applanation tonometer (the gold standard)
for ophthalmology clinic patients as part of their routine care. Intraocular pressure measurements were
then taken using the Tono-Pen.
Results: One hundred persons participated, consisting of Indo-Trinidadians (55%), Afro-Trinidadians
(36%), Mixed (8%) and 1% of Caucasian descent. Fourteen per cent reported a diagnosis of glaucoma
with 70.6% of these being of African descent. One hundred and ninety-eight readings of IOP were taken.
At a cut-off point of 21 mmHg, there were nine true positives, four false positives, seven false negatives
and 178 true negatives. The sensitivity and specificity were found to be 56.3% (95% CI 33.2, 76.9) and
97.8% (95% CI 94.5, 99.1), respectively. The positive predictive value was calculated as 69.2% (95%
CI 42.4, 87.3) while the negative predictive value was 96.2% (95% CI 92.4, 98.2). The prevalence of
elevated IOP in this population was 8.1% (95% CI 4.8, 13.0). The likelihood ratio of a positive result
was calculated to be 25.6 (95% CI 8.6, 73.9).
Conclusion: The high specificity and negative predictive value suggests that the Tono-Pen can be used
with minimal training, and can prove beneficial at the primary care level in the exclusion of increased
IOP in an ethnically diverse high-risk Caribbean population.
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Utilidad del Tono-Pen en la Medición de la Presión Intraocular en Trinidad
Un Estudio Transversal
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RESUMEN

Objetivo: Determinar la sensibilidad y especificidad del tonómetro Reichert™ Tono-Pen AVIA® cuando es
utilizado por los estudiantes principiantes de medicina en una población étnicamente diversa en Trini-
dad.
Sujetos y métodos: Los participantes entre las edades de 20 y 90 años, eran residentes de Trinidad que
acudían a la Clínica de Oftalmología en el Complejo de Ciencias Médicas Eric Williams (EWMSC,
siglas en inglés). La presión intraocular (PIO) se midió con el tonómetro de aplanación de Goldmann
(estándar de oro) usado con los pacientes de la Clínica de Oftalmología como parte de su servicio de ru-
tina. Luego se hicieron mediciones de la presión intraocular utilizando el Tono-Pen.
Resultados: Cien personas participaron, como sigue: indotrinitarios (55%), afrotrinitarios (36%), mix-
tos (8%), y 1% de descendencia caucásica. El catorce por ciento tuvo un diagnóstico de glaucoma,
siendo el 70.6% de ellos de ascendencia africana. Se realizaron ciento noventa y ocho lecturas de PIO.
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A un límite de corte de 21 mmHg, hubo nueve verdaderos positivos, cuatro falsos positivos, siete falsos
negativos, y 178 verdaderos positivos. Se halló que la sensibilidad y especificidad fueron 56.3% (95%
IC 33.2, 76.9) y 97.8% (95 IC 94.5, 99.1), respectivamente. El valor predictivo positivo se calculó como
69.2% (IC del 95%: 42.4, 87.3) mientras que el valor predictivo negativo fue de 96.2% (95% IC 92.4,
98.2). La prevalencia de PIO elevada en esta población fue 8.1% (95% IC 4.8, 13.0). El cociente de
probabilidad de un resultado positivo se calculó como 25.6 (95% IC 8.6, 73.9).
Conclusión: La alta especificidad y valor predictivo negativo sugiere que el Tono-Pen se puede utilizar
con un mínimo de entrenamiento, y puede resultar beneficioso a nivel de la atención primaria para ex-
cluir el aumento de la PIO en una población caribeña étnicamente diversa de alto riesgo.
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INTRODUCTION
In 2002, the number of people with visual impairment world-
wide was in excess of 161 million; of these, about 37 million
were blind. Globally, the top three contributors to this mor-
bidity are cataracts, glaucoma and age-related macular degen-
eration (1). Regionally, the Barbados Eye Study (BES) 2010
reports that age-related cataract and open-angle glaucoma
(OAG) accounted for 73.2% of blindness and diabetic
retinopathy (DR) for 8.9%; cataracts caused two-thirds of de-
creased vision (2).

Glaucoma is an ocular disease characterized by damage
to the optic nerve and studies reveal that it is common among
the Afro-Caribbean population. The BES reported that in fol-
lowing 3222 participants over nine years, the incidence of
definite open angle glaucoma (OAG) was 4.4% and among
those with suspected/probable OAG, the incidence was 9.4%.
(3). That study also indicated that incidence increased with in-
creasing age and that men (8.3%) had a higher incidence than
women [5.7%] (3). Earlier reports from the BES reported that
OAG accounted for 28% of the primary cause of blindness
among those with bilateral blindness and that the visual im-
pairment rates were higher in Caribbean blacks compared with
other populations (4).

Baseline intraocular pressure (IOP) has been associated
with the risk of developing OAG in the nine-year follow-up of
the BES (5). Although there may be other risk factors for de-
veloping glaucoma, for example, many of the participants who
developed OAG in the BES had normal baseline IOP (5), both
medical and surgical treatments for OAG lower IOP and re-
duce the risk for optic nerve damage over the short to medium
term. A recent systematic review suggests that currently, the
treatments that best prevent visual disability and improve pa-
tient-reported outcomes are unclear (6). The evidence for
screening for glaucoma is not uncomplicated. The United
States Preventative Task Force (USPTF) reported in 2013 that
many persons with primary OAG do not have increased IOP
and not all persons with increased IOP have or will develop
glaucoma. Therefore, screening with tonometry alone may be
inadequate to detect all cases of primary OAG (7).

The USPTF do qualify their statement, however, recog-
nizing that persons of African heritage have a higher risk.

Additionally, the USPTF found clear evidence that treatment
of increased IOP and early glaucoma reduces the number of
persons who develop small, clinically unnoticeable visual field
defects and that treatment of early asymptomatic primary OAG
decreases the number of persons whose visual field defects
worsen.

In the United States of America, glaucoma accounts for
9–12% of all blindness, but blindness from glaucoma is 6–8
times more common in African Americans than Caucasians
(8). In the Caribbean, primary OAG is an aggressive disease
often presenting with very high pressures in relatively young
patients. The disease is often already at an advanced stage at
presentation. A prevalence study involving more than 1600
subjects in St Lucia was conducted in 1986–87; 364 subjects
(8.8%) were diagnosed with glaucoma (9). After ten years, the
group was re-evaluated and it was found that between one-
third and one-half of the subjects had reached end-stage disease
(10).

There is good evidence for the protective role of low IOP
to reduce the progression of the visual field defects associated
with OAG. The advanced glaucoma intervention study
[AGIS] (11), the Ocular Hypertension Treatment Study
[OHTS] (12), Collaborative Normal Tension Treatment Study
(13), the Early Manifest Glaucoma Trial [EMGT] (14), and
other similar studies have convincingly demonstrated that
lower IOP reduces the progression of visual field loss.

The high incidence rate in the Afro-Caribbean popula-
tion and the benefit of early treatment suggest that this popu-
lation may benefit from early detection through screening. In
West Indian primary care populations, the use of the hand-held
tonometer is an attractive means for recording IOP. The aim
of this study was to determine the sensitivity and specificity
of the Reichert™ Tono-Pen AVIA® (15) when used by novice
medical students in Trinidad.

SUBJECTS AND METHODS
This study was conducted as part of the medical students’Year
2 research skills training in the Unit of Public Health and Pri-
mary Care at The University of the West Indies, St Augustine.
This was a cross-sectional study. Patients had their IOP meas-
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ured by the Tono-Pen (by trained medical students) and the
Goldmann applanation tonometer (by the ophthalmology con-
sultant or residents). Patients of all ethnicities attending the
ophthalmology clinic in EWMSC who were having their IOP
measured as part of their routine visit were eligible. Patients
were excluded if under age 18 years, had diminished mental
capacity, were non-English speakers or pregnant.

Medical students were trained by a specialist ophthal-
mologist (DM) in the use of the Tono-Pen, prior to the com-
mencement of the study. Patients at the clinic had a topical
anaesthetic applied to the eyes in preparation for routine meas-
urements of their IOP. The patients were seated and positioned
in front of a fixation target and asked to focus on the target.
An Ocu-Film tip cover was placed on the transducer of the
Tono-Pen to eliminate the risk of cross-contamination. The
Operator’s button on the Tono-Pen was depressed and the
transducer tip gently tapped on the patient’s anaesthetized
cornea, with the tip perpendicular to the central cornea. In-
traocular pressure measurement was recorded as seen on the
Tono-Pen’s LCD screen. Patients were then asked to proceed
to the Goldmann applanation tonometer for IOP measurements
to be taken by ophthalmology residents. Residents were un-
aware of the results obtained by the Tono-Pen. In other cases,
the patients had Goldmann applanation tonometer performed
prior to Tono-Pen. Again, blinding was maintained. Results
obtained from both instruments were compared to determine
whether the Tono-Pen’s specificity and sensitivity are equiva-
lent to that of the Goldmann applanation tonometer.

Permission for conducting the study was granted by the
institutional review boards of the North Central Regional
Health Authority and The University of the West Indies, Fac-
ulty of Medical Sciences, St Augustine, Trinidad.

RESULTS
There were 100 participants with 198 readings of IOP being
taken. Participants aged 21–50 years made up 33%, those 51–
70 years made up 51% and those 71 years and older made up
26% of the study. There were 61 females and 39 males. Par-
ticipants consisted of Indo-Trinidadian (55%), Afro-Trinida-
dian (36%), Mixed (8%) and 1% of Caucasian descent.
Fourteen per cent reported a diagnosis of glaucoma, with
70.6% of these being of African descent. At a cut-off point of
21 mmHg, there were nine true positives, four false positives,
seven false negatives and 178 true negatives. The sensitivity
and specificity were found to be 56.3% (95% CI 33.2%,
76.9%) and 97.8% (95% CI 94.5%, 99.1%), respectively. The
positive predictive value was calculated as 69.2% (95% CI
42.4%, 87.3%) while the negative predictive value was 96.2%
(95% CI 92.4%, 98.2%). The prevalence of elevated IOP in
this population was 8.1% (95% CI 4.8%, 13.0%). The likeli-
hood ratio of a positive result was also calculated as 25.6 (95%
CI 8.6, 73.9).

Among the 36 participants of Afro-Trinidadian descent,
71 readings of IOP were taken. There were four true positives,

two false negatives, one false positive and 64 true negatives. In
this sub-population, the sensitivity of the Tono-Pen AVIA was
66% (95% CI 24.1, 94.0) and the specificity was 98.5% (95%
CI 90.5, 99.9%). The positive predictive value was 80% (95%
CI 29.9, 98.9) and the negative predictive value was 94.1%
(95% CI 88.5, 99.5%). The likelihood ratio of a positive result
was also calculated as 43 (95% CI 5.7, 328.4) for the Afro-
Trinidadian population.

DISCUSSION
The sensitivity and specificity of the Reichert™ Tono-Pen
AVIA® when used by medical students in Trinidad were found
to be 56.3% and 97.8%, respectively. For every 1000 patients
with an elevated IOP, the Tono-Pen, in the hands of medical
students, would detect 563 cases as being elevated. Four hun-
dred and thirty-seven patients with elevated IOP would be
missed. For every 1000 patients with normal IOP, the Tono-
Pen, in the hands of medical students, would detect 978 of
these as being normal. The value of the Tono-Pen is thus in the
detection of patients without an elevated IOP.

Strengths and limitations
In conducting the validation of a new test, several standards
should be achieved. These include having a population which
resembles that to which the intended new test will be applied,
having a reference test which is recognised as being a “gold
standard”, assuring that all participants are tested by both the
new test and the reference standard, and ensuring blinding be-
tween the persons conducting the new test and the reference
test. It could be argued that the populations do not quite match
since this paper is advocating for application in a primary care
setting, and the setting of this study was a tertiary care one.
This was a matter of convenience since this was where the
Goldmann applanation tonometer and ophthalmology staff was
available. All the other standards were adhered to.

Comparison with existing literature
This paper is unique in providing sensitivity and specificity of
the Tono-Pen AVIA®. We found three studies reporting use of
the Reichert™ Tono-Pen AVIA® instrument (16–18), and oth-
ers reporting on the Tono-Pen XL instrument (19, 20). These
papers attest to the validity of the Tono-Pen; however, we
could find none that does a comparison of the Tono-Pen AVIA®

in practice against the Goldmann applanation tonometer.

Implications for research and/or practice
Support for glaucoma screening in general practice
There is a strong history of advocacy for screening for glau-
coma in general practice (21, 22). In one extensive survey,
screening found that 12% of those referred to an ophthalmol-
ogist had glaucoma at a cost to the system of £408 per case de-
tected (23). Further, a survey of Yorkshire general practitioners
found that 80% would consider setting up a glaucoma screen-
ing clinic if it could be shown to be of benefit (24). This cur-
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rent paper supports the case made by these previous authors,
for a similar application to a Caribbean setting with potentially
more destructive disease.

The role of serial testing over time in primary care
A strength of primary care is the fact that patients can be re-
peatedly reviewed over time. Parallel testing, where any pos-
itive result is regarded as being positive can improve
sensitivity. The resultant net sensitivity is calculated from the
following: net sensitivity = sensitivity 1 + sensitivity 2 – [sen-
sitivity 1 × sensitivity 2] (13). Therefore if the Tono-Pen is
applied twice, over time the sensitivity of the test increases to:
0.563 + 0.563 - (0.563 × 0. 563) = 1.123 - 0.317 = 80.3%. This
improvement, however, is at the expense of a diminished
specificity, leading to increased false positives (25).

The positive predictive value
The positive predictive value (in our case = 69.2%) indicates
the proportion of people with a positive test that actually have
the condition. This implies that for every 1000 patients tested
as positive with the Tono-Pen, 308 will not have elevated IOP.
This may create increased patient anxiety and a burdening of
the healthcare system where increased resources are now re-
quired to confirm the presence of increased IOP and of glau-
coma. Further testing of the role of combining family history
of glaucoma and current IOP readings to increase the positive
predictive value to detect the presence of glaucoma is needed.
The detection rate can be further enhanced when combined
with optic nerve examination by fundoscopy and basic field
testing.

How this fits in
Whilst many other studies present the accuracy of the Tono-
Pen reading to an actual Goldmann applanation tonometer
reading, this paper presents the sensitivity and specificity of
the Tono-Pen using the Goldmann applanation tonometer as a
gold standard in a population of patients. It also does this in an
ethnically diverse population which has been shown to have a
higher morbidity from glaucoma. Additionally, the Tono-Pen
was used by novice medical students to illustrate the possibil-
ity of the rapid application of this tool in a Caribbean primary
care setting where opportunities for screening exist.

RECOMMENDATION
Throughout the English-speaking Caribbean, there is a well-
developed primary healthcare system. For all the reasons al-
luded to in this paper, we recommend that in this limited
resourced community, which has a high prevalence of this
potentially debilitating disease, the screening for glaucoma be
integrated into primary care settings through use of instruments
such as the Tono-Pen.

CONCLUSION
The sensitivity and specificity of the Reichert™ Tono-Pen
AVIA®, when used by novice medical students in Trinidad, was

found to be 56.3% and 97.8%, respectively. The high speci-
ficity and negative predictive value suggests that the Tono-Pen
is a useful tool that requires minimal training, and can prove
beneficial at the primary care level in the exclusion of in-
creased IOP. Serial parallel testing improves the net sensitiv-
ity of the Tono-Pen to 80.3%. In the current situation in the
Caribbean where no screening is carried out in the public
health centres, this can be a useful addition to the primary care
armamentarium, when combined with assessment of the cup-
disc ratio by fundoscopy and visual field study (26).

REFERENCES
1. Resnikoff S, Pascolini D, Etya’ale D, Kocur I, Pararajasegaram R,

Pokharel GP et al. Global data on visual impairment in the year 2002.
Bull World Health Organ 2004; 82: 844–51.

2. Leske MC, Wu SY, Nemesure B, Hennis A; Barbados Eye Studies Group.
Causes of visual loss and their risk factors: an incidence summary from
the Barbados Eye Studies. Rev Panam Salud Publica 2010; 27: 259–67.

3. Leske MC, Wu SY, Honkanen R, Nemesure B, Schachat A, Hyman L et
al; Barbados Eye Studies Group. Nine-year incidence of open-angle glau-
coma in the Barbados Eye Studies. Opthalmology 2007; 114: 1058–64.

4. Hyman L, Wu SY, Connell AM, Schachat A, Nemesure B, Hennis A et al.
Prevalence and causes of visual impairmant in the Barbados Eye Study.
Opthalmology 2001; 108: 1751–6.

5. Nemesure B, Honkanen R, Hennis A, Wu SY, Leske MC; Barbados Eye
Studies Group. Incident open-angle glaucoma and intraocular pressure.
Opthalmology 2007; 114: 1810–15.

6. Boland MV, Ervin AM, Friedman DS, Jampel HD, Hawkins BS, Vollen-
weider D et al. Comparative effectiveness of treatments for open-angle
glaucoma: a systematic review for the U.S. Preventive Services Task
Force. Ann Intern Med 2013; 158: 271–79.

7. Moyer VA; U.S. Preventive Services Task Force. Screening for glau-
coma: U.S. Preventive Services Task Force: Recommendation Statement.
Ann Intern Med 2013; 159: 484–9.

8. Vitahealth. Glaucoma. New York: Vitahealth; 2011 [cited 2013 Dec 13].
Available from: http://www.vitahealthrx.com/ns/DisplayMonograph.asp?
StoreID=b09ddec26f1d4fb788c88a5316c0e904&DocID=condition-glau-
coma

9. Mason RP, Kosoko O, Wilson MR, Martone JF, Cowan CL Jr, Gear JC et
al. National survey of the prevalence and risk factors of glaucoma in St
Lucia, West Indies. Part I. Prevalence findings. Ophthalmology 1989; 96:
1363–8.

10. Robin AL. What recent NEI trials tell us about treatment and therapy.
Fairfax: Eye Word News Service; 2004 [cited 2013 Dec 19]. Available
from: http://www.eyeworld.org/ewsupplementarticle.php?id=16

11. Van Veldhuisen PC, Ederer F, Gaasterland DE, Sullivan K, Beck A, Bruce
EP et al. The advanced glaucoma intervention study (AGIS): 7. the rela-
tionship between control of intraocular pressure and visual field deterio-
ration. Am J Ophthalmol 2000; 130: 429–40.

12. Kass MA, Heuer DK, Higginbotham EJ, Johnson CA, Keltner JL, Miller
JP et al. The ocular hypertension treatment study: a randomized trial de-
termines that topical ocular hypotensive medication delays or prevents
the onset of primary open-angle glaucoma. Arch Ophthalmol 2002; 120:
701–13.

13. Anderson DR. Normal tension glaucoma study. Collaborative normal
tension glaucoma study. Curr Opin Ophthalmol 2003; 14: 86–90.

14. Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, Hussein M et
al. Reduction of intraocular pressure and glaucoma progression: results
from the Early Manifest Glaucoma Trial. Arch Ophthalmol 2002; 120:
1268–79.

15. Reichert Technologies. Tono-Pen AVIA applanation tonometer. Depew,
NJ: Reichert Technologies [cited 2014 Jan 10]. Available from:
http://www.reichert.com/product_details.cfm?pcId=474&skuId=2
980&skuTk=1037022486#.UtEdqbTovX8.

16. Bhartiya S, Bali SJ, James M, Panda A, Dada T. Test retest variability of
Tono-Pen AVIA. Indian J Ophthalmol 2013; 61: 129–31.

Utility of the Tono-Pen in Measuring Intraocular Pressure



371

17. Bhartiya S, Bali SJ, Sharma R, Chaturvedi N, Dada T. Comparative eval-
uation of Tono-Pen AVIA, Goldmann applanation tonometry and non-
contact tonometry. Int Ophthalmol 2011; 31: 297–302.

18. Yang HS, Kim JG, Ko HS, Lee KS, Won HJ. In vivo validation of the
new Tono-Pen AVIA tonometer using manometers placed in the anterior
chamber and the vitreous cavity under various vitreous conditions. Curr
Eye Res 2014; 39: 370–7.

19. Nakakura S, Mori E, Yamamoto M, Tsushima Y, Tabuchi H, Kiuchi Y.
Intraocular pressure of supine patients using four portable tonometers.
Optom Vis Sci 2013; 90: 700–6.

20. Mollan SP, Wolffsohn JS, Nessim M, Laiquzzaman M, Sivakumar S,
Hartley S et al. Accuracy of Goldmann, ocular response analyser, Pascal
and TonoPen XL tonometry in keratoconic and normal eyes. Br J Oph-
thalmol 2008; 92: 1661–5.

21. Phillips MA. Early detection of chronic simple glaucoma in general prac-
tice. JR Coll Gen Pract 1977; 27: 601–4.

22. Lewis M. Screening for glaucoma in general practice. Br J Gen Pract
1991; 41: 80.

23. Sheldrick JH, Sharp AJ. Glaucoma screening clinic in general practice:
prevalence of occult disease, and resource implications. Br J Gen Pract
1994; 44: 561–5.

24. Neal RD. Glaucoma screening. Br J Gen Pract 1995; 45: 220.
25. Schoenbach VJ. Overall sensitivity and specificity from combining pre-

dictive value screening tests. Epidemiolog.net [cited 2013 Dec 1]. Avail-
able from: www.epidemiolog.net/studymat/SensSpecPV.xls.

26. Aref AA, Schmitt BP. Open-angle glaucoma: tips for earlier detection
and treatment selection. J Fam Pract 2005; 54: 117–25.

Billy et al




