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Intraocular pressure measurement in sheep using
an applanation tonometer

JodoAntonio Rdeu Pigattd, Fabiana Quatiero Peeira?, LucianeAlbuquerué, Luis Felipe Dutra Caiea’,
Bernardo Stefano BerchtPaula Stieven HunnidgAlberto Andre Ribeiro Silva
Luciana \fcente Rosa Pacicco de éitas

ABSTRACT

The purpose of this study was to evaluate and establish the mean values of IOP in healthy adult sheep using an
applanation tonometeinformation on age, sex, and breed was obtained for all animals included in thidstrty
five healthy sheepyvis arie$, of the same breedé&Xel), male or female, with three years of age, received an ophthalmic
examination in both eyes, including pupillary reflexes, Schirmer tear test, slit lamp biomicraatadflpiorescein
staining. For all ophthalmic testing, animals were gently physically restrained, with no pressure in the jugular area and
the eyelids were carefully open. I@Rs measured by applanation tonometrgn@en XL).The same examiner
performed the tonometry; measurements were taken three times for each eye, and their average was recorded as the 10F
of the animal. Statistical analysis was performed using paired t-test and vaue8.05 were considered significant.
The mean intraocular pressure in the whole group of 50 eyes was of 16.36 +/- 2.19 mm Hg. The mean (SD) IOP in the
right eye was of 15.96 +/- 2.02 mm Hg, while the mean (SD) IOP in the left eye was of 16.76 +/- 2.32 mm Hg. Significant
differences in IOP were not found between right and left eyes. The applanation tonometer was adequate for measuring
the intraocular pressure in sheep. Reference data will assist in diagnosing testing for ophthalmic disease in sheep, as
well as promote further studies in this area.

Key words: Ovis ariessheep, intraocular pressure, tonomejtgucoma.

RESUMO

Mensuracao da pressao intraocular em ovinos, usando tonédmetro de aplanacéo

O objetivo deste estudo foi avaliar e estabelecer os valores de presséo intraocular (PIO) média, em ovinos adultos
saudéaveis, usando a tonometria de aplanacdo. Foram utilizados no estudo 25 ovinos s@uddaes3( da raca
Texel, machos ou fémeas de trés anos de idade. Foram realizados exames oftalmicos, incluindo: avaliacdo dos reflexos
pupilares, teste lacrimal de Schirneraliagcdo com lampada de fenda e coloracéo com fluoresceina, em ambos os olhos
de todos os animais. Para a realizacdo dos testes oftalmicos, os animais foram contidos pelo mesnserauxiliar
pressao na regido jugular e as pélpebras foram delicadamente abRi@oi aferida, utilizando-se o tondmetro de
aplanacadonopen XL, tendo sido todos os exames realizados pelo mesmo exantioaaorrealizadas trés avalia-
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¢Bes em cada olho e a média destas aferi¢cbes foi considerada a P10 de cada olho do respectivo animal. Utilizou-se, para
a andlise estatistica, o teste t pareado, sendo que valores de p < 0.05 foram considerados sigAificatgas.

intraocular média de todo o grupo de 50 olhos foi 16.36 +/- 2.19 milB§.média do olho direito foi 15.96 +/- 2.02 mm

Hg, enquanto a do olho esquerdo foi 16.76 +/- 2.32 mm Hg. N&o foram encontradas diferencas significativas entre a PIO
do olho direito e esquerdo. Foi possivel a avaliacao da PIO em ovinos utilizando-se a tonometria de aplanacao. Os
dados deste trabalho irdo ajudar na avaliacao de doencas oftalmicas em ovinos, bem como promover novos estudos
nessa area.

Palavras-chave Ovis ariespvelha, pressao intraoculéwnometria, glaucoma.

INTRODUCTION MATERIALS AND METHODS

Intraocular pressure (IOP) is determined by the Twenty-five, healthy sheefOyis arie$, with three
production and drainage of aqueous humor (S|&0€5). years of age, male or female, were used in this sédldy
The documentation of intraocular pressure for clinicallprocedures were performed in compliance with the
normal animals is beneficial for diagnosing and monitoringssociation for Research Wision and Ophthalmology
an ocular disease (O#ft al, 1998). Several methods haveStatement for the use of animals in researches on
been described for measuring IOP in clinical and researophthalmic and vision research (National Research
situations, including indentation, applanation or reboun@ouncil, 2011).
techniques (Bengtsson, 1972; Leatal., 2006; Jeongt All sheep were under-went to ophthalmic examination
al.,, 2007). The applanation tonometer is a hand-helshsed on pupillary reflexes, Schirmer tear*¢&t T), slit
instrument , ease of use, which provides IOP throughlamp biomicroscopy and fluorescein stainifigNo
gentle touch on the cornea that resists deformation aadnormalities were found, though. For all ophthalmic
presses against a 1.2 mm-plunger housed on thA tiptesting, animals were manually restrained for a short time,
strain gauge attached to the plunger converts the presswith minimal pressure in the neck and eyelids. Thirty
into an electrical signal that is analyzed for acceptabilityeconds after the application of anesthetic drogsd
and is digitally displayed (Passagtital, 2004). having their eyelids manually retained open; the

The tonometer used in this studpnopen XL, has applanation tonometfyas performed in both eyes (Fi-
the same characteristics as the MacKay-Marg applanatigare 1). The data for both eyes of each animal were
tonometer which is considered the golden standard inecorded. The first eye to be tested was determined
Veterinary Medicine, although it has no longer beerandomly The latex cover of the tonometer was replaced
manufactured (Rusanenal, 2010). prior to the recording of each animal. Instrument calibration

Over the past years, sheep have become popularvess also checked before the IOP measurement and the
production animals and they have also been identified asan of three measurements was calculated and deemed.
a model for steroid-induced ocular hypertension with 100%he same examiner performed the tonometry in all animals,
of susceptibility (Passagliet al, 2004); therefore, it is which occurred between 13:00 and 17:00 pm. Means of
important to know the mean intraocular pressure using artraocular pressures obtained from both eyes were
easy handling tonometer compared by statistical data analysis udingey’s test,

There are quite a few studies using applanaticend values o < 0.05 were considered significant.
tonometry in animals (Prietet al, 1990; Milleret al,

1990; Milleret al, 1991; Dziezyet al, 1992; Passaglet RESULTS

al., 2004; Candiat al, 2010; Gerometet al, 2010; Ribei- Following the STT measurement, an ophthalmologic

ro et al, 2010; Rusaneat al, 2010), but we fou.nd N0 oyamination was performed. No abnormalities were
reports on the assessment of the mean IOP in healthy

sheep using the applanation tonom&taropen X1 The . _

. . 4 Schirmets® test Ophthalmos, Sao Paulo,, &azil.
purpose of this study was to determine the mean IOPsiByrtabie siit lamp, Hs1150, Heine, Germany
healthy adult sheep using applanation tonometry witffuorescein collyrium 1% Ophthaimos, Sao Paulo, SBrazil.

R 7 Anestalcofi, Alcon, Sao Paulo, SMBrazil.
TOnOpen XL 8 Tonopen® XL, Mentor Ophthalmic, INC:, Norwell, MA, USA.
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Figure 1 Evaluation of IORN sheep using an applanation tonome\iete the tip of the tonometer gentle touching the center of the
cornea.

detected. The mean + SD of intraocular pressure in th890; Priehgt al, 1990; Milleret al, 1991; Dziezyet al,
whole group of 50 eyes was of 16.36 +/- 2.19 mm Hg. THE92; Passagliet al, 2004; Candiat al, 2010; Gerometta
mean + SD of intraocular pressure measurements wereabfal, 2010; Rusaneet al, 2010); howevera controlled
16.76 £2.32 mm Hg and 15.96 + 2.02 mm Hg for the left argtudy measuring the baseline IOP in healthy sheep, using
right eye, respectivel\Significant diferences were not applanation tonometry wiffonopen XI¢, has noyetbeen

detected between the left and right eye. reported.
The advantages of applanation tonometry are the ease
DISCUSSION of use, portability of the instrument and less frequent

Intraocular pressure is a crucial parameter wheiglibration required. The main disadvantage is related to
diagnosing and managing ocular hypertension, variotfde need of instilling anesthetic eye drops before the IOP

forms of glaucoma, and monitoring ocular diseases (Of¢SS€ssment.

etal, 1998; Birot al, 2000). All sheep included in this study received ophthalmic
However as previous|y reported, there are greaqxamination in both eyes and no abnormalities were

variations of IOP in different species, and the extrapolatidietected.

of interspecies with normal pressures is not possibilég\W The values of intraocular pressure may vary due to

et al, 2000). The applanation tonometer has become ttiee devices model, the examifseexperience, the species

most popular instrument used for estimating IOP in marstudied, and also the time of the day (Gelatt & Mackay

species, and being considered by some researchers asl8f8). Other factors that alter the final IOP value include

most accurate and reliable method for estimating IOP siress (Erlet al, 1998; Brodyet al, 1999; Miyazaket al.,

animals (Miller et al. 1991; Rusanen al, 2010). The 2000), anesthesia (Murph985), choroidal blood flow

MacKay-Mag applanation tonometeavhich is considered vitreous contents, sclera rigidiyrbicularis oculi muscle

the golden standard Weterinary Medicine, has no longertension, and external pressure (Knies&dtl., 2006). In

been manufacturedd portable Mackay-May—type this sense, a protocol of tests, in which measurements

tonometer (®nopen) has been widely used amongvere assessed by the same examiwes adoptedTo

veterinary ophthalmologists and has been assessed in dogduce the stress, the measurements were performed on

cats, horses, and in some extent in sheep (Milleal, site and the same assistant properly restrained the animals
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for a short time, with minimal pressure in the neck an@ONCLUSION
eyelids. Differences in IOP that are age related may exist. __ . . .
. : This study shows that the applanation tonometer is a
In dogs, it has been shown that IOP decreases with a@seef | device for measuring 10R sheeoWe hooe this
(Gelatt & Mackay 1998).This study assessed only adult utdevi urng P pe thi

. . . . report will contribute to improve diagnostic capabilities
animals which does not allow us to establish a relationship™". " L .
wildlife veterinarians as well as promote further studies

between IOP and age groups. Differences in animal | _ .
ge group In this areaAlso, knowledge of normal intraocular

related to sex seem only to occur in lions (@fial, 1999) I . . o
S pressure will aid in the diagnosis and monitoring of eye
and have not been evaluated in this stirdythermore, . .
diseases in sheep.

IOP changes associated with breed may qdout they
were not found in a large trial in 53 breeds of dogs (GelaﬁEFERENCES

& Mackay, 1998); in our studyall animals were of the
same breed. Bengtsson BO (1972) Comparison of schigtz and goldmann
tonometry in a populationActa Ophthalmologica, 50:445-

In addition, in our studyall measurements were 457

obtained between morning and noon in order to avoj
. . . 9 . . éjlros DJ, Gelatt KN, Brooks DE, Kubilis P&ndrew SE, ubbe
circadian IOP variation, as shown in several species (Gelatht ¢ whigham HM (2000) Development of glaucoma after
& Mackay, 1998; Del Solet al, 2007). cataract surgery in dogs: 220 cases (1987-1998). Journal of the
The foIIowing mean IOP were reported with AmericanVeterinary MedicalAssociation, 216:1780-1786.
applanation tonometry: 19.2 +5.9 mm Hg in dogs, 19.7 Brody S, Erb CVeit R & Rau H (1999) Intraocular pressure changes:

5.6 mm Hg in cats, 23.3 £ 6.89 mm Hg in horses, 26.9 + 6.7th_e |nf|_uence of psychologlcal stress and Wadsalva maneuver
Biological Psychology51:43-57.

mm Hg in dairy cattle, 14.6 + 4.0 mm Hg in elands, 11.9 £ ndia OA, Gerometta R, Millar JC & Podos SM (2010) Suppression
3.3mm Hginthe deers, 13.10+0.35in llamas, 14.85 + 0'2 f cortic’osteroid-indl'Jced ocular hypertension in sheep by
mm Hg in alpacas, 9.35 + 1.81 mm Hg in Eurasian EagleanecortaveArchives of ophthalmology128:338-343.

owls, 7.6 £ 1.6 mm Hg in Thomson gazelle and 24-9 + 2| sole MJ, Sande PH, Bernades J\ba MA & Rosenstein RE
mm Hg in male liongMiller et al., 1990; Gunet al, 1998; (2007) Circadian rhythm of intraocular pressure in cats.
Ofri et al, 1999; Ofriet al, 2000Millis etal, 2000; Ofriet ~ Veterinary Ophthaimology10:155-161.

al., 2001; Jeongt al, 2007; Rusaneet al., 2010) Our Dziezyc J, Millichamp N & Smith W (1992) Comparison of

applanation tonometers in dogs and horses. Journal of the
study showed that the mean IOP of sheep was lower thal;a\merican Veterinary MedicalAssociation, 201:430.

those of dogs, cats, horses, dairy cattle and lions, althOLig(tg C. Brody S & Rau H (1998) Effect of mental and physical
it was higher than in the eland, deers, llamas, alpacasstress on intraocular pressure-a pilot stukljin Monatsbl

owls and Thomson gazelle. Augenheilkd, 212:270-274.

Research has shown that the mean IOP value in shegpatt KN & MacKay EO (1998) Distribution of intraocular
using Perkirg applanation tonometer was of 10.6 + 1.4 Pressure in dogsveterinary Ophthalmologyl:109-1L4.
mm Hg (Geromettat al, 2009). This is lower than in our Gerometta R, Podos SM, Danias J & Candia OA (2009) Steroid-
findings, highlighting the importance of establishing the Induced Ocular Hypertension in Normal Sheep. Investigative

. . . Ophthalmology &Visual Science, 50:669-673.
mean values of IOP with a widely used applanation _ _ _
Gerometta RAlvarez LJ & Candia OA2010) Efects of Sildenafil
tonometer such as tii®nopen XL

) ) _andTadalafil on Intraocular Pressure in Sheep: Implications for
The accuracy of tonometers is determined in Aqueous Humor Dynamics. Investigative Ophthalmology &

manometric studies. Manometric studies have beenVisual Science, 51:313-319.

performed in sheep usinfpnopen XI¢ and Perkirs Gum GG Gelatt KN, Miller DN & Mackay EO (1998) Intraocular

tonometer (Passaglia etal.. 2004: Geronettia 2009) pressure in normal dairy cattl®eterinary Ophthalmology

. ' ' 1:159-161.

Measurements taken by Perkiinandheld tonometer were _ _ ) )

found having very good correlation, whilenopen XL Jeong MB, KimYJ, Yi NY, Park SA, KimWT, Kim SE, Chae JM,

. 9 yg ) ' _p ! Kim JT, Lee H & Seo KM (2007) Comparison of the rebound

it has been reported as overestimating IOP in subnormajonometer (GnoVet®) with the applanation tonometer

pressure range and underestimating IOP in physiologic(TonoPen XL®) in normal Eurasian Eagle owls (Bubo bubo).

and high pressure range (Passagflial, 2004; Gerometta ~ Vete"nary Ophthaimologyl0:376-379.

etal, 2009). In our stugynanometric assessments werdniestedt C, Lin S, Choe J, Nee M, Bostrdw Sturmer J &

f d he d | d ilable (P IStamper RL (2006) Correlation Between Intraocular Pressure,
not performed, as the data are already availa e( assagli@niral corneal Thickness, Stage of Glaucoma, and
etal, 2004) Demographic Patient Data: Prospectiealysis of Biophysical

The mean intraocular pressure in the whole group ofPi:araimeters iMertiary Glaucoma Practice Populations. Journal
G , 15:91-97.
50 eyes was of 16.36 +/- 2.19 mm Hg. Our results showed” ~2*°™a: - _
that significant differences in IOP were not found betweérf'V@ M. Naranjo C & Pefia MT (2006) Comparison of the
. L. . rebound tonometer (ICare®) to the applanation tonometer
right and left eyes, similarly to what was found in other (tonopen xL®) in normotensive dogs.Veterinary

studies (Gelatt & Mackay 1998; Geromadtal., 2009). Ophthalmology 9:17-21.
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