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Evaluation of intraocular pressure in eyes
of clinically normal llamas and alpacas
A. Michelle Willis, DVM; David E. Anderson, DVM, MS; Anne J. Gemensky, DVM;
David A. Wilkie, DVM, MS; Fernando Silveira, MV

Objective—To estimate intraocular pressure (IOP) in
eyes of healthy camelids, using applanation tonometry.
Animals—The eyes of 34 camelids (16 llamas [Lama
glama] and 18 alpacas [L pacos]) that did not have
major abnormalities of the ocular surface or intraocular abnormalities.
Procedure—Tonometry
measurements
were
obtained from each eye 3 times during a 24-hour period. Each measurement was the mean of several
corneal applanations obtained by use of an applanation tonometer. Data were analyzed, using an ANOVA
for a repeated-measures design.
Results—Mean (± SEM) IOP of llamas and alpacas
was 13.10 ± 0.35 and 14.85 ± 0.45 mm Hg, respectively. Range of IOP was 7 to 18 mm Hg for llamas
and 11 to 21 mm Hg for alpacas. Mean IOP of llamas
was significantly less than the mean IOP of alpacas.
Significant differences in IOP were not detected
between the right and left eye of animals. Significant
differences in IOP were not attributed to sex, age, or
time of measurement within llamas or alpacas.
Conclusions and Clinical Relevance—Establishing
the mean and range of IOP of clinically normal llamas
and alpacas provides a frame of reference that is
important for use in a complete ophthalmic examination of camelids, which can assist clinicians in the
diagnosis of glaucoma and uveitis. Reasons for the
difference in mean IOP between llamas and alpacas
are unknown. Although the difference may be unimportant clinically, this finding reiterates the fact that
caution must be used when extrapolating IOP among
species. (Am J Vet Res 2000;61:1542–1544)

I

t is critical for clinicians to have an accurate and reliable method of assessing intraocular pressure (IOP)
for evaluation of ocular disorders in all species. A
decrease in IOP may accompany uveitis, whereas an
increase in IOP is a primary risk factor for the development of glaucomatous ocular changes.1 Certain clinical signs of glaucoma, such as corneal edema, also
may be caused by other ocular diseases. Therefore,
clinical signs alone have a low diagnostic value for
glaucoma. Tonometry is the method of choice for estimating IOP in a clinical setting. Variations exist in IOP
among the species in which IOP has been investigated2-14;
therefore, for tonometry to be of diagnostic value, clinicians must be familiar with the IOP typical of the
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species being examined. Characteristics of the ophthalmic examination of llamas have been reviewed,15
and the mean IOP in that study was 14 mm Hg. The
authors did not explain how this value was obtained,
nor did they report the reference range of IOP in llamas. The purpose of the study reported here was to
estimate mean and range of IOP, using applanation
tonometry, in eyes of clinically normal llamas and
alpacas and to determine the effects of age, sex, eye
(left vs right), and time of day on IOP.
Materials and Methods
Animals—Sixteen llamas (Lama glama; 8 sexually intact
females, 1 spayed female, 4 sexually intact males, and 3 castrated males) and 18 alpacas (L pacos; 11 sexually intact
females; 7 sexually intact males) housed at a university
research farm were included in the study. Camelids ranged
from 5 months to 17 years old. Camelids were transported to
our veterinary teaching hospital for the study.
Study design—Llamas and alpacas were allowed to
acclimate to the hospital setting for approximately 24 hours.
Animals had ad libitum access to water and hay. Animals
were considered clinically normal on the basis of results of a
physical examination. Species, age, weight, and sex were
recorded for each animal. Each animal was manually
restrained, and biomicroscopy and indirect ophthalmoscopy
were performed. Thirty-four animals without abnormalities
of the ocular surface or intraocular abnormalities were selected as the study population.
After ocular examination, 0.5% proparacaine hydrochloride,a a topical anesthetic, was applied to the cornea, and IOP
was estimated by tonometry, using a commercially available
applanation tonometer.b Animals were gently restrained by
placing a hand around the muzzle or beneath the mandible,
with care taken to avoid compressing the jugular veins. Three
tonometric measurements were obtained from the axial
cornea of each eye in sequence, with each measurement
being the mean of 4 to 6 corneal applanations that had a variance of ≤ 5%. Estimations of IOP were performed 3 times
within a 24-hour period (7 AM, 1 PM, 7 PM), using the same
tonometer, which was considered to be within current calibration specifications of the manufacturer.
Data analysis—Data were analyzed by use of a repeatedmeasures ANOVA, using the least-squares means procedure.c
Differences were considered significant at P ≤ 0.05.
Correlation analysis was used to evaluate the association of
age and body weight with IOP within each species.c

Results
Mean (± SEM) IOP of 32 eyes of 16 llamas and 36
eyes of 18 alpacas was 13.10 ± 0.35 and 14.85 ± 0.45
mm Hg, respectively (Table 1). Mean IOP differed
significantly (P = 0.001) between species. Range of
IOP was 7–18 mm Hg for llamas and 11–21 mm Hg
for alpacas. Significant differences were not detected
between the right and left eyes of animals within
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Table 1—Mean and range (95% confidence interval) of intraocular pressure (IOP) for 32 eyes in 16 llamas
and 36 eyes in 18 alpacas measured 3 times during a 24-hour period
Mean IOP (mm Hg)
7 AM

1 PM

7 PM

Species

Right

Left

Right

Left

Right

Left

Range

95% CI

Overall mean
⫾ SEM)
(⫾

Llama
Alpaca

14.08
16.23

13.04
15.14

13.78
15.01

13.69
14.90

13.15
14.17

12.19
14.97

7–18
11–21

12.5–13.9
14.1–16.0

13.10 ⫾ 0.35*
14.85 ⫾ 0.45*

*Values are significantly (P ⬍ 0.001) different.

species (llamas, P = 0.428; alpacas, P = 0.352) or
between males and females of animals within species
(llamas, P = 0.253; alpacas, P = 0.454). Additionally,
age of animal or body weight did not have a significant
effect on IOP of animals within species. We were
unable to detect a significant difference in IOP among
animals in various age groups in either species (alpacas:
r2 = –0.35, P = 0.964; llamas: r2= –0.016, P = 0.969). The
IOP was lower, but not significantly (P = 0.076), for llamas and alpacas at the 7 PM measurement.
Discussion
The popularity of South American camelids as
show, breeding, and companion animals continues to
increase throughout North America, and camelids are
economically important in their native continent.
Familiarity with ocular anatomy and ranges for objective measurements in clinically normal camelids is
essential for the diagnosis and management of ophthalmic diseases. Tonometry is most useful in the diagnosis and management of glaucoma. The incidence of
glaucoma in llamas was low in a recent study that used
a database review of camelids examined at veterinary
teaching hospitals.16 However, the authors of that
report speculated that the true incidence of glaucoma
actually may be higher than reported, because tonometry is not routinely performed on camelids examined
for conditions not associated with ophthalmic diseases.
Detailed descriptions of glaucoma in camelids are lacking, although unilateral buphthalmia with lens displacement and cataract formation has been reported in an
alpaca,17 and congenital glaucoma has been described in
a llama cria.18 Whereas primary glaucoma may be relatively uncommon in camelids, other intraocular diseases
such as cataracts, lens luxation, uveitis, or hyphema can
predispose an eye to secondary glaucoma. Additionally,
camelids appear to be susceptible to corneal endothelial
damage, which can result in corneal edema and may
mimic glaucoma in a clinical setting.19-21 Accurate assessment of IOP becomes invaluable in such cases, because
it allows clinicians to avoid an erroneous diagnosis of
glaucoma, which may result in inappropriate management of the condition.
Applanation tonometry provides a relatively simple means of indirectly estimating IOP in a clinical setting. The applanation tonometer used in the study
reported here is used commonly in clinical settings to
perform ophthalmologic examinations on animals. It is
readily available, portable, and suitable for use in most
species with laterally positioned globes. The instrument determines the force necessary to flatten a measured area of cornea, with pressure equal to force per
unit area.22 Applanation tonometry measurements are
AJVR, Vol 61, No. 12, December 2000

affected by variations in corneal anatomy and physiology (rigidity, curvature, thickness).23 Because of the
variation and the fact that this applanation tonometer
is calibrated by the manufacturer for use in humans,
extrapolation of a range of typical IOP among species
is inappropriate.
Results of several in vitro studies indicate that the
applanation tonometer used in our study, when applied
to corneas of animals other than humans and compared with IOP determined manometrically, overestimates or underestimates actual IOP.2,3,5,7 In cats5 and
horses,2 this tonometer consistently provides reliable
underestimated values for IOP that paralleled actual
IOP in a linear fashion. In dogs, this applanation
tonometer was reliable for a range of IOP, compared
with manometric measurements; however, it consistently overestimated IOP at lower pressures and underestimated IOP at higher pressures.3 Overestimation or
underestimation of IOP observed with this tonometer
in nonhuman species is speculated to be attributable to
species variation in corneal anatomy and physiology.2
The objective of the study reported here was to establish
a range of IOP for eyes of clinically normal camelids that
would provide useful information when making comparisons in a clinical setting, using common instruments. Determination of actual IOP in these camelids
would require concurrent manometric measurements to
compare actual IOP with the indirect measurement of
IOP acquired with the applanation tonometer. Although
that would verify the accuracy of this applanation
tonometer with respect to the eyes of camelids and make
this instrument more useful to researchers, manometry
was beyond the scope of this study.
Although the gross appearance of the eyes of llamas and alpacas is remarkably similar, subtle species
differences in corneal curvature, rigidity, or thickness
may be sufficient to account for the small but significant difference observed in mean IOP between these
species. Intraocular pressure is influenced by rate of
formation and outflow of aqueous humor, extraocular
muscle tone, systemic blood pressure, and alterations
in pH of arterial blood induced by changes in respiration.24 Changes in central venous pressure produce
changes in episcleral veins that can lead to rapid
changes in IOP.25 In a study of horses,2 it was speculated that psychogenic factors such as fear and excitability were involved in short-term alterations in IOP and
that horses with more volatile temperaments or those
requiring a considerable degree of physical restraint
often had widely fluctuating IOP. In our experience,
alpacas display more outward signs of stress (vocalization, spitting) and, reportedly, tend to protest more
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when physically restrained,26 compared with llamas.
However, the animals in our study were not overtly
anxious and were accustomed to being handled, and
there was not a noticeable difference in the behavior of
our alpacas, compared with our llamas.
In one study of American alligators, IOP was negatively correlated with increased body length, and body
length increased with age until a plateau value was
reached.10 Length of the neck of llamas is greater than
that of alpacas, and it could be speculated that the relative distance from the heart to the eyes is greater in
llamas, resulting in hemodynamic differences that alter
IOP. If this rationale were true, however, one would
expect to observe differences among animals of various
age groups within a species, because juvenile llamas
are smaller and shorter than their adult counterparts;
however, relative eye size among age groups would
likely vary as well. We were unable to detect a significant difference in IOP among animals in various age
groups in either camelid species.
Camelids in the study reported here were
amenable to handling and did not require chemical
restraint, nor was it necessary to perform an auriculopalpebral nerve block to enable us to perform tonometry. A study27 in horses did not reveal differences in
IOP between eyes after an auriculopalpebral nerve
block and eyes for which an auriculopalpebral nerve
block was not performed. The IOP of eyes with and
without an auriculopalpebral nerve block in that study
was significantly less after IV administration of
xylazine. It is not known whether chemical restraint or
an auriculopalpebral nerve block would affect IOP in
camelids. The camelids in the study reported here were
members of a research herd and were accustomed to
frequent handling and manipulation. In our experience, camelids admitted to our veterinary teaching
hospital are amenable to gentle manual restraint for
physical and ophthalmic examinations. Camelids that
have had little exposure to humans and human handling, especially when they have a painful physical
abnormality, may be more excitable and have greater
fluctuations in IOP during a clinical evaluation. These
animals may be most effectively examined after administration of chemical restraint and an auriculopalpebral
nerve block. Additional studies are required to determine the effect that these procedures may have on the
IOP of camelids and to determine comparative aspects
of corneal and ocular anatomy in these species.
a

Alcaine, Alcon Laboratories Inc, Fort Worth, Tex.
Tono-Pen XL, Mentor Ophthalmics Inc, Norwell, Mass.
c
Systat 6.0 for Windows, SPSS Inc, Chicago, Ill.
b
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