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Abstract: White-eyed parakeets (Psittacara leucophthalmus) are medium-sized birds that are diur-
nal and arboreal and eat a predominantly fruit-based diet. Although white-eyed parakeets are fre-
quently presented with ocular lesions, information about ophthalmological parameters for this species
is limited. Therefore, this study aimed to characterize the baseline ophthalmic parameters of healthy,
white-eyed parakeets to contribute to a better understanding of their ocular health. This study evalu-
ated the modified Schirmer tear test I (mSTTI), standardized endodontic absorbent paper point tear
test (EAPPTT), intraocular pressure (IOP), central corneal thickness (CCT), and measurement of the
palpebral fissure length (PFL) of 24 adult white-eyed parakeets under manual restraint. The same eval-
uator examined both eyes of each bird. To avoid any interference for the tear tests, 12 birds were
assigned to mSTTI and 12 to EAPPTT. There was a significant difference (P = 0.031) in the PFL
between eyes, with right eyes measuring 7-9 mm and left eyes 6-8 mm. There was no significant dif-
ference (P = 0.435) in CCT between eyes. There was a significant difference (P < 0.001) between
the mSTTI and EAPPTT values, with EAPPTT values being higher than mSTTI values. There was no
significant difference (P = 0.157) for these measures within bird. There was a significant difference
(P < 0.001) in the IOP values between the different species parameters, with significant differences
(all P <0.001) recorded between all species measures except dog and rabbit (P = 0.09). There was no
significant difference (P = 0.157) for the IOP measures within bird. The ophthalmic parameters
obtained from the adult, white-eyed parakeets in this study can be used to expand our knowledge

about the species and help distinguish healthy eyes from diseased eyes.
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INTRODUCTION

Psittacines are found in all tropical regions of the
world, with Brazil having the highest number of rep-
resentatives, totaling about 85 different species.'?
Trafficking and habitat loss represent the primary
threats to these birds.’

Similar to most birds, psittacines have relatively
large eyes compared with their body mass."* The
orbit consists of frontal bones, the squamosal-orbital
process, and the suborbital arch, with the intraorbital
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space almost totally occupied by the eye.! In addition,
the extraocular muscles are thin, underdeveloped, and
do not show differentiation.® This causes a limitation
in eye mobility that is compensated by wide head
movements.”’ There is an extensive infraorbital sinus
and cervicocephalic air sac system that can predispose
the bird to sinusitis and, consequently, conjunctivitis
and orbital diseases."® Additionally, owing to their
long lifespan, these birds frequently develop cataracts.'

Among the birds of the Psittacidae family are the
white-eyed parakeets (Psittacara leucophthalmus).®'°
These medium-sized birds are diurnal, arboreal, have
a predominantly fruit-based diet, and live in pairs or
flocks.>'" The plumage is mainly olive green with
red feathers on the head and neck, which are not
present when young, and the eyes are surrounded by
bare white skin.'?


mailto:anita.pigatto@unesp.br
mailto:anita.pigatto@unesp.br

PIGATTO ET AL—OPHTHALMIC PARAMETERS OF HEALTHY WHITE-EYED PARAKEETS 21

Figure 1. Modified Schirmer tear test I (A) and standardized endodontic absorbent paper point tear test (B) being used to
measure tear production in white-eyed parakeets (Psittacara leucophthalmus) under manual restraint.

Although white-eyed parakeets are frequently pre-
sented with ocular lesions to veterinarians, informa-
tion about ophthalmological parameters is limited in
this species.'*™'> Therefore, this study aimed to eval-
uate the ophthalmic parameters of healthy, white-
eyed parakeets to contribute to a better understanding
of the adult eye in the species. The specific hypothe-
sis in this study was that there would be no differ-
ences in ophthalmic parameters between eyes.

MATERIAL AND METHODS

This study was approved by the Ethics Committee
for Use of Animals of the School of Veterinary Medi-
cine Animal Science, UNESP, Botucatu campus
(CEUA - no. 408/2023). All procedures were con-
ducted in accordance with the Association for
Research in Vision and Ophthalmology statement for
the use of animals in ophthalmic and vision research.
The birds were housed in a 3 X 3.5-m masonry
enclosure at the Center for Medicine and Research in
Wild Animals at the School of Veterinary Medicine
and Animal Science (Botucatu, SP, Brazil). The diet
provided to the birds consisted of commercial food
for psittacine birds (Megazoo, Betim, MG, Brazil),
fruits, and vegetables, and water ad libitum.

A total of 32 white-eyed parakeets were evaluated
in this study. The study was conducted during routine
bird physical examinations aided by manual restraint.
The same evaluator examined both eyes of each bird.
Inclusion criteria used to select birds for the study
included that they were in good general health and
had no signs of lesions in the eyes and adnexae; birds
showing any signs of eye disease, systemic disorders,
or both were excluded.

The ocular structures and pupillary reflexes were
assessed with the aid of slit-lamp biomicroscopy
(Kowa SL-15; Kowa Optimed Inc, Torrance, CA,
USA). Then, the sequence of additional procedures
carried out was as follows: modified Schirmer tear
test I (mSTTI), standardized endodontic absorbent
paper point tear test (EAPPTT), intraocular pressure
(IOP), central corneal thickness (CCT), measurement
of the palpebral fissure length (PFL), and fluorescein
eye staining. Twelve birds were assigned to solely
undergo mSTTI, and the other 12 were assigned to
EAPPTT to avoid interference between tests.

The mSTTI test was conducted using STT sterile
paper strips (Tear Touch, Ophthalmos S.A., Sao Paulo,
SP, Brazil). The absorbent paper strips were cut length-
wise in half (reducing the width from 5-2.5 mm)
because of the small palpebral fissures of the white-
eyed parakeets (Fig 1A).” The paper strip was placed in
the lower conjunctival sac and removed after 1 minute
to measure the wetted portion of the paper strip. The
EAPPTT (Roeko Color size 30; Langenau, Baden-
Wiirttemberg, Germany) was placed into the lower con-
junctival sac and removed after 1 minute (Fig 1B). A
ruler with a millimeter scale was used to measure the
wetted portion of the paper. The IOP was measured
using rebound tonometry (TonoVet Plus; Icare, Ayritie,
Vantaa, Finland) with the dog, cat, rabbit, and horse cal-
ibrations (Fig 2A). Three measurements were collected
at each calibration and averaged. The readings were
performed in the same order as the equipment configu-
ration, with readings recorded in series and a 30-second
wait between each new calibration.

Central corneal thickness was evaluated using an
ultrasonic pachymeter (Hady Pachymeter SP-100;
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Figure 2. Measurements of intraocular pressure using a rebound tonometer (A), central corneal thickness with an ultrasonic
pachymeter (B), and palpebral fissure length with a stainless-steel manual caliper (C) in a white-eyed parakeet (Psittacara
leucophthalmus) under manual restraint and local anesthesia with proxymetacaine hydrochloride 0.5% eye drops to measure

the central corneal thickness.

Tomey Corporation, Nagoya, Aichi-ken, Japan).
After local anesthesia with proxymetacaine hydro-
chloride 0.5% eye drops (Anestalcon; Alcon Farma,
Sao Paulo, SP, Brazil), the probe was positioned per-
pendicular to the central region of the cornea (Fig 2B).
Mean CCT was calculated for each eye after 8§ measure-
ments. After all these examinations were completed, a
fluorescein test was performed with a fluorescein strip
(Fluoro Touch, Fluorescein Sodium Ophthalmic Strip;
Ophthalmos S.A.). Palpebral fissure length was mea-
sured between the medial and lateral canthi (Fig 2C)
with a stainless-steel manual caliper with an LCD dis-
play and an accuracy of *0.02 mm (Neiko Tools, Kla-
math Falls, OR, USA).

The distributions of the data were evaluated by the
Shapiro-Wilk test, skewness, kurtosis, and q-q plots.
Comparisons between the right and left eyes for CCT
and PFL were made by paired samples ¢-tests (CCT)
or Wilcoxon paired rank tests (PFL) because of the
codependence of this data and based on the data dis-
tribution. A repeated measures ANOVA was used to
compare the mSTTI and EAPPTT values while con-
sidering the within-subject factor of the eye (right
and left) and the technique as the between-subjects
factor. Mauchly’s test was used to test for sphericity.
If a significant difference was found, a post-hoc
Bonferroni test was used to further characterize the
difference. A repeated measures ANOVA was also
used to compare the difference between subject IOP
calibration methods (dog, cat, rabbit, horse) to the
within-subjects factor for the eye (right and left).
Commercial software (SPSS 24.0, IBM Statistics,
Armonk, NY, USA) was used to analyze the data.
Significance was set at P < 0.05.

RESULTS

Twenty-four adult white-eyed parakeets of unknown
sex met the inclusion criteria, and 8 birds were excluded
from the study. All birds were considered adults
based on plumage and feathering. There was a signifi-
cant difference (P = 0.031) in the PFL between eyes,
with right eyes measuring 7-9 mm and left eyes
6-8 mm (Table 1). Although statistically significant,
there does not appear to be any biological significance to
this difference. There was no significant difference (t =
—0.794, P = 0.435) in CCT between eyes (Table 1).
There was a significant difference (F = 115.6, P <
0.001) between the mSTTI and EAPPTT values, with
EAPPTT values being higher than mSTTI values
(Table 1). There was no significant difference (F = 2.1,
P = 0.157) for these measures within bird. There was a
significant difference (F = 7865.5, P < 0.001) in the
IOP values between the different species parameters,
with significant differences (all P < 0.001) recorded
between all species measures except dog and rabbit (P =
0.09) (Table 2). There was no significant difference (F =
2.1, P = 0.157) for the IOP measures within bird.

DISCUSSION

The mean values of tear production measurements
were significantly higher with EAPPTT than with
mSTTI, showing that the techniques impacted tear
analysis differently. The mSTTI used in the present
study allowed the Schirmer tear test to be performed
on these small birds."” Another study identified STTI
mean values of 6.36 = 3.59 and 6.42 = 3.73 mm/min
for right and left eyes, respectively, in 19 white-eyed
parakeets; however, details on the width of the
Schirmer tear strips were not provided.14 Blue-fronted
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Table 1. Descriptive statistics for modified Schirmer’s tear test, endodontic absorbent paper point tear test, central corneal
thickness, and palpebral fissure length in 24 white-eyed parakeets (Psittacara leucophthalmus). Manual restraint was used
to measure all parameters, except central corneal thickness. For central corneal thickness, both manual restraint and corneal

anesthesia with proxymetacaine hydrochloride 0.5% were used.

mSTTI (mm/min) EAPPTT (mm/min) CCT (um) PFL (mm)
Mean = SD Interval (min-max)
OD 43 + 2.7 (0-9) 143 £2.6(12-19) 173.3 £ 6.5(162.4-1854) 7.5 = 0.6 (7-9)
(0N 5.7 *+24(1-9) 15.0 = 3.3 (9-19) 173.9 = 7.3 (163.0-192.6) 7.2 = 0.6 (6-8)
Oou 5.0 = 2.6 (0-9) 14.6 = 3.0 (9-19) 173.6 = 6.8 (162.4-192.6) 7.3 = 0.6 (6-9)

Abbreviations: OD, right eye; OS, left eye; OU, both eyes; SD, standard deviation; min—max, minimum—-maximum values; mSTT1, modified
Schirmer’s tear test; EAPPTT, endodontic absorbent paper point tear test; CCT, central corneal thickness; PFL, palpebral fissure length.

Amazon parrots (Amazona aestiva), neotropical birds
that are larger in size than white-eyed parakeets, had
mean = SD mSTTI values of 6.2 * 0. mm/min.'
The values identified in the study reported here are
within the range found in both these studies.

A standardized endodontic absorbent paper point tear
test is considered useful for psittacines because lower
eyelid traction is not necessary.! The mean = SD for
blue-fronted Amazon parrots using EAPPTT was 13.1 =
1.4 mm/min,"” comparable to the values in the current
study. The phenol red tear test has already been used to
quantify the tear film in 8 white-eyed parakeets.'> This
method was not tested in the present study because the
mobility of the lower eyelid and rapid movement of the
nictitating membrane of psittacine birds make the test
more difficult to use' and could compromise the data.

Rebound tonometry can be used in small birds, as
measured in the current study. All calibration modes
of the rebound tonometer were tested in the present
study because there is no bird calibration mode. The
values were significantly different between the spe-
cies’ calibrations because calibration adjustments are
based on the eye anatomy and corneal thickness of
each animal species.l&19 Considering the eyeball size
and corneal thickness of the white-eyed parakeets,?”
the rabbit calibration (14.0 = 1.5 mm Hg) appeared
the most adequate calibration to evaluate the bird eye,
but further study is necessary. Values of 6.4 £ 0.1 mm
Hg were found in 35 blue-fronted Amazon parrots using
a rebound tonometer that did not allow for the selection
of a specific calibration.'” The mean = SD IOP using

applanation tonometry in 9 white-eyed parakeets was
19.75 + 4.09 mm Hg," while IOP values from 16
blue-fronted Amazon parrots using the same device
were 9.7 £ 1.7 mm Hg. However, IOP measurements
obtained with applanation tonometers are more depen-
dent on the examiner than those obtained with rebound
tonometers, which could influence the data."*! Further-
more, the small corneal size of white-eyed parakeets
may make the use of applanation tonometers less suit-
able for this species. A study in rabbits also showed that
rebound tonometry resulted in less variability in IOP
values compared with applanation tonometry.” Tt is
important to establish the method and standardization
for each species evaluated.

The CCT has been measured in birds most fre-
quently with an ultrasonic pachymeter®2® because it
is an easy-to-use method that is quick, portable, and
requires modest training to operate.”* The mean + SD
CCT value of 0.173 = 6.8 mm obtained in this study
was very similar to that described in 8 white-eyed par-
akeets from another study (right eye, 0.175 = 9.8 mm;
left eye, 0.176 * 7.3 mm)."*

The PFL value (7.3 = 0.6 mm) found in the present
study was higher than that identified in the study evaluat-
ing 8 white-eyed parakeets (3.09 * 0.37 mm)."”
Although the age of the birds was not specified in the
previous study, one hypothesis is that younger, smaller
birds were evaluated in that study compared with this
study. Values of 10.1 = 0.1 mm were described in 35
blue-fronted Amazon parrots,'® whose body size is much
larger than white-eyed parakeets. While the PFL values

Table 2. Values of intraocular pressure (mm Hg) using a rebound tonometer with 4 different calibration modes (dog, cat,
rabbit, horse) in 24 white-eyed parakeets (Psittacara leucophthalmus).

Dog Cat Rabbit Horse
Mean = SD Interval (min—max)
OD 13.3 = 1.7 (10-16) 7.3 = 1.0(5-9) 14.1 = 1.4 (11-16) 9.8 = 0.7 (9-11)
(0N} 12.9 = 1.8 (8-16) 7.4 = 1.5 (4-10) 139 =1.709-17) 9.8 = 1.1 (7-12)
ou 13.1 = 1.7 (8-16) 7.3 = 1.3 (4-10) 14.0 = 1.5 (9-17) 9.8 £ 0.9 (7-12)

Abbreviations: OD, right eye; OS, left eye; OU, both eyes; SD, standard deviation; min—max, minimum—maximum values.
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in the present study were significantly different between
eyes, the authors do not believe there is a biological rea-
son for this difference, and it is possible that slight move-
ments during measurements accounted for this difference.

In conclusion, the ophthalmic measurements obtained

from healthy, adult, white-eyed parakeets in this study
can serve as a baseline to increase the knowledge about
the species and help distinguish healthy eyes from dis-
eased eyes.
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