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Abstract
·AIM: To measure central corneal thickness (CCT) and
pre -corneal tear film thickness using the Galilei dual -
Scheimpflug analyzer (GSA) in New Zealand White
rabbits.

·METHODS: Ten normal New Zealand White rabbits (20
eyes) were included in this study. With the assistance of
0.1% fluorescein, the pre -corneal tear film can be well
visualized. Both eyes of each rabbit were scanned once
with the GSA pre - and post -instillation of 1滋L 0.1%
fluorescein. The difference between the two
measurements of CCT (4-mm diameter) was recorded as
the pachymetric values of the central tear film.

·RESULTS: The CCT of pre- and post-instillation was
388.8依9.5滋m and 407.0依10.5滋m, respectively. After a paired

-test analysis, the central pre -corneal tear film
thickness of 4mm diameter was 18.2依5.31滋m with a 95%
confidence interval of (15.7, 20.6)滋m ( <0.001).

·CONCLUSION: GSA can be used to measure CCT and
analyze central tear film thickness of rabbits with the
help of fluorescein.
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INTRODUCTION

T he pre-corneal tear film, which keeps the corneal and
conjunctival surface free from all kinds of damage, such

as dust, foreign bodies, microbes, toxic skin lipids and
provides a fluid environment for the superficial epithelial
cells, is the outermost layer in the eye [1,2]. Moreover, the tear
film, which is composed of three layers including the
external lipid layer, an aqueous layer and an internal mucin
layer, provides lubrication for the ocular surface as well [3].
Tear film thickness is a demonstration of dynamics and
physiology of the tear layer, so it is closely related to the dry
eye symptoms, which contains several groups of ocular
surface disorders with diverse etiologies[4,5]. It is believed that
dry eye, whose symptoms includes pain and irritation caused
by ocular dryness, is one of the most common ocular
diseases; its prevalence increases with age and it can impact
the quality of life[6-8]. Compared with a routine Schirmer test,
which measures aqueous tear volume, a precise and simple
measurement of the tear film thickness could provide some
information for tear film dysfunction and be important for
predicting the stability of it [4]. Rabbits, as a traditional
experimental animal species, have been used to develop the
dry eye model for many years [9,10]. Although many kinds of
methods, such as laser interferometry, confocal microscopy,
optical coherence tomography (OCT) , have been used to
measure tear film thickness, the precise value largely varies
from 3滋m to 40滋m [11-14]. The Galilei dual-Scheimpflug
analyzer (GSA), as a high-precision optical system, has been
widely used for corneal topography and three dimensional
analysis of the ocular anterior segment. It is based on the
combination of a revolving dual Scheimpflug camera and a
placido disk. It can measure the ocular anterior segment from
the anterior corneal surface to the posterior lens surface, but
any images located behind the iris were blocked by the
pigment. Based on study results of high accuracy and
repeatability about GSA, one good quality scan is sufficient
to evaluate corneal thickness[15-17]. It can accurately detect the
anterior and posterior surface and locate the apex of the
cornea with high resolution Scheimpflug images. The
purpose of this study was to investigate the central corneal
thickness (CCT) and the pre-corneal tear film of rabbits
using GSA with the help of fluorescein.
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MATERIALS AND METHODS
Materials Experiments were performed on 10 healthy, 4-5
months old New Zealand White rabbits (2.0-2.5kg, male) at
the Institute of the Sixth People's Hospital Affiliated to
Shanghai Jiaotong University and conformed to the Animals
in Ophthalmic and Vision Research Statement. The rabbits
underwent a complete ophthalmologic examination to
exclude any ocular abnormalities. Both eyes of 10 rabbits
(20 eyes) were subjected to a GSA (Ziemer Group, Port,
Switzerland) corneal thickness measurement in a dark room.
Rabbits underwent general anesthesia by intravenous sodium
pentobarbital (30mg/kg) before examination. The eyelids
were held open by a technician.
Imaging Capture The GSA measurements were obtained
following the manufacturer's instructions. After general
anesthesia, the rabbits were put on a comfortable desk,
height at chin rest, in order to keep the examined eye in the
proper position and distance. Since the rabbits could not
maintain stable fixation on the target (red spot), the
technician kept the rabbit eyes focusing toward a right angle
position by seeing the live image on the screen monitor. The
device was brought in focus by aligning the scanning head.
When the red-cross passed through the white spots and the
single red line touched the external corneal surface,
alignment was considered good. The technician was asked to
make the rabbit's eye blink once, open the eye wide and keep
the eye stable for 5s until the scanning was finished.
According to the online Grewal report, the Scheimpflug
camera could not routinely detect pre-corneal tear film
thickness[18]. With the instillation of fluorescein, the tear film,
with enhanced reflective optical density of different values
due to different volumes of fluorescein, can be visualized by
the Scheimpflug system (Figures 1, 2). As a result, the
differential values of corneal thickness, with and without
fluorescein, are identified as the pachymetry values of tear
film. At the beginning, we used 1 drop (about 25滋L) 0.1%
fluorescein to make the tear film visible but the corneal
thickness could not be automatically calculated by the
software (Figure 1C). One possible reason was that the
reflective optical density was so high that it made the
posterior corneal boundary unclear to delineate the corneal
outline and calculate the corneal thickness. Eventually, we
used 1滋L as the correct dosage.
Every eye was scanned once to get a baseline corneal
pachymetry map. According to the Zhuang 's [19] study,
1滋L 0.1% fluorescein in balanced saline was instilled into
the inferior cul-de-sac with a micropipette. The Scheimpflug
images were taken every 2s. To avoid interoperator
influencing factors, all measurements were performed by the
same trained operator.

All the corneal thickness values of central 4-mm diameter
were automatically calculated by the Galilei software
(Version 5.2.1). The difference between maps was shown by
comparing corneal pachymetry with and without fluorescein
in each eye (Figure 3). The CCT values of 4-mm diameter,
with and without fluorescein, were recorded for analysis.
Statistical Analysis For all statistical analysis, SPSS 13.0
for Windows (SPSS Inc., Chicago IL, USA) was used and a
paired -test was used to analyze the differences between
pre- and post-fluorescein instillation. The significance was
set at <0.05.
RESULTS
The CCT pre- and post-instillation was 388.8 依9.5滋m and
407.0 依10.5滋m, respectively. After paired -test analysis,
the central pre-corneal tear film thickness of 4mm diameters
was 18.2 依5.31滋m with a 95% confidence interval (15.7,
20.6)滋m ( <0.001).
DISCUSSION
Tear film is routinely unevaluated using GSA system. With
the aid of fluorescein, it was feasible to calculate the tear
film thickness of rabbits. The CCT pre-instillation mean

Figure 1 Scheimpflug images delineate corneal thickness
outline A: Without fluorescein instillation; B: With 1滋L 0.1%
fluorescein; C: With 1 drop 0.1% fluorescein instillation. The
software automatically measures the corneal thickness values
between the red and green lines.

Figure 2 Scheimpflug cross-sectional images of rabbit cornea
A: Without fluorescein instillation; B: With 1滋L 0.1% fluorescein;
C: With 1 drop 0.1% fluorescein instillation. The green histograms
on the right side indicate different reflective optical intensity
(number with ) of tear film pre- and post-fluorescein
instillation with different volumes.
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Figure 3 The software in Galilei shows A: Corneal pachymetry map of pre-fluorescein instillation; B: Corneal pachymetry map of
post-fluorescein instillation; C: The tear film pachymetric map obtained by substracting map B from map A.

value was close to 385.6 依4.47滋m found in the Wang and
Wu's [20] study on similar age and weight pigment rabbits
measured by spectral domain OCT technology. However, the
values were less than 407依20滋m found in the Chan 's [21]

research on 12 adult New Zealand Albino rabbit eyes
performed by ultrasonic pachymetry. This may possibly be
due to the age influencing on corneal thickness in both
rabbits and humans [22 ,23]. Ultrasonic pachymetry was
considered as a gold standard tool for corneal thickness
measurement, but it is a contact method with necessity of
topical anesthetics, which may cause corneal edema resulting
in overestimation of the measurements [24]. Moreover, the
place of measurement is strongly dependent on the operator's
experience [25]. Compared with ultrasonic pachymetry, the
GSA can provide comparable and highly repeatable corneal
thickness measurements under non-contact condition[16,17,26,27].
According to Cross and Krupin's [28] research, the general
anesthesia may produce a depression of basal tear
production, which may minimize the measurement values of
both tear production and tear film thickness in this study.
The central pre-corneal tear film thickness of 4mm diameters
was 18.2 依5.31滋m, which was in the range of 3-40滋m
reported in previous studies for rabbits and humans [11-14]. The
different values, compared with previous studies, may be
attributed to different measuring technologies and limitations
of each method. For example, the classic value of 7滋m
based on an invasively mechanical and chemical method,
40滋m measured by laser interferometry with the difficulty in
discerning the definite boundary of tear film, 3滋m detected
indirectly by optical coherence tomography with the
influence of contact lenses [13,14,29]. Although the same as
Zhuang s[19] study method, the value was different from
24.7依3.9滋m in his study for humans. There are three possible
reasons for the differences:1) Zhuang's research subjects were
human subjects, 2) Zhuang measured the corneal apex
whereas we averaged values in the corneal center of the
4mm diameter, and 3) We used general anesthesia, which
may influence the tear secretion and tear film thickness.

It has been demonstrated that there was a relationship
between longer examination time and decreased tear film
thickness [30]. This correlation may greatly attribute to
break-up time and evaporation rate of tear film [31]. Contrary
to a dry eye, in a healthy subject with normal lipid layer, the
influence of evaporation rate can be negligible in a shorter
time[32]. Moreover, Wei 's[33] study showed that the mean
rabbit tear break-up time was approximately 30min using
non-invasive method, which is much longer than humans and
this time duration is sufficient enough to finish the
examination in current study.
Limitations of this study are: 1) a large sample size is a must
to more precisely estimate the tear film thickness with
fluorescein, 2) 0.1% fluorescein may increase the real tear
film thickness, and 3) the fluorescein may cause various
degrees of tear secretion, which could also affect the real tear
film thickness. We try to avoid the influence of fluoresein
with low-dose, but the possibility of a magnification effect
cannot be totally prevented even with 0.1% fluorescein. In
addition, the inability to stabilize the inner fixation target for
rabbits, and general anesthesia may also influence the results
of the tear film thickness measurements. However, this
technique and results are promising for dry eye animal model
research in the future.
In summary, GSA may provide useful information about
corneal thickness and the tear film thickness for rabbits with
the help of fluorescein. Further studies about a dry eye
animal model using this method will be helpful to better
understand the pathologic and physiologic aspects of
pre-corneal tear film.
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