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rabbits- Comparison of an applanation and a rebound
tonometer
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ABSTRACT

The type of device used, the type of local anesthetic agents, and the animal species may
affect the intraocular pressure (IOP). Therefore, in order to determine these issues, the effects
of four local anesthetics were investigated in 10 adult rabbits by ICare TAO1li and Tono-Pen
Vet tonometers. In the right eye of half of the rabbits and in the left eye of the other half of the
rabbits, one drop of tetracaine was instilled. The IOP in each rabbit was measured using two
tonometers, ICare and Tono-Pen Vet, before and each 5 minutes until 40 minutes later. The
effects of other drugs were also studied at least with one-week interval. Based on the results
of ICare tonometer, tetracaine significantly reduced the IOP immediately and 25 minutes
after instillation. IOP changes after instillation of bupivacaine, lidocaine and proparacaine
were not significant at any time compared to baseline values (p > 0.05). Based on the results
of Tono-Pen Vet tonometer, all drugs reduced the IOP immediately after use; however, the
effects of bupivacaine and lidocaine on IOP were much lower than that of tetracaine and
proparacaine. The average duration of corneal anesthesia were 20, 15.5, 7.5 and 21 minutes
for tetracaine, bupivacaine, lidocaine, and proparacaine, respectively. It is concluded that IOP
reduction by local anesthetics when Tono-Pen Vet is used is much greater than the ICare to-
nometer measurements. Also, the reduction of IOP with each of the devices when tetracaine

or proparacaine is used is greater than when bupivacaine or lidocaine is used.
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Introduction

laucomas are a group of eye diseases that

commonly affects the optic nerve head and
are caused by various factors, especially the increase
of intraocular pressure (IOP). Therefore, in many cas-
es, the intraocular pressure should be measured to
diagnose the glaucoma (1). In order to measure the
intraocular pressure, it is often necessary to use top-
ical anesthetics (2, 3). The use of topical anesthetics
may affect the IOP. Many studies have shown that the
use of topical anesthetic agents reduce the IOP (4-8).
On the other hand, there are other studies that have
reported opposite findings, and have shown that these
drugs do not change the IOP (9-11). The causes of
these differences can be due to many factors (12, 13).
We have previously shown in a study that tetracaine
reduced the IOP in healthy and glaucomatous rabbits
(8). In that study, the reduction of IOP in glaucoma-
tous rabbits was higher than healthy rabbits. There-
fore, one of the causes of differences in reports is the
initial amount of IOP. In another study, we investigat-
ed the effects of tetracaine, bupivacaine, lidocaine, and
proparacaine on IOP in the dogs (14). In that study we
used a rebound tonometer (TAOli tonometer, ICare,
Finland) that registers the IOP with lower ranges than
the other tonometers (15, 16). In that study, tetracaine
and proparacaine decreased the IOP, but the effect of
lidocaine and bupivacaine on IOP was not significant.
Therefore, another cause of the differences in reports
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is the types of drugs used. We thought that the third
major factor is the type of device used to measure the
IOP. Therefore, in the present study, we investigated
the effect of four local anesthetics (tetracaine, bupi-
vacaine, lidocaine and proparacaine) on intraocular
pressure in rabbits using two types of tonometers (re-
bound ICare and applanation Tono-Pen Vet). With
this aim in mind, we asked whether the type of drug,
the type of device and animal species are effective in
changing the IOP. Also, the duration of anesthesia in
rabbits was measured and compared with other stud-
ies.

Results

Tetracaine

The results of intraocular pressure measurements
with the ICare rebound and Tono-Pen Vet tonometers
after the tetracaine instillation are shown in Fig. 1. The
ICare tonometer readings showed that, IOP was im-
mediately decreased after the administration of drug
so that it was significant at times zero (p = 0.046) and
25 after instillation (p = 0.027). On the other hand,
the Tono-Pen Vet readings showed that, the tetracaine
immediately reduced the IOP. This IOP reduction
continued up to 15 minutes after drug instillation and
then began to increase; however, it was significantly
lower than pre-treated values up to 30 minutes after
drug administration. When compared to control eyes,
the intraocular pressure reduction in treated eyes was
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Figure 1.

Mean IOP of treated and control eyes in tetracaine group. The IOP in the treated eyes started to decrease
immediately after instillation. The reduction of IOP by Tono-Pen Vet device was much sharper than the
rebound Icare device; so that IOP by Tono-Pen Vet device decreased immediately after tetracaine in-
stillation lasting for 30 minutes in treated eyes but by rebound Icare device, IOP reduction was signifi-

cant only in 0 and 25 minutes after drug instillation. The data are based on the mean

*: p < 0.05 comparing to pretreated baseline values.
a: p < 0.05 comparing to control eye values.

+

SD for 10 rabbits.
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significant at times 15 until 30 minutes after drug in-
stillation.

Bupivacaine

The results of intraocular pressure measurements
using the ICare and Tono-Pen Vet tonometers after
the bupivacaine administration are presented in Fig. 2.
The ICare tonometer readings showed that the chang-
es of IOP were not significant after the instillation of
bupivacaine at any time compared to before baseline
values; however when compared to control eyes, IOP
reduction in the treated eyes was significant at times
10 (p = 0.034), 15 (p = 0.040), 20 (p = 0.041), and 25
(p = 0.017) minutes after drug administration. On the
other hand, the results of Tono-Pen Vet tonometer in-
dicated that the IOP significantly decreased at times 5
(p=0.011), 10 (p = 0.011) and 15 (p = 0.027) minutes
after instillation and then began to increase afterwards
and reached its initial value in 40 minutes. Also, com-
parison of intraocular pressure in the treated eyes with
the control eyes showed a significant decrease at 5 (p =
0.016), 10 (p = 0.008) and 15 (p = 0.013) minutes after
drug instillation.

Lidocaine

As shown in Fig. 3, with the use of the ICare to-
nometer, the changes of IOP was not significant in the
treated eyes after drug instillation compared to both
baseline and control eyes (p > 0.05); but the Tono-Pen

Vet tonometer readings showed that, the IOP signifi-
cantly decreased 5 minutes after drug instillation com-
pared to pretreated baseline values (p = 0.021). When
compared to control eyes, the reduction of IOP in the
treated eyes was significant at times 0 (p = 0.024) and
5 (p = 0.007).

Proparacaine

As shown in Fig. 4, using ICare tonometer, the IOP
changes were minor and not significant. However, the
differences of IOP in the treated eyes were significant
attimes 5 (p=0.017), 15 (p = 0.016) and 20 (p = 0.027)
compared to control eyes. On the other hand, by us-
ing Tono-Pen Vet tonometer, the IOP in the treated
eyes started to decrease immediately after instillation
of proparacaine and reduction of IOP was significant
until 20 minutes after the administration of drug. The
IOP in the treated eyes was significantly lower than
that in control eyes immediately after drug instillation
up to 25 minutes later.

Duration of anesthesia and side effects of drugs

All four drugs caused corneal anesthesia imme-
diately after instillation. This effect was evaluated by
corneal reflex, touching a piece of cotton with the cor-
nea and seeing the animal’s blink. Also, the returning
of corneal sense was evaluated with this reflex. The
mean duration of anesthesia was 20 minutes for tet-
racaine, 15.5 minutes for bupivacaine, 7.5 minutes for
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Figure 2.

MeanIOPoftreatedand controleyesinbupivacainegroup. TheIOPinthetreatedeyesstartedtodecrease5minutesafter
instillationandlastinguntil 15minutesafterinstillationby Tono-Pen Vetdevice. TheIOPinthetreatedeyesbyrebound
Icaredevicewerenotchangedcomparingtopretreatedbaselinedata. Thedataarebasedonthemean+SDfor 10rabbits.

*: p < 0.05 comparing to pretreated baseline values.
a: p < 0.05 comparing to control eye values.
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Figure 3.

Mean IOP of treated and control eyes in lidocaine group. The IOP in the treated eyes started to decrease imme-
diately after instillation and was significant after 5 minutes by Tono-Pen Vet device. The IOP in the treated eyes
by rebound Icare device were not changed (p > 0.05). The data are based on the mean + SD for 10 rabbits.

*: p < 0.05 comparing to pretreated baseline values

a: p < 0.05 comparing to control eye values.

lidocaine, and 21 minutes for proparacaine. In this re-  Tetracaine
search, no adverse effects of drugs were observed in Sarchahi and bozorgi (2012), and Wang et al

rabbits. (2013) evaluated the diurnal variation of IOP in rab-
bits, and reported that the intraocular pressure may

Discussion change over the course of the day (8, 17). Thus, it is
necessary to pay attention to this point and to investi-
Effects on IOP gate the effects of drugs in a short time. Therefore, in

the present study, intraocular pressure in rabbits was
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Figure 4.

Mean IOP of treated and control eyes in proparacaine group. The IOP by Tono-Pen Vet device decreased imme-
diately after proparacaine instillation lasting for 20 minutes in treated eyes but by rebound Icare device, IOP re-
duction were not significant after drug instillation compared to baseline values. The IOP reduction by rebound
Icare device was significant in 5 minutes after drug instillation lasting for 20 minutes compared to control eyes.
The data are based on the mean + SD for 10 rabbits.

*: p < 0.05 comparing to pretreated baseline values.

a: p < 0.05 comparing to control eye values.
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taken from 13:00 to 18:00 h.

In the current study, the intraocular pressure, mea-
sured with both devices, has been reduced after instil-
lation of tetracaine. The comparison of the IOP mea-
sured by two devices, Tono-Pen Vet and ICare, shows
that firstly, the IOP measured with the Tono-Pen Vet
is higher than that of the ICare device. Knollinger et
al. (2005) and Leiva et al. (2006) comparing two To-
no-Pen devices (Tono-Pen Vet, and Tonopen XL) and
ICare in dogs and horses reported that the IOP shown
by ICare was lower than that of Tono-Pen (15, 16).
Secondly, because of the high pressure measured by
the Tono-Pen Vet device, the effect of tetracaine on
the IOP was more pronounced; While the IOP mea-
sured with ICare was lower and the reduction of IOP
produced by this device was not very clear. The results
of this study are almost the same as our two previous
studies. In the first study, we compared the effects of
tetracaine on healthy and glaucomatous rabbits and
concluded that the greater the initial IOP, the more it
decreases by tetracaine, so that the reduction of IOP
in glaucomatous rabbits was more than healthy rab-
bits (8). In our previous second study, we investigated
the effect of tetracaine on the intraocular pressure in
dogs with a rebound ICare tonometer (14). In the pre-
vious and current studies, since the IOP measured by
the ICare tonometer was low, the reduction in the IOP
produced by tetracaine was low.

The results of this study and other researchers in-
dicate that tetracaine reduces the IOP; however, the
rate of reduction in IOP in various studies is different.
One of the main causes of these differences appears
to be the difference in baseline IOP before tetracaine
instillation.

Bupivacaine

In a study done by Baudouin and Gastaud in the
healthy and glaucomatous subjects, it was found that
bupivacaine reduced the intraocular pressure within
minutes 1, 5, and 15 after instillation (4). In our pre-
vious study, performed in dogs with ICare tonometer,
bupivacaine did not significantly affect the IOP (14).
In the present study, the results of the ICare device are
consistent with our previous study. However, using of
Tono-Pen Vet tonometer showed a decrease of IOP in
5-15 minutes. This finding is in agreement with the
findings of Baudouin and Gastaud (4). This again em-
phasizes that the higher the initial IOP, the more it de-
creases, thus the decrease in IOP becomes significant.
Nociti, et al., (2001) also reported a decrease in intra-
ocular pressure 15 minutes after retrobulbar injection
of bupivacaine. They have suggested that the reason of
IOP decrease is the relaxation of extraocular muscles
(18).
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Lidocaine

There are some reports that show the using of lido-
caine by other methods may affect the IOP; For exam-
ple, Lerman and Kiskis (1985) and Abdulla and Flaifil
(1991) reported that the use of lidocaine as an intra-
venous injection prevented the increase in IOP after
tracheal intubation and laryngoscopy in children, and
even 3 minutes after tracheal intubation, the IOP was
also lower than that of zero time (19, 20). Hassanein
et al. (2016) also reported similar results for lidocaine
during the withdrawal of tracheal tubes (21). In the
previous study, using the Icare tonometer, we con-
cluded that lidocaine did not have a significant effect
on IOP in dogs (14). In the present study, the effects of
lidocaine on IOP were similar to those of ICare results
and did not affect the IOP in rabbits; however when
the IOP was measured with Tono-Pen Vet tonom-
eter, it was found that lidocaine had some effect on
the IOP; So that, IOP started to decrease immediately
after administration and dropped to its lowest point
within 5 minutes. Comparison of the effects of lido-
caine with tetracaine and proparacaine in the present
study showed that the reduction effect of lidocaine on
IOP is similar to that of bupivacaine and is very low.

Proparacaine

The results of ICare tonometer showed that the
proparacaine increased the IOP immediately after
instillation (time 0), then IOP began to decrease and
reached its lowest level in 5 minutes and then gradu-
ally increased. All these changes were not significant.
On the other hand, results of Tono-Pen Vet tonome-
ter showed that the IOP decreased immediately after
instillation so that IOP was significantly lower than
pretreated and control values until 20 and 25 min-
utes later respectively. Dosunmu et al. (2014), using
ICare tonometer, evaluated the effects of 0.5% propa-
racaine on IOP in children (22). They reported that
IOP slightly increased compared to before, and then,
within 8 minutes after drug administration, a slight
decrease in IOP was created, which, of course, was not
significant. The results of ICare tonometer in the pres-
ent study are similar to Dosunmu et al’s study. Herse
and Siu (1992), Ko et al., (2005) and Nam et al. (2006)
reported that proparacaine causes a transient increase
in the thickness of the cornea, thereby temporarily
increases IOP (23-25). Leiva et al. (2006) Compared
the IOP values of ICare and Tonopen XL tonometers
in the eyes of healthy dogs (16). The results showed
that ICare values were significantly lower than those
of Tonopen XL (p < 0.0001), however, they conclud-
ed that the ICare tonometer could be an appropriate
measurement method for daily clinical use after cali-
bration for the dogs. As previously mentioned in this



discussion about tetracaine, the results of Leiva et al.
and present study show that the IOP values obtained
by the ICare tonometer are low. Therefore, the reduc-
tion effect of topical anesthetics such as proparacaine
on IOP is less likely to be detected. Therefore, by mea-
suring with this device, it seems that the drug has no
effect on the IOP, but Tono-Pen Vet tonometer shows
higher IOP values; As a result, the reducing effect of
proparacaine on IOP is more visible.

Duration of anesthesia

In the present study, the average duration of cor-
neal anesthesia after instillation of a drop tetracaine in
rabbits was 20 minutes. This time has been reported
9.4, 16 and 30 minutes in humans, dogs and horses,
respectively (14, 26, 27). Therefore, the duration of
corneal anesthesia caused by tetracaine also vary in
different species. We have already reported that the
duration of corneal anesthesia were 20 and 22 minutes
in healthy and glaucomatous rabbits, respectively (8).
The findings of the present study confirm our previous
findings on the duration of anesthesia in rabbits. Since
two studies have been conducted in two separate geo-
graphical areas, the consistency of the results strongly
confirms the effect of the species on the duration of
corneal anesthesia.

The mean duration of corneal anesthesia after in-
stillation of a drop bupivacaine in rabbits in the pres-
ent study was 15.5 minutes. Sun et al. (1999) found
that bupivacaine, and especially its buffered solution,
had a greater effect than procaine or benzocaine on
corneal anesthesia. The anesthetic effect of bupiva-
caine begins in the first minute after use, and if the
acidity is adjusted, the duration of the effect becomes
greater (28). In a study conducted by Liu et al. in rats,
Bupivacaine had less toxic effects than proparacaine,
and the duration of its effect is doubled by increas-
ing the pH of the drug from 5.7 to 6.5 (29). In our
previous study, the duration of corneal anesthesia by
bupivacaine was 22 minutes in dogs (14). These find-
ings indicate that the duration of corneal anesthesia
caused by bupivacaine vary in different species, and
in the present study, which is done on rabbits, it is less
than the rest.

In the present study, lidocaine immediately after
instillation caused corneal anesthesia but the mean
duration of corneal anesthesia was very low (7.5 min-
utes). Assia, et al., (1999) concluded that lidocaine gel
in human eye surgery was more effective than lido-
caine drop, and had a good lubricating property (30).
Shah et al. (2010) found that lidocaine (akten) gel
produced longer anesthesia than lidocaine solutions
in the eye and, due to containing of hydroxypropylcel-
lulose, protects the corneal epithelium (31).
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The duration of corneal anesthesia created by
proparacaine varies in different species. Bartfield et
al., in a study on humans, have shown that the degree
and the duration of anesthesia created by propara-
caine is greater than that of tetracaine (26). The results
of the present study indicate that the duration of an-
esthesia created by proparacaine is longer than that of
three other drugs. The reported duration of anesthesia
induced by proparacaine in cats is 25 minutes (32), in
dogs 45 and 34 minutes (14, 33), and in the horse 25
minutes (34).

Bupivacaine and lidocaine are amide anesthetics
and they are classified as long-acting local anesthetic
drugs. We expected their duration to be greater than
tetracaine and proparacaine. But the duration of an-
esthesia caused by bupivacaine and lidocaine in the
present study was in contrary to our expectations.
One of the reasons for this can be the type of drug
form used. In the present study, due to lack of top-
ical forms of bupivacaine and lidocaine, we used an
injection formulation of these drugs. This problem
can be resolved in the future by producing and testing
the topical form of these drugs. A second and more
important reason can be the species in which the drug
is used. As mentioned above, the effects of local anes-
thetic drugs vary in different animals and it seems that
the effect of these drugs on rabbits is less than that of
other species. Comparing the results of present study
in rabbits with our previous study in dogs confirms
this idea (14).

One of the limitations of the present study was that
the injectable forms of these drugs were used. The sec-
ond limitation was a small number of samples. How-
ever, this was a preliminary study, and these limita-
tions can be overcome in the future by producing the
topical form of these drugs and evaluating them in a
larger number of samples.

It can be concluded that all drugs used in this study
(tetracaine, bupivacaine, lidocaine and proparacaine)
reduce the IOP immediately after use; however, the ef-
fects of bupivacaine and lidocaine on IOP were much
lower than that of tetracaine and proparacaine. Thus,
since they do not intensely affect the IOP and since
lidocaine has antimicrobial and even positive effect
on corneal cells (35), it is recommended that these
two drugs be used topically before measuring IOP.
Tetracaine and proparacaine reduce the IOP and this
should be taken into account in the glaucomatous an-
imals to avoid mistakes.

Material and methods

In the present study, 10 healthy adult white rabbits with a
weight of 1.63-3.27 kg (mean+SD: 2.17 +0.54) were used. Ages
of rabbits were 6 months. Five male and five female rabbits were
used. The study was approved by the research council of the Facul-
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ty of Veterinary Medicine, Ferdowsi University of Mashhad, Iran.
The rabbits were kept in individual cages and were fed with dry
commercial food and water ad libitum. All rabbits were carefully
examined and were healthy, and showed no abnormalities in flu-
orescein staining, direct and panoptic ophthalmoscopy. Intraoc-
ular pressure of rabbits was measured at least once a day from a
week before the start of the study to habituate the rabbits to this
procedure.

To evaluate the effect of the first drug, one drop of 0.5% tet-
racaine (Anestocaine, Sina Darou, Tehran, Iran) was instilled in
the right eye of five rabbits and the left eye of the other five rab-
bits. One drop of normal saline was instilled in the opposite eyes
as controls. IOP was measured before and at 0, 5, 10, 15, 20, 25,
30, 35 and 40 minutes after drug instillation using an electronic
rebound tonometer (TAO1i tonometer, ICare, Finland) and im-
mediately afterwards by an applanation tonometer (Tono-Pen
Vet, Reichert, New York, USA). After an interval of at least one
week, the effects of 0.5% bupivacaine (Marcaine® Spinal Heavy,
Astrazeneca, Sweden), 2% lidocaine (Lignodig, Caspian Tamin,
Iran) and 0.5% proparacaine (Alcaine, Alcon, Canada) were
studied in the same way. Because IOP may vary throughout the
day, IOPs were measured at 13:00-18:00 h in all rabbits. The sen-
sation of the eyes was also examined every 5 minutes by corneal
reflex (touching a piece of cotton with the cornea and observing
the animal’s blink). The rabbits were placed on a table in a relaxed
state and prevented from any stress and minimal restraint was
done on the head and neck without the use of systemic anesthet-
ics or tranquilizers (Fig. 5). The eyelids were slowly opened and
avoided any pressure on the eyelids and neck to prevent a change
in IOP. Restraint was performed by the same assistant at all times.
All measurements were also performed by a person who was un-
aware of the medication or placebo used in individual eyes and
experienced with the use of both devices.

Statistical analysis: The normality of the data was analyzed
using Shapiro-WilkK’s statistical method. Since some of the data
were abnormal, nonparametric tests were used for statistical
comparisons. To compare the effect of each drug on time Fried-
man test, and in the case of significance, the Wilcoxon test was
used to compare two sets of scores. The Wilcoxon test was also
used to compare the IOPs of treated and control eyes. The Pear-
son correlation coefficient was used to test the relationship be-
tween IOP and the weight of rabbits. The Spearman correlation
coeflicient was used to determine the relationship between IOP
and sex. The data are based on the mean + SD for 10 rabbits. The

Figure 5.
RestraintofrabbitandtonometrywithreboundIcare (a)and To-
no-Pen Vet (b)tonometers. Probesareinthecenterofthecornea.
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level of significance was set at p < 0.05.
Acknowledgment

We would like to thank the research council of
Ferdowsi University of Mashhad for financial sup-
port of this work in the form of Research Project No.
3 funding.

Author Contributions

Design of Study: A.A.S, IOP measuring: A.A.S,
AE

Conflict of Interest

The authors declare that they have no conflict of
interest.

References

1. Plummer CE, Regnier A, Gelatt KN. The Canine Glaucomas.
In: Gelatt KN, Gilger BC, Kern T7J, editors. Vet Ophthalmol. 2:
John Wiley & Sons; 2013. p. 1050-145.

2.  GofmanN, Cohen B, Matot I, Cattan A, Dotan G, Stolovitch C,
etal. Do intraocular pressure measurements under anesthesia
reflect the awake condition? ] Glaucoma. 2017;26(4):299-302.

3. Prabhakar S, Mahesh B, Shanthamallappa M. A comparative
study of intraocular pressure measurement by three tonome-
ters in normal subjects. Nepal ] Ophthalmol. 2013;5(2):201-6.

4. Baudouin C, Gastaud P. Influence of topical anesthesia on
tonometric values of intraocular pressure. Ophthalmologica.
1994;208(6):309-13.

5. Boillot T, Gauvin M, Rosolen S-G. Effect of topical application
of tetracaine on intraocular pressure in dogs: preliminary re-
sults. ] Fr Ophtalmol. 2013;36(5):402-7.




10.

11.

12.

13.

14.

15.

16.

17.

18.

Johannesson G, Hallberg P, Eklund A,
Behndig A, Lindén C. Effects of topi-
cal anaesthetics and repeated tonome-
try on intraocular pressure. Acta Oph-
thalmol (Copenh). 2014;92(2):111-5.

Montero ], Ruiz-Moreno ], Fernan-
dez-Munoz M, Rodriguez-Palacios M.
Effect of topical anesthetics on intra-
ocular pressure and pachymetry. Eur ]
Ophthalmol. 2008;18(5):748-50.

Sarchahi AA, Bozorgi H. Effect of
tetracaine on intraocular pressure in
normal and hypertensive rabbit eyes. J
Ophthalmic Vis Res. 2012;7(1):29-33.

Ehongo A, De Maertelaer V, Pourja-
van S. Effect of topical corneal anaes-
thesia on ocular response analyzer pa-
rameters: pilot study. Int Ophthalmol.
2009;29(5):325-8.

Kim J, Kim NS, Lee KC, Lee HB, Kim
MS, Kim HS. Effect of topical anesthe-
sia on evaluation of corneal sensitivity
and intraocular pressure in rats and
dogs. Vet Ophthalmol. 2013;16(1):43-
6.

Parchen H, [zar M, Branco P, Lacowicz
C, Sano D, Belo C, et al. Ophthalmic
and anesthetic evaluation of topical
1% tetracaine and 0.5% proparacaine
in dogs. Arq Bras Med Vet Zootec.
2011;63(6):1337-44.

Murgatroyd H, Bembridge J. Intraoc-
ular pressure. Continuing Education
in Anaesthesia Critical Care & Pain.
2008;8(3):100-3.

Ogbuehi KC. Corneal biomechanical
parameters and intraocular pressure:
the effect of topical anesthesia. Clin
Ophthalmol. 2012;6:871.

Sarchahi AA, Eskandari M. Effect
of four local anesthetics (tetracaine,
proparacaine, lidocaine, and bupiva-
caine) on intraocular pressure in dogs.
Int Ophthalmol. 2019;39(7):1467-74.

Knollinger AM, La Croix NC, Barrett
PM, Miller PE. Evaluation of a re-
bound tonometer for measuring intra-
ocular pressure in dogs and horses. |
Am Vet Med Assoc. 2005;227(2):244-
8.

Leiva M, Naranjo C, Pena M. Com-
parison of the rebound tonometer
(ICare®) to the applanation tonometer
(Tonopen XL°) in normotensive dogs.
Vet Ophthalmol. 2006;9(1):17-21.

Wang X, Dong J, Wu Q. Twenty-four-
hour measurement of IOP in rabbits
using rebound tonometer. Vet Oph-
thalmol. 2013;16(6):423-8.

Nociti J, Serzedo P, Zuccolotto E,
Nunes A, Ferreira S. Intraocular pres-
sure and ropivacaine in peribulbar

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

block: a comparative study with bu-
pivacaine. Acta Anaesthesiol Scand.
2001;45(5):600-2.

Abdulla W, Flaifil H. Intraocular
pressure changes in response to en-
dotracheal intubation facilitated by
atracurium or succinylcholine with or
without lidocaine. Acta Anaesthesiol
Belg. 1992;43(2):91-101.

Lerman J, Kiskis AA. Lidocaine at-
tenuates the intraocular pressure re-
sponse to rapid intubation in children.
Can Anaesth SocJ. 1985;32(4):339-45.

Hassanein A, Zekry J, Moharram H.
Effect of lidocaine instillation into en-
dotracheal tube on intraocular pres-
sure during extubation. Ain-Shams J
Anaesthesiol. 2016;9(1):23-6.

Dosunmu EO, Marcus I, Tung I, Thi-
amthat W, Freedman SE The effect of
repeated measurements and the use
of topical anesthetic on rebound to-
nometry values in children. ] AAPOS.
2014;18(6):619-21.

Herse P, Siu A. Short-term effects
of proparacaine on human corneal
thickness. Acta Ophthalmol (Co-
penh). 1992;70(6):740-4.

Ko Y, Liu C-1, Hsu W. Varying effects
of corneal thickness on intraocular
pressure measurements with different
tonometers. Eye. 2005;19(3):327-32.

Nam SM, Lee HK, Kim EK, Seo KY.
Comparison of corneal thickness after
the instillation of topical anesthetics:
proparacaine versus oxybuprocaine.
Cornea. 2006;25(1):51-4.

Bartfield JM, Holmes TJ, Raccio-Ro-
bak N. A comparison of proparacaine
and tetracaine eye anesthetics. Acad
Emerg Med. 1994;1(4):364-7.

Gum GG, MacKay EO. Physiology
of the Eye. In: Gelatt KN, Gilger BC,
Kern TJ, editors. Vet Ophthalmol. 1:
John Wiley & Sons; 2013. p. 170-207.

Sun R, Hamilton RC, Gimbel HV.
Comparison of 4 topical anesthetic
agents for effect and corneal toxici-
ty in rabbits. ] Cataract Refract Surg.
1999;25(9):1232-6.

Liu JC, Steinemann TL, McDonald
MB, Thompson HW, Beuerman RW.
Topical bupivacaine and propara-
caine: a comparison of toxicity, onset
of action, and duration of action. Cor-
nea. 1993;12(3):228-32.

Assia EI, Pras E, Yehezkel M, Roten-
streich Y, Jager-Roshu S. Topical an-
esthesia using lidocaine gel for cata-
ract surgery. J Cataract Refract Surg.
1999;25(5):635-9.

IJVST |2020-1 (22)

31.

32.

33.

34.

35.

RESEARCH ARTICLE

Shah H, Reichel E, Busbee B. A novel
lidocaine hydrochloride ophthalmic
gel for topical ocular anesthesia. Local
Reg Anesth. 2010;3:57-63.

Binder DR, Herring IP. Duration of
corneal anesthesia following topi-
cal administration of 0.5% propa-
racaine hydrochloride solution in
clinically normal cats. Am J Vet Res.
2006;67(10):1780-2.

Herring IP, Bobofchak MA, Landry
MP, Ward DL. Duration of effect and
effect of multiple doses of topical
ophthalmic 0.5% proparacaine hydro-
chloride in clinically normal dogs. Am
J Vet Res. 2005;66(1):77-80.

Kalf KL, Utter ME, Wotman KL. Eval-
uation of duration of corneal anes-
thesia induced with ophthalmic 0.5%
proparacaine hydrochloride by use
of a Cochet-Bonnet aesthesiometer
in clinically normal horses. Am J Vet
Res. 2008;69(12):1655-8.

Parr A, Zoutman D, Davidson J. Anti-
microbial activity of lidocaine against
bacteria associated with nosocomi-
al wound infection. Ann Plast Surg.
1999;43(3):239-45.

10.22067/veterinary.v12i1.82719



((

& . e .

§ % Iranian Journal of Veterinary Received: 2020- Aug- 31

'% é‘ Accepted after revision: 2020- Feb- 29
s’q-‘%ﬁ"ary M'f Published online: 2020- Sep- 09

Abstracts (in Persian)

I 90 (55 15 99 (55 5) (RO 90 (D> (59310 S I (W y
oliwd g9 99 amilio — ¥ 3> 30 > (519 5Lid g (3L 95 5
Wl g ogmlilly!

* A g yrol (I8 (3l 4 ol o yT

Ol et e gwg B olBily (S el oSl ¢ cold (Slon jlom (6 i § Cilagy ( 2KSle o pgle 09 S
Jﬁ—i.u&.é o.A.’u.mi}; -

oS>

B3 L e | AOP) i (3l jlid cul (Son o Slon> 355 5 (ondge (om0 65,10 E55 (51 ol ol g3
oBows g9 99 Abowgr (5955 )0 i I LA (5) (290 (e (2 S ez Sl o)l (nl Sl (g S I i
Ao 555 3 ady o it )0 5 b igS 5 5l cad sl itz 50 8,5 18 Ll L 0550 (Bsingis g S8 Segigh) (505l
318 S Sl 488 o B 4235 D o 5 i yiegish £33 33 b s 5 52 40 iy 510 18 0 oaly ST, o 8 5,
o515 JCare fegigs gl Lulul 5 .cd 3 18 aalllas 5,90 55,500 glag)ls Ol catan G alol b JBlas ol (5,5 o3l
5 oS 90 (g g A 5l s TOP Ol s ols ialS g)ls (a5l ey 42,35 YO 5 aloldd 1) IOP (g )ls soe ghay
oolaiwl 5l am alolddl bag o sled « gy gisi gulis (wlul 5 (P <e0) 5905 ks e b polae 4y coed ey oy 8T Lg
Oloy e (5eSibe 092 53l 5 315 51 eS L TOP (08 g0d 5 (538 5mse Sl31 (Jl Gl L siols (oS, TOP
S a cnl by 0 (3Ll 9 g0 (g s (S (Sl ABB YY) S VI OO T S S 4 a8 B e (o
ICare jagiss 5l aS conl gloj 3l pion Jlos Sgcpgig 5l oolatuwl sl rdge cwr o g, Lawgi IOP als aS 04 oo
Sas el gloy sl yiin 0ed g0 oolaul 3T )Lgy b ST55 a5 Sloj oliws 2 LIOP palS oo 048 co oolul
gz ool (55 50 b el Tey s

BRI TRt L PSRN LER WX N - L P

IJVST 2020-1(22) 10.22067/veterinary.v12i1.82719



	82719_after proof.pdf (p.1-8)
	82719-persian abs-corrected proof-n.pdf (p.9)

