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ABSTRACT

Background: Intraocular pressure (IOP) is influenced by a variety of factors, including intraocular fluid volume, choroi-
dal blood volume, and vitreous volume. Abnormal IOP can result in visual issues, with ocular hypotension potentially 
leading to retinal detachment and ocular hypertension, causing damage to the retina and optic nerve, which can lead to 
glaucoma. Anaesthetic agents and body position, such as the Trendelenburg position, can significantly affect IOP. While 
there is extensive research on IOP changes at various positions in humans, data on the effects of the prone and Trendelen-
burg positions in both human and veterinary medicine are limited. The Trendelenburg position, which involves tilting the 
head 15°-45° up or down, is commonly used in laparoscopic and bariatric surgeries and in veterinary procedures, such 
as ovariohysterectomy and castration. However, the impact of this position on IOP, particularly when combined with an-
aesthetics, has not been well documented. Preanaesthetic agents, such as xylazine (XYL) and dexmedetomidine (DEX), 
alpha-adrenoreceptor agonists, and midazolam (MID), a benzodiazepine, can influence intraocular pressure (IOP). This 
study evaluated the impact of these agents on IOP in Wistar albino rats positioned in reverse Trendelenburg (RTr), a com-
mon position in veterinary surgery, to assess their safe use. 
Materials, Methods & Results: The rats were randomly divided into 3 groups: DXM group [0.75 μg/kg, n=7], MID [5 mg/
kg, n=7], and XYL [10 mg/kg, n = 7]. Intraperitoneal injections were administered, and IOP was measured using an Icare 
Tonovet Plus tonometer at baseline (T

0
) and at intervals 5 (T

5
), 10 (T

10)
, 15 (T

15
), 30 (T

30
), 45 (T

45
), 60 (T

60
), and 90 (T

90
) 

min) post-anaesthesia. The rats were immobilized at a 15-degree angle for 90 min. Six consecutive IOP measurements 
were averaged for each time point. Sedation levels were assessed using a numerical rating scale. In-group measurements 
and statistical evaluations showed no significant differences at T0 between the DXM, MID, and XYL groups. A decrease 
in IOP was observed at T

15
, T

30
, T

45
, T

60
, and T

90
 in all groups (P < 0.05), with the lowest values at T

45
 in the XYL group 

and T
60

 in the DXM and MID groups. No significant differences were observed between the groups; however, sedation 
score (SS) increased significantly at T

45
 and T

60
, correlating with the lowest IOP values compared to T0 (P < 0.05). The 

XYL group showed the fastest onset (2.44 ± 1.2 min) and longest duration (80.55 ± 6.56 min) of sedation, although these 
differences were not statistically significant. The findings of this study suggest that preanaesthetic administration of DXM, 
MID, and XYL can lead to significant decreases in IOP during deep sedation in the RTr position. 
Discussion: This is particularly important in veterinary medicine, where research on IOP is limited, particularly in relation 
to positioning during surgery. Previous studies in horses and cats have shown varying effects of surgical position on IOP, 
with significant increases in the dorsal and Trendelenburg positions. Human studies have indicated that RTr position can 
reduce IOP, especially with a greater head angle. This study found that the Tonovet Plus rebound tonometer provides reli-
able measurements, lending credence to its findings. Further research is required to understand the impact of anaesthetics 
on IOP across different species and surgical positions. This study suggests that DXM, MID, and XYL have minimal effects 
on IOP in the RTr position and can be safely utilized in procedures, such as ovariohysterectomy and castration, contribut-
ing to the development of strategies for preventing POVL in veterinary medicine and informing human surgical practices.

Keywords: intraocular pressure, reverse trendelenburg position, preanaesthesia.
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INTRODUCTION

Rabbits are frequently utilized in ophthalmo-
logic research because their corneal thickness and 
anterior chamber depth are comparable to those of 
humans. However, differences in lens, lamina cribrosa 
(LC) and optic nerve structures limit their applicability 
in ocular disease studies [12,25,34,36]. In contrast, rats 
are preferred for intraocular pressure (IOP) studies, 
particularly in glaucoma research, because of their 
well-characterized ocular anatomy and suitability for 
controlled experiments [8,10,25,37,47,51].

IOP is crucial for ocular health, and el-
evated IOP is a significant risk factor for glaucoma, 
leading to optic nerve damage and vision loss [6, 
20,22,23,35,39,44]. Although the effects of anesthetic 
agents and body position on IOP have been extensively 
studied in humans [2,7,13,16,24,27,30], veterinary 
data, particularly regarding the Reverse Trendelenburg 
(RTr) position, remain limited [9,14,46,48].

Preanesthetic agents, such as xylazine, dex-
medetomidine, and midazolam, are commonly em-
ployed in veterinary practice [2,4,11], influencing IOP 
through their effects on the ocular sympathetic system 
[19,27,41]. Although generally reported to lower IOP, 
some studies suggest that these agents may elevate 
IOP under certain conditions [18,38,39,50], although 
literature on their effects in the RTr position is scarce 
[7,14,28,30,43,49].

This study aimed to evaluate the effect of RTr 
position, utilized in surgeries such as castration and 
ovariohysterectomy, on IOP in rats and to establish 
guidelines for the safe use of these preanesthetic agents.

MATERIALS AND METHODS

Animals

In this study, 21 male Wistar albino rats weigh-
ing between 180 and 250 g, obtained from Harran 
University Animal Experiment Application and Re-
search Centre (HDAM), were utilized. Experimental 
procedures were conducted in accordance with the 
care and use protocols for laboratory animals, includ-
ing maintaining it's a 12 h light-darkness cycle and 
temperature control at a temperature of 22 ± 2°C. 
This assessment included a comprehensive physical 
examination, a complete ophthalmic examination, 
and a basic blood profile. The ophthalmic examination 
included the evaluation of the blink reflex, pupillary 

light responses, direct ophthalmoscopy1 (Ophthalmo-
scope), and rebound tonometer2 (TONOVET Plus). In 
the study, only healthy rats free of ocular or systemic 
diseases were considered. All animals were acclima-
tised for 14 days to ensure the absence of corneal and 
conjunctival diseases. During the experimental treat-
ments, rats were provided ad libitum access to standard 
commercial pellet feed and tap water.

Experimental groups

Twenty-one rats were randomly divided into 
3 groups. The 1st group (n: 7) received 0.75 μg/kg 
dexmedetomidine3 (DXM), the 2nd group (n: 7) 5 mg/
kg midazolam4 (MID)] and the 3rd group (n: 7) 10 mg/
kg xylazine5 (XYL) was administered intraperitoneally 
(IP). The use of rats and calibration of the tonometer 
were performed as described in the literature [16]. 
Lapin calibration was conducted using an IOP rebound 
tonometer (TONOVET Plus). At the commencement 
of each assessment, a novel probe was affixed for 
individual animals. The evaluations were exclusively 
administered by a singular researcher, ensuring uni-
form handling of the subjects throughout the entirety 
of the procedure. The researcher remained unaware 
of the method of drug administration and conducted 
all assessments impartially. No anaesthetic eye drops 
were used during measurements. IOP was assessed 
at T0 when the rats were in their normal stance and 
at RTr on a specially designed stand at a 15-degree 
angle following anesthesia. The rat's extremities were 
immobilized with a plaster cast to prevent them from 
slipping off the stand (as depicted in Figure 1A). The 
rats were kept on the stand in the determined position 
for 90 min (Figure 1B). The measurements of the rats 
were recorded at 5 (T5), 10 (T10), 15 (T15), 30 (T30), 
45 (T45), 60 (T60) and 90 (T90) min at the same time 
of the day (9.00 to 10.30). The distance between the 
probe's tip and the cornea of the rat was consistently 
maintained within a range of 4 to 8 mm throughout 
the experiment. Six consecutive measurements were 
executed, and the resultant data were averaged to derive 
the final score at each designated time point. Each intra-
ocular pressure (IOP) measurement was conducted by 
the same individual, with the left eye being consistently 
measured before the right eye. Since no significant dif-
ferences were noted between the intraocular pressure 
(IOP) values of the left and right eyes, the right eye 
was chosen for all subsequent evaluations.
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Rats were evaluated for sedation levels at specific 
time intervals (T

0
, T

5
, T

10,
 T

15
, T

30
, T

45
, T

60
, and T

90
) using 

a customized numerical rating scale ranging from 0 to 
19. The scoring criteria for assessing rat sedation include: 
Spontaneous activity/position: Scored from 0 to 3, Resis-
tance when laid into lateral position: Scored from 0 to 4, 
Palpebral reflex: Scored from 0 to 3, Resistance to opening 
the mouth (tested only if the rat is in lateral recumbency, us-
ing the wooden part of a cotton-tipped applicator) is scored 
from 0 to 3. Response to noise (clicker activated near the tail 
base) is scored from 0 to 3. General appearance/attitude is 
scored from 0 to 3 [45]. The individual responsible for as-
sessing sedation onset (characterized by the disappearance 
of reflexes) and sedation duration (defined as the period 
from T0 to the point of spontaneous recovery of reflexes) 
remained consistent throughout the study.

Statistical analysis

The data were evaluated using SPSS 22.1 (IBM 
Corporation, Armonk, NY, USA) statistical software. 
Shapiro-Wilk normality test was applied to determine 
whether all data were parametric. Due to the data not 
satisfying parametric test assumptions, differences among 
the experimental groups (DXM, MID, and XYL) in 
all measured quantitative characteristics were assessed 
using the Kruskal-Wallis and Mann-Whitney U tests. 
Differences between measurements repeated at different 
times on the same rat were determined by Freidman test 
for each experimental group separately. For the variables 
indicating significant differences in the Freidman test, 
pairwise comparisons were performed with the Wilcoxon 
test only on the differences between the baseline and other 

measurements. The results of the study are presented as 
mean +/- SD and median values. A value of P < 0.05 was 
deemed statistically significant in the statistical analysis.

RESULTS

In-group measurements and statistical evalua-
tions of IOP and SS at all time intervals are presented 
in Table 1. IOP data are expressed in mmHg. No sig-
nificant differences were noted in the values measured 
with the Tonovet Plus device during clinical observation. 
T0 mean values were 13 ± 1.11 mmHg in the DXM 
group, 13 ± 0.81 mmHg in the MID group and 12 ± 
10 mmHg in the XYL group. There was no significant 
difference observed between the groups in the statistical 
evaluations. However, IOP was found to be statistically 
significant in all groups at T15, T30, T45, T60 and T90 
(P < 0.05). IOP values decreased significantly in XYL 
(9 ± 2.94 mmHg) group at T45 and in DXM (9 ± 1.57 
mmHg) and MID (9 ± 2.05 mmHg) groups at T60. The 
lowest IOP values were recorded at the T45 and T60 
time points across all 3 groups. Although no statistically 
significant difference was observed between the groups, 
the SS exhibited a statistically significant increase at 
T45 and T60, corresponding to the time intervals when 
IOP values were lowest compared to T0 (baseline) (P 
< 0.05). The onset of sedation was earlier in the XYL 
group (2.44 ± 1.2 min) than in the DXM group (2.80 ± 
0.8 min) and the MID group (3.22 ± 1.11 min). Sedation 
time was longer in the XYL group (80.55 ± 6.56 min) 
compared to the DXM group (74.44 ± 8.4 min) and the 
MID group (70.33 ± 1.68 min) [Table 2]. No statistically 
significant difference was observed between the groups.

Figure 1. A- Image in the RTr on a specially designed stand. B- IOP measurements.
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DISCUSSION

In recent years, studies on IOP have been on 
the increase in human and veterinary medicine. These 
studies have focused more on the physiological param-
eters of IOP across species, especially in veterinary 
medicine, or how it changes with the effect of various 
anesthetic agents [29,31,33,41,42]. However, periop-
erative visual loss (POVL), which has been emphasized 
by human medicine since the mid - 90s, is a serious 
complication that can be observed in nonophthalmic 
surgical operations and has been associated with 
factors such as prolonged operations performed in 
surgical positions such as trendelenburg (Tr), reverse 
trendelenburg (RTr) and prone, significant blood loss 
and hypotension. It has also been emphasized that 
surgical positions (Tr, RTr) in procedures such as 

genital organ operations and bariatric surgery in men 
may cause POVL [7,19,31]. In veterinary medicine, 
there is a lack of literature data on both POVL and the 
effect of various surgical positions on IOP. This study 
aimed to examine the effects of RTr, a position used 
in surgical operations in both veterinary and human 
medicine, on IOP in rats using different types and cur-
rent anesthetic agents, together with sedation scoring 
and duration data, including the length of operation 
time emphasized in POVL, with the aim of making a 
potential contribution to clinical practice and improv-
ing IOP management.

Research conducted on both rats and humans 
has underscored that the lamina cribrosa (LC) serves 
as the primary site of damage in glaucoma induced 
by high IOP [5,6,40]. Additionally, the literature 

Table 1. Effects of Dexmedetomidine (DXM) [0.75 μg/kg], Midazolam (MID) [5 mg/kg] and Xylazine (XYL) [10 mg/kg] on intraocular pressure (IOP, 
mmHg) and sedation score (SS) of Reverse trendelenburg position (RTr) in 21 wistar albino rats.

Variable Group T
0

T
5

T
15

T
30

T
45

T
60

T
90

IOP 

(mmHg)

DXM
13 ± 1.11

13
12 ± 1.46*

12
10 ± 1.67*

10
11 ± 2.76*

11
9 ± 2.60*#

9
9 ± 1.57*#

9
10 ± 1.67*

10

MID
13 ± 0.81

13
14 ± 0.95*

14
11 ± 1.90*

11
12 ± 1.49*

12
10 ± 1.06*#

10
9 ± 2.05*#

9
10 ± 2.62*

10

XYL
12 ± 1.10

12
12 ± 1.21*

12
10 ± 2.05*

10
10 ± 1.97*

10
9 ± 2.94*#

9
10 ± 1.71*#

10
11 ± 1.79*

11

SS

DXM ND
15 ± 2.1

15
14 ± 0.6

14
15 ± 0.7

15
16 ± 1.44*#

16
16 ± 0.81*#

16
12 ± 1.51

12

MID ND
13 ± 1.02

13
13 ± 1.5

13
14 ± 1.9

14
15 ± 1.27*#

15
15 ± 0.16*#

15
11 ± 2.57

11

XYL ND
16 ± 1.10

16

15 ± 0.1

15

16 ± 2.05

16

17 ± 1.45*#

17

17 ± 1.03*#

17

10 ± 1.18

10
*Indicates significant differences within the groups (P < 0.05). # The time interval with the highest SS and the common time interval with the lowest IOP 
compared to T

0
; Baseline value and at 5 min (T

5
), 15 min (T

15
), 30 min (T

30
), 45 min (T

45
), 60 min (T

60
) and 90 min (T

90
). ND: not determined.

Table 2. The effects of Dexmedetomidine (DXM), 0.75 μg/kg, Midazolam (MID) 5 mg/kg and Xylazine (XYL) 10 mg/kg on 
the onset time and duration of sedation in 21 wistar albino rats in the reverse trendelenburg position (RTr).

Group Time to onset of sedation Duration of sedation

DXM (min) 2.80 ± 0.8
3

74.44 ± 8.4
75

MID (min) 3.22 ± 1.11
3

70.33 ± 1.68
70

XYL (min) 2.44 ± 1.2
2.5

80.55 ± 6.56
80
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highlights that ischemic optic neuropathy (ION), a 
condition identified among the causes of perioperative 
visual loss (POVL), occurs due to compromised blood 
flow to the optic nerve associated with the localiza-
tion of the LC [19]. Based on this information, some 
pioneering studies and scanning electron microscopic 
analyses indicate that changes in the structure of LC 
can be interpreted as a precursor of high IOP [6, 40]. 
Considering the LC structure in rat eyes, it is possible 
to use rats as a model for both IOP and POVL - re-
lated diseases. The experiments were carried out on 
rats. There was no statistical difference between the 
groups in terms of IOP and SS. However, although a 
slight decrease in IOP values was observed at most 
time intervals, the most significant decrease compared 
to T

0
 was statistically significant at T

45
 and T

60
 time 

intervals both in IOP and SS. These findings suggest 
that since DXM, MID and XYL preanaesthetics may 
cause a greater decrease in IOP during deeper sedation 
in the RTr position, IOP values of the patients should 
be closely monitored during these time intervals.

In a pioneering study by Meekins et al. [27], 
a combination of xylazine- ketamine [1.1 mg/kg, IV 
- 2.2 mg/kg, IV] was started followed by midazolam 
[0. 05 mg/kg, IV], followed by continuous infusion 
guaifenesin 50 g/L, ketamine 4.4 mg/kg/L and xylazine 
1.1 mg/kg/L at a rate of 999 mL/h. The effects of four 
different operating positions (Tr, RTr (15° head up), 
lateral and dorsal) on IOP in horses were examined and 
comparative inferences were drawn on POVL. In the 
study, horses were fully anesthetized approximately 
5 - 7 min after anesthesia administration and IOP 
measurements were evaluated at 10 min intervals for 
a total of 60 min. At the end of the study, it was em-
phasized that IOP increased statistically significantly in 
all positions except the RTr position, especially in the 
dorsal position [27]. In the present study, the evaluation 
of the RTr position as 15° head - up and some of the 
anesthetic agents used are similar to this study. During 
the study, it was observed that rats administered DXM, 
MID and XYL became sedated in a shorter time. It 
was also statistically determined that all 3 anesthetic 
agents showed a slight decrease in the RTr position 
compared to T

0
 at other time intervals. It is considered 

that these decreases may stem from high doses or spe-
cies differences. Despite differences between species, 
high IOP could theoretically impair blood flow to the 
eye and lower ocular perfusion pressure, and humans 

and animals may be at risk of ION. This becomes even 
more important in view of the frequent occurrence of 
hypotension in surgical procedures performed with 
inhalation anesthetics. Therefore, it is possible to treat 
hypotension that may occur in anesthetized humans 
and animals with drugs such as vasopressors to reduce 
the risk of POVL in the future [30]. Another study on 
cats evaluated the effectiveness of left lateral, dorsal, 
and Trendelenburg (70° head down) positions on IOP 
with a combination of intramuscular administration of 
butorphanol [0.4 mg/kg], medetomidine [0.03 - 0.05 
mg/kg] and ketamine [7 - 10 mg/kg]. Mean duration of 
anaesthesia in the study 9 ± 2.4 min and there was no 
statistically significant difference between the groups. 
In the cat study, it was reported that the IOP value 
increased in all positions but increased more in the Tr 
position [9]. In addition, compared to the horse study 
(Tr 15° head down), the Tr (70° head down) position 
yielded higher IOP values than the dorsal position, 
suggesting that the degree of angle at which the head 
is positioned may have a more elevating effect on 
IOP. Thus, greater care is required when positioning 
the head during operative procedures, especially in 
patients with glaucoma.  In contrast to the cat study, 
the current study exhibited a shorter sedation onset 
time. However, similar to the findings of the cat study, 
no statistically significant difference was observed 
between the groups.

While the number of studies evaluating the ef-
fect of RTr position on IOP in veterinary medicine is 
limited, more studies have been conducted on humans 
[1,15]. In some of the pioneering studies in which the 
RTr position was evaluated in humans, Van Wicklin 
et al. [50] emphasized that the IOP value increased in 
the prone position under general anesthesia, but when 
the RTr was moved to 5° upside down and 10° upside 
down positions and measured again, a decrease in 
the IOP value was observed, especially this decrease 
was more significant in the 10° upside down position 
[50]. Another study by Carey et al. [3] compared the 
efficacy of RTr 5° upside down and RTr 10° upside 
down positions on IOP following prone position with 
local anesthesia. In the study, it was emphasized that 
the increased IOP value after prone position in opera-
tions lasting less than 120 min was safer by performing 
a superior mitigating effect with the RTr 10° upside 
down position [3]. Considering the available study 
data, it could be suggested that there may be a further 
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lowering effect on IOP with an increase in the angle 
at which the head is positioned in the RTr position. 
Accordingly, considering the findings of the present 
study and other studies, it could be concluded that the 
RTr position may reduce the risk of glaucoma, retinal 
detachment and POVL, especially with its mild IOP 
lowering effect in surgical operations where the RTr 
position is indicated in comparison with the applica-
tion of various anesthetic agents or different positions.

A search of the Web of Science and Scopus 
databases, covering a period from 1980 to 2024, points 
to a pioneering study in which preanaesthetic agents 
such as DXM, MID and XYL were used to evaluate 
IOP in rats in the RTr position using a modern and 
more reliable device, the Tonovet Plus. The literature 
suggests that the Tonovet Plus rebound tonometer used 
in this article gives higher IOP values compared to 
the applanation tonometer. However, in an exemplary 
study, researchers found no statistically significant dif-
ference between these 2 tonometers when comparing 
the IOP values in normal rat eyes. In this respect, it is 
considered that our study results could be evaluated 
jointly with the studies using rebound tonometry [6].

In veterinary medicine, there are studies examin-
ing the effects of DXM, MID and XYL preanaesthetics 
on IOP in different species without the use of operating 
positions such as Tr, RTr, prone or dorsal [26,35,38]. As 
an example of studies examining the effects of DXM 
alone or in combination with different anesthetics on 
IOP, Kusolphat et al. [21] reported that management 
of DXM alone [dose of 5 μg/kg- intravenous (IV)] was 
associated with a slight but significant IOP reduction 
at T10 and T20 compared to T

0
 in dogs [21]. How-

ever, Monk et al. [32] reported that the intravenous a 
combination of dexmedetomidine [0.3 mg m-2] and 
butorphanol [6 mg m-2] in dogs resulted in a significant 
increase in intraocular pressure (IOP) at T

10
 compared 

to T
0
, followed by a significant decrease at T

30
 and T

40
 

[32]. In the present study, DXM [0.75 μg/kg] in rats at 
lower doses than in the 1st study had similar findings 
with the RTr position, suggesting that low dose DXM 
and RTr position can be used in genital organs and lower 
abdominal region operations in dogs. The difference 
between the findings of the present study and the other 
study may be a result of the effect of butorphanol on 
choroidal vasodilation [7]. Therefore, it is our belief that 
further scientific research is needed to further elucidate 
the effects of anesthetics used in surgical procedures on 

IOP in order to obtain more comprehensive informa-
tion about the different effects of various combinations 
of preanaesthetic agents on IOP. In a study conducted 
in 18 horses, XYL was administered to the horses as 
a premedication and IOP values were measured until 
they were placed on the operating table, and IOP value 
at the time of placement on the operating table (20 ± 
7.1 mmHg) showed a statistically significant increase 
compared to T

0
 (18 ± 2.5 mmHg) [32]. In this study, 

similar to the current study, different IOP results were 
obtained as the head position changed. In a study in 
which XYL was administered IM at 5 dosages [0.5, 1, 
2, 4 and 8 mg/kg-1] in dogs, it was reported that XYL 
administration caused a slight decrease in IOP values at 
all doses and no risky findings were obtained, while in 
the current study, similarly, rats in the RTr position were 
given XYL at a dose of 10 mg/kg compared to T

0
 and 

a slight decrease in IOP values was observed over time 
compared to T

0
, but this decrease was not at risky levels 

[17]. In exemplary studies in which MID was evaluated, 
no statistically significant difference was found in IOP 
values in midazolam [0.2 mg/kg] - ketamine [15 mg/
kg] combination in dogs and it was emphasized that 
this may be due to the much higher dose of ketamine 
[38]. Another study conducted on monkeys found that 
combinations of xylazine [0.5 mg/kg] with ketamine [15 
mg/kg], midazolam [0.5 mg/kg] with ketamine [15 mg/
kg], and dexmedetomidine [0.005 mg/kg] with ketamine 
[15 mg/kg] resulted in a statistically significant increase 
in intraocular pressure (IOP) values. It was also reported 
that sedation times were longer in dexmedetomidine 
and midazolam combinations, but sedation was not 
effective enough in xylazine group [11]. Ketamine can 
cause central nervous system depression and dissocia-
tive anesthesia. Its effect on intraocular pressure (IOP) 
is primarily due to increased tone in the extraocular 
muscles [10]. The observed increase in IOP values in 
the present study aligns with these findings. However, 
the differences observed with the sedation findings in the 
XYL group in the present study may be considered as a 
reason for the use of xylazine at a much lower dose in 
the other study. In the present study, it is predicted that 
preanaesthetic agents that slightly lower IOP values in 
the RTr position may provide a balanced IOP value at 
appropriate doses if used in combination with the elevat-
ing effect of ketamine. This could be considered as an 
important finding in terms of providing a safe general 
anesthesia in operations performed in the RTr position.
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CONCLUSION

As a result, this study evaluated the effects of 
preanaesthetic medications, namely dexmedetomidine 
(DXM), midazolam (MID), and xylazine (XYL), on 
intraocular pressure (IOP) during the Trendelenburg 
position in rats. According to the results obtained, these 
preanaesthetic drugs had similar and minimal effects on 
IOP, suggesting that they can be safely used in procedures 
such as ovariohysterectomy and castration. Furthermore, 
these findings may shed light on future studies in human 
surgery, such as those focusing on procedures in the 
lower body and obesity surgery. This study contributes 
to the development of strategies to prevent postoperative 
vision loss (POVL) in veterinary medicine and may assist 
in making informed decisions regarding anesthesia and 
surgical positioning in clinical practice. 
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