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and their reversal by atipamezole on ocular parameters and
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Abstract: The aim of this study was to investigate the impact of the general anesthetic drug ketamine and premedication agents
medetomidine and xylazine, and their reversal by atipamezole, on monitored anesthesia care values and ocular parameters such as
intraocular pressure, horizontal pupillar diameter, and Schirmer tear test in cats. A randomized, single-blinded study was conducted.
Twenty intact female cats (weiging between 2.2 and 3.6 kg, and 0.5 to 5.5 years of age) referred for ovariohysterectomy (OHE) procedure
by the owners at regular intervals over 4 months were included in the study. The cats were randomly divided into two groups containing
10 animals in each group. The cats were premedicated with medetomidine 80 pg/kg intramuscular in group 1 while the cats in the 2"
group were premedicated with xylazine hydrochloride 2 mg/kg intramuscular. After the OHE procedure was ended, anesthesia regimes
were reversed by using atipamezole 200 pg/kg intramuscularly. Monitoring of respiration rate, heart rate, mean arterial pressure,
peripheral arterial oxygen saturation, and body temperature were conducted using a patient monitor at TO, T1, T2, T3, and T4 time
points. Both groups showed declines in intraocular pressure and increases in horizontal pupil diameter after anesthesia induction (T0
vs. T1, all, P<0.05); however, the chancing and recovery pattern of intraocular pressure and horizontal pupil diameter showed
intergroup difference. In conclusion, xylazine/ketamine is more effective than medetomidine/ketamine in attenuating the intraocular
pressure, increasing the horizontal pupil diameter, and alteration the monitored anesthesia care response in the general anesthesia.
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Kedilerde medetomidin/ketamin ve ksilazin/ketamin anestezisinin ve bunlarin atipamezol ile
etKilerinin ters cevrilmesinin okiiler ve anestezi izlem parametreleri iizerindeki etkileri

Ozet: Bu ¢aligmanin amaci, genel anestezik ilag ketamin ve premedikasyon ilaglari medetomidin ve ksilazinin; ve bunlarin
etkilerinin atipamezol ile tersine ¢evrilmesinin goz i¢i basinci, yatay pupil ¢cap1 ve Schirmer gozyas: testi gibi kedi okiiler ve anestezi
izlem parametreleri lizerindeki etkilerini aragtirmakti. Rastlantisal, tek tarfli kor bir caligma yiiriitiildi. Sahipleri tarafindan 4 aylik siire
icerisinde ovaryohisterektomi operasyonu i¢in bagvurulan 20 eriskin disi kedi (2,2 ila 3,6 kg ve 0,5 ila 5,5 yas arasinda) ¢aligmaya dahil
edildi. Kediler, her grupta on kedinin oldugu iki gruptan birine rastlantisal olarak dahil edildi. Grup 1'de kediler kas i¢i 80 pg/kg
medetomidin ile premedike edilirken grup 2 deki kediler kas i¢i ksilazin hidrokloriir 2 mg/kg ile premedike edildi. Ovariohisterektomi
islemi bittikten sonra anestezik etki kasici atipamezol 200 pg/kg kullanilarak ters ¢evrildi. Solunum sayisi, kalp atim hizi, ortalama
arter kan basinci, periferik arteriyel oksijen diizeyi ve viicut 1sinin izlenmesi TO, T1, T2, T3 ve T4 zaman noktalarinda hastabasi monitor
kullanilarak gergeklestirildi. Her iki grup da anestezi indiiksiyonundan sonra istatistiki olarak dnemli olan g6z i¢i basincinda diisiis ve
yatay pupil ¢apinda artis gosterdi (T0'a kars1 T1, tiimii, P<0,05); bununla birlikte, g6z i¢i basinci ve yatay pupil ¢apinin anestezideki
degisim ve baslangi¢ degerine doniigler gruplar arasi farkliydi. Sonug olarak ksilazin/ketamin kombinasyonu, genel anestezide goz ici
basincini azaltmada, yatay pupil ¢apini artirmada ve izlenen anestezi bakim parametrelerini degistirmede medetomidin/ketamin
kombinasyonundan daha etkilidir.

Anahtar sozciikler: Anestezi, atipamezol, kedi, okiiler.
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Introduction

Anesthesia drugs and endotracheal intubation have
vitally significant effects on the cardiovascular and
pulmonary systems. At the same time, they cause sudden
increases in intraocular pressure. This leads to severe
complications occurring in surgical interventions
performed on patients, in particular, those with ocular
trauma or glaucoma (4, 18, 19, 23, 24, 37, 45).

Increasing intraocular pressure (IOP) in ophthalmic
surgery has always been problematic for the surgeon and
it is necessary to prevent the elevation of IOP (2, 32).
Anesthesia for a patient with a penetrating eye injury and
a full stomach is a challenge to the anesthesiologist. In
these cases the aim of anesthesia is rapid sequence
induction without increasing IOP. The anesthesiologist
must plan carrefully the risk of aspiration against the risk
of blindness in the injured eye that could result from
elevated IOP and extrusion of ocular contents (2).

Monitored anesthesia care (MACr) has been utilized
to ensure relief from anxiety, sedation, minimal memory
loss, and comfort throughout diagnostic or therapeutic
applications with analgesia and sedation (15, 26).
Respiratory decrease is associated with the most
significant case injuries in MACr (16, 26). The goal of
MACT is the management of anesthesia and maintenance
of optimal cardiac functions without intense respiratory
down and airway obstruction. The ability to quickly
modulate the depth of anesthesia when needed is also a
significant aspect of MACr. Several narcotics, analgesics
and sedatives are utilized to obtain these aims while
minimizing side effects (26).

Anesthesia with the combination of medetomidine/
ketamine (MED-KET) and xylazine/ketamine (XYZ-
KET), each of which can be antagonized by atipamezole,
has been described as a useful anesthetic technique for
animals (1, 6, 31). Obvious benefits of these drug
combinations are related to the competitive reversibility
by atipamezole for all components, which leads to
improved control of anesthetic depth, a shorter recovery
phase and lower occurance of hypothermia (1, 23, 31).

While there has been extensive research on some
general  anesthesia ~ and  premedication  agent
pharmacodynamics and pharmacokinetics, information on
their impact on MACr and ocular parameters, such as IOP,
horizontal pupil diameter (HPD), and Schirmer’s tear test
(STT) in animals and particularly cats, are few, deficient
and rather contentious (6, 26). To our knowledge, no
articles have focused on the impact of medetomidine/
ketamine and xylazine/ketamine anesthesia on ocular
parameters and MACr values in cats. The aim of this study
was to investigate the impact of the general anesthetic
drug ketamine and premedication agents medetomidine
and xylazine, and their reversal by atipamezole, on

monitored anesthesia care values and ocular parameters
such as intraocular pressure, horizontal pupillar diameter,
and Schirmer tear test in cats.

Materials and Methods

The experimental procedure was authorized by the
Local Ethics Committee of Kyrgyz Turkish Manas
University  (Approval ~ Number:  2016-03/2). A
randomized, single-blinded study was conducted.

Sampling: Twenty intact female cats (weighing
between 2.2 and 3.6 kg, and 0.5 to 5.5 years of age)
referred for ovariohysterectomy (OVH) procedure by
owner at regular intervals over 4 months were included in
the study.

Experimental procedure: The cats were randomly
divided into two groups containing 10 animals in each
group (TO0, baseline). Carprofen (Rimadyl®, Zoetis, USA)
2 mg/kg IV was applied to all cats for analgesia. The cats
were anesthesied using a combine with medetomidine
(Tomidine®, Provet, Turkey) 80 ug/kg IM and ketamine
hydrochloride (Alfamin®, Egevet, Turkey) 10 mg/kg IM
in group 1 (Tl: after 10 min combined anesthesia).
Similarly, cats were anesthesied using a combine with
xylazine hydrochloride (Alfazin®, Egevet, Turkey) 2 mg/kg
IM and ketamine hydrochloride (Alfamin®, Egevet,
Turkey) 10 mg/kg IM group 2. Electrocardiogram,
oscillometric mean arterial blood pressure (MAP),
respiratory rate (RR), heart rate (HR), hemoglobin oxygen
saturation (SpO»), and rectal body temperature (BT) were
monitored by multiparameter monitor (G9000, Guoteng,
China) with 5 min intervals throughout the anesthesia (T2:
after 15 min starting operation; T3: after last suture). After
the OHE procedure was ended, anesthesia regimes were
reversed by using atipamezole (Reversal®, Provet, Turkey)
200 pg/kg (T4: after 10 min reversed) IM.

Animals breathed spontaneously during anesthesia
and were not intubated in order to avoide a heightened
effect on the IOP. Monitoring of heart rate, RR, MAP,
SpO,, and BT was conducted using a patient monitor at
TO, T1, T2, T3, and T4 time points. Clinical data,
including RR, HR, MAP, SpO,, and BT were recorded
concurrently.

Ocular exams: Ocular parameters were measured at
TO, T1, T2, T3, and T4 time points. All ocular
measurements were performed with the cat with the care
taken not to occlude the jugular veins or place pressure on
the globe while retracting the eyelids. The cats were in
dorsal recumbency in T3 time point, and in lateral
recumbency at other time points. One researcher who was
blind to the anesthetic drug, performed all IOP controls
using a rebound tonometry (Tonovet, Tiolat, Finland).
Intraocular pressure was evaluated on the center of the
cornea in accordance with the instruction manual of each
tonometer. The tonometer was factory-calibrated before
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the study and calibrated each day before data collection.
Three readings were obtained in the right eye at each
measurement time. The mean of the three readings was
recorded. No local anesthetic drop was used before IOP
PS was measured with a caliper
horizontally at the same time points. Schirmer tear test |
was performed using commercial Schirmer strips placed
in the lower fornix for 1 min.

Ovariohysterectomy was carried out in cats after T1
time point. All surgeries were performed by the same
gynecolog with assisstance from veterinary students. All
cats were discharged 24 hours after the operation.

Statistical analysis: Mean+SE values were used to
estimate the values of all data. Statistical analysis was
performed using nonparametric tests since the sample size
was small and the data were not normally distributed. In
order to test whether the effects of the drug differed from
the median values, the Friedman test was used to analyze
the variables between the two groups. Comparisons
between the groups were made employing the Mann-
Whitney U test, and differences between measurements
were taken over time using the Wilcoxon test. Statistical
significance was set at a probability value of P<0.05 with
a two-sided confidence interval and assumption of equal
variance. The statistical analyses were run using SPSS
statistical programme (22.0, IBM Company, USA).

measurement.

Results
No statistically significant differences were observed
between the treatment groups with regard to body weight
(BW), body condition score (BCS), age and baseline
measurements of HR, RR, SpO», and BT. All of baseline

253

monitoring values were within the expected reference
ranges for anesthetized cats (Table 1).

Table 1. Animal data and baseline (T0) physiological variables
for both groups, Mean (+SE).

Patient variable MED-KET  XYZ-KET P
BW (kg) 2.66+0.13 2.80+0.99 0.223
BCS 2.7840.15 3.00+0.0 0.072
Age (years) 1.43+£0.20 2.10+0.53 0.067
Baseline HR 173.82+13.40 177.00£13.99 0.677
(beats/min)

Baseline RR 11.56+0.54 12.00+0.56 0.939
(breaths/min)

Baseline SPO2 (%) 91.20+0.75 91.10+0.35 0.726
Baseline BT (C) 38.77+0.14 38.59+0.23 0.663

BW: body weight, BCS: body condition score, HR: heart rate,
RR: respiratory rate, SpO2: hemoglobin oxygen saturation, and
BT: rectal body temperature, NS (P>0.05).

The serial monitorized data changes in MED-KET
and XYZ-KET group are compared in Table 2. Within the
MED-KET group, the HR decreased significantly after
medetomidine and ketamine injection. There is a
statistically ~ significant difference between times
(P=0.005). There was a statistically significant difference
atT1, T2 and T3 versus at TO (T1, T2, T3 vs. TO, P=0.005,
P=0.014 and P=0.005, respectively); though values were
not significanly different from baseline by T4 (TO vs. T4,
P=0.508). Even though the HR reduced temporarily, the
quartile range was within normal values [T1:103.80
(60.00-148.00), T2: 124.41 (67.00-200.00), T3: 113.50
(68.00-175.00)].

Table 2. The serial monitorized data changes in MED-KET and XYZ-KET group.

Group TO T1 T2 T3 T4 P-within
group
. MED-KET  173.82+£13.40 103.80+9.91" 124.41£10.72"  113.50£9.07" 158.80+21.25

HR (beats/min) . . . 0.940
XYZ-KET  177.00+13.99 117.00+11.05™f 98.34+11.98™1 99.90+6.05™} 158.25+14.00

P-within group by time 0.677 0.473 0.211 0.344 0.821
MED-KET  91.20+0.75 87.80+2.24 89.07+2.15 88.60+2.63 87.40+2.14

SPO2 (%) 0.140
XYZ-KET  91.10+0.35 89.70+1.16 90.30+2.07 91.10+1.83 91.80+0.66

P- within group by time 0.726 0.761 0.495 0.545 0.129

. MED-KET  11.56+0.54 12.70+0.83 12.04+0.81 12.20+0.85 12.60+0.90

RR (breaths/min) 0.120
XYZ-KET  12.00+0.56 11.20+0.77 10.84+0.47 12.70+1.13 11.08+0.64

P- within group by time 0.939 0.237 0.236 0.818 0.293
MED-KET  108.50+4.96  104.00+3.33 113.82+4.98 117.90+£3.84  110.72+7.38

MAP (mmHg) 0.031
XYZ-KET  101.50+5.11  94.00+7.76 99.65+£10.97 108.70£6.02  102.48+8.03

P- within group by time 0.040 0.344 0.402 0.289 0.253

BT (°C) MED-KET  38.77+0.14 38.23+0.33 36.62+0.36""1 34.83£0.37"  34.60+0.47"F 0.364
XYZ-KET  38.59+0.23 38.06+0.39 35.74+0.30""f 34.40+£0.51%F 34.73+0.39"f '

P- within group by time 0.663 0.850 0.043 0.529 0.570

* P<0.05: vs. TO within the group, T P<0.05: vs. Tl within the group, § P<0.05: vs. T4 within the group, HR: heart rate,
SpOa2: hemoglobin oxygen saturation, RR: respiratory rate, MAP: mean arterial blood pressure, and BT: rectal body temperature.
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Within the XYZ-KET group, the HR decreased
significantly after xylazine and ketamine injection. There
is a statistically significant difference between times
(P=0.005). There was a statistically significant difference
atT1, T2 and T3 versus at TO (T1, T2, T3 vs. TO, P=0.005,
P=0.014 and P=0.005, respectively); though values were
not significanly different from baseline by T4 (TO vs. T4,
P=0.508). Even though the HR reduced temporarily, the
quartile range was within normal values [T1: 117.00 (53-
157), T2: 98.34 (32-160), T3: 99.90 (73-130)].

Comparison of the impact on monitorized changes
data between MED-KET and XYZ-KET group is
presented in Table 2. The HR values comparison between
groups is illustrated in Figure 1. It is seen from the p values
in the Table 2 that the monitorizing change data between

the MED-KET and XYZ-KET groups were not
statistically significant different over time.
200 T
v 150- Group
T 1
- 2
100-
TIU TI‘\ TIZ TIS TI4

time

Figure 1. Comparison of HR values between MED-KET and
XYZ-KET group.

The serial intraocular parameter changes in MED-
KET and XYZ-KET group are compared in Table 3.
Within the MED-KET group, the STT reduced
significantly after medetomidine and ketamine injection.
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There is a statistically significant difference between times
(P<0.001). There was a statistically significant difference
atT1, T2 and T3 versus at TO (T1, T2, T3 vs. TO, P=0.005,
P=0.005 and P=0.007, respectively); though values were
not significanly different from baseline by T4 (TO vs. T4,
P=0.233). Even though the STT decreased temporarily,
the quartile range was within normal values [T1: 5.50
(2.00-15.00), T2:4.20 (3.00-13.00), T3:4.40 (2.00-8.00)].

Within the XYZ-KET group, the STT reduced
significantly after xylazine and ketamine injection. There
is a statistically significant difference between times
(P=0.005). There was a statistically significant difference
at T2 and T3 versus at TO (T2, T3 vs. TO, P=0.035 and
P=0.050, respectively); though values not
significanly different from baseline by T4 (TO vs. T4,
P=0.779). Even though the STT decreased temporarily,
the quartile range was within normal values [T2: 6.54 (3-
13), T3: 6.50 (2-13)].

Comparison of the impact on intraocular paramaters
between MED-KET and XYZ-KET group is presented in
Table 3. Both groups showed declines in IOP and
increases in HPD after anesthesia induction (T0 vs. T1, all,
P<0.05); however, the changing and recovery pattern of
IOP and HPD showed intergroup difference. In IOP, the
baseline value was similar between the two (P=0.939),
with the first drop at T1 and T2 (P=0.790, P=0.705,
respectively), however, after that point the MED-KET
group showed more recovery and a higer level of IOP
compared with those in the XYZ-KET group [T3: 23.60
(19.00-37.00) vs. 18.30 (9.00-33.00), P=0.019] (Table 3).
In HPD, the baseline value was similar between the two
(P=0.234). After that point the XYZ-KET group showed
more recovery and a higher level of IOP compared with
those in the MED-KET group [T1: 9.10 (7.00-11.00) vs.
7.10 (5.00-10.00), P=0.022; T2: 8.27 (5.00-10.00) vs. 7.10
(5.00-9.00), P=0.037; T3: 8.50 (7.00-10.00) vs. 6.90
(5.00-9.00), P=0.013 (Table 3).

were

Table 3. The serial intraocular parameter changes in MED-KET and XYZ-KET.

Group TO Tl T2 T3 T4 P-within group
IOP MED-KET 24.5242.85 22.60+2.88  20.90+2.16 23.60+1.79 23.20+2.45 0.762
XYZ-KET 22.70+1.30 21.90+1.23 19.70+1.31 18.30+2.06 24.69+2.79
P- within group by time 0,939 0.790 0.705 0.019 0.910
PS MED-KET 6.60+0.40 7.10+ 0.57 7.10+0.38 6.90+0.43 7.40+0.40 0.034
XYZ-KET 6.40+0.40 9.10+0.46 8.27+0.43 8.50+0.34 8.39+0.43
P- within group by time 0.234 0.022 0.037 0.013 0.113
STT MED-KET 12.84+1.59 5.50£1.23%%  4.20£0.59%t  4.40+0.56™% 10.00+1.67 0.325
XYZ-KET 9.94+1.02 8.10+1.35 6.54+£1.05%F  6.50x1.18""¢ 10.74+0.79
P- within group by time 0.270 0.085 0.064 0.171 0.379

* P<0.05: vs. TO within the group, ¥ P<0.05: vs. T1 within the group, } P<0.05: vs. T4 within the group, IOP: Intraocular pressure,

PS: pupil size, STT: Schirmer tear test.
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Discussion and Conclusion

For ophthalmic surgery, to improve technique in
general anesthesia, fixed cardiac parameters and
intraocular pressure should be significant considerations
(7, 10, 29). Some premedication agents and general
anesthetics reduce IOP and decrease the HPD due to
miosis. Ketamine, however, raises the IOP and causes
enlargement of the pupilla in human subjects (12, 20, 29,
42).

Intraocular ophthalmic surgery in veterinary
medicine has seen significant development over the last
decades (13, 14, 28). Insufficient management of
anesthesia can cause poor vision when the eyelids are
unlocked throughout operation. The coaction of
ophthalmic agents with premedicant agents must be
considered prior to administration of anesthesia.
Furthermore, as premedicants may have specific impacts
on the physiology of the eye, this must be kept in mind for
researchers overseeing anesthesia for ocular surgery. This
is of extreme importance if requirements, such as
immobility, decreased oculocardiac reflex, fixed eye,
decreased intraocular pressure, minimal bleeding, smooth
emergence without retching, nausea, or vomiting and
postoperative analgesia are to be met for reliable ocular
surgery (28, 35). Moreover, decrease in IOP and stabil
bulbus oculi are preliminary conditions for smooth
surgery and intraocular operation procedures (28, 35). The
management of IOP is frequently of preliminary
importance in intraocular operations. Premedicants that
affect IOP have a determinative role in ensuring smooth
surgery (5, 28, 38).

One of the problematic intraocular surgery
operations for the surgeon is increasing IOP, so elevation
of IOP and maintaining it within normal range is necessary
(17, 33). IOP control before, during, and after the surgery
is required for anesthesia management in ophthalmic
surgery and one important aim in anesthetic management
during ocular surgery is to provide adequate control of
IOP (17, 43).

Strategies for induction of anesthesia are known to
affect IOP in people (1, 23, 31). Abrupt increases in IOP
in patients with near-perforating corneal trauma or
glaucoma can cause dramatic effects. Prolapse of ocular
contents complicates the surgical procedure and worsens
the prognosis for recovery (9, 23). In animals with
glaucoma, even minimal increases in IOP can lower
axoplasmic flow within the optic nerve, predisposing to
further injury (23, 44). Hence, any method that prevents
elevation in IOP during induction of anesthesia may be of
benefit in patients with ocular trauma or glaucoma and in
those undergoing anesthesia for intraocular surgery.

One aim of managing of anesthesia throughout
intraocular operation is to ensure a normotensive level of
IOP. A rise in IOP may be disastrous in cases with

glaucoma or a penetrating injury of the bulbus oculi. The
IOP is determined by the incidence of vitreous capacity
and manufacture of aqueous humour, external pressure,
orbicularis oculi muscle tension and scleral rigidity (11,
27, 40). The ordinary IOP is around 15 mm Hg, with an
accaptable value of 10+20 mm Hg. Former investigations
have evaluated the impacts of premedicants and
anesthetics, and related agents on IOP, though underlying
factors impacting IOP are unclear.

Ocular and visual function may be impaired
postoperatively if there are large variations in IOP in
open-system surgery.  Mechanical and
pharmacological stress during surgery must be avoided
because these procedures can contribute to an increase in
IOP (3, 30, 33). In general anesthesia in ocular surgery,
short-acting anesthetic agents are commonly used. The
central depressive effect on the diencephalic control of
IOP, relaxing extraocular muscle tone and improving the
aqueous humour outflow causes a reduction in IOP with
the use of most anesthetics (21, 33, 34). It is shown that
some agents, such as propofol, thiopental, halothane,
isoflurane and desflurane, fentanyl, alfentanil and
remifentanil decrease IOP (8, 18, 33, 34).

Research of normotensive dogs and rabbits has noted
that medetomidine reduces the IOP following its local
administration to the bulbus oculi (25, 36, 42). Peripheral
a-2 receptors in the bulbus oculi, both prejunctionally on
bulbar sympathetic nerves and postjunctionally, are likely
related in the physiological arrangement of IOP. This
arrangement is obtained by lowing the alerted
manufacture of cyclic AMP in the ciliary process (25, 36,
42).

ocular

Regarding the impacts of ketamine on intraocular
pressure, a signifcant rise in IOP has been achieved in
dogs. In a similar study with dogs, a dose of 10 mg/kg of
ketamine in combination with xylazine or acepromazine
was applied, but increase in IOP was not achieved (29).
The effect of intravenous ketamine administration alone
on the IOP in dogs was studied and a significant increase
after 5 and 10 minutes at 5 mg/kg dose was determined
(22,25, 39, 41).

In conclusion, XYZ-KET is more effective than
MED-KET in attenuating the IOP, increasing the HPD,
and alteration of the MACr response in general anesthesia.
This temporary reduction in IOP could likely be helpful in
eye operations especially in animals with high IOP values.
Additionally, dilated HPD could possibly aid in the
avoidance of anretior sinechia during corneal surgery.
Future investigations may focus on the impact of other
premedicant or induction agents on the IOP, HPD, and
MACr to confirm our results for medetomidine and
xylazine, and on evaluating the effects on the IOP, HPD,
and MACr of different doses of medetomidine or
xylazine.
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