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This study aimed to assess the efficiency of ketamine and medetomidine by
two different doses and routes on anesthesia depth and cardiac stability in
red-eared sliders. Each turtle was anesthetized two times, with seven days
wash-out period. Induction of anesthesia consisted of a bolus combination of
ketamine (10 mg/kg) and medetomidine (0.2 mg/kg) administered in the left
brachial biceps in the intramuscular protocol, or a bolus combination of
ketamine (20 mg/kg) and medetomidine (0.2 mg/kg) administered in
subcarapacial sinus after clear blood presence confirmation in the intravenous
protocol. Vital signs, reaction on the skin palpation, manual mouth opening for
endotracheal intubation, palpebral and cloacal reflex, and the withdrawal
reflex of the front and hind limbs were measured and recorded every 5
minutes for 60 minutes after anesthesia injection. Atipamezole (1 mg/kg) was
administered in the right brachial biceps one hour after ketamine and
medetomidine administration. Needle insertion and possible painful reactions
to drug administration were also evaluated and recorded. Obtained data were
analyzed for normality and paired t-tests, Wilcoxon, or McNamar tests were
performed where appropriate. The values of P<0.05 were considered
significant. A significantly less pronounced decrease in heart rate was
observed with intravenous anesthesia protocol. Both protocols recorded
complete anesthesia recovery 60 minutes after intramuscular atipamezole
administration. A ketamine-medetomidine dose combination administered
intravenously provides a more stable and consistent anesthetic plane in red-
eared sliders than ketamine-medetomidine administered intramuscularly.

Introduction

Therefore, ketamine has been used at various doses,

The growing popularity of turtles as pets has led to
increased demand for veterinary care for these animals.
Sedation and/or anesthesia are often required for clinical
examination, diagnostic procedures, and surgery. The
evaluation of anesthetic protocols in turtles is scarce and
anesthetic regimens are primarily based on those
commonly used in mammals. General anesthesia in
chelonians can be challenging due to their unique
anatomical and physiological characteristics. Most
previous studies have focused on anesthesia-related
mortality in chelonians, whereas only a few have
investigated the physiological effects of anesthetics (6).

combinations, and routes of administration (3, 5, 17).
However, the results of the studies are variable.

Ketamine (5-10 mg/kg) in combination with
medetomidine (0.1-0.2 mg/kg) administered intramuscularly
or intravenously can lead to superficial anesthesia (26).
Greer et al. (11) demonstrated that intramuscular
administration of a lower dose of ketamine (5 mg/kg) in
combination with medetomidine (0.1 mg/kg) induces
anesthesia deep enough for endotracheal intubation of all
turtles. Moreover, the same study results demonstrated
that the higher dose (10 mg/kg ketamine and 0.2 mg/kg of
medetomidine) could produce sufficient anesthesia even
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for surgical incisions and suturing of the skin. It was
suggested previously that intravenous ketamine at a dose
of 5-10 mg/kg, either alone or in combination with other
anesthetics, can provide endotracheal intubation of turtles
(21, 27). However, this method of administration of
ketamine has not been thoroughly evaluated in chelonians
(25). Dennis and Heard (6) reported that the intravenous
combination of ketamine (5 mg/kg) and medetomidine
(0.1 mg/kg) could provide short-term surgical
immobilization in gopher tortoises (Gopherus polyphemus).
Information on the cardiopulmonary effects of these drugs
inreptiles is limited (6). Due to the aforementioned limited
data, propofol has been favorable in reptile anesthesia
because of the fast induction and fast recovery (7) but in
some countries, propofol is almost unreachable. Dosenovic
et al. (7) concluded that ketamine and medetomidine
combination is more suitable than propofol in red-eared
sliders’ anesthesia regarding the degree of oxidative stress.

This study aimed to assess the efficiency of ketamine
and medetomidine by two different doses and routes of
their administration (intravenously and intramuscularly)
on anesthesia depth and cardiac stability in red-eared
sliders.

http://vetjournal.ankara.edu.tr/en/

Materials and Methods
The study was conducted at the Veterinary Faculty —
University of Sarajevo, following approval by the

Institutional Ethics Committee under approval number 01-
02-153-2/21.

Animals: Twenty clinically healthy red-eared sliders
(Trachemys scripta elegans), with equally distributed sex,
were included in the study. Observation of all animals
started 10 days before the anesthesia protocol and finished
10 days after the last protocol testing. They were kept
indoors in a turtle terrarium with a water temperature of
25.5 °C. The daytime air temperature was between 26.0
and 28.0 °C with a basking spot heating up to 35.0 °C over
the land area, and a UVB light source was provided for 12
hours each day. Dark photoperiod with
temperatures (18.0 — 21.0 °C) was allowed. Red-eared
sliders were fed with commercial food (Tetra®, Germany)
and water was regularly cleaned using terrarium filters
(Aqua-Tech 30-60 Aquarium Power Filter, USA).

lower

Pilot study: Given the lack of existing literature on the
intravenous ketamine and medetomidine combinations in
red-eared sliders, it was deemed necessary to conduct a
pilot study. A pilot study was conducted to assess the
safety of the intravenous protocol and provide estimates
for sample size calculation. Three healthy red-eared
sliders underwent two different anesthesia protocols
(intramuscular and intravenous protocol), with 7 days
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wash-out period in between. The intravenous protocol
(IVP) was based on intravenous bolus administration of
ketamine hydrochloride (Ketaminol10, MSD, Netherland)
(10 mg/kg) in combination with medetomidine
hydrochloride (Sedastart, Dechra, UK) (0.2 mg/kg), at
doses recommended for intramuscular application (11).
The effects of administered drugs were evaluated over 30
minutes. If adequate induction of anesthesia was not
achieved, the lower ketamine doses were added
incrementally in the subcarapacial sinus until the surgical
plane of anesthesia was obtained as described by Bennett
(3). The ketamine dose of 20 mg/kg and medetomidine
dose of 0.2 mg/kg provided stable and effective induction
of anesthesia, allowing endotracheal intubation of all
animals, and it was defined as the final protocol dose. To
determine the minimum required sample size for the final
study, at which the significant difference between the
anesthesia protocols’ impact on vital stability would be
found if such difference did exist, we performed an apriori
power analysis using G power software (8). The desired
significance level was set at 0.05, the desired effect size
was set at medium, and the desired power level was set at
0.08.

Study design and procedures: Based on the physical
examination and complete blood cell count results, 20
clinically healthy animals were selected for the study.
They underwent two anesthesia protocols in a randomized
crossover design, with 7 days wash-out period. Anesthesia
procedures were performed in a surgical room with a
controlled air temperature of 25.0 °C. In intramuscular
protocol (IMP), a combination of ketamine (10 mg/kg)
and medetomidine (0.2 mg/kg) was administered in the
left brachial biceps following aseptic skin preparation.
After the muscle relaxation, all animals were placed on the
electrical heat pad to maintain body temperature. Three
ECG leads were placed on the carapace at the front left,
front right, and left hind quarter level. The body
temperature probe was placed into the cloaca after
lubrication. The SpO, sensor was placed on the foot and a
side-stream capnography line was attached to the
intravenous cannula and placed intranasally. A room air
thermometer probe was placed between the patient's
plastron and a heating pad. Blood pressure measurement
was not possible. In intravenous protocol, a combination
of ketamine (20 mg/kg) and medetomidine (0.2 mg/kg)
was administered in the subcarapacial sinus. A newly
prepared drug combination was repeated during the blood
confirmation procedure in case of lymph contamination.
A side-stream capnography line was reattached to the
endotracheal tube after intubation. The rest of the
procedure was identical to the intramuscular protocol.
Adequate muscle relaxation and absence of limb retraction
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were defined as time to induction after anesthesia
injection.

Heart rate, body temperature, and thoracic
impedance pneumography were measured and recorded
every 5 minutes over the anesthesia monitor (Mindray
iMEC8Vet, China) for 60 minutes following the
administration of the anesthesia. Like in mammals,
decreasing the heart rate by 30% of the basal values was
considered as bradycardia (14). A masticatory muscle
relaxation, palpebral and cloacal reflex, skin touch
reaction, and withdrawal reflex using mosquito forceps on
the front and hind limb were also evaluated and recorded
every 5 minutes by an investigator blinded to the
treatment. Relaxation and sensitivity were scored as
described by Alves-Junior et al. (1). Basal heart rate for
each animal was obtained by an allometric scaling system
(bpm=33.4 x (BWkg)%%) before induction (34).
Relaxation of the masticatory muscles was an indication
for endotracheal intubation which was performed using
intravenous cannulas (Mediplus Limited, India), and the
presence or the absence of the gag reflex during the
procedure was recorded. Endotracheal intubation was
attempted each time the masticatory muscles were
relaxed.

An hour after anesthesia injection, atipamezole
hydrochloride (Sedastop, Dechra, UK), a dose 5 times
greater than medetomidine (26), was administered in the
right brachial biceps and the presence of painful reaction
on the needle insertion and drug application was observed.
During the recovery phase, monitoring the physiological
parameters was continued until the patient’s voluntary
locomotion was observed.

Statistical analysis: Experimental data were analyzed
using PAST statistical analysis software (12). Recorded
data were averaged across 13 measurements for each of
the 20 turtles. Averaged data were tested for normality
using the Shapiro-Wilk test. All data except the basal heart
rate were found to be normally distributed. Box-plot
inspection and IQR method were used to inspect for the
presence of any outliers. Two outliers were identified in
the IMP and IVP heart rate measurements, respectively,
and thus excluded from the data analysis. Paired t-tests
were conducted to assess differences in means of basal
heart rate and heart rates obtained during monitoring in
both groups. A mean percentage of heart rate reduction
difference between intramuscular and
anesthesia was also conducted. In light of the above, the t-
test was chosen on the grounds of its sophistication in
discerning between which conditions precisely the
difference exists and how substantial is it.

Given that basal heart rate deviated from a normal
distribution, to ensure results were not confounded by
violation of parametric assumptions of the t-test, a non-
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parametric Wilcoxon test was also performed. In addition,
log transformation was applied and transformed data were
analyzed. There was no difference in the significance of
results obtained using a non-parametric test, nor in
comparison with those obtained on the transformed data.
Therefore we will report the results obtained with a paired
t-test, as the appropriate analysis method was determined.
The mean percentage of heart rate reduction in
intramuscular and intravenous anesthesia was also
assessed. The difference in breathing frequency was tested
using the McNamara test. Values of P<0.05 were
considered significant.

http://vetjournal.ankara.edu.tr/en/

Results

Twenty clinically healthy red-eared sliders (Trachemys
scripta elegans) had a mean age of 5 (SD=4) years and a
mean body weight of 0.43 (SD=0.29) kg. All animals’
complete blood cell count was within referent values
given by Heatley and Russell (15). The mean time of
muscle relaxation in IMP was 9 (SD=2.6) minutes and the
mean time of possible manipulation with the animal was
11 (SD=2.9) minutes. In IVP, the mean time of muscle
relaxation and animal manipulation was 12 (SD=3.9)
minutes.

A significant difference was observed between basal
heart rate (M=46.4, SD=3.0) and heart rate during IVP
(M=34.7, SD=1.2), (t (19)=4.302, P=0.0004). Similarly, a
significant difference was observed between basal heart
rate (M=46.4, SD=3.0) and heart rate during IMP
(M=30.6, SD=1.0), (t (19)=4.775, P=0.0001). A
significant difference was also observed in a direct
comparison of the heart rate values recorded during IMP
and IVP (t (19)=-3.155, P=0.005). In contrast, an IVP
pulse is significantly higher (M=34.7, SD=1.2) than in
IMP (M=30.6, SD=1.0) (Figure 1).
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Figure 1. Difference between heart rate basal values and heart
rate values in IMP and IVP groups.
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A significant difference was observed in
predetermined bradycardia values (decrease of the heart
rate for 30% of basal values) between IMP and IVP (t
(19)=-3.227, P=0.004). An average decrease of the heart
rate for 31% (M=31.2; SD=3.8) of basal values was
recorded during IMP, while during IVP was for 23%
(M=23.4; SD=3.3) of preanesthetic values (Figure 2). In
IMP, 95% of animals showed a decrease of the heart rate
below 30% with a mean time of 29 (SD=19.8) minutes and
only 55% of animals in IVP showed a heart rate decreasing
below 30% with a mean time of 29 (SD=21.6) minutes.

http://vetjournal.ankara.edu.tr/en/
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Figure 2. Heart rate reduction in IVP and IMP group during
anesthesia expressed as a percentage.

No significant difference (P=0.451) was observed in
respiratory rate between groups and arrhythmic breathing
pattern was present in all animals. Pulse oximetry did not
provide any saturation reading but indirect heart rate
measurement was correlated with ECG values. An EtCO,
by side-stream capnography line could not be obtained
intranasally nor after endotracheal intubation, even after a
probe by manual ventilation. Body temperature in all
animals was successfully maintained between 24.0 and
26.0 °C.

In IMP, one animal achieved a surgical plane of
anesthesia and endotracheal intubation was possible after
46 minutes. All animals in IVP reached the surgical plane
of anesthesia and endotracheal intubation with a mean
time of 47 (SD=15) minutes.

Reaction on the skin touch and withdrawal reflex
was observed in all animals but the degree of response was
pronounced in IMP. Spontaneous locomotion was not
observed in IVP protocol during the anesthesia while it
was recorded in 15% of animals in IMP, and it was
recorded 30 (SD=2) and 55 (SD=3) minutes after
ketamine and medetomidine administration.

Reaction on the needle insertion for atipamezole
administration was increased in IMP. The mean time for
spontaneous head movement was 6 (SD=2.9) minutes in
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both groups after atipamezole administration. The mean
time for voluntary locomotion was 8 (SD=4.4) minutes in
IMP and 9 (SD=4.2) minutes in IVP. Vomiting was
observed only in the same turtle for both treatments 125
minutes after atipamezole administration in IMP and 30
minutes in the IVP protocol. An hour after atipamezole
administration, all animals completely regained dorsal
reflex which was a criterion for sufficient recovery to be
returned to their enclosure. The difference in the recovery
phase was not noticed between genders.

Discussion and Conclusion

Ketamine hydrochloride is a common anesthetic drug used
in reptiles with a wide safety margin (22). It can be
administered in various routes and its anesthetic doses, as
a sole agent, usually cause prolonged recovery time in
reptiles (17, 22, 35, 42). Medetomidine has a high affinity
toward a2 adrenergic receptors with a sedative and
analgesic effect. It is commonly used for anesthesia
induction in combination with anesthetic agents (22, 29).
In chelonians, medetomidine alone usually causes severe
cardiopulmonary depression with heart rate and
respiratory rate reduction and hypotension (36).
According to some studies, these drugs in combination can
provide effective intramuscular anesthesia in red-eared
sliders (11, 38). Bouts and Gasthuys (4), suggest that
medetomidine (0.1-0.3 mg/kg) in combination with
ketamine (10 mg/kg) administered intramuscularly in
most reptiles may induce general anesthesia. Contrary to
the decreasing effect of the sympathetic tone by o2-
adrenoreceptor activation with medetomidine,
dissociative anesthetics increase sympathetic activity
resulting in cardiac output, blood pressure, and heart rate
increases (39, 43). Ketamine shouldn't significantly affect
ventilatory drive due to hypercapnia in mammals (16, 37).
Furthermore, Dennis and Heard (6) suggest that ketamine
in combination with medetomidine cause hypoxemia that
is not severe enough to trigger a respiratory response in
chelonians.

Propofol is the anesthetic of choice in reptile
anesthesia, but a recent study suggests that propofol has a
more significant oxidative stress effect on red-eared
sliders than the ketamine-medetomidine combination (7).
In their combination, a counterbalance is enabled (40).
The quality of anesthesia induction by intravenous
administration of ketamine has not been tested in
chelonians (25). Dennis and Heard (6) investigated the
hemodynamic stability of the gopher tortoises after
intravenous bolus administration of ketamine and
medetomidine. In the same study, the quality of anesthesia
was not evaluated. In our research, intramuscular
administration provided satisfactory muscle relaxation
and enabled endotracheal intubation only in 5% of
animals. Furthermore, 15% of animals showed

DOI: 10.33988/auvfd.1145264
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spontaneous locomotion during anesthesia monitoring in
the same protocol, and all had significant heart rate
reduction. On the contrary, intravenous administration in
all animals allowed endotracheal intubation, and heart rate
reduction was much closer to basal values. These
differences among protocols could be due to increased
sympathetic activity caused by the higher dose and
administration route of ketamine in the intravenous
protocol. The same animal was used in both protocols, so
individual differences were prevented. Furthermore, the
carry-over effect was prevented considering the
pharmacokinetic properties of these drugs (30, 31).

It is essential to understand that aquatic chelonians
can develop anaerobic breathing by tolerating an anoxic
environment very well (9, 18). Considering all chelonians’
physiological characteristics, compensatory mechanisms,
and monitoring parameters (9, 13, 19, 20, 22,23, 41), none
of our animals showed compromise. Furthermore, the
inability to detail respiratory evaluation during the
investigation was not concerning for patient safety.
Besides, in reptiles pulse oximetry, arterial blood gas
analysis, and capnography are not validated yet (24).
Heart rate and ECG readings were considered essential
parameters in our study to assess induced anesthesia
quality. In mammals, a heart rate decrease of 20-30%
below the low normal is regarded as bradycardia which
requires treatment (14). To the best of the authors’
knowledge, a decrease in heart rate considered
bradycardia in reptiles is not defined. Our study suggests
that induction of anesthesia results in a significant drop in
heart rate, while heart rate frequency was less affected by
intravenous protocol. This signifies that the average
degree of reduction in heart rate was significantly lower in
IVP, so much anesthesia can be deemed safer. The ECG
interpretation is critical during anesthesia as it can be
helpful for the assessment of anesthesia depth (2). This is
especially useful in the absence of other methods such as
Doppler or esophageal stethoscopes. An ECG
interpretation is similar to a mammalian, but diagnostic
reference parameters data is limited in reptiles (24). It
showed valuable methods in our study, especially when
other monitoring methods during anesthesia have failed.
However, ECG as the only method for anesthesia
monitoring in reptiles is not recommended (24).

All animals in our study showed a reaction in
different degrees of withdrawal reflex testing induced
reaction of a certain degree in all animals regardless of
anesthesia protocol and more pronounced on the hind
limbs. A similar observation was reported by Greer et al.
(11). More pronounced withdrawal reflex of hind limbs
could be explained by the constatation that the anesthesia
effect in reptiles goes from the cranial to the caudal
direction (3, 10). Touch reaction and withdrawal reflex
were notably different between the two anesthetic
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protocols. All animals showed a reaction but it was
significantly intense in IMP evaluating the time and
intensity of limb retraction. This observation correlates
with detected differences in anesthesia depth induced
between the two protocols. Furthermore, the palpebral
reflex was absent in IVP, and the cloacal reflex was
present in both protocols. We used reflexes evaluation in
correlation with obtained heart rate values to decide does
the patient requires urgent treatment. None of the patients
required treatment and all animals recovered well. The
presence of painful reaction on the needle insertion and
atipamezole application was increased in IMP compared
to IVP also indicating that intramuscular protocol causes
superficial anesthesia.

Intravenous anesthesia agent application is
preferable because of predictability and animal recovery.
Unfortunately, intravenous standard methods can cause
technical difficulties (33). Using subcarapacial sinus is an
effortless technique, but some studies warn of the
possibility of accidental intrathecal drug application. In
that case, permanent paralysis or even death is expected
mainly if high volumes or irritant drugs are used (28, 32).
In our study, none of the red-eared sliders showed
neurological issues 10 days after treatment.

In conclusion, the intravenously administered bolus
mixture of ketamine and medetomidine in investigated
doses provided superior induction of the general
anesthesia and stability of the red-eared sliders compared
to previously described and recommended doses of the
same mixture administered intramuscularly. Therefore,
intravenous administration of this combination should be
the preferred route for inducing surgical plane anesthesia
in this animal species.

http://vetjournal.ankara.edu.tr/en/
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