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Hip dysplasia is an alteration with a high incidence in large dogs. The aim of the study was to compare the
association of xylazine or dexmedetomidine with fentanyl for radiography with joint distractor for the diagnosis
of hip dysplasia. Fifteen healthy dogs, German Shepherd and Belgian Shepherd, were randomly submitted to
treatments 0.2 mg/kg xylazine + 2.5 pg/kg fentanyl (XF) or 2 ug/kg dexmedetomidine + 2.5 ug/kg fentanyl
(DF), intravenously. HR, f, SAP, MAP, DAP and TR were evaluated at intervals of 5 min before and after the
administration of treatments; pH, PaCO,, PaO,, BE, HCOS_, Sa0y, Na™, K™ and Hb at 5 and 15 min after
treatment administration; and the quality of sedation at intervals of 5 min after administration of treatments.
Latency, duration, and recovery times were also compared. The HR values showed a significant reduction in both
groups, as well as pH, PaCOg, PaO3 and SaO». Latency, duration and recovery times, and quality of sedation did
not differ statistically between groups. Xylazine and fentanyl or dexmedetomidine and fentanyl combinations
provide adequate sedation and analgesia for performing diagnostic radiographic procedures for hip dysplasia.
However, oxygen supplementation is recommended to increase protocol safety.

Introduction

Hip dysplasia (HD) is a condition characterized by subluxation or
displacement of the hip joint, acetabular flattening and flattening of the
femoral head, being associated with joint laxity and osteoarthritis
(Ginjaetal., 2010; Syrcle, 2017; King, 2017). It has a higher incidence in
medium to large breeds, such as Golden Retriever, Labrador Retriever,
Rottweiler, Border Collie and German Shepherd (Syrcle, 2017; King,
2017; James et al., 2020). For diagnosis, in addition to the clinical ex-
amination, the Orthopedic Foundation for Animals (OFA) established a
radiographic examination, with a ventrodorsal incidence of the pelvic
limbs parallel to the spine and medially rotated, with the patellas
overlapping the trochlear grooves (Butler & Gambino, 2017). Another
recently developed method involves the use of a device called a joint
distractor, in order to predict the occurrence of hip dysplasia in early age
dogs (Torres et al., 2005; Butler & Gambino, 2017). To perform these
techniques, the animals must be under general anesthesia or deep
sedation, in order to allow proper positioning of the pelvic limbs (Ginja

et al., 2010; Butler & Gambino, 2017).

Several pharmacological agents have been used for sedation of pa-
tients during radiographic procedures, being the alpha 2 adrenergic
agonists a class of choice due to their sedation and myorelaxation effects
(Arunkumar et al., 2017). Dexmedetomidine, the latest selective agonist
of alpha 2 adrenergic receptors, when administered intravenously or
intramuscularly, provides sedation and moderate analgesia for outpa-
tient procedures, such as dental examinations, radiographs and treat-
ment of otitis (Granholm et al., 2007; Weerink et al., 2017). When used
in combination with other drugs, such as opioids and benzodiazepines, it
promotes a high level of sedation, myorelaxation and analgesia, allow-
ing even minor surgical procedures to be performed (Ahmad et al., 2011;
Trimble et al., 2018). Fentanyl is a synthetic total u opioid agonist with
100 times greater potency than morphine, used for sedation and anal-
gesia, characterized by short latency and action period (Wegner et al.,
2008; Kukanich & Wiese, 2015). When combined with dexmedetomi-
dine, synergism occurs, with potentialization of anesthetic sparing ef-
fects and a greater degree of bradycardia (Chabot-Doré et al., 2015). The
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Table 1
Scale system used to assess the quality of sedation in dogs submitted to XF and
DF treatments.
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Table 2
Scale system used to assess the quality of muscle relaxation in dogs submitted to
XF and DF treatments.

Criteria | Scale Observation

Posture

0 Standing

1 Seating or in sternal recumbency, with head up
2 Esternal recumbency, with the head down
3 Lateral recumbency

4 Dorsal recumbency, responsive to stimulus
5 Dorsal recumbency, non responsive to stimulus
Resistency to dorsal recumbency

0 Resistant/Normal atitude

1 Moderate resistant

2 Light resistant

3 No resistant

Mandibular tonus

0 Normal resistant to opening the mouth

1 No resistant to opening the mouth
Palpebral reflex

0 Present

1 Reduced

2 Absent

Eyeball positioning

0 Centralized

1 Rotated

Source: Adapted from Nishimura et al. (2018).

present study aimed to compare the sedative, cardiorespiratory and
blood gas effects of fentanyl combined with xylazine or dexmedetomi-
dine. The proposed hypothesis is that the association of xylazine and
fentanyl will promote adequate analgesia, sedation and myorelaxation
for performing the radiographic procedure, but the association of dex-
medetomidine and fentanyl will provide more intense sedative effects.

Materials and methods
Selection and description of subjects

The study was approved by the Ethics Committee on the Use of
Animals of the Federal University of Minas Gerais (CEUA-UFMG) under
the protocol 146,/2017. Fifteen healthy German Shepherd and Belgian
Shepherd dogs, 34.4 + 6.1 kg and 7.2 + 2.4 years old, from the Military
Police Battalion of Belo Horizonte - Minas Gerais, were used. The ani-
mals were submitted to a complete and complementary physical ex-
amination, complete blood count and biochemistry (kidneys and hepatic
function) were performed one week before the anesthetic procedure.
Prior to the experimental period, the animals considered fit to partici-
pate in the project were submitted to 8 h fasting of food and water ad
libitum.

Data recording and analysis

On the day of the experiment, the animals were sent to the Veteri-
nary Hospital of the Federal University of Minas Gerais and conducted to
the radiology room. After a new physical examination, light physical
restraint was performed on the dogs, trichotomy, and antisepsis of the
radial and metatarsal regions, followed by an anesthetic button with
lidocaine and puncture of the cephalic vein and metatarsal artery, using
an 18 G and 20 G catheter, respectively. After fixing the catheters, they
were attached to an adaptor PRN and the accesses were heparinized with
1 mL of heparinized saline solution (5UI/mL).

After 30 min of obtaining vascular access, the animals were
randomly divided into two groups, by means of a computer drawing,
being submitted to different sedation protocols. Thus, the animals in the
XF group received the association of 0.2 mg/kg of xylazine and 2.5 ng/
kg of fentanyl, and the animals of the DF group received the association
of 2 pg/kg of dexmedetomidine and 2.5 pg /kg fentanyl. Both were

Criteria | Observation

Scale

Muscle relaxation

0 Does not alow extension and positioning of the pelvic limbs at the
articular distractor.

1 Moderate rigid pelvic limbs muscles, with moderate dificulty to
extension and positioning at the articular distractor.

2 Relaxed pelvic limb muscles, with discret reaction to extention and
positioning at the distractor.

3 Relaxed pelvic limbs muscles, no reaction to extention and

positioning at the distractor, easily alowing the exam.

Source: Elaborated by the authors.

administered intravenously, followed by a bolus of 1 mL of saline so-
lution, so that no residue was retained in the venous access. The latency
period, from the administration of the treatment until the animal
remained in lateral recumbency without head movement, was recorded.

Before application and at 5-min intervals after application of treat-
ments, heart rate (HR) and heart rhythm were monitored, using DII
derivation, by means of electrodes placed on the forelimbs, above the
olecranon in its caudal aspect, and on the lower limbs, above the patellar
ligaments in its cranial aspect, and invasive blood pressure, by means of
a pressure transducer connected to the arterial access and positioned at
the level of the scapulohumeral joint of the animals (Digicare™ Life-
Window™ Lite LW8 - Digicare Biomedical, FL, USA). Furthermore,
respiratory rate (f), obtained by observing the movement of the rib cage,
and rectal temperature (RT), measured by a digital thermometer posi-
tioned in the anal region, were monitored.

At 5 min and 15 min after the application of treatments, 1 mL of
arterial blood was collected, using a specific syringe for blood gas
analysis, followed by immediate analysis of hydrogen potential (pH),
partial arterial carbon dioxide pressure (PaCOy), partial arterial oxygen
pressure (PaO-), bases excess (BE), bicarbonate concentration (HCO®"),
arterial oxygen saturation in hemoglobin (Sa0s), sodium concentration
(Na™), potassium concentration (K") and hemoglobin (Hb) (I-Stat®1 —
Abbott Point of Care, IL, USA). Every 5-min intervals, the quality of
sedation was evaluated by observing posture, resistance to supine po-
sition, mandibular tone, eyelid reflex and eyeball positioning (Table 1).

These parameters were scored in an increasing way, so that values
close to 0 indicate a lower degree of sedation and values further from
0 indicate a greater degree of sedation. At 10 min, the assessment of the
degree of muscle relaxation was carried out following the same classi-
fication and, for scores 0 and 1, in which it was not possible to perform
the radiographic examination, the animals received additional supple-
mentation, intravenously, of one third of the doses of the initial treat-
ment, with 1 min waiting until a new attempt to perform the test
(Table 2). The duration of sedation, from the onset of latency to the
onset of spontaneous movement, the time to full recovery, from the
onset of latency to spontaneous movement and ambulation, and the total
number of supplementary requirements were recorded.

Statistics

All data were submitted to the Shapiro-Wilk normality test. Data
referring to physiological and blood gas variables were analyzed using
the Tukey test. The comparison between latency, duration and recovery
times were performed using Whelch’s t-test. For sedation scores, they
were submitted to the Mann-Whitney tests, for analysis between groups,
and the Kruskal-Wallis followed by Dunn, for intragroup analyses.
Parametric data are expressed as mean + standard deviation and non-
parametric data as median and interquartile range. The difference be-
tween the data was considered significant when P < 0.05.
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Table 3

Latency time, duration and recovery of sedation in dogs with 0.2 mg/kg of
xylazine and 2.5 pg/kg of fentanyl (XF), and 2 pg/kg of dexmedetomidine and
2.5 ug/kg of fentanyl (DF) in dogs.

Time (min)
Latency XF 2,1 +£0,7
DF 1,7 £ 0,6
Duration XF 23,4+7,8
DF 32,6 + 10,7
Recovery XF 26,2 + 13,6
DF 36,3 + 13,3

Consider: Latency - period between the administration of the treatment until the
animal remains in lateral recumbency without head movement (minutes);
Duration - period between the beginning of latency until the beginning of
spontaneous movement (minutes); Recovery - period between onset of latency to
spontaneous movement and ambulation (minutes).

Source: Elaborated by the authors.

Table 4
Sedation and muscle relaxation.
TS T10 T15
Posture XF 41[4-5] 4[4-5] 5[3-5]
DF 5[3-5] 5[5-5] 5[5-5]
Resistance to dorsal recumbency XF 3[3-3] 3[3-3] 3[3-3]
DF 3[3-3] 3[3-3] 3[3-3]
Mandibular tonus XF 0[0-1] 0[0-1] 0[0-1]
DF 1[0-1] 0[0-1] 0[0-1]
Palpebral reflex XF 1[0-1] 1[0-1] 1[0-1]
DF 1[1-2] 1[1-2] 1[1-2]
Eyeball positioning XF 1[1-1] 1[0-1] 0[0-1]

DF 1[1-1] 1[0-1] 1[0-1]

Source: Elaborated by the authors.

Consider: HR values decreased significantly in relation to baseline at all
assessment times in both groups. The f showed a significant reduction in relation
to baseline only at 5 and 10 min after treatment in XF. Blood pressure and rectal
temperature did not change significantly during the period evaluated. The
physiological parameters are expressed in Table 5 and Fig. 1.

Table 5

Physiological parameters (mean + standard deviation) in dogs submitted to
sedation with 0.2 mg/kg of xylazine and 2.5 pg/kg of fentanyl (XF), and 2 ug/kg
of dexmedetomidine and 2.5 ng /kg fentanyl (DF).

BL T5 T10 T15 REC
HR XF 106 +£13" 59 + 23" 59 + 19° 57 + 24° 65 + 15°
DF 119+25 45+38° 50 +11° 54 +11° 57 + 5°
SBP XF 155+ 27 165+18  149+17 150 +17 135423
DF 150 + 33 153+20 162+15 147 +16 135+ 14
MBP XF 105 + 20 109+13  100+14 103+17 89+16
DF 110 +22 106 £14  106+11  102+11 91+9
DBP XF 83+19 86 + 11 77 £ 10 79 £ 10 70 + 12
DF 84 +21 81 + 20 84+9 81 +10 75+ 9
f XF 114 + 23 +11° 22 +10° 27 + 9ob¢ 60 + 16"
sgic
DF 80 + 43" 54 + 60° 38 + 34° 35 + 22° 59 + 39°
RT XF 385+0,7 385+0,7 385+0,7 384+09 386+05

DF 38,1 £0,7 38,1+0,7 38+£0,7 38,1 £0,6 37,9+ 0,6

Consider: BL, moment prior to the administration of the treatment; T5, 5 min
after treatment administration; T10, 10 min after treatment administration; T15,
15 min after treatment administration; REC, recovery; HR, heart rate (beats/
minute); SBP, systolic blood pressure (mmHg); MBP, mean blood pressure
(mmHg); DBP, diastolic blood pressure (mmHg); f, respiratory rate (move-
ments/minute); RT, rectal temperature ( °C).
? statistical difference between moments in the same group. P < 0.05.
Source: Elaborated by the authors.
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Table 6
Blood gas parameters (mean + standard deviation) before application and 5 and
15 min after application of sedation with 0.2 mg/kg of xylazine and 2.5 pg/kg of
fentanyl (XF), and 2 ug/ kg of dexmedetomidine and 2.5 pg/kg of fentanyl (DF)
in dogs.

BL T5 T15
pH XF 7,38 + 0,03" 7,31 + 0,03° 7,3 £ 0,04°
DF 7,37 + 0,05 7,3 + 0,02° 7,3 + 0,04°
PaCo, XF 28,6 + 4,4° 37,1 + 4,2° 38,1 +5,6°
DF 29,9 +2,1° 38,8 + 3,7° 39 + 2°
PaO, XF 105,2 + 17,5 72,7 +12,1° 77,2 + 15,4°
DF 100,8 + 4,1% 69,8 + 8,6" 78,6 + 6,5"
BE XF ~7,4+ 24 —7+1,7 —-6,9 + 1,4
DF —7+2,9 6,5+ 2,1 —6,7+2
HCO3~ XF 16,5 + 2,3 17,8 £1,7 18 + 1,4
DF 17 £2,2 18,4 +1,8 18,3+ 1,5
Sa0, XF 96,7 + 2° 84,8 + 9° 86,2 + 10,2°
DF 96,6 + 0,8° 84,6 + 7,2 89,4 + 2,5°
Nat XF 149,4 + 2 150 + 2,8 149,7 £ 2,5
DF 150,5 + 2,3 149,8 + 3,2 149,5 + 3
Kt XF 3,5+0,3 3,3+0,3 3,4+0,3
DF 3,6 +0,3 3,4+ 0,3 3,5+ 0,3
cl- XF 120,2 + 3,5 119,4 + 3,5 119,5 + 3,5
DF 1192 £ 2,5 118,3 + 3,2 118,8 + 3,8
AG XF 16,1 &+ 2° 16,1 & 3,1° 15,6 + 2,6°
DF 18,1 + 3,8° 16,3 + 3°¢ 15,6 + 3,2
Lactate XF 1,84 + 1,06 1,8 + 0,63 1,63 + 0,57
DF 1,62 + 0,41 1,85 + 0,41 1,77 + 0,47
Hb XF 16,2+ 3 15,9 + 2,8 16,1 + 2
DF 13,3 +2 16,2 + 3,5 16,7 + 2,8

Consider: BL, moment prior to treatment administration; T5, 5 min after
treatment administration; T15, 15 min after treatment administration; pH,
hydrogen potential; PaCO,, partial blood pressure of carbon dioxide (mmHg);
Pa0,, partial arterial oxygen pressure (mmHg); BE, base excess (mEq/L); HCO3-,
bicarbonate concentration (mEq/L); SaO,, hemoglobin oxygen saturation (%),
Na+, sodium concentration; K+, potassium concentration; Cl-, chloride con-
centration; AG, anion gap; Hb, hemoglobin.
@ | statistical difference between moments in the same group. P < 0.05.
Source: Elaborated by the authors.

Results

After administration of treatments, all dogs were sedated and
reached lateral recumbency in less than 3 min. Latency, duration and
recovery times are shown in Table 3 and there was no significant dif-
ference between the groups. At 50 min, all animals had already assumed
the quadrupedal position.

There was no statistical difference regarding the sedative and
myorelaxation effect of the two protocols (Table 4). In the DF group,
only one animal needed to receive a new dose of treatment. In the XF
group, three animals needed two new doses of treatment.

There was a significant reduction in pH, PaOy and SaO; values at 5
and 15 min after administration of both treatments. PaCO4 was elevated
at both evaluated moments when compared to baseline in both groups.
The values obtained in the blood gas analysis are described in Table 6.
Values related to respiratory changes are expressed inFig. 2.

Discussion

Baseline HR and f values were increased due to handling stress and
unfamiliar environment for the animals. In addition, as they came from
the Military and Civil Police Battalion, they were more aggressive and
managed only with the presence of one of the police officers. After the
administration of the treatments, there was a significant decrease in HR
values due to the activation of alpha 2 adrenergic receptors in the pe-
ripheral vasculature, resulting in transient bradycardia due to the action
of baroreceptors (Murrell & Hellebrekers, 2005). Nishimura et al. (2018)
reports the occurrence of bradycardia, with frequencies lower than 60
bpm, in animals that received alpha 2 adrenergic agonist drugs. The
association with fentanyl promotes a decrease in sympathetic tone and
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Fig. 1. Physiological parameters (mean =+ standard deviation) in dogs submitted to sedation with 0.2 mg/kg of xylazine and 2.5 ug/kg of fentanyl (XF), and 2 ug/kg

of dexmedetomidine and 2.5 pg/kg of fentanyl (DF).

Consider BL, moment prior to treatment administration; T5, 5 min after treatment administration; T10, 10 min after treatment administration; T15, 15 min after
treatment administration; REC, recovery; HR, heart rate (beats/min); SBP, systolic blood pressure (mmHg); MAP, mean arterial pressure (mmHg); DBP, diastolic
blood pressure (mmHg); f, respiratory rate (movements/min); TR, rectal temperature ( °C).

2 statistical difference between moments in the same group. P < 0.05.
Source Elaborated by the authors.

an increase in vagal tone, making bradycardia more intense, which can
also occur with other opioids (Nishimura et al., 2018).

Opioids can cause respiratory depression due to the central depres-
sant effect, reduced level of consciousness and partial obstruction of the
upper airways, by promoting relaxation of the muscles in the region
(Gupta et al., 2018; Montandon & Horner, 2019; Palkovic et al., 2020).
Alpha 2 agonists may participate in this mechanism by promoting a
decrease in respiratory rate and hypercapnia response (Lerche & Muir,
2004). Bradypnea is reflected in the reduction of minute ventilation,
according to the depression of the activity of the

Parabrachial/Kolliker-Fuse and preBotzinger complexes, the nucleus of
the solitary tract and the spinal raphe (Palkovic et al., 2020).

This mechanism explains the increase in PaCO; and the decrease in
PaO, at 5 and 15 min in both groups, so that 93% and 73% of the ani-
mals presented hypoxemia at these moments, respectively. When PaO,
reaches values below 85 mmHg, there is a drop in tissue oxygen supply
and consequent damage to the animal’s organism, which can be mini-
mized by the use of oxygen therapy during the anesthetic period (Coutu
etal., 2015). A study with medetomidine in dogs showed a reduction in f
and PaO; values close to 70 mmHg (Pettifer an Dyson, 1993). The
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Fig. 2. . Blood gas parameters [pH, PaCO,, PaO,, Sa0O2] (mean =+ standard deviation) before application and 5 and 15 min after application of sedation with 0.2 mg/
kg of xylazine and 2.5 pg/kg of fentanyl (XF), and 2 ug/kg of dexmedetomidine and 2.5 pg/kg of fentanyl (DF).

Consider BL, moment prior to treatment administration; T5, 5 min after treatment administration; T15, 15 min after treatment administration; pH, hydrogen po-
tential; PaCO,, partial blood pressure of carbon dioxide (mmHg); PaO,, partial arterial oxygen pressure (mmHg); SaO,, hemoglobin oxygen saturation (%).

@ statistical difference between moments in the same group. P < 0.05.
Source Elaborated by the authors.

association of dexmedetomidine with opioids also showed other blood
gas effects, such as a reduction in blood pH and BE, and an increase in
PaCO,, evidencing the possibility of worsening respiratory depression
when adding an opioid to the protocol (Nishmura et al., 2018).

The sedative effect induced by opioids is mainly related to the mu
and kappa receptors and to the depression of impulses from the hypo-
cretin/orexin system in the hypothalamus, which can be verified by
characteristic electrocortical changes (Palkovic et al., 2020). Fentanyl
promotes an increase in the frequency of delta waves in the electroen-
cephalogram of rats, while reducing the respiratory rate of these animals
(Montandon & Horner, 2019).

Dexmedetomidine and xylazine exert their sedative effect through
the activation of central alpha 2 adrenergic receptors (Weerink et al.,
2017). The locus coeruelus relates the surveillance pathways, being the
main norepinephrine release region of the mammalian central nervous
system, containing a large amount of alpha 2 adrenergic receptors
(Cagnardi et al., 2017). Inhibition of adenylate cyclase is essential for
the sedative effect from the activation of these receptors in the locus
coeruelus, reducing the sympathetic tone of the central nervous system

(Cagnardi et al., 2017). Hyperpolarization by activation of potassium
channels and inhibition of voltage-gated calcium channels are also
linked to the activity of alpha 2 adrenergic receptors (Yang et al., 2014).

As for the selectivity for binding to alpha 1 adrenergic or alpha 2
adrenergic receptors, dexmedetomidine has a ratio of 1:1620 while
xylazine has 1:160 (Rockhill et al., 2011; Weerink et al., 2017). In a
study with alpha 2 agonists and propofol, animals that received dex-
medetomidine showed greater depression on eyelid and pedal reflexes,
in addition to jaw tone, than those that received xylazine, in which the
depression of these reflexes were moderate (Jena et al., 2014).

The analgesia provided by alpha 2 adrenergic agonists is mediated by
binding to central receptors and the spinal cord (Weerink et al., 2017).
There is suppression of pain transmission by the hyperpolarization of
interneurons and reduction of the release of pronociceptive transmitters,
such as substance P and glutamate, inhibiting the firing of nociceptive
neurons (Weerink et al., 2017). Opioids, through binding to mu and
kappa receptors, act by activating descending modulatory pathways in
the periaqueductal gray (PAG) of the brainstem, inhibiting synapses of
neurons in the dorsal horn of the spinal cord, and modulating afferent
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synapses of peripheral receptor neurons (Stein & Lang, 1993).

The benefits of the association of several pharmacological classes
with an alpha 2 adrenergic agonist have been widely observed and
researched, with emphasis on reducing the doses of the respective drugs
and a consequent decrease in the occurrence or intensity of adverse ef-
fects (Leppanen et al., 2006). The synergism triggered by the combi-
nation of an alpha 2 agonist with an opioid allows the performance of a
wide variety of procedures in veterinary routine, yet it becomes greater
and provides more pronounced sedative effects when performed with
mu agonists (Cardoso et al., 2014; Nishimura et al., 2018).

This study presented the important limitation of having a reduced
number of participating animals, which reflected in higher standard
deviations, interfering with the statistical analysis.

Conclusions

The association of fentanyl with xylazine or dexmedetomidine allows
the performance of radiographic exams for the diagnosis of hip dysplasia
in dogs using the articular distractor, with adequate analgesia, quality
and sedation time. The protocol promotes greater changes in heart rate
and arterial oxygen partial pressure. Patient monitoring and oxygen
supplementation are recommended after treatment administration, to
ensure greater safety to the protocol.
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