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Effect of dexmedetomidine combined with pethidine on

minimum alveolar concentration of isoflurane in dogs

Kanjana Vinyunantakul! Sumit Durongphongtorn! Marissak Kalpravidh!*

Abstract

The effect of dexmedetomidine alone and when combined with pethidine on a minimum alveolar
concentration MAC) of isoflurane was determined in 24 client-owned adult male dogs before castration. Dogs were
assigned to Group 1n-12; dexmedetomidine, 5 pg/kg IM) or Group 2 n-12; dexmedetomidine, 5 pgkgand pethidine, 5
mg/kg IM). Sedation and response to noxious stimulation (digit clamping) were evaluated at 15 minutes after drug
injection. Then, anaesthesia was induced via a face mask with isoflurane in oxygen and maintained via an endotracheal
tube with an end tidal concentration of isoflurane (E'ISO%) of 1%, at the oxygen flow rate of 2 L/min. To determine the
isoflurane MAC for each dog, the E'ISO% was increased once the purposeful movement to the noxious stimulation has
been detected or decreased if the movement was not detected. The isoflurane MAC was the mean E’ISO% between the
highest E’ISO% at which movement was detected and the lowest E'ISO% at which movement was not detected.
Cardiorespiratory variables were measured before drug injection until the isoflurane MAC had been determined. The
sedation score of Group 2 was found significantly greater than that of Group 1 (p=0.0001). Theisoflurane MAC for Group
2 was 0.98 + 0.24% (mean + SD) which was significantly lower than 1.31 + 0.33% for Group 1 (p = 0.011). Cardiorespiratory
variables did not differ significantly between the groups. In conclusion, dexmedetomidine administered with pethidine
provided sedative and sparing effects on the isoflurane MAC which were significantly greater than those of
dexmedetomidine alone.
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Introduction

A high anaesthetic concentration is one of the
main causes of cardiovascular and respiratory
depression during inhalation anaesthesia. The
administration of sedative and analgesic drugs prior to
or during surgery usually reduces the minimum
alveolar concentration MAC) of an inhalant
anaesthetic required to maintain surgical anaesthesia,
and may or may not reduce cardiovascular and
respiratory complications.

Dexmedetomidine is an ax-adrenergic agonist
which is widely used in small animals to provide
sedation, analgesia and muscle relaxation. Important
cardiovascular alterations caused by az-adrenergic
agonists may include hypertension, followed by
hypotension, bradycardia, decreased myocardial
contractility and perfusion as well as arrhythmias
(Dart, 1999). Administration of dexmedetomidine 0.5
and 3 pgkg IV loading, followed by 05 and 3
ngkghour constant rate infusion (CRD) (Pascoe et al,
2006), or 2 pgkg IV loading followed by 2 pgkghour
CRI (Acevedo-Arcique et al, 2014), decreased the MAC
of isoflurane in experimental dogs. The isoflurane MAC
for dogs receiving dexmedetomidine, 5 pg/kg IM, was
less than that of dogs receiving a placebo distilled
water for injection) (Vinyunantakul et al, 2018). To
reduce the adverse effects and potentiate the sedative
and analgesic effects of aradrenergic agonists, a
combination of agents of this drug class with opioids
has been investigated. The ar-adrenergic and opioid
receptors are found in close proximity to hippocampal
and the spinal cord (Jordan et al, 2003). Each drug acts
on different receptors to optimize pain control and to
minimize side effects associated with relatively large
doses of a single drug. Thus, when used together, the
two drug classes are highly synergistic and/or additive
for sedation and analgesia. Cardoso et al. 2014
reported that the antinociceptive effect of
dexmedetomidine 10 pgkg IM, combined with
methadone 0.5 mg/kg IM or with morphine 0.5 mgkg
IM, was greater than that of dexmedetomidine alone.
The end-tidal concentration of isoflurane (E’ISOw%) was
reduced in dogs receiving buprenorphine 10 pgkg IV
and dexmedetomidine 5 pgkg IV as premedication,
followed by dexmedetomidine 1-3 pgkghour CRI
during soft tissue and orthopaedic surgery (Uilenreef
et al, 2008).

Pethidine ameperidine) is a mu-opioid receptor
agonist and has been used clinically for premedication
in dogs and cats. Besides acting at the mu-opioid
receptor, pethidine also exerts activity at the a»-
adrenergic  receptor subtype responsible for
antishivering (Takada et al, 2002). A pethidine dose of 5
mgkg, administered IM with dexmedetomidine 5 and
10 pg/kgIM, provided greater sedation when compared
with each drug alone at the relevant dose rates (Grint et
al, 2009). This study aimed to determine the MAC of
isoflurane and cardiorespiratory variables after giving
dexmedetomidine in combination with pethidine and
to compare the results with those after giving
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dexmedetomidine alone. The hypothesis of this study

was that the isoflurane MAC for dogs receiving
dexmedetomidine with pethidine was less than that for
dogs receiving only dexmedetomidine.

Materials and Methods

Animals: The protocol of this study (No.1731052) was

approved by Chulalongkorn University Animal Care
and Use Committee, Bangkok, Thailand. The animals
were 24 adult client-owned male dogs of multiple
breeds, aged 2-8 years and weighing no more than 10
kg. The experiment was performed before castration of
the animal at the Small Animal Hospital of the Faculty
of Veterinary Science, Chulalongkorn University. All
owners signed a consent form after having been
informed the study plan and drugs to be used. All dogs
were in good health on the basis of physical
examination, CBC, and serum biochemical analyses.
The dogs were assigned in alternate sequence into
Group 1 n -12), receiving dexmedetomidine 5 pgkg
IM, or Group 2 m -12), receiving dexmedetomidine 5
pugkg IM and pethidine 5 mg/kgIM. Sample size was
determined from the isoflurane MAC mean + SD) of
1.63 £ 0.23 % for dogs not receiving any premedications
in our previous study (Vinyunantakul et al, 2018). For a
confidence probability of 95%, a minimum of 8 dogs
had to be enrolled in each group.

Anaesthesia and monitoring: Food was withheld for at
least 12 hours and water for 6 hours prior to the
injection of dexmedetomidine alone or in combination
with pethidine. Respiratory rate (fr), electrocardiogram
(ECG), heart rate (HR), non-invasive systolic arterial
pressure (SAP) and oxygen saturation SpOz were
recorded before and 15 minutes after druginjectionand
during isoflurane MAC determination. Before and 15
minutes after drug injection, fr and HR were
determined from thoracic excursion and auscultation,
respectively. With the animal placed in a right lateral
recumbency, the SAP was measured non-invasively,
using a Doppler flow detector Model 811, Parks
Medical Electronics, Oregon, USA)with a probe placed

over the left digital artery of the paw of the front limb
and the cuff placed over the left carpus. The ECG dead

I, HR and SpO, were monitored during anaesthesia,
using a monitoring device (Datascope Passport® V,
Mindray DS, New Jersey, USA). At 15 minutes after
drug injection, sedation was assessed according to the
sedation scoring scale (Table 1), along with the
response to the noxious stimulation, by clamping the
third or fourth digit of the hind limb, using a 20-cm
haemostat forceps whose rubber- covered jaws were
closed to the first ratchet. Subsequently, anaesthesia
was induced with 4% isoflurane in 4 L'min of oxygen via
a face mask. After intubation, all animals were placed
in a right lateral recumbency. Anaesthesia was
maintained at the end-tidal concentration of isoflurane
(E’ISO%) of 1%, with an oxygen flow rate of 2 L/min,
through a Bain coaxial breathing system. The E'ISO%
and end tidal (ET) CO; were measured at the connector
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between the Bain breathing circuit and the
endotracheal tube, using a Multi-Gas Analyzer Gas
Module 3™, Mindray DS, New Jersey, USA). An
anaesthesia ventilator SAV 2500 Surgivet™, Smiths
Medical PM, Wisconsin, USA)was used to maintain the

Table 1 Sedation scoring scale

3

ET CO, between 30 and 45 mmHg. Normal body
temperature was maintained using a temperature
management unit GM Bair Hugger™ Model 775, 3M
Healthcare, Minnesota, USA) Acetated Ringer's
solution was administered at a rate of 10 mlkghour.

Score Descriptive signs
0 Alert with normal startle reaction head turn towards noisercringe), standing
1 Less alert but still active, reduced startle reaction reduced head turn/minimal cringe), if recumbent, animal can
rise normally
2 Drowsy, minimal startle reaction, difficult rising if recumbent
3 Very drowsy or stuporous, absent startle reaction, unable to rise

Modified from Grint et al. 2009) and Valverde et al. 20042).

Determination of minimum alveolar concentration of
isoflurane: The E'ISO«% was initially setat 1% for at least
15 minutes for anaesthetic equilibration before SAP,
HR, SpO, isoflurane vaporizer setting, inspired
isoflurane concentration, E'ISO% and ET CO, were
recorded. Then, noxious stimulation was carried out
using the technique for isoflurane MAC determination
as previously reported by clamping the third or fourth
digit of the hind limb, using a 20-cm haemostat forceps
whose jaws has been covered with a rubber sleeve
(Valverde et al, 2004b). The jaws were closed to the first
ratchet until a positive motor response was detected or
1 minute had elapsed. The response was considered
positive when there was a gross purposeful movement
of the head or extremities, including jerking or twisting
of the head or movement of the extremities, and was
negative if no purposeful movement could be
observed. The E'ISO% was increased once the response
was positive by 0.1 or 0.2% for immediate response), or
decreased once the response was negative by 0.1%. The
new E’ISO«% was maintained for at least 15 minutes for
anaesthetic equilibration before repeating the noxious
stimulation. The isoflurane MAC for that animal was
the mean E’ISO« between the highest E'ISO% at which
apositive response was detected and the lowest E'ISO%
at which the response was not detected. Then, the time
to the end of MAC determination (the duration from
the injection of dexmedetomidine or dexmedetomidine
combined with pethidine until the isoflurane MAC was
determined) was recorded. After finishing the
isoflurane MAC determination, the animal was
castrated.

Statistical analysis: Using Microsoft Office Excel, t-
Test: paired two-sample for means two-tail) was used
for comparing data within groups, while t-Test: two-
sample assuming equal variances (two-tail) was used
for comparing data between groups. Results were
considered significantly different when the p-value wasless
than 0.05 and expressed as mean +SD and median.

Results

Breed, age and weight of dogs in Group 1,
receiving only dexmedetomidine, and in Group 2,
receiving dexmedetomidine combined with pethidine,
are shown in Table 2. There were no significant

differences in age or weight of the dogs between
groups. Emesis and salivation were not found in any
dogs in either group. Dexmedetomidine combined
with pethidine produced more sedation than
dexmedetomidine alone. The mean sedation score of
Group 2 was significantly greater than that of Group 1
(p = 00001) (Table 2). All dogs responded to noxious
stimulation at 15 minutes after injection of either
dexmedetomidine alone or in combination with
pethidine. Means of the isoflurane MAC and time to
end of the isoflurane MAC determination of Group 2
were significantly less than those of Group 1 ¢ -0.011
and 0.016, respectively) (Table 2).

The fr means at 15 minutes after drug
injection in both groups were significantly lower than
the fr means before drug injection @ -0.002 for Group 1
and p=0.02 for Group 2)(Table 3). However, the lower fr
were still within the clinically acceptable limit. There
were no significant differences between groups for the
fr before and at 15 minutes after drug injection. An
oxygen saturation level of no less than 95% was
observed in all dogs.

The HR of dogs decreased after injection of
dexmedetomidine alone or in combination with
pethidine (Table 3). The HR means at 15 minutes after
drug injection and at right before determining the
isoflurane MAC in both groups were significantly
lower than the HR before drug injection - 0.003 and p
= 0.0002, respectively, for Group 1; p <0.0001 and p <
00001, respectively, for Group 2). There were no
significant differences between the HR measured at 15
minutes after drug injection and at right before
determining the isoflurane MAC in either group, and
no significant differences between groups for the HR at
all measurement points.

In Group 2, the SAP means at 15 minutes after
injection of dexmedetomidine combined with
pethidine and at right before determining the
isoflurane MAC were significantly lower than the SAP
mean before drug injection (p - 0.006 and p < 0.0001,
respectively). Only the SAP mean at right before
determining the isoflurane MAC in Group 1 was
significantly lower than the SAP before the injection of
dexmedetomidine (p=0.02)(Table 3). Nevertheless, all of
the lower SAP were still within the normal range of the
SAP during anaesthesia. The SAP mean at right before
determining the isoflurane MAC was significantly
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lower than that at 15 minutes after drug injection in
both groups = 0035 for Group 1, and p = 0.003 for
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Group 2). There were no significant differences between
groups for the SAP at all measurement points.

Table 2 The number of dogs in each breed, mean + SD anedian) of age, weight, sedation scores, isoflurane MAC, and time to end
of isoflurane MAC determination for dogs in Group 1 receiving only dexmedetomidine and Group 2 receiving

dexmedetomidine combined with pethidine

Variables

Group 1n-12) Group 2 =12

Breeds
Chi Hua Hua
Cross
Pomeranian
Poodle
Shih - Tzu
Age (years)

Weight kg)

BN R

2
2
2
3
3
33+£2225) 39+23 40

49+21&67) 51+1649

Sedation score (0-3)

11+07 1 25+08 3

Isoflurane MAC (%)

Time to end of isoflurane MAC determination (min)

1.31+033 (130 098 £0.24 (0.95y

113 +43(108) 69 +40(57)«

¢+-significantly different  <0.05) from Group 1 for each variable).

Table 3 Mean + SD anedian) of respiratory rates (fr) before and 15 minutes after injection of the compared drugs, heart rate (HR),
systolic arterial pressure (SAP) of dogs before and 15 minutes after injection of the compared drugs, and at right before)
the isoflurane MAC determined in Group 1 receiving only dexmedetomidine and Group 2 receiving dexmedetomidine

combined with pethidine

Variables Measurement point Group 1n =12 Group 2 m=12)
fr (breath/min) Before drug injection 72 £ 46 54r 66 =50 53y
15 min after drug injection 30 + 20 27)p 23 +15 20)°

HR (beatsmin Before drug injection
15 min after drug injection

At the isoflurane MAC determined

108 +£26 (1027
74 + 25 74P
6716 (71P

120+ 36 114y
65 + 28 (56)
58 +22 51p

SAP (mmHg) Before drug injection
15 min after drug injection

At the isoflurane MAC determined

151+ 38 (135
139 +41 123y
114 +23 114)®

156+ 31 160y
125 £18 (125
104 +16 101y

@bevalues with different superscript letters for each variable in the same column are significantly different p <0.05).

Discussion

Dexmedetomidine administered ~ with
pethidine provided greater sedation and a significantly
lower isoflurane MAC than dexmedetomidine given
alone, indicating an additive or synergistic action of
pethidine with dexmedetomidine and the sparing
effect on the isoflurane MAC of the drug combination.
Ossipov et al. (1990) suggest that the interaction
between medetomidine, an a-adrenoceptor agonist
like dexmedetomidine, and opioids in producing
antinociception may be additive or synergistic,
depending on the route of administration, the ratio
administered and the level of processing of the
nociceptive input. The interaction is synergistic if the
two drugs are given intrathecally and is additive if the

two drugs are given systemically. More recently,
Chabot-Dore et al. 2015) proposed that the interaction
between opioid and ay-adrenoceptor agonists when co-
administered is synergistic (supra-additive). The
sedation score in dogs receiving dexmedetomidine
combined with pethidine was higher than the score in
dogs receiving only dexmedetomidine, supporting the
finding of Grint et al. 2009). The authors observed
greater sedation after giving dexmedetomidine at a
dose of 5 or 10 ng/kg IM in combination with pethidine
at a dose of 5 mgkg IM when compared with
administering dexmedetomidine or pethidine alone at
the relevant dose rate.

There was no negative control group in the
present study. However, a basal isoflurane MAC (mean
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+ SD)of 1.34+0.11% has been reported in a study using
mask induction of anaesthesia with isoflurane and
noxious stimulation, similar to the present study
(Valverde et al, 2004b), while a basal isoflurane MAC
(meanz SD)of 158 +0.28% has beenreported by another
study using similar noxious stimulation in dogs
receiving anaesthesia induction with propofol
(Acevedo-Arcique et al, 2014). In addition, a isoflurane
MAC @mean * SD) of 1.63 +0.23% for dogs not receiving
any premedications has been reported (Vinyunantakul
etal, 2018). Group 1, receiving only dexmedetomidine,
could be used as a positive control because the sparing
effect of dexmedetomidine on the MAC of isoflurane
had already been reported (Bloor et al, 1992; Pascoe et
al, 2006; Uilenreef et al, 2008; Acevedo-Arcique et al,
2014; Vinyunantakul et al, 2018). The isoflurane MAC
mean * SD) for dogs receiving dexmedetomidine
combined with pethidine in the present study .98 +
024%) was lower than all of the previously reported
isoflurane MAC, and that of Group 1 receiving only
dexmedetomidine. This indicates that
dexmedetomidine combined with pethidine has a
sparing effect on the isoflurane MAC.

For other types of noxious stimulation,
previously reported isoflurane MAC @ean * SD,) for
inhibiting the response of dogs to clamping of the tail
after mask anaesthesia induction with isoflurane in
oxygen were 134+0.11%(Valverde et al, 2004b) and 1.69
+ 015% (Figueiro et al, 2016); those for inhibiting the
response of dogs to electrical stimulation of the buccal
mucosa after mask anaesthesia induction with
isoflurane in oxygen were 1.80 + 0.21% (Hellyer et al,
2001) and 1.20 + 0.17% Wilson et al, 2006), and after
anaesthesia induction with propofol, the isoflurane
MAC @mean * SDywere 138 +0.08% Muir III et al,, 2003)
and 141 + 0.10% (Ueyama et al, 2009). The isoflurane
MAC @mean * SD) for inhibiting the response of dogs to
electrical stimulation of the thoracic and pelvic limbs,
thoracic limb, pelvic limb and tail, after anaesthesia
induction using a mask and isoflurane in oxygen, were
151 £025%, 178 £021%, 1.69 +023% and 1.75 + 0.19%,
respectively (Pascoe et al, 2006; Figueiro et al, 2016).
The isoflurane MAC (mean + SD) of 0.98 +0.24% for dogs
receiving dexmedetomidine combined with pethidine
in the present study is lower than all of the reported
means for the isoflurane MAC. In addition, it is
comparable to the 0.90 £0.17%reported by a study using
similar noxious stimulation, but with propofol
anaesthesia  induction in dogs receiving a
dexmedetomidine IV loading of 2 pg/kg, followed by
CRI of 2 pgkghour (Acevedo-Arcique et al, 2014

Waterman and Kalthum 1989) reported
plasma concentration of pethidine of 04 pgml
producing complete analgesia with no response to four
applications of finger pressure on the skin wound of
acepromazine-atropine premedicated dogs after
castration or ovariohysterectomy, and a plasma
concentration of above 02 pgml producing some
degree of analgesia to the pressure application. The
response was a lifting or turning of the head, a
movement of the animal, a cry or whimper, or more
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than one of these reactions. The two plasma
concentrations were maintained for 120 minutes after
pethidine 3.5 mgkg IM. Steffey et al. (1977) reported
plasma concentrations of pethidine of above 04 pgml
remaining for 100 minutes and of above 02 pgml
remaining for 180 minutes following pethidine 5.5
mgkg IM in anesthetized dogs. Therefore, we could say
that the analgesic effect of pethidine still remained
when the isoflurane MAC was determined in Group 2
at 69 +40 minutes after injection of dexmedetomidine
and pethidine. For dexmedetomidine, peak sedative
and analgesic effects after 20 ng/kg IV were observed at
plasma level mean #SD) of 140 * 45 ngml, and
analgesia lasted about 1 hour (Kuusela et al, 2000),
while its cardiovascular effects lasted for 4 hours (Bloor
et al, 1992). In the present study, when the isoflurane
MAC was determined in Group 1 at 113 +43 minutes
after injection of dexmedetomidine, the plasma level of
dexmedetomidine must have been very low resulting
in low analgesic or sparing effects. Therefore, it is very
important when dexmedetomidine is used for
premedication that re-dosing is necessary after 60
minutes Murrell and Hellebrekers, 2005).

Decreased fr, bradycardia and hypertension,
followed by hypotension, are adverse clinical effects of
a2 adrenergic agonists (Pypendop and Verstegen,
1998; Dart, 1999; Sinclair, 2003; Murrell and
Hellebrekers, 2005. The  combination  of
dexmedetomidine with some opioids such as
butorphanol, buprenorphine (Leppanen et al, 2006),
morphine, methadone and tramadol (Cardoso et al,
2014) decreased the fr of dogs. The frin this study was
decreased after injection of dexmedetomidine alone or
in combination with pethidine. However, the rates
were within the clinically acceptable limit and did not
differ significantly between groups. Therefore,
pethidine did not alter the fr when compared with the
bradypnea induced by dexmedetomidine alone,
although opioids can depress respiration by reducing
the response to hypercapnia (Steffey et al, 1993). In the
present study, none of the dogs was hypercapnic
because ET carbon dioxide was controlled by a
ventilator, resulting in normal blood gases.

The HR mean at all measurement points in
both groups after injection of dexmedetomidine alone
or in combination with pethidine was significantly
lower was than the HR before drug injection.
Bradycardia is the reflex response to the
vasoconstrictive effects and a reducing effect on the
sympathetic tone (Sinclair, 2003) of the a2
adrenoreceptor  agonist (dexmedetomidine). In
addition, the decrease in HR at 15 minutes after drug
injection was the result of a lower awareness of the
surroundings and lower stimulation due to the
sedative effect of dexmedetomidine. In previous
studies, HR also decreased in dogs receiving
dexmedetomidine alone and dexmedetomidine in
combination with morphine, methadone, or tramadol
(Cardoso et al, 2014), butorphanol or buprenorphine
(Leppanen et al, 2006). In the present study, there were
no significant differences in the low HR between Group
1 receiving only dexmedetomidine and Group 2
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receiving dexmedetomidine and pethidine. Similarly,
Grint et al. 2009) reported that the HR of dogs receiving
a combination of IM dose rates of dexmedetomidine
and pethidine similar to the present study did not differ
from the HR of dogs receiving only dexmedetomidine
at 5 or 10 pg/kgIM. Therefore, pethidine does not seem
to aggravate the bradycardia induced by the
dexmedetomidine. In contrast with Stoelting (1999)s
suggestion on the vagolytic effect of pethidine, this
study did not find that pethidine reversed the
bradycardia induced by the a2 adrenergic agonist,
supporting the finding of Grint et al. 2009).

Only the SAP mean at right before
determining the isoflurane MAC in Group 1, receiving
only dexmedetomidine, but all of the SAP means
measured after injection of dexmedetomidine
combined with pethidine in Group 2 were significantly
lower than those before drug injection. However, all of
the SAP were within the clinically acceptable limit. The
decrease in SAP was the result of bradycardia as the
reflex response to the vasoconstrictive effects and the
reducing effect on the sympathetic tone of
dexmedetomidine  (Sinclair, 2003). Interestingly,
Congdon et al (2011) reported that mean arterial
pressure was increased in dogs receiving
dexmedetomidine at 10 pgkg IM. Pethidine might not
have the effect on vasoconstriction because there were
no significant differences in SAP between groups at
any of the measurement points. However, the present
study did not measure peripheral vascular resistance
to support this thought. Similarly, there were no
significant differences between the SAP measured
before and after administering the combinations of
dexmedetomidine with morphine, methadone or
tramadol and among the three combinations (Cardoso
et al, 2014. The SAP measured at right before
determining the isoflurane MAC in both groups were
lower than those at 15 minutes after drug injection and
before anaesthesia induction, suggesting the effect of
isoflurane.

Accuracy of SAP can be affected by indirect
measurement of arterial pressure, low HR and low
arterial pressure. Moll et al.2018) recently reported that
the SAP measured by Doppler ultrasonography were
higher than those measured directly by an invasive
technique in dogs weighing less than 5 kg. The closest
agreement between the two techniques was found for
SAP in normotensive dogs mean arterial pressure
between 60 and 120 mmHg). Although some dogs in the
present study weighed less than 5 kg, they were
normotensive based on their SAP. Moll et al. 2018)s
study used opioids, sedative, induction anesthetic and
the limbs where the Doppler probe and cuff applied
were different from the present study.

In conclusion, pethidine enhanced the
sedative and analgesic effects of dexmedetomidine and
did not exacerbate the bradycardia, hypotension and
bradypnea induced by dexmedetomidine alone.
Dexmedetomidine administered with pethidine
provided sedation and a sparing effect on the
isoflurane MAC which were significantly greater than
those of dexmedetomidine alone.
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