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Abstract

Objective To evaluate the isoflurane-sparing effects
of an intravenous (IV) constant rate infusion (CRI) of
fentanyl, lidocaine, ketamine, dexmedetomidine, or
lidocaine-ketamine-dexmedetomidine (LKD) in dogs
undergoing ovariohysterectomy.

Study design Randomized, prospective, blinded,
clinical study.

Animals Fifty four dogs.

Methods Anesthesia was induced with propofol and
maintained with isoflurane with one of the following
IV treatments: butorphanol/saline (butorphanol
0.4 mg kg~', saline 0.9% CRI, CONTROL/BUT);
fentanyl (5 pg kg™!', 10 pg kg~ ! hour !, FENT);
ketamine (1 mg kg!, 40 pg kg~ ! minute !,
KET), lidocaine (2 mg kg ', 100 pg kg ' min-
ute”!, LIDO); dexmedetomidine (1 ng kg™ !,
3 ug kg=! hour™', DEX); or a LKD combination.

Positive pressure ventilation maintained eucapnia.

An anesthetist unaware of treatment and end-tidal
isoflurane concentration (Fg'Iso) adjusted vaporizer
settings to maintain surgical anesthetic depth.
Cardiopulmonary variables and Fr'Iso concentra-
tions were monitored. Data were analyzed using
ANOVA (p < 0.05).

Results At most time points, heart rate (HR) was
lower in FENT than in other groups, except for DEX
and LKD. Mean arterial blood pressure (MAP) was
lower in FENT and CONTROL/BUT than in DEX.
Overall mean + SD Fr'Iso and % reduced isoflurane
requirements were 1.01 4+ 0.31/41.6% (range,
0.75 £ 0.31/56.6% to 1.12 + 0.80/35.3%, FENT),
1.37 £ 0.19/20.8%  (1.23 +£ 0.14/28.9%  to
1.51 +£ 0.22/12.7%, KET), 1.34 4+ 0.19/22.5%
(1.24 + 0.19/28.3% to 1.44 + 0.21/16.8%,
LIDO), 1.30 4+ 0.28/24.8% (1.16 4+ 0.18/32.9%
to 1.43 + 0.32/17.3%, DEX), 0.95 + 0.19/54.9%
(0.7 £ 0.16/59.5% to 1.12 £ 0.16/35.3%, LKD)
and 1.73 + 0.18/0.0% (1.64 + 0.21 to
1.82 + 0.14, CONTROL/BUT) during surgery.
FENT and LKD significantly reduced Fr'Tso.
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Conclusions and clinical relevance At the doses
administered, FENT and LKD had greater isoflurane-
sparing effect than LIDO, KET or CONTROL/BUT, but
not at all times. Low HR during FENT may limit
improvement in MAP expected with reduced Fr'Tso.

Keywords analgesia, anesthesia, balanced anesthe-
sia, dog, isoflurane.

Introduction

Inhalation anesthetics have been widely used for
anesthetic maintenance in veterinary medicine.
Main advantages include rapid control of the anes-
thetic depth by adjustments of the vaporizer dial and
fresh oxygen flow, and favorable pharmacokinetic
profile, allowing relatively rapid induction and
recovery from anesthesia because anesthetic gas
uptake and elimination occurs mainly via the lungs
(Steffey & Howland 1977). However, one of the main
concerns is the progressive cardiopulmonary depres-
sion observed with high doses of inhalation agents
such as isoflurane (ISO). High risk patients or
animals with systemic disease may develop severe
cardiovascular depression if anesthesia is main-
tained with an inhalation anesthetic alone. Conse-
quently, agents fentanyl,
lidocaine, ketamine and/or dexmedetomidine have

anesthetic such as
been used in an attempt to reduce inhalation agent
requirements resulting in less cardiovascular depres-
sion (Wagner etal. 2002; Muir et al. 2003;
Valverde et al. 2004; Pascoe et al. 2006; Sano et al.
2006; Solano et al. 2006; Steagall et al. 2006; Lin
et al. 2008; Uilenreef et al. 2008; Matsubara et al.
2009; Ueyama et al. 2009; Ortega & Cruz 2011;
Columbano et al. 2012). Combinations of drugs
with different pharmacologic mechanisms may
provide greater analgesia than each drug given
alone, with further inhalant-sparing effect (Muir
et al. 2003; Doherty et al. 2007; Wilson et al.
2008; Aguado et al. 2011).

The aim of this study was to evaluate the ISO-
sparing effects of a continuous rate infusion (CRI)
of fentanyl (FENT), lidocaine (LIDO), ketamine
(KET), dexmedetomidine (DEX) on separate occa-
sions, or the combination lidocaine-ketamine-dex-
(LKD) in dogs undergoing
ovariohysterectomy. The authors hypothesized that
all drug treatments would reduce the ISO require-
ments in comparison to a control group adminis-
tered a single dose of butorphanol (CONTROL/
BUT). This ISO-sparing effect would lead to less

medetomidine

hypotension during anesthesia and surgery in the
treated groups.

Materials and methods

The study protocol was approved by the Animal
Research Ethics Committee of the Faculty of Veteri-
nary Medicine, Mexico State Autonomous University,
Mexico (protocol number FE44/2009- 103.5/09/
4195).

Animals

Fifty four client-owned mixed-breed intact non
pregnant female dogs (1-6 years old) were enrolled
in a randomized, prospective, blinded clinical study
after the owner’s written consent was obtained. The
dogs were considered to be healthy based on medical
history, physical examination, complete blood count
(CBC) and serum biochemical analyses. Dogs with
abnormal laboratory data or any clinical signs of
systemic disease were not included in the study.

Anesthetic procedure and treatments

Food but not water was withheld for 10 hours before
anesthesia. Approximately 5 minutes before induc-
tion of anesthesia, an arterial blood sample was
collected percutaneously from the femoral artery in
heparinized syringes (Pro-vent Plus 1 mL; Smiths
Medical, MN, USA), and immediately analyzed for
arterial partial pressure of oxygen (PaO,), arterial
partial pressure of carbon dioxide (PaCO,), arterial
pH (pHa), bicarbonate (HCO5 ™), lactate and glucose
concentrations (IL GEM Premier 3000, Instrumen-
tation Laboratory, MA, USA). Blood-gas measure-
ments were corrected to body temperature.

A 20-gauge catheter was aseptically placed into a
cephalic vein and connected to a resealable male
luer injection port (BD-luer loK; Becton Dickinson
and Company, NJ, USA). Saline 0.9% (Solucion
DX-CS; Pisa Farmaceutica, Mexico) was adminis-
tered at 3 mL kg~ ! hour ' throughout anesthesia
by the use of a syringe infusion device (Graseby
3400; Graseby Medical, UK). Anesthesia was
induced by administration of propofol (6 mg kg™ ';
Diprivan; Zeneca Pharma, Mexico) IV over 1 min-
ute. The dogs were intubated with appropriately
sized cuffed endotracheal tubes and connected to a
rebreathing system (Multiplus MEVD; Royal Medical
Co. Ltd., South Korea). ISO (Isoflurane USP, Piramal
Health Care, India) in 100% oxygen was adminis-
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tered for maintenance of anesthesia, with an initial
oxygen flow rate of approximately 100 mL
kg~ ! minute ! that was reduced to approximately
50 mL kg ! minute ! after 15 minutes. Intermit-
tent positive pressure ventilation (IPPV) was started
at the beginning of anesthesia (Vent V; Royal
Medical Co. Ltd) and adjusted to maintain eucapnia
(end-tidal carbon dioxide tension (Pr'CO,) 33—
45 mmHg, 4.4-5.9 kPa). Dogs were then placed in
lateral recumbency and a 22-gauge catheter (Intro-
can; B-Braun, Brazil) was introduced into a dorsal
pedal artery for blood pressure monitoring and
sampling of arterial blood. A thermal warming
blanket (HoMedics HP300-A; HoMedics, China)
was used to maintain rectal temperature at 37—
38°C. All surgeries were performed through a
ventral midline incision by the same surgeons
(FDE/CSA).

Five minutes after induction of anesthesia the dogs
were randomly assigned to one of the following
treatments:

e Group FENT: A loading dose (5 pgkg™') of
fentanyl (Fentanest; Janssen, Mexico) followed by a
CRI of 10 pg kg ! hour ';

e Group KET: A loading dose (1 mg kg™') of keta-
mine (Inoketan; Virbac, Mexico) followed by a CRI of
40 pg kg™ minute !;

e Group LIDO: A loading dose (2 mgkg ') of
lidocaine (Pisacaina 2%; Pisa Farmaceutica, Mexico)
followed by a CRI of 100 pg kg~! minute™%;

e Group DEX: A loading dose (1 pg kg™') of dex-
medetomidine (Dexdormitor; Pfizer Animal Health,
Mexico) followed by a CRI of 3 pug kg~ hour !;

e Group LKD: A loading dose (2 mg kg™') of lido-
caine followed by a CRI of 100 pg kg™ ' minute ™!, a
loading dose (1 mg kg ') of ketamine followed by a
CRI of 40 pg kg ! minute ' and a loading dose
(1 pg kg™ ) of dexmedetomidine followed by a CRI
of 3 pg kg ! hour !;

e Group CONTROL/BUT: A loading dose
(0.4 mg kg™!) of IV butorphanol (Torbugesic; Fort
Dodge, TA, USA) followed by a CRI of saline 0.9%.

Loading doses were diluted to a final volume of
0.2 mL kg ! with sterile water and administered IV
over 2 minutes. In all groups, drugs for CRI were
diluted to 60 mL with saline 0.9% and delivered at
2 ml kg™! hour™!. All CRIs were started immedi-
ately after the loading dose and infused (Colleague 3;
Baxter, IN, USA) throughout anesthesia. Surgery
commenced 45 minutes after the beginning of CRIs
and instrumentation. As part of a different study, at
the end of surgery, treatments were not discontinued

but instead, doses were decreased and administered
for another 4 hours as follows:

e Group FENT: a CRI of 2.5 ug kg ! hour ';

e Group KET: a CRI of 10 pg kg~ ' minute !;

e Group LIDO: a CRI of 25 pg kg~ ! minute ';

e Group DEX: a CRI of 1 pg kg™! hour %

e Group IKD: a CRI of 25 pgkg ! minute !
(LIDO), a CRI of 10 pg kg ' minute! (KET) and a
CRI of 1 pg kg™! hour ! (DEX) in combination;

e Group CONTROL/BUT: a CRI of saline 0.9% at
2 ml kg ! hour .

Postoperative pain scores were evaluated using
four different pain scoring systems and rescue
analgesia was provided with IM and subcutaneous
administration of morphine (0.5 mg kg~ !; Graten;
Pisa Farmaceutica, Mexico) and carprofen
(4 mg kgfl; Rimadyl; Pfizer Animal Health, NY,
USA), respectively. The latter data will be reported
elsewhere.

Monitoring, time points and adjustment of vaporizer
settings

Inspired ISO (Filso) and end-tidal ISO (Fr'Iso) con-
centrations, Pe’'CO, and respiratory rate (fg) were
continuously monitored by sampling from the prox-
imal end of the endotracheal tube (V9400 Capno-
graph Agent monitor; Surgivet, MA, USA). The gas
analyzer was calibrated before starting each exper-
iment with a standard gas mixture provided by the
manufacturer (Agent Calibration kit, Surgivet).

Heart rate (HR) and rhythm were obtained from a
continuous lead II ECG recording. Systolic, mean
and diastolic arterial blood pressures (SAP, MAP and
DAP, respectively) were continuously monitored
(Advisor; Surgivet) from the dorsal pedal artery via
saline-filled tubing connected to a pressure trans-
ducer (BD DTX Plus; Becton Dickinson and Com-
pany). The zero reference point for the pressure
transducer was the level of the thoracic inlet while in
dorsal recumbency. Hemoglobin oxygen saturation
(Sp0O,) was monitored with a pulse oximeter (Advi-
sor; Surgivet) with an infrared sensor attached to the
dog’s tongue. Rectal temperature (RT) was recorded
with a digital thermometer. Arterial blood samples
were collected for blood-gas analysis at 10, 20, and
30 minutes during surgery and 10 minutes after
extubation (POST).

Data were recorded immediately at the beginning
of the skin incision (TO, baseline), and then imme-
diately after celiotomy (T1), during traction and
ligation (just before excision) of the left (T2) and
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right ovary (T3), at the time that the uterus was
clamped for performing the hysterectomy (T4), at
the midpoint of closure of the abdominal wall (T5),
at the midpoint of subcutaneous closure (T6), and at
the midpoint of skin closure (T7).

Surgical depth of anesthesia was assessed using
the absence of palpebral reflex, lack of jaw tone, and
MAP between 60 and 90 mmHg. Higher MAP was
accepted if palpebral reflex and jaw tone were absent
and no response to surgical stimulation was
observed. Decreases in jaw tone were assessed by
attempting to open the jaws wide and estimating the
amount of passive resistance. Palpebral reflexes were
tested by gently tapping the medial canthus of the
eye. Based on clinical signs and autonomic responses
to surgical stimulation, the vaporizer was adjusted
by an anesthetist (EGB) who was blinded to the
treatments. If MAP or HR increased by 20% from
previously recorded values in response to surgical
stimulation at the specified time points, surgery was
stopped and isoflurane administration was
increased. Surgery continued when MAP or HR
values decreased below the initial 20% increment.
Conversely, if MAP or HR values decreased by 20%,
isoflurane administration was decreased. When
MAP decreased to 60 mmHg, 0.9% saline, 5 mL
kg~ !, was infused over 15 minutes.

Surgery time (time from the first incision until
placement of the last suture), anesthesia time (time
from injection of propofol to turning off the vapor-
izer), and time to extubation (time elapsed from
turning off the vaporizer dial until extubation) were
recorded for each dog. Dogs were disconnected from
the rebreathing circuit at extubation. Time to first
head lift, time to accomplish sternal recumbency
(time elapsed from turning off the vaporizer until
sternal recumbency), and time to standing (time
elapsed from turning off the vaporizer until standing
and defined as ability to stay standing at least
10 seconds without assistance) were recorded for
each dog. Extubation was performed once the dogs’
cough reflex or swallowing was evident.

Statistical analysis

A Shapiro-Wilk test was used to analyze data and
normality. Data are reported as mean + standard
deviation (SD) values, except where indicated. To
study temporal changes during anesthesia, a one-
way aNova for repeated measures was performed for
each group followed by Dunnett’s test when appro-
priate. For comparisons between groups, one-way

ANova was performed at each time point followed by
post-hoc Tukey test when appropriate (Graphpad
Software 5.0, CA, USA). Differences were considered
significant at p < 0.05.

Results

Surgery was without complications in all cases and
all dogs were discharged from the hospital
24 hours later. There were no significant differ-
ences among groups for body weight, anesthetic
and surgery times (Table 1). Time to extubation
was shorter in LIDO, and KET and CONTROL/BUT
when compared with FENT, DEX or LKD, and DEX
and LKD, respectively (p < 0.05) (Table 1). Time to
first head lift was longer in LKD when compared
with all other groups (p < 0.05). Time to sternal
recumbency was shorter in LIDO when compared
with FENT, and longer in LKD when compared
with all groups, with the exception of FENT
(p < 0.05). Time to standing was significantly
shorter in LIDO when compared with FENT and
KET, and longer in LKD when compared with all
other groups.

Blood-gas and biochemical variables

Baseline measurements were not significantly differ-
ent among groups for pH, PaCO, Pa0,, HCO;™,
glucose and lactate concentrations (Table 2). Some
differences were found at different time points but all
values were close to baseline values and unlikely to
be of clinical relevance with the exception of glucose
concentrations (Table 2).

At 10 and 30 minutes, and at 20 minutes and
POST, glucose concentrations were higher in DEX
when compared with FENT, LIDO, CONTROL/BUT,
and FENT and LIDO, respectively. At 30 minutes
and POST, glucose was higher in LKD than in LIDO.
Compared with baseline, glucose was significantly
higher in DEX (10, 20, 30 minutes and POST), KET
(30 minutes and POST) and LKD (20, 30 minutes
and POST).

Cardiopulmonary variables

HR was significantly higher at T2 in FENT, LIDO and
DEX, at T3 and T4 in DEX, and at T2 and T3 in
CONTROL/BUT (Table 3). SAP, MAP and DAP were
higher at T2, T3 and T4 when compared with
baseline in CONTROL/BUT. SAP, MAP and DAP
were higher from T2 to T7 when compared with
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Table 1 Body weight, surgery time, anesthetic time and specific recovery times (mean + SD) in isoflurane-anesthetized dogs

undergoing ovariohysterectomy receiving a CRI of fentanyl (loading dose of 5 pg kg™ ! followed by 10 pg kg™ ! hour
FENT), ketamine (loading dose of 1 mg kg~ followed by 40 pg kg™ minute™'; KET), lidocaine (loading dose of 2 mg kg~
followed by 100 pg kg~ minute '; LIDO), dexmedetomidine (loading dose of 1 pg kg~ ! followed by 3 pg kg ! hour %;

—1;
1
1

DEX), a combination of lidocaine-ketamine-dexmedetomidine (LKD) or saline 0.9%/butorphanol (loading dose of
0.4 mg kg~ ' of IV butorphanol followed by a CRI of saline 0.9%; CONTROL/BUT)

Body Surgery Anesthetic Time to Time to first Time to sternal Time to

weight time time extubation head lift recumbency standing
Group (kg) (minutes) (minutes) (minutes) (minutes) (minutes) (minutes)
FENT (n=10) 154 +59 387 +87 858+ 115 12.0 £ 4.9ad 16.1 + 8bed 23.9 £ 10.1 cd 36.5 + 10.2b
KET (n = 8) 157 £+ 47 409 +£7A1 875 + 9.4 7.3 +£27bcd 11.4 + 4.4c 21 + 8.3bcd 40.3 + 13.6bd
LIDO (n = 9) 144 +59 393 +52 857+ 108 6.3 + 1.9bc 9 + 2.1bc 11.3 + 2.8b 221 £ 5.9c
DEX (n = 8) 17 £+ 64 415+76 886 + 123 14 + 4.6a 16.1 £ 5.6bcd  21.3 + 6.3bcd 28.6 + 9.3bc
LKD (n=10) 16 + 4.6 40 +£8.3 90.1 + 121 16.5 + 4.9a 29.6 + 8.4a 37.5 + 10.2a 59.9 + 11.8a
CONTROL/ 152 £6.1 389 +89 869 +097 7.3 + 2.8bcd 9.7 + 3.3bc 14.4 £+ 3.9bc 26 + 5.4bc

BUT (n=9)
a,b,c,d significantly different among groups (p < 0.05).
baseline in all other groups. Two dogs in the DEX . .
Discussion

group developed a second degree atrioventricular
(A-V) block 3—5 minutes after the loading dose.

fr» SpO> and RT were not significantly different
from baseline with any treatment (data not shown).
fr, SpO, and RT values were not significantly
different among groups (p > 0.05). Pe'CO, was
higher in KET and CONTROL/BUT at T2 when
compared to LKD and LIDO, respectively (Table 3)
(p < 0.05). Other significant changes for HR, SAP,
MAP and DAP are reported in Table 3.

Isoflurane requirement

Fr'Iso concentrations were higher at T2 and T3, in
DEX and lower in FENT, KET, LKD at T6 and T7,
respectively, when compared with baseline (Table
4). Overall Fe'Tso, mean 4 SD, and % reduction in
Fe'Tso (ranges) were 1.01 + 0.31/41.6% (0.75 +
0.31/56.6% to 1.12 + 0.80/35.3%, FENT),
1.37 £+ 0.19/20.8% (1.23 £+ 0.14/28.9% to
1.51 +£ 0.22/12.7%, KET), 1.34 + 0.19/22.5%
(1.24 £ 0.19/28.3% to 1.44 + 0.21/16.8%,
LIDO), 1.30 4+ 0.28/24.8% (1.16 + 0.18/32.9%
to 1.43 + 0.32/17.3%, DEX), 0.95 + 0.19/54.9%
(0.7 £ 0.16/59.5% to 1.12 £+ 0.16/35.3%, LKD)
and 1.73 £ 0.18/0.0% (1.64 £+ 0.21 to
1.82 £+ 0.14, CONTROL/BUT). Fe'lso was signifi-
cantly reduced in FENT and LKD at different time
points than other groups. Fe'lso was significantly
higher in CONTROL/BUT than in other groups
throughout surgery.

The results of this study show that, in comparison
with the control group, all treatments were associ-
ated with significant decreases in Fr'Tso, and such
findings were in accordance with the authors’
hypothesis. However, this isoflurane-sparing effect
did not always provide significantly higher blood
pressures during anesthesia and surgery. The opioid
vagal-mediated bradycardia (Steagall et al. 2006)
produced by FENT may have partially prevented a
greater increase in MAP that would be expected with
reduced inhalant anesthetic administration. For any
interpretation of data, one must bear in mind that all
comparisons in this study were made with a group
that had been administered a single dose of butorph-
anol, a drug that produces reduction in the minimum
alveolar concentration of isoflurane (MAC;gp) in dogs
(Ko et al. 2000). However, butorphanol is a short-
acting opioid analgesic (Camargo et al. 2011) and
decreases in isoflurane requirements would be also
short-lived since plasma concentrations of the drug
would be expected to decline over time.

HR was lower in the FENT group compared with
the other groups, with the exception of DEX and
LKD, throughout the surgery. Opioids may induce
an increase in vagal tone leading to bradycardia
(Steagall et al. 2006) and anticholinergic drugs
have been used to prevent or treat opioid-induced
bradycardia (Ilkiw et al. 1993; Dyson & James-
Davies 1999). In this case, an improvement in
arterial blood pressure and HR would have been
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Table 2 Arterial blood variables (mean + SD) recorded in isoflurane-anesthetized dogs undergoing ovariohysterectomy
receiving either a CRI of fentanyl (FENT), ketamine (KET), lidocaine (LIDO), dexmedetomidine (DEX), lidocaine-ketamine-

dexmedetomidine (LKD) or saline 0.9% (CONTROL/BUT). See Table 1 for dosage regimens

Variables Group Baseline 10 minutes 20 minutes 30 minutes Post
pH FENT 7.33 £0.06 7.34 +£0.04 7.31 £ 0.03 7.31 £ 0.03 7.29 + 0.04a
KET 7.38 £ 0.03 7.32+0.05* 7.29 + 0.06a* 7.33 + 0.03* 7.33 £ 0.03
LIDO 7.38 £ 0.02 7.40 + 0.07 7.38 + 0.04b 7.37 £ 0.03 7.39 + 0.04b
DEX 7.39 £ 0.03 7.36 £ 0.04 7.34 + 0.03 7.34 £ 0.03 7.37 £ 0.02b
LKD 7.40 £0.03 7.35+ 0.05 7.33 + 0.04* 7.32 + 0.04* 7.38 + 0.05b
CONTROL/BUT  7.32 £ 0.05 7.32 +£0.08 7.30 + 0.06 7.31 £0.08 7.32 £ 0.05
PaCO, (mmHg and kPa)  FENT 37 + 4.4 37 £ 24 35 + 3.6 34 + 4.4 39 + 4.7abd
5.0 £ 0.6 49+ 0.3 47 + 0.5 46 + 0.6 52 + 0.6
KET 38 + 25 36 + 2.6 38 + 1.1 35+ 2.3 37 + 3.8bc
5.0 + 0.3 47 +£03 5.0+ 0.2 4.7 £ 0.3 49 +05
LIDO 37 £ 4.2 36 + 4.9 37 £ 1.8 34 +£15 46 + 5.5a*
5.0+ 0.6 48 + 0.6 49 +0.2 4.6 + 0.2 6.1+ 0.7
DEX 35+ 2.6 35+ 3.2 33+ 1.9 34 +24 30 + 0.9c*
46 +03 47 £ 04 44 +03 45 +0.3 3.9 £ 0.1
LKD 36 + 4.1 38 + 5.9 37 +£ 3.2 37 + 2.1 36 + 4.5bc
48 + 0.6 51+ 0.8 5.0 + 0.4 49 + 03 4.7 £ 0.6
CONTROL/BUT 37 + 3.1 39 + 49 39 + 1.8a 38 +£ 3.5 37 + 4.1bc
5.0+ 0.4 51+ 0.7 5.3 + 0.2 5.0 + 0.5 49 +£05
PaO, (mmHg and kPa) FENT 98 + 6.5 496 + 73 518 + 69 516 + 78 105 + 12b
13.1 £ 0.9 66.2 + 9.7 69.1 £ 9.2 68.8 + 10.4 14.0 £ 1.6
KET 97 £ 2 569 + 58 567 + 72 587 + 67 99 + 4
129 £ 0.3 758 + 7.8 75.6 + 9.6 78.2 + 9.0 132 +£ 0.6
LIDO 98 + 4 558 + 43 593 + 35 547 + 56 89 + 2a*
13.1 £ 0.5 743 £ 5.7 791 £ 47 73.0 £ 75 119+ 0.2
DEX 96 + 9 557 + 65 532 + 66 561 + 61 111 + 12b*
127 £ 1.2 74.3 £ 8.7 70.9 + 8.8 74.8 + 8.1 149 £ 1.7
LKD 98 +5 532 + 52 577 + 27 557 + 43 99 +9
13.1 £ 0.7 71.0 £ 6.9 76.9 + 3.7 742 £57 182 +1.2
CONTROL/BUT 101 £ 4.7 581 + 69 559 + 73 543 + 68 108 + 9b
13.4 + 0.6 774 £9.2 745 +9.38 72.4 £ 91 144 +1.2
HCO3 ™ (mmol L) FENT 211+ 20 19.2 £ 2.5* 18.7 £ 2.0* 18.7 £ 2.0* 19.1 £ 2.1%
KET 21.7 £ 2.1 19.5 + 2.3* 18.6 + 2.2* 19.1 + 1.6* 19.6 + 1.3*
LID 21.0 £ 1.8 214+ 24 211 £ 21 205+ 1.5 221+ 32
DEX 220+ 1.4 19.9 + 1.7* 19.1 + 1.3* 19.5 + 1.0* 19.9 + 1.1*
LKD 214 £1.7 20.3 £ 26 200 £ 14 20.0 + 1.6 204 £ 1.7
CONTROL/BUT  20.6 + 2.6 20.8 £ 1.8 19.6 + 2.2 18.6 + 2.7* 19.4 £ 1.7
Glucose (mg dL ™) FENT 106 + 17 91 + 15b 98 + 22 cd 113 £+ 22bc 119 £+ 23bc
KET 105 + 14 112 + 10 122 + 10abc 132 + 20abc* 136 + 29*
LIDO 97 + 11 100 + 9b 103 + 10bc 94 + 7c 100 + 10c
DEX 93 + 12 137 + 18a* 155 + 34a* 167 + 22a* 166 + 25a*
LKD 93 +5 112 £ 15 131 £+ 22ab* 141 + 27ab* 149 + 38ab*
CONTROL/BUT 100 + 6 97 + 22b 111 + 5bc 108 + 16bc 119 £ 16
Lactate (mmol L™7) FENT 1.3+ 04 1.4+ 05 1.7 £ 0.7* 1.9 + 0.9* 19 £ 1.1*
KET 1.2+ 02 2.0 £0.7¢ 1.9 + 0.4* 1.9+ 04 1.8+ 04
LIDO 1.0 £ 04 1.5+ 07 1.8 +£0.7 1.7 £ 04 1.2 £ 0.4b
DEX 1.1+ 03 1.6 +£ 0.5* 1.9 + 0.4* 22+ 0.5" 1.9 + 0.5*
LKD 1.2+ 04 14 £ 05 1.6 £ 0.6* 1.7 + 0.6* 1.4 £ 0.6b
CONTROL/BUT 1.5+ 0.6 1.9+ 0.8 23+1.0 23+ 141 2.8 + 1.2a*

*Significantly different from baseline values (p < 0.05). a, b, c, d, e significantly different among groups (p < 0.05).

evident in the opioid-treated group as it has been
observed in the clinical setting (Steagall et al. 2006).
HR was rarely different among FENT, DEX and LKD

604

since a baroreflex physiological bradycardia is
commonly observed after the administration of

dexmedetomidine due to increases in systemic

© 2013 Association of Veterinary Anaesthetists and the American College of Veterinary Anesthesia and Analgesia, 40, 599-609



Balanced anesthesia in dogs during ovariohysterectomy E Gutierrez-Blanco et al.

'(50°0 > d) sdnoib Buowe usieyip Ajueoyiubis @ ‘p 0 ‘q ‘e (G0°0 > d) senjeA auljaseq Woly Juaiayip Apueoyl

€0 F 0'G 20 F 0§ 20 F 0§ 1'0 F 0§ 10 F 6% 20 F 0§ €0 F 61 €0 F 61
92 FeLe L F6LE 9L FeLe 60 F '€ 'L F L'9e BG'L F 6°L€ G2 F 99e 12 F 99€ 1Ng/1041INOD
20F 67 €0 F 6V €0F 6" 20F 6V CTOF LY €0 F 9V €0F LY €0F LY
61 F 69¢ £2F0LE 22 F99¢ 22 F99¢ v'L F 9ge q9'L F SvE 0C F v'se 6’1l F 0Ge aM
€0 F 8V €0 F 8V 20 F 8V €0 F 8V €0 F 8V LOF LY €0 F 9V €0 F LY
22 Feoe SC ¥ 8ge Sl F 66 L' F ¥'9¢ GC ¥ 8¢e L'L F66e €2 F 8 €2C Fgge X3a
2OF LY €0F LY €0 F 67 €0 F 8V €0 F 6V 2OF LY €0F LY €0 F 8V
8l F9ge 02 F v'se 1'2 F ¥'9€ 6'l F09¢ 6l F 19 2q5°L F £'6¢ 02 F L'se 02 F 8'ge oarn
€0F LY 70 F 81 20F 61 20F 0§ €0 F 8V €0 F 61 €0 F 8V €0 F 8V
9¢ F 6Ge 8¢ F L'9g 9L F99¢ €L FeLe SZF L9 oBL'Z F 08 0C F09¢e €¢ F 8ge 13%
20F 6P 20 F 8P LOF LY €0 F LY €0 F LY 20 F 8P €0 F LY 20 F 9P (ed pue
L'l F e L'l Fe9e L'l Fiee 'L F 1'se 6'l F96e L'l F 66 L'z F2se 'L FGve 1IN34 BHwWwW) °00.3d
B6L F LL qlez ¥ 8.2 eglL F 8. WALL F 06 8l F /6 .02 F 001 gz F 0L eglL F 69 1N9/104.LNOO
£1 F 201 £1 F 201 Q021 F 201 L0l F 01 6 F LLL 0l F 601 a8 F 16 oqLL F 68 a1
a2 F 901 By F 0L «4S F 01 BS F 2Ll 9 F oLl .08 F 611 .06 F 68 LL F 6L X3a
0L F /6 0L F 96 0L F 96 «ZL F 001 .9 F 601 8 FELL 2L F98 avl ¥ €8 oar
0l F 66 «L F S6 .8 F 16 WO F 201 .8 F 901 «LLF 201 YL F 9L SLFeL 134
JL F 68 a8l F /8 QeglL F /8 WLL F S6 61 F 901 Byl F 10k eg F 9 pes ¥ 29 1IN34 (BHWwW) dvn
eglL F 19 B0Z F 29 B/l F €9 YL F vL B9l F 28 2 F L8 oqeze F 19 oqe/l F 95 1Ng/109.LNOO
Q0LL F 16 WL F 26 W2l F 26 WALLF L6 6 F €01 <L F 1oL p6 F €8 PLL F 6L a1
a2 F ¥6 20y F 26 L9009 F G6 208 F 201 .99 F 201 .6 F 0L D21 F 8L ogL F L9 X3a
(L F S8 WL F L8 P26 F 98 £1 F 06 6 F L6 «6 F 201 agl F 6/ aLl ¥ 6. oarn
0L F 68 WL F €8 .PoaL F €8 WALL F S6 .9 F G6 .8 F 96 vLF /9 9l F 59 13M
WDBEL F €L Pe6L F €/ W£PeEL F 2L WPOL F 8L (2 F €6 B8l F 68 B0l F IS BL F LY 1IN3d (BHWwW) dva
BGZ F /6 B0Z F 16 gzz ¥ 00l «22 F GlLL (2 F ozt 22 F sel 12 F 68 9l ¥ 98 1Ng/1041INOD
WL F 0zt L0051 F 611 JLFLLL L F el .6 F 921 0L F vel g6 F 901 qLlL F v0L aM
ALLF L2k .6 F 921 B9 F G2l .6 F €L L F pEL .8 F sel qLl F 901 qol ¥ 001 X3a
L FOLL £ F Ll 2L FyLL 8 F Gl 9 F Gzl 0L F 2el qLlL ¥ 1oL qgl ¥ 201 oar
&L F oLl 8 F vl 0L F 2Ll WL F G2l WSLF 9zl L1 F pel vl F 26 9 ¥ 88 139
OByl F GOL WOBLL F €01 vk F €01 ZBLLFELL .81 F gzl LLFLLL eg F 18 €8 F 6/ 1IN34 (BHWwW) dvs
qe6l F 0L elZ F 601 eglL F yLL B F GLL BSL T 621 B0l F 62k eglL F ¥0I B F 0L 1Ng/1041INOD
oL F 2L 8q9l F v/ 2021 F 8L oqzL F 08 2091 F S8 oyl F 28 a9l ¥ 9/ qsl ¥ 8. aM
oqegl F 6. pasL F L 2902 F 6. Po6L F 98 0avg F 06 .opoqle F 26 2q/L F 2L oyl F 1L X3a
paegl F 66 oqesL F /6 qeyl ¥ 86 oezZL F 66 oezl F 601 288l F 8l egL F L0k e0Z F 904 oar
8pSL F LLL LOegl F 201 qeez F 00} pe/L ¥ 601 oegl F 80l «OBEZ F GLL B0Z F L0} B0z F S0 139
291 F LS 8p9lL F 6§ 291 F 6§ qLz ¥ 19 qee F 99 POvZ F €L 2901 F 95 201 F 95 1IN34 (1—8Inulw syeaq) YH
L1 9L Gl an €L zlL L1 oL dnoiy so|qeLeA
sjulod swi ]

SUIWIZAT 93esOp 10] T d[qR], 998 *(LNF/TOMINOD) [oueydiomq,%6"( dules 10 (()T) dUIPIWOIIPIWKIP-dUUIR]SY-IUTLIOPT] (XH(T) SUIPIUOIOPIWXIP

{(Odr1) 2ureosopr] ‘(IAM) ourwe)dy ‘(LNHI) [Auejusj jo 1D & Ioy3e SuIA10001 Awo}oae)sAyorreso gurogiopun s30p paznoyisoue-auBIN[OSI Ul papIodal ((IS F ULdW) SO[qeLIEA € 9[qel,

605

© 2013 Association of Veterinary Anaesthetists and the American College of Veterinary Anesthesia and Analgesia, 40, 599-609



Balanced anesthesia in dogs during ovariohysterectomy E Gutierrez-Blanco et al.

Table 4 Fr'Iso (mean + SD) recorded in isoflurane-anesthetized dogs undergoing ovariohysterectomy receiving either a CRI of fentanyl (FENT), ketamine (KET), lidocaine (LIDO),

dexmedetomidine (DEX), lidocaine-ketamine-dexmedetomidine (LKD) or saline 0.9% - butorphanol (CONTROL/BUT)

606

Time points

T7

T6

T5

T4

T3

T2

T

T0

Group

0.75 + 0.31be*
1.24 + 0.17cd*
1.24 + 0.19cd
1.21 £ 0.26¢

0.70 + 0.16b*

0.86 + 0.28be*
1.23 £ 0.14cd*
1.26 + 0.16cd

1.25 + 0.27¢

1.01 + 0.34bc
1.32 £ 0.15ac
1.27 + 0.19cd
1.35 + 0.31ac
0.91 + 0.24b

1.69 + 0.19a

1.05 + 0.33bc
1.37 £ 0.15ac
1.32 + 0.23abc
1.38 £+ 0.32ac

0.98 + 0.24b

1.06 + 0.36bd
1.51 £ 0.22ac
1.42 + 0.25acd
1.43 £ 0.32ad*
1.02 + 0.22b

1.82 £ 0.14a

1.12 £+ 0.37b

1.42 £ 0.23
1.44 £ 0.21

1.12 + 0.28bd
1.44 £ 0.21ac
1.38 + 0.17cd
1.16 £+ 0.18cd

1.00 + 0.16b

1.10 £ 0.24bd
1.43 + 0.20ac
1.35 + 0.14cd
1.16 + 0.26cd
1.01 + 0.16b

1.74 £ 0.18a

FENT
KET

LIDO
DEX
LKD

1.43 + 0.34*

0.83 + 0.22b*

1.12 £+ 0.16b
1.80 + 0.18a

1.65 + 0.20a

1.64 £ 0.21a

1.74 £ 0.19a

1.73 £ 0.19a

CONTROL/BUT

*Significantly different from baseline values (T0) within the group (p < 0.05). "4 significantly different among groups (p < 0.05).

vascular resistance resulting from an alpha,-medi-
ated vasoconstriction in the peripheral blood vessels
(Pascoe et al. 2006). Based on previous studies of
the cardiovascular effects of dexmedetomidine
(Congdon et al. 2013), it is likely that its adminis-
tration (DEX and LKD groups) increased systemic
vascular resistance that would have countered the
isoflurane-induced vasodilation.

Short acting opioids such as FENT, a synthetic p
(OP3) agonist, have been used to improve analgesia
during general anesthesia while providing inhalant
anesthetic-sparing effects. Fentanyl has been associ-
ated with good hemodynamic stability, although
bradycardia and mild respiratory depression have
been reported in dogs (Sano et al. 2006). In a recent
study in dogs, MAC;go was decreased by 35% after a
loading dose of fentanyl (5 pg kg™') followed by a
CRI of 9 pg kg ! hour ' (Ueyama et al. 2009).
These findings are consistent with our study, where
at similar doses, a 41.6% overall reduction in ISO
requirements was observed. In dogs undergoing
unilateral mastectomy, decreases in ISO require-
ments ranged from 54 to 66% after a CRI of
30 pg kg ! hour ! of FENT, a three-fold dosage
increase in comparison with the current study
(Steagall et al. 2006). In the authors’ experience,
the doses reported here are commonly used during
general anesthesia in the canine patient. [SO-sparing
effects could have been greater with higher doses of
fentanyl, or if used in high-risk patients, or when
other anesthetics or analgesics are combined (Tlkiw
et al. 1993).

Dexmedetomidine is the most selective alpha,
agonist that is commonly used in small animal
anesthesia because of its sedative, anxiolytic and
analgesic effects (Khan et al. 1999a; Lin et al. 2008;
Uilenreef et al. 2008). It is also used to reduce the
dose rates of other anesthetic agents administered for
induction and maintenance of general anesthesia
(Khan et al. 1999b; Uilenreef et al. 2008). In the
present study, DEX decreased Fr'Iso by a similar
magnitude previously measured in dogs (Pascoe
et al. 2006; Campagnol et al. 2007; Uilenreef et al.
2008). However, it is clear that ISO-sparing effects
were not as great as previously demonstrated (Pascoe
et al. 2006; Campagnol et al. 2007; Uilenreef et al.
2008). This may have been related to the doses
employed here, but also because comparisons were
made with a control group receiving butorphanol; an
agonist at k (OP1) and antagonist at i (OP3) opioid
receptors that has been shown to decrease the
MACsso by 20.3 £ 12.9% (Ko et al. 2000).
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Alpha, agonists have been documented to pro-
duce transient hyperglycemia resulting from alpha,-
receptor-mediated inhibition of insulin release from
beta cells (Khan et al. 1999a; Pawson 2008) and,
therefore, it was not surprising that glucose concen-
trations were higher in groups LKD and DEX.

Lidocaine is an amide local anesthetic that has
been used as an adjunct of general anesthesia in dogs
(Valverde et al. 2004; Wilson et al. 2008). It reduces
the MAC of volatile anesthetics in a dose-dependent
manner, and without significant cardiovascular
changes (Valverde et al. 2004; Wilson et al. 2008).
When LIDO was administered to dogs (loading dose of
2 mg kg~! followed by a CRI of 50 pg kg~' min-
ute 1), it decreased MACgo by 18.7% (Valverde et al.
2004), whereas a 29% reduction was obtained at the
same CRI dose even without a loading dose (Muir
et al. 2003). In the present study, a reduction of
22.5% (range, 16.8 to 28.3%) in ISO requirement
was recorded after a loading dose of 2 mg kg !
followed by a CRI of 100 pg kg~ minute ! which
was quite similar to the MAC studies (Muir et al.
2003; Valverde et al. 2004).

Ketamine is a dissociative anesthetic agent with
N-methyl-D-aspartate (NMDA) antagonistic proper-
ties that has been used to produce ISO-sparing
effects and postoperative analgesia (Wagner et al.
2002). It has been demonstrated that a KET CRI
reduces the MAC;go in a dose-dependent fashion
(Muir et al. 2003; Solano et al. 2006; Wilson et al.
2008). In the absence of a loading dose, a
10 pg kg~ ! minute ™! dose of ketamine reduced
the MACisp by 25% (Muir et al. 2003). Another
study using target-controlled infusion documented
MACgo reduction from 10.9 to 39.5% in dogs
(Solano et al. 2006), similar to the 12.7 to 28.9%
reduction in Fe'Tso in this study. Since lidocaine
and ketamine have been shown to produce a dose-
dependent reduction in MACgo (Valverde et al.
2004; Solano et al. 2006), it is clear that higher
doses of both drugs could have produced greater
ISO-sparing effects. This study could not demon-
strate that a significant reduction in ISO require-
ments in LIDO or KET was associated with a
significantly higher blood pressure during surgery
when compared with CONTROL/BUT. Lidocaine
and ketamine CRIs may provide other benefits like
sedation, analgesia or antihyperalgesia in dogs
undergoing surgery that the current study design
was not able to demonstrate. In addition, recovery
times were shorter in these groups when compared
with FENT, DEX and/or LKD.

To the authors’ knowledge there is no published
data about the use of LKD in dogs. In the study
presented here, the combination LKD resulted in
greater ISO-sparing effects than LIDO, KET and DEX,
although to a lesser extent than the sum of the three
treatments. An additive effect may result from this
protocol due to their different mechanisms of action
in the nociceptive pathway (Hendrickx et al. 2008).
LIDO is a typical sodium channel blocker that
reduces the inhalant MAC by means of its sedative
and analgesics effects due to unclear mechanisms
(Frolich et al. 2010). Ketamine is a dissociative
anesthetic and NMDA receptor antagonist that may
prevent central sensitization, opioid-induced hyper-
algesia, dependence and tolerance from occurring
(Pozzi et al. 2006). Dexmedetomidine is an alpha,
adrenoreceptor agonist that induces sedation and
analgesia by activation of alpha, adrenoreceptors in
the central nervous system and in the dorsal horn of
the spinal cord (Murrell & Hellebrekers 2005). This
may explain the profound reduction in Fe'Tso (54.9%
and 35.3-59.5%, mean and range, respectively)
after LKD in comparison with CONTROL/BUT, KET,
LIDO, and at some time points, with DEX. This
combination may be useful where opioids are
unavailable, however the cardiovascular effects after
LKD were similar to DEX. Recovery times (time to
extubation, time to first head lift, time to sternal
recumbency and time to standing) were longer in
DEX and LKD than in other treated groups. In the
clinical setting, this may be prevented by the
administration of an alpha, adrenoreceptor antag-
onist to antagonize the sedative and cardiovascular
effects of dexmedetomidine.

With the exception of LKD and LIDO, there was a
significant HR increase at T2 in all groups when
compared with baseline. This could be due to intense
surgical stimulation and autonomic nervous system
activation when traction and ligation of the ovaries
were performed. The CONTROL/BUT required the
highest concentrations of ISO to suppress such
stimulus, accompanied by decreases in arterial blood
pressure most likely mediated by isoflurane-induced
vasodilation. This study confirmed that the addition
of other anesthetic agents administered by CRI
decreased Fr'Tso and was accompanied by varying
degrees of increased arterial blood pressure.

Conclusion and clinical relevance

At the doses administered, FENT and LKD resulted in
greater ISO-sparing effect than did LIDO, KET or
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CONTROL/BUT, although this was not observed at
all time points. It appeared that the low HR induced
by FENT may have contributed to lower arterial
pressure than expected from reduced Fr'Tso.
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