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Abstract Results At 5 minutes after IV administration of
Objective To assess the temporal effects of a single
fentanyl intravenous (IV) bolus on the minimum
anesthetic concentration (MAC) of isoflurane in
chickens and to evaluate the effects of this com-
bination on heart rate (HR) and rhythm, systemic
arterial pressures (sAP) and ventilation.

Study design Prospective experimental trial.

Animals Seventeen adult chickens weighing
1.8± 0.2 kg.

Methods Individual isoflurane MAC for 17
chickens was previously determined using the
bracketing method. Chickens were anesthetized
with isoflurane to evaluate the effects of a single IV
fentanyl bolus (10 or 30 mg kg�1) on isoflurane
MAC over time using the up-and-down method.
Ventilation was controlled. The isoflurane MAC
reduction was estimated by logistic regression at 5
and 15 minutes after fentanyl administration. In
the second phase, seven chickens were anes-
thetized with isoflurane, and fentanyl was admin-
istered (30 mg kg�1) IV over 1 minute during
spontaneous ventilation and HR and rhythm, sAP
and ventilation variables were measured.
546
fentanyl (10 or 30 mg kg�1), isoflurane MAC was
significantly reduced by 17.6% (6.1e29.1%) [lo-
gistic regression estimate (95% Wald confidence
interval)] and 42.6% (13.3e71.9%), respectively.
Isoflurane MAC reduction at 15 minutes after IV
administration of fentanyl (10 or 30 mg kg�1) was
6.2% (�0.6 to 12.9%) and 13.2% (�0.9 to
27.3%), respectively; however, this reduction was
not significant. No clinically significant cardiopul-
monary changes or arrhythmias were detected
after the administration of fentanyl (30 mg kg�1).

Conclusions and clinical relevance Administra-
tion of a single fentanyl bolus induced a dose-
dependent and short-lasting reduction in iso-
flurane MAC. The higher dose induced no signifi-
cant cardiopulmonary depression in isoflurane-
anesthetized chickens during spontaneous venti-
lation. In chickens anesthetized with isoflurane,
the clinical usefulness of a single fentanyl bolus is
limited by its short duration of effect.

Keywords balanced anesthesia, birds, fentanyl,
inhalation anesthesia, opioids, ventilation.
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Introduction

Isoflurane is the most commonly used inhalation
anesthetic agent in birds owing to its low bloodegas
partition coefficient, which allows both rapid induc-
tion of, and recovery from, anesthesia and also
because its elimination is not dependent on metabolic
or excretory pathways (Ludders 2015). Concomitant
administration of injectable and inhalation anes-
thetics may reduce the dose of inhalation agent
required, resulting in not only less cardiopulmonary
depression but also possible blunting of the sympa-
thetic response to stimulation during surgery (Gunkel
& Lafortune 2005).
Morphine decreased the minimum anesthetic

concentration (MAC) of isoflurane by 52% in
chickens (Concannon et al. 1995), and butorphanol
reduced the isoflurane MAC in cockatoos by 25%
(Curro et al. 1994). However, neither study evalu-
ated the temporal effect of the opioid administration
on isoflurane MAC. The duration of the anesthetic-
sparing effect of opioids during inhalation anes-
thesia in birds is reported to be short. In the guinea-
fowl, intravenous (IV) administration of butorphanol
(4 mg kg�1) reduced the sevoflurane MAC at 15 and
30 minutes by 21% and 11%, respectively (Escobar
et al. 2012); however, this dosage was considered
unsafe (Escobar et al. 2014). Intramuscular (IM)
administration of morphine (3 or 6 mg kg�1) in
chickens reduced the isoflurane MAC at 15 minutes
by 15% and 22%, respectively (Vela et al. 2014).
Methadone (6 mg kg�1) IM decreased isoflurane
MAC by 30% at 15 minutes after administration in
chickens; however, the effect was gone by 30minutes
(Escobar et al. 2016).
Fentanyl is a m-opioid agonist with a short onset

and duration of effect when administered as a single
IV bolus (Kukanich & Wiese 2015). The results of a
study of target-controlled infusions of fentanyl on
isoflurane MAC in red-tailed hawks identified a
plasma concentration-dependent reduction in MAC
of up to 55% (Pavez et al. 2011). That study main-
tained constant plasma fentanyl concentrations;
thus, the temporal effects of a bolus of fentanyl on
isoflurane MAC were not examined.
The purpose of this study was to evaluate the

temporal effects of an IV fentanyl bolus on isoflurane
MAC in chickens and to measure selected cardio-
pulmonary variables. We hypothesized that a single
bolus of fentanyl would induce a dose-dependent
reduction in isoflurane MAC for a minimum of
15 minutes in chickens. We also hypothesized that
© 2017 Association of Veterinary Anaesthetists and American College
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the combination of fentanyl and isoflurane would not
result in a greater cardiopulmonary depression when
compared with an equipotent isoflurane
concentration.

Material and methods

This study was approved by the Institutional Animal
Care and Use Committee of the School of Agricultural
and Veterinarian Sciences, S~ao Paulo State University
(no. 008078/13).

First phase: effects of fentanyl administration on

the isoflurane MAC

Animals

Seventeen ISA Brown laying chickens, aged
8e13 months and weighing 1.8 ± 0.2 kg [mean± -
standard deviation (SD)], were used in the study.
Birds were maintained in a stall (3� 3� 4 m) and
poultry feed and water were available ad libitum. All
animals were dewormed with piperazine citrate tet-
rahydrate (Proverme; Tortuga Cia Zoot�ecnica Agr�a-
ria, Brazil), and only birds considered healthy after
physical examination, complete blood count, uric
acid, and aspartate aminotransferase tests were
included in the study. Animals were not fasted before
anesthesia. Time allowed between successive experi-
ments was � 1 week.

Anesthesia and instrumentation

Chickens were physically restrained and anesthesia
was induced with isoflurane in oxygen (Isoforine;
Crist�alia Produtos Químicos e Farmacêuticos Ltda,
Brazil) delivered from a precision vaporizer (Iso-
flurane Sigma Delta Vaporizer; Penlon Inc., MN,
USA) through a face mask connected to a Bain cir-
cuit. The vaporizer setting was 5% and oxygen flow
was 3 L minute�1 for the induction of anesthesia.
When muscle tone and palpebral reflex were lost, a
3.0 mm endotracheal tube was inserted into the
trachea, the cuff was left deflated and isoflurane
administration decreased to a vaporizer setting of 2%
and oxygen 1 L minute�1. Birds were positioned in
dorsal recumbency and intermittent positive pressure
ventilation (HB Conquest 2003; Hospitalar Indústria
e Com�ercio Ltda, Brazil) was initiated, with a respi-
ratory rate (fR) of 8e12 cycles minute�1, a maximum
peak inspiratory pressure (PIP) of 15 cm H2O, and an
inspiration:expiration ratio of 1:3. fR and PIP were
adjusted to maintain an end-tidal partial pressure of
carbon dioxide (PE0CO2) of 30e40 mmHg
of Veterinary Anesthesia and Analgesia. Published by 547
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(4.0e5.3 kPa). End-tidal gas samples were collected
during 7e10 breaths using a glass syringe and a 3.5
Fr catheter (Tom Cat 3.5 Fr; Ortovet Produtos Vet-
erinarios, Brazil) introduced within the lumen of the
endotracheal tube, with the tip of the catheter close
to the distal end of the endotracheal tube. PE0CO2 and
end-tidal isoflurane concentration (FE0Iso) were
measured using an infrared spectrophotometer
(Infra-red gas analyzer DX-AJAGA-1 (AGA); Dixtal,
Brazil). The spectrophotometer was calibrated daily
using room air and three standards of known iso-
flurane concentrations (0.5%, 1.5% and 3.0%) (Iso-
flurane, N2, O2; White Martins Gases Industriais SA,
Brazil). Values measured by the spectrophotometer
were corrected by means of linear regression based on
the calibration values (Rudolff et al. 2014).
The ulnar vein was catheterized with a 24 gauge,

19 mm catheter (BD Angiocath; BD, Brazil) for the
infusion of fentanyl (Fentanest; Crist�alia Produtos
Químicos e Farmacêuticos Ltda) and NaCl 0.9%
(5 mL kg�1 hour�1) using a syringe infusion pump
(Medfusion 2010i; Medex Inc., GA, USA). A pulse
oximeter sensor (Dixtal 2010; Dixtal Biom�edica
Indústria e Com�ercio Ltda, Brazil) was positioned over
one of the digits of the bird to determine the pulse rate
(PR). Noninvasive systolic arterial pressure (SAP)
was measured by a Doppler ultrasound probe (model
812; Parks Medical Electronics Inc., Brazil) placed
over the median metatarsal artery and a cuff around
the thigh with a width of 40e50% of the circum-
ference. A mercury thermometer was used to mea-
sure the cloacal temperature (T) (Veterinary
Thermometer; Incoterm, Brazil). Body temperature
was maintained at 40e41 �C with a heat lamp, hot
water blanket (T/Pump; Gaymar Industries Inc., NY,
USA) and procedure gloves filled with hot water.
These variables were measured immediately before
each electrical stimulus.

Determination of isoflurane MAC

The individual isoflurane MAC of 13 chickens had
been previously determined in triplicate using the
bracketing method and electrical stimulation
(Escobar et al. 2016). The MAC of isoflurane was
determined in four additional chickens.
In these four animals, FE0Iso was adjusted to 1.2%

and kept constant for 15 minutes before stimulation.
Two needles were inserted into the subcutaneous
tissue of the medial aspect of the thigh and connected
to an electrical stimulator (SD9 square pulse stimu-
lator; Astro-Med Inc., RI, USA). An electrical stimulus
© 2017 Association of Veterinary Anaesthetists and Amer548
(15 V, 50 Hz, 6.5 ms) was applied for 1 minute or
until a positive response was observed, whichever
occurred first (Laster et al. 1993). A positive response
was defined as movement, such as beating of wings,
or movement of the contralateral leg, head or tail.
Subsequently, FE0Iso increased or decreased by 10%,
after a positive or negative response was observed,
respectively. The stimulation was repeated 15 mi-
nutes after FE0Iso was changed. The MAC was defined
as the average of two consecutive values of FE0Iso that
allowed and prevented movement and was deter-
mined in triplicate. Because the study was conducted
at an altitude of 605 m, each bird’s isoflurane MAC
was corrected to atmospheric pressure at sea level
using the following equation: MAC (%) at sea
level¼ Individual MAC (%) � (716/760).
For these four birds, the effect of fentanyl on iso-

flurane MAC was assessed immediately after iso-
flurane MAC determination.

Fentanyl effect on the isoflurane MAC

The effect of a single fentanyl bolus on isoflurane
MAC was assessed using the up-and-down method
(Dixon 1965). This method provides an estimate of
isoflurane MAC reduction at predetermined time
points in a population of animals. The response
(movement or no movement) of each animal at a
single isoflurane concentration was assessed at
different times after fentanyl administration and
analyzed by logistic regression to estimate the iso-
flurane MAC (50% probability of movement).
FE0Iso was set at 0.8 individual MAC (20% decrease

in MAC) for the first bird, and 15 minutes were
allowed for equilibration. Expired gas samples were
collected in triplicate for FE0Iso determination, and the
mean value was recorded. After recording PR, SAP
and T, fentanyl (10 mg kg�1) was administered over 1
minute into the ulnar vein by syringe infusion pump
(Medfusion 2010i; Medex Inc.). After 4 minutes, PR,
PE0CO2, SAP and T were recorded. At 5 minutes after
fentanyl administration, an electrical stimulus was
applied as previously described. If the animal did not
move after the first stimulus, it was assumed that the
anesthetic effects of isoflurane-fentanyl were >1.0
MAC. The electrical stimulus was repeated at 15
minutes after administration of fentanyl and then
every 15 minutes until a positive response was
observed, at which time it was assumed that the ef-
fects of isoflurane-fentanyl were <1.0 MAC. Anes-
thesia was discontinued when movement was
observed, and the bird was allowed to recover from
ican College of Veterinary Anesthesia and Analgesia. Published by
Elsevier Ltd. All rights reserved., 44, 546e554
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anesthesia. For statistical analysis, it was assumed
that the bird would move at subsequent time points.
Subsequently, FE0Iso for each bird was administered
according to the response of the previous bird. Thus, if
the previous bird moved in response to the electrical
stimulus at 5 minutes after fentanyl administration,
FE0Iso in the next bird was increased by
0.1 � individual MAC (i.e. to 0.9 � MAC).
Conversely, if the previous bird did not move in
response to the electrical stimulus, FE0Iso was
decreased by 0.1 � individual MAC (i.e. to 0.7 �
MAC). The study was continued until at least four
independent crossovers were observed at 5 minutes
after fentanyl administration and at least three
crossovers were observed at 15minutes after fentanyl
administration. Birds in which FE0Iso was
1.0 � isoflurane MAC were only tested 5 minutes
after fentanyl administration. Because the probability
of movement at 1.0 � MAC is 50%, i.e., if the stim-
ulation is repeated, the response is likely to change;
for statistical analysis, it was assumed that the same
response would be observed at the subsequent times.
After a washout period of 1 week, chickens were

anesthetized a second time using the same methods
to assess the effects of fentanyl (30 mg kg�1) admin-
istered IV on isoflurane MAC.

Data collected

Additional data were collected during the study:
anesthesia induction time (time from start of
administration of isoflurane to tracheal intubation),
instrumentation time (time from tracheal intubation
to complete placement of the monitoring equipment),
study time (time from the injection of fentanyl to the
end of anesthetic administration), time to extubation
(time from the end of anesthetic administration to
endotracheal tube removal) and time to stand (time
from the end of anesthetic administration to a
standing position).

Statistical analyses

The physiological variables were tested for normality
using the ShapiroeWilk test. Normally distributed
data were evaluated using a one-way analysis of
variance (ANOVA), followed by Tukey's test. Time to
extubation and time to stand for animals adminis-
tered fentanyl (10 or 30 mg kg�1) were compared
using the unpaired t test or the ManneWhitney test if
the data were normally distributed or not, respec-
tively. Tests were considered significant when
p< 0.05.
© 2017 Association of Veterinary Anaesthetists and American College
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To calculate the isoflurane MAC reduction after
administration of fentanyl, isoflurane MAC
reduction-response data at each time point were
analyzed by logistic regression. The isoflurane MAC
reduction at the time point considered was defined as
the MAC reduction resulting in a 50% probability of
movement. The 95% Wald confidence interval was
calculated and the reduction of MAC was considered
statistically significant if the lower limit of the 95%
confidence interval was positive. MAC reduction data
are reported as estimate (95% Wald confidence in-
terval). Statistical analysis was performed using the
SigmaPlot, Version 11.0 (Systat Software, CA, USA)
and JMP Pro Version 12.2 (SAS Institute, NC, USA).

Second phase: cardiopulmonary response after

fentanyl administration

Animals

Seven chickens used in the first phase were randomly
selected. Birds were aged 11 months and weighed
1.8± 0.2 kg.

Anesthesia and instrumentation

Anesthesia was induced, as described for the first
phase. Birds remained in dorsal recumbency,
breathing spontaneously, and FE0Iso was adjusted to
1.0 � MAC. fR, PE0CO2 and FE0Iso were measured
(Infra-red gas analyzer DX-AJAGA-1 (AGA); Dixtal ).
Gas samples for PE0CO2 and FE0Iso measurement were
collected and the spectrophotometer was calibrated,
as described in the first phase.
The ulnar vein was catheterized for fluid adminis-

tration. A 24 gauge, 19 mm catheter (BD Angiocath;
BD) was inserted in the ulnar artery for blood pres-
sure measurement using a pressure transducer,
which was positioned and zeroed at the level of the
heart, and connected to a multiparameter monitor
(Dixtal 2010; Dixtal Biom�edica Indústria e Com�ercio
Ltda). Arterial blood samples (0.5 mL) were collected
using syringes containing sodium heparin (Hemofol;
Crist�alia Produtos Químicos e Farmacêuticos Ltda) for
blood gas and electrolyte measurement (Omni C;
Roche Diagnostics, Brazil), and values were corrected
for body temperature. Electrodes were placed on both
wings and legs, and the lead II electrocardiogram
(ECG) was recorded (ECGPC; Tecnologia Electrônica
Brasileira Ltda, Brazil) during the study. Temperature
was measured and controlled as described in the first
phase.
of Veterinary Anesthesia and Analgesia. Published by 549
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Evaluation of physiologic variables

At the end of instrumentation, heart rate (HR), fR,
PE0CO2, invasive SAP, diastolic arterial pressure
(DAP) and mean (MAP) arterial pressure were
measured when birds were anesthetized with
1.0 � individual isoflurane MAC (time point
T1.0MAC). Arterial pH, partial pressure of oxygen
(PaO2), partial pressure of carbon dioxide (PaCO2),
bicarbonate concentration (HCO3

�), base excess (BE)
and concentrations of sodium, chloride and ionized
calcium were measured. The FE0Iso was decreased to
0.8 � individual MAC and measurements were made
15 minutes later (time point T0.8MAC). Subse-
quently, fentanyl (30 mg kg�1) was administered IV
over 1 minute using a syringe infusion pump, and
cardiopulmonary variables were measured at 1, 5,
10, 15 and 30 minutes. pH, PaO2, PaCO2 and elec-
trolyte concentrations were measured at T1.0MAC,
T0.8MAC, and at T5, T15, and T30 minutes after
administration of fentanyl.

Statistical analyses

The physiological variables were tested for normality
using the ShapiroeWilk test. Data at different times
Figure 1 MAC reduction obtained by logistic regression (line)
administration of 10 mg kg�1 or 30 mg kg�1 of fentanyl in isoflur
concentrations, computed as MAC reduction. Data at (a) 5 and (b
Data at (c) 5 and (d) 15 minutes after IV fentanyl administrati
confidence interval, and the MAC reduction at the respective tim
50% probability of movement. Note that some data points are s
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after fentanyl administration were compared with
T1.0MAC. Normally distributed data were analyzed
by the one-way repeated measures ANOVA followed by
Dunnett’s test and were reported as mean± SD. Tests
were considered significant when p < 0.05. Statistical
analyses were performed with the assistance of Sig-
maPlot Version 11.0 (Systat Software).

Results

First phase

Individual isoflurane MAC was determined in three of
the four birds in which it had not previously been
determined. Mean± SD isoflurane MAC for the three
birds was 1.1± 0.1%. The fourth bird simultaneously
extubated itself and regurgitated and aspirated
gastric content during MAC determination, resulting
in death. No adverse effects were noted during and
after fentanyl administration. At 5 and 15 minutes
after fentanyl (10 mg kg�1) administration, isoflurane
MAC was reduced by 17.6% (6.1e29.1%) and 6.2%
(e0.6 to 12.9%), respectively (Figs 1a & b). Twelve
birds were used to study this dose, and six moved at 5
minutes after fentanyl administration. Two birds
were anesthetized at 1.0 MAC, and the study
of observed response (closed circles) after intravenous (IV)
ane-anesthetized chickens with different end-tidal isoflurane
) 15 minutes after IV fentanyl administration of 10 mg kg�1.
on of 30 mg kg�1. The error bar represents the 95% Wald
e points is considered to be the MAC reduction resulting in a
uperimposed.

ican College of Veterinary Anesthesia and Analgesia. Published by
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terminated for them at 5 minutes after the injection
of fentanyl. At 15 minutes after fentanyl adminis-
tration, three of the four remaining birds moved, and
the remaining bird moved only at 30 minutes after
fentanyl administration.
Fentanyl (30 mg kg�1) reduced isoflurane MAC by

42.6% (13.3e71.9%) and 13.2% (�0.9 to 27.3%) at
5 and 15 minutes after administration, respectively
(Figs 1c & d). Of the 16 birds, 7 moved 5 minutes
after fentanyl injection. One bird was anesthetized
with 1.0 isoflurane MAC, and the study terminated at
5 minutes after injection. Six birds moved at 15 mi-
nutes and two birds at 30 minutes after fentanyl
administration.
Most physiological data after the administration of

the two fentanyl doses were normally distributed
(Table 1). The recorded variables in chickens sub-
jected to the two fentanyl dose rate experiments were
not significantly different between doses.
Times are expressed as median (range). Induction

time for all anesthetic episodes was 2 (1e13) minutes
and instrumentation time was 10 (7e14) minutes.
The study times for fentanyl doses 10 or 30 mg kg�1

were 16 (6e36) and 15 (6e32) minutes, respec-
tively (p¼ 0.468). Times to extubation were 4
(1e14) and 5 (1e18) minutes for birds administered
fentanyl at 10 or 30 mg kg�1, respectively
(p¼ 0.291). Times to standing were 15 (7e47) and
11 (3e24) minutes after administration of fentanyl
at 10 or 30 mg kg�1, respectively, significantly longer
for birds administered the lower dose (p¼ 0.030).

Second phase

Instrumentation time was 43± 19 minutes. All car-
diopulmonary values, blood gases and electrolyte
concentrations were considered normally distributed.
PE0CO2 was increased at T0.8MAC, T15 and T30
Table 1 Mean± standard deviation for pulse rate (PR), non
pressure of carbon dioxide (PE0CO2) and cloacal temperature (T
fentanyl (10 or 30 mg kg�1) in chickens anesthetized with dif

Variable Fentanyl 10 mg kg¡1

5 minutes (n¼ 12) 15 minutes

PR (beats minute�1) 217± 75 218± 74
SAP (mmHg) 90± 16 80± 14
PE0CO2 (mmHg) 33± 6 30± 9
PE0CO2 (kPa) 4.4± 0.8 4.0± 1.2
T (�C) 40.6± 0.4 40.6± 0.1

n, number of chickens.

© 2017 Association of Veterinary Anaesthetists and American College
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compared with that at T1.0MAC (p¼ 0.008)
(Table 2). PaCO2 values were significantly higher at
T15 and T30 (p¼ 0.029) than at T1.0MAC. HR, fR,
SAP, DAP, MAP, T, arterial pH, PaO2, HCO3

�, BE and
electrolytes after fentanyl administration did not
differ from T1.0MAC (Table 2). No arrhythmias were
observed before or after fentanyl administration.

Discussion

The present study reports that the administration of a
fentanyl bolus dose-dependently reduces the iso-
flurane MAC in chickens for<15minutes. The higher
dose tested reduced isoflurane MAC by 43%, which
was similar to another study involving red-tailed
hawks, in which isoflurane MAC reduction ranged
from 31% to 55% after fentanyl target-controlled
infusions (Pavez et al. 2011). However, neither dose
of fentanyl studied caused significant reduction in
isoflurane MAC at 15 minutes after administration.
The bracketing method was used to determine the

MAC of isoflurane in each bird, while the up-and-
down method was used to evaluate the temporal ef-
fects of fentanyl on isoflurane MAC. Quantal analysis
was used to evaluate the probability of movement of
the population of chickens at specific time points,
presuming that fentanyl concentration was similar
among the birds. The bracketing method does not
allow the determination of MAC at specific time
points because the time to perform the study is
generally long and unpredictable.
One study in red-tailed hawks evaluated the effect

of three plasma fentanyl concentrations on isoflurane
MAC using target-controlled infusions to maintain
plasma fentanyl concentration constant during the
study. The highest reduction (43%) reported in the
present study was obtained 5 minutes after the
administration of 30 mg kg�1 of fentanyl as a slow IV
invasive systolic arterial pressure (SAP), end-tidal partial
) at 5 and 15 minutes after intravenous administration of
ferent end-tidal isoflurane concentrations

Fentanyl 30 mg kg¡1

(n¼ 4) 5 minutes (n¼ 16) 15 minutes (n¼ 8)

212± 50 233± 42
105± 25 101± 22
35± 5 38± 7
4.7± 0.7 5.1± 0.9
40.5± 0.3 40.5± 0.2
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Table 2 Mean values± standard deviation for heart rate (HR), respiratory rate (fR), end-tidal partial pressure of carbon
dioxide (PE0CO2), systolic (SAP), diastolic (DAP) and mean (MAP) arterial pressures, cloacal temperature (T), blood gas
variables and arterial electrolyte concentrations in seven spontaneously breathing chickens anesthetized with isoflurane
at 1.0 MAC (T1.0MAC) and 0.8 MAC before (T0.8MAC) and for 30 minutes after intravenous administration of fentanyl
(30 mg kg�1)

Variables Time points

T1.0MAC T0.8MAC T1 T5 T10 T15 T30

HR (beats minute�1) 200± 32 210± 28 219± 25 211± 28 212± 29 210± 29 205± 26
fR (breaths minute�1) 16± 11 14± 3 14± 4 14± 3 14± 3 14± 3 14± 3
PE0CO2 (mmHg) 44± 4 50± 6* 46± 5 46± 6 45± 6 50± 7* 50± 6*
PE0CO2 (kPa) 5.9± 0.5 6.7± 0.8* 6.1± 0.7 6.1± 0.8 6.0± 0.8 6.7± 0.9* 6.7± 0.8*
SAP (mmHg) 99± 9 107± 6 106± 5 105± 6 105± 9 104± 6 105± 5
DAP (mmHg) 90± 12 96± 7 97± 4 96± 6 96± 8 95± 6 94± 4
MAP (mmHg) 96± 10 102± 6 103± 5 101± 6 102± 9 101± 6 101± 4
T (�C) 40.5± 0.2 40.6± 0.3 40.5± 0.3 40.5± 0.3 40.5± 0.3 40.4± 0.3 40.4± 0.3
PaO2 (mmHg) 365± 50 350± 76 340± 52 332± 38 344± 42
PaO2 (kPa) 48.7± 6.7 46.7± 10.1 45.3± 6.9 44.3± 5.1 45.9± 5.6
PaCO2 (mmHg) 36± 6 38± 4 38± 6 39± 5* 39± 4*
PaCO2 (kPa) 4.8± 0.8 5.1± 0.5 5.1± 0.8 5.2± 0.7* 5.2± 0.5*
pH 7.46± 0.04 7.43± 0.07 7.45± 0.06 7.44± 0.06 7.44± 0.05
BE (mmol L�1) 0.8± 3.9 1.9± 4.1 1.6± 2.6 2.2± 2.8 2.6± 3.6
HCO3

- (mmol L�1) 24± 3 25± 4 25± 2 26± 2 26± 3
Na (mmol L�) 152± 4 153± 2 154± 3 154± 3 153± 3
Cl (mmol L�1) 119± 7 118± 9 122± 14 117± 8 115± 2
iCa (mmol L�1) 1.12± 0.20 1.20± 0.20 1.12± 0.20 1.17± 0.20 1.13± 0.20

BE, base excess; HCO3
�, bicarbonate; Na, sodium; Cl, chloride; iCa, ionized calcium.

*Significantly different from values at T1.0MAC (p< 0.05).
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bolus and was similar to the highest reduction on
isoflurane MAC in red-tailed hawks (55%) when the
mean plasma fentanyl concentration was
29 ng mL�1 (Pavez et al. 2011). The experimental
design of the present study allowed the measurement
of the fentanyl effect offset after a bolus administra-
tion and is more representative of clinical practice
than the use of target-controlled infusions. However,
the rapid offset of fentanyl immobilizing effect in
chickens suggests that its usefulness when adminis-
tered as an IV bolus is limited and that an IV infusion
would be necessary to utilize its potential benefits.
Studies addressing the effect of a single bolus of

fentanyl have only been conducted in humans. An
IV fentanyl bolus of 1.5 or 3 mg kg�1 administered
5 minutes before surgical incision significantly
decreased the isoflurane MAC for the blockade of
autonomic responses (MAC-BAR) by 60% and 70%,
respectively, in adult human patients (Daniel et al.
1998). A similar study in children reported that a
fentanyl IV bolus at 2 or 4 mg kg�1 administered 5
minutes before surgical incision decreased the sev-
oflurane MAC-BAR by 56% and 74%, respectively
(Katoh et al. 2000). In neonates, administration of a
© 2017 Association of Veterinary Anaesthetists and Amer552
single dose of fentanyl at 1 or 2 mg kg�1 over
1 minute reduced the sevoflurane MAC by 13% and
20%, respectively (She et al. 2014). However, the
duration of effect was not determined in these
studies. In any case, fentanyl appears more potent
for its effect on MAC in adult and young humans
than in chickens.
There is one study addressing the pharmacokinetics

of fentanyl in birds. The maximum plasma drug con-
centration and terminal half-life were 2.23 and
3.33 ngmL�1 and 1.2 and 1.4 hours after IM fentanyl
administration of 10 or 20 mg kg�1, respectively, in
white cockatoos (Hoppes et al. 2003). The pharma-
cokinetic profile of a drug can vary considerably be-
tween species and even between individuals within
the species; therefore, extrapolation of data from
cockatoos to chickens should be conducted with
caution. In addition, concentrations reported after IM
administration are not representative of concentra-
tions reached after IV administration because IM
administration results in prolonged absorption and
likely incomplete bioavailability.
The offset of the fentanyl MAC-reducing effect was

observed to be short in this study and may be caused
ican College of Veterinary Anesthesia and Analgesia. Published by
Elsevier Ltd. All rights reserved., 44, 546e554



Isoflurane-fentanyl anesthesia in chickens RW da Rocha et al.
by rapid distribution and/or metabolism. The volume
of distribution at steady state (Vss) has been reported
to be large in dogs (6.16 L kg�1) and cats
(2.18 L kg�1) (Kukanich & Allen 2014; Pypendop
et al. 2014), as would be expected from fentanyl's
high lipid solubility, and suggests extensive distribu-
tion out of the central compartment. Although Vss of
fentanyl has not been reported in birds, it is expected
to be large.
There were no differences in PR, PE0CO2, nonin-

vasive SAP and cloacal temperature in the first phase
of the study. However, this assessment was limited
because data were not compared to records when
birds were anesthetized with isoflurane only, and ECG
and invasive blood pressure were not monitored. In
addition, controlled ventilation was used, which did
not allow the evaluation of the effects of fentanyl on
ventilation.
Time to extubation was approximately 4 minutes

from the end of anesthetic administration. However,
one bird (anesthetizedwith 0.8� individualMAC)was
extubated 18 minutes after the discontinuation of
isoflurane. This large variability may be the result of
anesthetizing birds with different fractions of their in-
dividual MAC. Time to standing was longer after the
administration of 10 mg kg�1, presumably because
birds testedat this dosewere anesthetizedwith ahigher
FE0Iso than those tested at the dose of 30mg kg�1. Thus,
fentanyl did not appear to influence extubation and
standing times, contrary to methadone in chickens
anesthetizedwith isoflurane, which induced prolonged
recovery times (Escobar et al. 2016).
In the second phase of the study, there were no

significant changes in cardiopulmonary variables
before and after administration of fentanyl
(30 mg kg�1) IV over 1 minute. Other studies in birds
have reported the cardiopulmonary effects of equi-
potent concentrations of inhalation anesthetics
combined or not with opioids (Escobar et al. 2014,
2016). A combination of sevoflurane with butor-
phanol resulted in cardiopulmonary arrest in two
guineafowl (Escobar et al. 2014). Administration of
isoflurane combined with methadone to chickens
decreased the HR and increased sAP when compared
with anesthesia using an equipotent concentration of
isoflurane (Escobar et al. 2016). However, equipotent
concentrations of isoflurane with and without fen-
tanyl were not maintained in this study as the MAC
reduction at 5 minutes after fentanyl (>40%) was
much larger than the MAC reduction used in the
second phase (20%). As a consequence of the rapidly
waning effect of fentanyl, chickens were anesthetized
© 2017 Association of Veterinary Anaesthetists and American College
Elsevier Ltd. All rights reserved., 44, 546e554
at <1.0 MAC toward the end of the monitoring
period.
PE0CO2 in chickens anesthetized with isoflurane

0.8MAC (50 ± 6 mmHg; 6.7± 0.8 kPa) was greater
than that in chickens anesthetized with 1.0MAC
(44 ± 4 mmHg; 5.9 ± 0.5 kPa). It is unclear why the
PE0CO2 values increased at T0.8MAC when animals
were more lightly anesthetized. One possible expla-
nation is the contamination of end-tidal gases with
inspired gases; however, an increase in respiratory
amplitude at T0.8MAC could have induced a greater
elimination of CO2 during expiration. The crosscur-
rent gas exchange system observed in birds describes
the relationship between the gas and blood flows into
the lungs, and is the reason why PE0CO2 may exceed
PaCO2 as observed in this study (Davies & Dutton
1975). Fentanyl administration (30 mg kg�1) dur-
ing 0.8MAC resulted in PaCO2 at 15 and 30 minutes
higher than that during anesthesia with 1.0MAC.
Although the PaCO2 values after fentanyl adminis-
tration were within the normal range for birds
(24e40 mmHg; 3.2e5.3 kPa) (Powell 2000), in-
clusion of birds anesthetized only with isoflurane as a
control group may have provided information about
a change in the ventilatory pattern. In addition,
administration of fentanyl over 1 minute in this study
may have minimized subsequent cardiopulmonary
changes in comparison with a rapid IV bolus
administration in another study that induced cardiac
arrest (Escobar et al. 2014).
In conclusion, fentanyl IV administration resulted

in a dose-dependent reduction in isoflurane MAC in
chickens, and this effect was detected only at 5 mi-
nutes after administration. The clinical usefulness of
a single fentanyl bolus in chickens is limited since the
duration of effect appears short. No significant car-
diopulmonary depression was identified after fentanyl
(30 mg kg�1) administration. Further studies should
be conducted to evaluate the effects of IV fentanyl
infusions on isoflurane MAC in chickens.
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