Effects of anesthetic induction with a benzodiazepine
plus ketamine hydrochloride or propofol
on hypothermia in dogs undergoing ovariohysterectomy
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OBJECTIVE

To assess the effect of anesthetic induction with a benzodiazepine plus ket-
amine or propofol on hypothermia in dogs undergoing ovariohysterectomy
without heat support.

ANIMALS
23 adult sexually intact female dogs undergoing ovariohysterectomy.

PROCEDURES

Baseline rectal temperature, heart rate, and respiratory rate were recorded
prior to premedication with buprenorphine (0.02 mg/kg, IM) and aceproma-
zine (0.05 mg/kg, IM). Anesthesia was induced with midazolam or diazepam
(0.25 mg/kg, IV) plus ketamine (5 mg/kg, IV; n = Il) or propofol (4 mg/kg,
IV; 12) and maintained with isoflurane in oxygen. Rectal temperature was
measured at hospital intake, prior to premedication, immediately after anes-
thetic induction, and every 5 minutes after anesthetic induction. Esophageal
temperature was measured every 5 minutes during anesthesia, beginning 30
minutes after anesthetic induction. After anesthesia, dogs were covered with
a warm-air blanket and rectal temperature was measured every 10 minutes
until normothermia (37°C) was achieved.

RESULTS

Dogs in both treatment groups had lower rectal temperatures within 5 min-
utes after anesthetic induction and throughout anesthesia. Compared with
dogs that received a benzodiazepine plus ketamine, dogs that received a ben-
zodiazepine plus propofol had significantly lower rectal temperatures and the
interval from discontinuation of anesthesia to achievement of normothermia
was significantly longer.

CONCLUSIONS AND CLINICAL RELEVANCE

Dogs in which anesthesia was induced with a benzodiazepine plus propofol
or ketamine became hypothermic; the extent of hypothermia was more pro-
found for the propofol combination. Dogs should be provided with adequate
heat support after induction of anesthesia, particularly when a propofol-ben-
zodiazepine combination is administered. (Am | Vet Res 2016;77:351-357)

ypothermia is a common complication of general

anesthesia in small animal practice.The incidence
of postanesthetic hypothermia in dogs! and cats? that
do not receive heat support during general anesthesia
is reportedly 83.6% and 97.5%, respectively. Compared
with normothermia, hypothermia has been associated
with several complications, including decreased drug
metabolism, increased myocardial oxygen consump-
tion from shivering, increased incisional pain from
shivering, cardiac arrhythmias, increased bleeding,
and increased probability of postoperative wound in-
fections.3-¢ Furthermore, hypothermia (vs normother-
mia) has been associated with an increased interval to
regaining consciousness after anesthesia,” which may
be a result of decreased drug metabolism, decreased
inhalant anesthetic requirements, and increased solu-
bility of inhalant agents at lower body temperatures.®®

Additionally, hypothermia may contribute to anes-
thetic-related death in cats weighing < 2 kg and dogs
weighing < 5 kg.!0

Redistribution hypothermia is the primary pro-
cess responsible for heat loss in anesthetized patients.’
Mammalian bodies can be considered as being com-
prised of 2 thermal compartments: the core and the
periphery or shell.> The core compartment contains
organs with high metabolic rates, is warmer than the
periphery, and consists of the brain, heart, lung, liver,
and kidneys.> The peripheral compartment acts as a
thermoregulatory buffer between the body and the
environment and is comprised mainly of blood vessels
and arteriovenous shunts.!!

Arteriovenous shunts may receive up to 80% of
cutaneous blood flow and play an important role
in hypothermia during general anesthesia.!?!3 The
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amount of heat lost to the environment can be regulat-
ed in conscious animals via constriction of peripheral
blood vessels and dilation of peripheral arteriovenous
shunts, which are controlled by the hypothalamus, re-
sulting in a core temperature that fluctuates by only
0.5°C.1

During general anesthesia, hypothalamic activ-
ity becomes depressed and constriction of arteriove-
nous shunts does not occur until body temperature
has decreased by 1.5°C, resulting in an increase in
the amount of heat lost to the environment.>4 The
vasodilatory effects of most anesthetic agents increase
blood flow to the extremities, which release heat into
the environment from arteriovenous shunts via radia-
tion and conduction. Blood in the extremities cools
and mixes with warmer blood in the core compart-
ment, thereby decreasing overall core temperature.>
This process continues, unless the immediate environ-
ment surrounding the patient becomes warmer than
the patient (eg, through the use of supplemental heat
sources or triggering of arteriovenous shunts causing
vasoconstriction).!4

Hypothermia induced by general anesthesia can
be considered to have 3 phases.!?5 Phase I or redis-
tribution hypothermia generally occurs during the
first hour of anesthesia and is attributed to rapid re-
distribution of heat from the core to the peripheral
compartment. Additionally, radiative and conductive
heat loss occurs when the environmental temperature
is lower than an animal’s body temperature. During
phase I, the animal’s skin is typically being shaved of
hair and prepared for surgery; therefore, evaporative
and convective heat losses are likely occurring. Phase
IT or continual loss of heat occurs as heat is lost to the
environment via radiation, convection, evaporation,
and conduction.Warming devices can increase the en-
vironmental temperature close to the animal and pre-
vent additional heat loss during this phase.>!> Phase
III or the plateau occurs when either hypothalamic-
induced vasoconstriction occurs to prevent further
heat loss or the patient gains heat from warming de-
vices so that heat loss and gain are equal.

Ketamine hydrochloride, a dissociative anesthetic,
is widely used in combination with a benzodiazepine
for induction of anesthesia in small animal practice.!®
Ketamine administration decreases the extent of re-
distribution hypothermia in humans, likely because it
leads to an increase in the amount of circulating nor-
epinephrine, causing an increase in peripheral arte-
riolar resistance and muscle activity.!”-!'® Additionally,
propofol (2,6-diisopropylphenol) is routinely used for
anesthetic induction and maintenance in dogs and
cats.!? Propofol causes a dose-related decrease in ar-
terial blood pressure and vasodilation that has been
associated with an increase in heat loss through arte-
riovenous shunts.!®

The purpose of the study reported here was to
compare the influence of induction of general anes-
thesia with a benzodiazepine plus ketamine or propo-
fol on intraoperative rectal and esophageal tempera-

tures and postoperative rectal temperature in dogs
undergoing routine ovariohysterectomy. Our hypoth-
esis was that anesthetic induction with the ketamine-
benzodiazepine combination would result in higher
core and rectal temperatures than would induction
with the propofol-benzodiazepine combination.

Materials and Methods

Animals

Twenty-five adult sexually intact female dogs
brought to the veterinary teaching hospital at the Uni-
versity of Florida for routine ovariohysterectomy were
used in this study. Ages ranged from 8 months to 5
years (mean * SD, 1.8 £ 1.2 years), and body weight
ranged from 4 to 27.3 kg (mean, 16.4 £ 6.6 kg). All
dogs were patients of the university’s Veterinary Com-
munity Outreach Program, and managers of The Hu-
mane Society and other animal shelters consented to
the use of the dogs in this study. Dogs were transported
from their foster home or shelter the morning of ovar-
iohysterectomy. All were deemed clinically normal on
the basis of physical examination findings, a body con-
dition score between 4 to 6 on a 9-point scale,* and an
initial rectal temperature®< between 37.9° and 40.1°C
and were classified as American Society of Anesthesi-
ologists category 1.2°The study protocol was approved
by the Institutional Animal Care and Use Committee at
the University of Florida. No animals were euthanized
as a result of the study.

Environmental monitoring

The study environment included the housing ar-
eas for cages and runs, anesthesia preparation room,
operating room, and recovery room. In each room,
room temperature and relative humidity were record-
ed by use of a thermal environmental monitord within
15 minutes after the entry of each dog. Room tem-
peratures ranged from 18.5° to 22.5°C (mean, 19.2 +
0.5°C), and relative humidity ranged from 41% to 71%
(mean, 61.6 + 3.5%).

Anesthetic protocol

Food and water were withheld from all dogs for
a minimum of 12 hours prior to surgery. Dogs were
placed in unheated cages or runs and allowed to ac-
climate to the hospital for at least 30 minutes prior to
premedication. Prior to surgery, dogs were randomly
assigned to receive a benzodiazepine plus propofol or
a benzodiazepine plus ketamine by use of a computer-
generated random numbers chart.© All dogs were giv-
en firocoxibf (5 mg/kg, PO) or carprofens (2.2 mg/kg,
PO) as an analgesic and were then given buprenor-
phine hydrochloride" (0.02 mg/kg, IM) and aceproma-
zine maleate’ (0.05 mg/kg, IM) as premedication. Dogs
were allowed to move freely in their cages or kennels
after premedication.

Twenty minutes after premedication, dogs were
moved to the anesthetic induction area and positioned
on a stainless steel table covered with a blanket; then,

352 AJVR +Vol 77 « No.4 * April 2016



IV catheterization was performed by a veterinary stu-
dent or technician. Dogs assigned to receive a benzodi-
azepine with ketamine were given the entire volume
of midazolam hydrochloridel or diazepam* (0.25 mg/
kg, IV) combined with ketamine hydrochloride' (5 mg/
kg, IV), and orotracheal intubation was performed when
the dog appeared relaxed with no evidence of jaw tone
or gag reflex. Dogs assigned to receive a benzodiazepine
with propofol were given midazolam hydrochloride or
diazepam (0.25 mg/kg, IV) followed by a third of the pro-
pofol™ dose (total dose, 4 mg/kg,IV).If muscle relaxation
was not achieved or jaw tone was detected, additional
propofol was administered until the dog appeared re-
laxed with no evidence of jaw tone or gag reflex and
orotracheal intubation was performed.

Anesthesia was maintained with isoflurane” in
oxygen delivered via a circle system with an oxygen
flow rate of 30 mL/kg/min and vaporizer setting of 2%.
Oxygen saturation as measured by pulse oximetry,®
pulse rate, and respiratory rate were recorded every
5 minutes after anesthetic induction until the end of
anesthesia (vaporizer turned off). Pulse rate was mea-
sured by manual palpation of the distal aspect of the
median artery or major palatine artery, and respiratory
rate was recorded by observation of the reservoir bag
or chest movement. When the anesthetic plane was
deemed too deep because of an absence of jaw tone
or withdrawal reflex, low respiratory rate,or low heart
rate, the isoflurane setting was decreased.

An inactivated circulating water blanket? covered
with fleece was placed on top of the stainless steel
surgical table. Dogs were positioned on the fleece on
the surgical table for the procedure and did not have
direct contact with any area of the table.The circulat-
ing warm water blanket was turned on when the rec-
tal or esophageal temperature reached 35°C. Ovario-
hysterectomy was performed by a veterinary student
under the supervision of a veterinarian.

The end of anesthesia was recorded as the time
the vaporizer was turned off. The breathing circuit
was disconnected, flushed with oxygen, and reat-
tached to the endotracheal tube, at which point dogs
were allowed to breathe 100% oxygen for 10 minutes
before transfer to the recovery area.All dogs were cov-
ered with a warm-air blanketd until normothermic.
Veterinary students performed extubation when the
dogs’ coughing and swallowing reflexes had returned.

Recording and measurement of study
variables

Timings were recorded for administration of pre-
medications, induction of anesthesia (point induction
agent was administered), start of surgery, end of sur-
gery, initiation of intraoperative heat support, end of
anesthesia, and subsequent achievement of normo-
thermia. Timing of orotracheal extubation was not
recorded.

Measurement of rectal and esophageal tempera-
ture was performed by use of 2 thermistor probes.<*
Accuracy of both probes was verified within 0.1°C by

use of a water bath of known temperature prior to
use each day. Water bath temperatures were validated
by use of a thermometer® with certified accuracy be-
tween -20° and 110°C.Rectal temperatures were mea-
sured by inserting the rectal thermistor probe 6 cm
into the rectum?! and were recorded at initial hospital
intake, prior to premedication (baseline), and immedi-
ately after anesthetic induction (0 minutes) and every
5 minutes for 90 minutes after anesthetic induction.
Rectal temperature was recorded every 10 minutes
after the end of anesthesia until normothermia was
achieved. Once each dog had been moved into the
operating room and positioned on the surgical table,
esophageal temperature was measured by placement
of an esophageal thermistor probe in the caudal fourth
of the esophagus.?! Measurements were made every 5
minutes beginning 30 minutes and ending 90 minutes
after anesthetic induction. The esophageal probe was
removed at the end of anesthesia.The same investiga-
tor (JLB) performed all physical examinations, therm-
istor probe verification, temperature measurements,
and anesthetic monitoring during this study. This in-
vestigator was not present during anesthetic induc-
tion and was blinded to treatment group assignment
until all dogs were discharged from the hospital.

Statistical analysis

Commercially available statistical software' was
used for statistical analysis. Descriptive statistics were
computed to confirm that values for the interval be-
tween premedication and induction, total duration of
anesthesia (from anesthetic induction to disconnec-
tion from the anesthetic circuit), total duration of sur-
gery, and interval from discontinuation of anesthesia
to achievement of normothermia were normally dis-
tributed for each treatment group. Descriptive statis-
tics were computed to confirm that values for rectal
and esophageal temperature were normally distribut-
ed. Rectal temperature at each measurement point for
each treatment was compared by use of 2-way ANOVA
for repeated measures, followed by Bonferroni adjust-
ment. Within-treatment changes were examined by
means of 1-way ANOVA for repeated measures, with
post hoc comparisons against baseline values. Rec-
tal and esophageal temperatures at 30 and 90 min-
utes for each treatment were compared by means of
2-way ANOVA for repeated measures. The within-treat-
ment differences were examined by means of 1-way
ANOVA for repeated measures. Summary data are re-
ported as mean + SD; values of P < 0.05 were consid-
ered significant.

Results

Animals

Twenty-three dogs completed the study, including
11 that received the ketamine-benzodiazepine combi-
nation and 12 that received the propofol-benzodiaz-
epine combination for anesthetic induction. For the
benzodiazepine, 3 dogs received diazepam (1 with
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ketamine and 2 with propofol) and
20 received midazolam (10 with ket-
amine and 10 with propofol). Twenty
dogs were mixed breeds, and 3 were
purebred (1 each of Border Collie,
Shiba Inu, and Chihuahua). One dog
inadvertently received only propo-
fol. For another dog, frank blood was
detected on the rectal thermometer
used during anesthesia; therefore, rec-
tal temperature measurements were
discontinued. Neither of these dogs
was included in the analysis. All dogs
(including the excluded dogs) recov-
ered from anesthesia without compli-
cation and were discharged from the
hospital on the same day of surgery.

Durations of procedures

The interval from premedication
to anesthetic induction and total du-
rations of anesthesia and surgery did
not vary significantly between treat-
ment groups. For dogs in the propo-
fol-benzodiazepine group, mean + SD
values were 42 + 12 minutes, 134 +
25 minutes, and 102 + 20 minutes, re-
spectively. For dogs in the ketamine-
benzodiazepine group, mean values
were 38 = 5 minutes, 125 = 19 min-
utes,and 93 + 17 minutes, respectively.

Rectal and esophageal
temperatures

No difference in baseline rectal
temperature (recorded at hospital
intake) was identified between treat-
ment groups. Mean baseline rectal
temperature was 39.0 + 0.4°C and
38.8 + 0.7°C for the ketamine-benzo-
diazepine and propofol-benzodiaze-
pine groups, respectively. Immediately
after anesthetic induction (0 minutes),
rectal temperature in each group was
significantly lower than at baseline
(mean temperature for ketamine-pro-
pofol at 0 minutes, 37.8 + 0.4°C; mean
temperature for propofol-benzodiaze-
pine, 37.3 + 0.5°C; Figure ). Rectal
temperature in each group continued
to be significantly lower from O to 90
minutes, compared with the tempera-
ture at baseline, and throughout that
period, dogs in the propofol-benzodi-
azepine group had significantly lower
temperatures than did dogs in the ket-
amine-benzodiazepine group.

Esophageal and rectal temperatures decreased
from 30 to 90 minutes after anesthetic induction in
both treatment groups (Figure 2). No difference be-
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Figure 1—Mean rectal temperatures recorded at hospital intake (baseline [BL]) and
prior to (0 minutes) and every 5 minutes after anesthetic induction for 23 adult dogs
undergoing routine ovariohysterectomy.All dogs were premedicated with buprenor-
phine and acepromazine. Anesthesia was induced with midazolam or diazepam (0.25
mg/kg, IV) plus ketamine hydrochloride (5 mg/kg, IV; diamonds [n = | 1]) or propofol
(4 mglkg, IV; squares [12]). Error bars represent SD. *Value differs significantly (P <
0.05) from respective BL value. 1Value differs significantly (P < 0.05) between groups
at the indicated measurement point.
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Figure 2—Mean rectal (triangles) and esophageal (squares) temperatures recorded
at various points from 30 to 90 minutes after anesthetic induction with a combina-
tion of ketamine-and-benzodiazepine (white symbols) or propofol-benzodiazepine
(black symbols) for the dogs in Figure |.*Value differs significantly (P < 0.05) from
the esophageal value at the same measurement point in the same treatment group.
TEsophageal temperature differs significantly (P = 0.04) between groups at the indi-
cated measurement point.

tween groups in esophageal temperatures at the vari-
ous measurement points was identified, except at 65
minutes after anesthetic induction (P = 0.04). For dogs
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in the propofol-benzodiazepine group, esophageal
and rectal temperatures did not vary significantly from
30 minutes (when esophageal temperature record-
ing began) to 90 minutes after anesthetic induction.
However, for dogs in the ketamine-benzodiazepine
group, rectal temperatures were significantly higher
than esophageal temperatures at each measurement
point from 30 to 90 minutes after anesthetic induc-
tion. No significant difference in mean values of tem-
peratures recorded from 30 to 90 minutes was identi-
fied between rectal temperature (35.4 + 0.3°C) and
esophageal temperature (35.3 + 0.3°C) for dogs in the
propofol-benzodiazepine group. For dogs in the ket-
amine-benzodiazepine group, the mean for all rectal
temperatures recorded from 30 to 90 minutes (36.3
+ 0.4°C) was significantly higher than the mean for
esophageal temperatures recorded during the same
period (35.9 £ 0.4°C).

During anesthesia, 11 dogs in the propofol-ben-
zodiazepine group and 6 dogs in the ketamine-benzo-
diazepine group required intraoperative heat support
(esophageal or rectal temperature, 35°C). Mean inter-
val from discontinuation of anesthesia to achievement
of normothermia was significantly longer for dogs in
the propofol-benzodiazepine group (86 = 29 minutes)
than for dogs in the ketamine-benzodiazepine group
(54 = 25 minutes).

Discussion

For adult dogs undergoing ovariohysterectomy, in-
duction of general anesthesia with a ketamine-benzo-
diazepine combination resulted in higher rectal tem-
peratures throughout a 90-minute anesthetic period
than did induction with a propofol-benzodiazepine
combination. In the first hour of anesthesia, mean
rectal temperature of dogs in the ketamine-benzodi-
azepine group decreased by 1.5°C and that of dogs
in the propofol-benzodiazepine group decreased by
1.9°C.The extent of this heat loss was similar to that
reported for other studies'?5 involving dogs and was
consistent with redistribution hypothermia (ie, phase
I of anesthesia-induced hypothermia). However, the
significant difference in rectal temperatures between
the 2 induction agents has not been previously report-
ed for dogs.

Ketamine administration minimizes the incidence
of redistribution hypothermia in humans, likely as a
result of the peripheral vasoconstriction that results
from an increase in blood norepinephrine concentra-
tion and peripheral vasoconstriction.!”-822 Vasocon-
striction limits blood flow to the extremities, minimiz-
ing the amount of heat lost to the environment and
decreasing the extent of redistribution hypothermia.!8
Propofol administration, on the other hand, has been
associated with peripheral arterial and venous vaso-
dilation, resulting in an increase in blood flow to the
extremities and loss of heat to the environment via
radiation and convection.'® Propofol undergoes rapid
redistribution and clearance from the body, but the
heat loss to the environment associated with its ad-

ministration cannot be reversed without supplemen-
tal heat sources. In the present study, we attempted
to measure heat loss from the peripheral compart-
ment in dogs by use of skin thermistor probes (data
not shown), similar to methods used in human stud-
ies.11:1823 However, we had difficulty maintaining ade-
quate contact between the probes and skin, indicating
that this technique requires further refinement prior
to use in the quantification of peripheral heat loss.

During anesthesia in the present study, 11 of the
12 dogs in the propofol-benzodiazepine group and 6
of the 11 dogs in the ketamine-benzodiazepine group
required rewarming. Circulating warm water blankets
can be used to minimize heat loss by prevention of
conductive losses to cold surgical tables and blan-
kets.2* However, such blankets are not as effective
as warm-air blankets or resistive warming systems
for maintaining normothermia.'>2425 The effects of
warme-air blankets or resistive warming systems on the
incidence of hypothermia in the dogs in the present
study would have been interesting to investigate and
may have provided valuable information regarding
appropriate measures for provision of intraoperative
thermal support.

Rectal temperatures at the end of anesthesia were
significantly lower and the interval to achieving nor-
mothermia was significantly longer in dogs in the pro-
pofol-benzodiazepine group than in dogs in the ket-
amine-benzodiazepine group. One possibility is that
dogs in the propofol-benzodiazepine group were at a
deeper plane of anesthesia because of altered enzyme
activity, decreased drug metabolism, and increased in-
halant anesthetic solubility at temperatures < 37°C.+°
Propofol clearance decreases in hypothermic states
secondary to decreases in hepatic blood flow and
metabolism.?® However, all dogs in the present study
were assessed by an experienced anesthetist, who
made adjustments to the vaporizer setting on the ba-
sis of physical findings that included jaw tone, with-
drawal reflexes, and monitored values (eg, pulse rate,
respiratory rate,and oxygen saturation as measured by
pulse oximetry).

Dogs in the ketamine-benzodiazepine group had
esophageal temperatures that were significantly low-
er than their rectal temperatures; however, this phe-
nomenon was not observed for dogs in the propofol-
benzodiazepine group.The reason for this difference
between groups could not be explained by the study
data, but we suspect it was attributable to decreased
heat loss from the peripheral compartment caused by
greater peripheral vasoconstriction in dogs that re-
ceived ketamine rather than propofol, resulting in less
heat returning from the periphery to the central com-
partment. The techniques that we used to measure
peripheral compartment temperatures require fur-
ther refinement. Another way to evaluate temperature
in the core and peripheral compartments would be
with infrared thermography, which is a noninvasive,
real-time technique that generates a 2-D image of the
intensity of infrared radiation emitted by an object.?’
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However, the associated equipment is expensive, in-
terpretation of images requires specialized software
and training, and results can be influenced by the en-
vironment or use of heating devices.?’

One limitation to the present study was the small
number of dogs (23) used. An additional limitation
was the need to substitute midazolam for diazepam
because of drug availability. Three dogs received diaz-
epam (1 with ketamine and 2 with propofol) as the
benzodiazepine, and the rest received midazolam. No
clinical differences related to the quality of anesthetic
induction were detected between the drugs; how-
ever, because of the uneven and small sample sizes,
the study may have lacked power to identify such dif-
ferences. The mechanism of action of diazepam and
midazolam is similar, with major differences relating to
water solubility and elimination half-lives. Diazepam is
water insoluble and is prepared with organic solvents
such as propylene glycol.!’ The elimination half-lives
of diazepam and nordiazepam, its active metabolite, af-
ter IV administration of a high dose are 3.2 hours and
21 hours, respectively.!>'® Midazolam is water soluble,
and its elimination half-life in dogs is 28 minutes, lead-
ing to rapid redistribution and hepatic clearance.!>1¢

In the study reported here, IV administration of a
ketamine-benzodiazepine or propofol-benzodiazepine
combination to dogs undergoing routine ovariohyster-
ectomy resulted in hypothermia within 5 minutes af-
ter anesthetic induction. However, dogs that received
the propofol-benzodiazepine combination had a great-
er temperature decrease and a longer interval to res-
toration of normothermia than did dogs that received
the ketamine-benzodiazepine combination. On the
basis of these findings, we recommend that all dogs
be provided adequate heat support after induction of
general anesthesia, particularly when a propofol-ben-
zodiazepine combination is used for induction.
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Footnotes

a.  Body condition score chart for dogs. World Small Animal Vet-
erinary Association Global Nutrition Committee, Dundas,
ON, Canada. Available at: www.wsava.org/sites/default/files/
Body%20condition%20score%20chart%20dogs.pdf. Accessed
Jun 1,2015.

b.  Adult reusable tubular oral or rectal thermometer (REF403),
Measurement Specialties Inc, Dayton, Ohio.

C. Precision thermometer 4600, Measurement Specialties Inc,
Dayton, Ohio.

d. QUESTemp 32 thermal environment monitor. Quest Technolo-
gies, Oconomowoc, Wis.

e.  Random Integer Generator,Randomness and Integrity Services
Ltd, Dublin, Ireland.

f. Previcox, Merial LLC, Duluth, Ga.

Rimadyl, Pfizer Animal Health, Exton, Penn.

Buprenex, Reckett Benckiser Pharmaceuticals, Richmond, Va.
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-

Acepromazine maleate, Boehringer Ingelheim Vetmedica, St

Joseph, Mo.

Midazolam injection USP, West-Ward, Eatontown, NJ.

Diazepam injection USP, Hospira Inc, Lake Forest, I11.

Ketaset, Fort Dodge Animal Health, Fort Dodge, Iowa.

Propoflo, Abbott Animal Health, Chicago, Ill.

Isoflo,Abbott Laboratories, Chicago, Ill.

Pulse oximeter N20-PAV, VetEquip Inc, Pleasanton, Calif.

Gaymar T/Pump, Gaymar Industries Inc, Orchard Park, NY.

Bair Hugger Patient Warmer 500, 3M Health Care, Saint Paul,

Minn.

Reusable esophageal/rectal adult temperature probe

(REF401AC), Measurement Specialties Inc, Dayton, Ohio.

s.  Durac Plus certified partial immersion thermometer, H-B In-
strument, Collegeville, Pa.

t. SAS, version 9.3, SAS Institute Inc, Cary, NC.
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