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Abstract
The purpose of this study was to compare and eval-
uate sedation with intravenous xylazine (1.1 mg/kg
bodyweight [BW]) versus intravenous romifidine
(100 pg/kg BW) followed by induction of anesthesia
with intravenous diazepam (0.04 mg/kg BW) and
ketamine (2.2 mg/kg BW). Twelve healthy horses
were used in a blinded, randomized, cross-over
design. Heart rate, presence of 2nd degree atrio-
ventricular heart blocks (2°AVB), respiratory rate,
arterial blood pressures, blood gases, packed cell
volume, total serum proteins, and duration of anes-
thesia and recumbency were recorded. Induction
and recovery quality was evaluated using a 0 to
4 score. Response to stimulation with noise, pres-
sure, and cutaneous electrical stimulation was
assessed at 5 minute intervals during recumbency to
evaluate the depth of anesthesia. Heart rate was
lower and 2°AVB more frequent in the romifidine
group, while blood pressure was lower in the xylazine
group. Duration of anesthesia was longer in the
romifidine group (i 20.8, sX 2.3 min) versus the
xylazine group (x 15.8, s. 1.6 min), while induction and
recovery were excellent in both groups. Respiratory
rates, blood gas values, packed cell volumes, and
total protein levels did not differ between groups. The
results indicate that romifidine premedication fol-
lowed by diazepam and ketamine is a very satisfactory
regime for short duration intravenous anesthesia
in horses.

Resume
Comparaison entre la romifidine et la Xylazine,
en association avec le diazepam et la ketamine,
lors d'anesthesies de courtes durees chez le
cheval
L'objectif de cette etude etait de comparer et d'eva-
luer la sedation produite par l'administration

Department of Clinical Studies, Ontario Veterinary College,
University of Guelph, Guelph, Ontario NIG 2W1.
Address correspondence to Dr. C.L. Kerr.

Requests for reprints should be sent to Dr. W.N. McDonell.

Funding for the project was provided by Boehringer Ingelheim,
Canada.

intraveineuse de xylazine (1,1 mg/kg de poids vif [PV])
a celle produite par la romifidine (100 pg/kg PV)
administre'e de la meme facon et suivie par une induc-
tion de l'anesthesie par le diazepam (0,04 mg/kg PV)
et la ketamine (2,2 mg/kg PV), administres par voie
intraveineuse. Douze chevaux en sante ont ete utilises
dans un modele, aleatoire, croise, et a l'aveugle. La
frequence cardiaque, la presence d'un bloc auri-
culoventriculaire du deuxieme degre (BAV 20), la
frequence respiratoire, la pression sanguine arterielle,
le volume des elements figure's du sang, les proteines
seriques totales et la duree de l'anesthesie et du
decubitus ont e'te' enregistres. La qualite de l'induc-
tion et du reveil a ete evaluee sur une echelle de 0 'a 4.
Pendant la periode de decubitus, la profondeur
de l'anesthesie a ete verifie'e a des intervalles de
5 minutes en mesurant la reponse au bruit, a la pres-
sion et a la stimulation electrique de la peau. La
frequence cardiaque etait plus basse et les BAV 20
plus frequents dans le groupe de la romifidine alors
que la pression sanguine etait plus basse dans le
groupe de la xylazine. La duree de l'anesthesie etait
plus longue dans le groupe de la romifidine (x 20,8,
sX 2,3 min) que dans le groupe de la xylazine (x 15,8,
sX 1,6 min) alors que l'induction et le reveil etaient
excellents dans les deux groupes. La frequence res-
piratoire, les resultats des gaz sanguins, le volume des
elements figures du sang et le niveau des proteines
totales ne presentaient pas de differences entre
les groupes. Les re'sultats indiquent qu'une preme-
dication "a la romifidine suivie de diazepam et de
ketamine est une methode satisfaisante d'anesthesie
intraveineuse de courte duree chez les chevaux.

(Traduit par docteur Andre Blouin)

Can Vet J 1996; 37: 601-609

Introduction
A n anesthetic technique must possess numerous qual-

ities to be useful as an equine field anesthetic regime
(1-3). Ideally it should result in a horse quietly achiev-
ing recumbency and quickly reaching a surgical plane of
anesthesia. The production of a predictable, consistent
duration of anesthesia is desirable, as it will minimize the
probability of an abrupt untimely arousal. Adequate
muscle relaxation will aid in the assessment of the depth
of anesthesia and will provide a visually appealing
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anesthetic, in addition to facilitating the surgery.
Recovery should be gradual and allow the horse to
smoothly regain a standing position (4). Recumbency
itself will place some stress on the hemodynamic and
respiratory systems; therefore, the agents utilized should
minimize cardiopulmonary insult (5). As trained assis-
tance for the private practitioner is often limited, an
optimum regime is one that can be administered via a
single injection and will produce a duration of anesthesia
adequate for most short surgical or treatment proce-
dures (castration, minor orthopedic), with the capacity
to extend the duration of anesthesia using supplemen-
tal doses.
The profound calming, muscle relaxation, and anal-

gesic properties of the alpha-2 adrenergic agonist group
of drugs (xylazine, detomidine, romifidine) have led to
their becoming the standard preanesthetic agents pre-
ceding anesthesia with ketamine (6-11). Ketamine acts
as a sympathetic stimulant and counteracts some of the
vagotonic effects of the alpha-2 agonists, while the
alpha-2 agonist drugs minimize some of the muscle
hypertonicity associated with the use of ketamine in
horses (6). The xylazine followed by ketamine regime is
recommended and widely employed for field anesthesia
(1,2,12-14). Its relatively consistent anesthetic properties
combined with its cardiopulmonary safety have con-

tributed to its popularity (6,15). Muscle relaxation,
which on occasion is poor with this regime (6,16,17), can

be improved with the inclusion of diazepam in the pro-
tocol (2,3,18). Butera et al (3) recommended the admin-
istration of diazepam, IM, at moderately high doses
prior to xylazine and ketamine to improve the quality
of anesthesia. Others have included IV diazepam or

guaifenesin after xylazine sedation but prior to ketamine
(18,19). Although the hemodynamic changes associ-
ated with a xylazine followed by diazepam followed by
ketamine combination have been reported (18), the
study was complicated by the inclusion of halothane
in the protocol.
A regime that offers an ease of administration and

degree of predictability equivalent to that of xylazine fol-
lowed by ketamine, but with a longer duration of action,
has been sought for several years. Detomidine has not
displaced xylazine for use with ketamine, largely because
of the diminished recovery scores that are associated with
the substitution (17,20). Recumbency time was shown
to be prolonged in one investigation with the inclusion
of temazepam, a benzodiazepine, to a xylazine fol-
lowed by ketamine protocol (21). As the authors pointed
out, however, no attempt was made to evaluate depth of
anesthesia or analgesia during the study, and the reported
apparent increase in recumbency time may not represent
an increase in useful anesthesia time. Combinations of
xylazine or detomidine with tiletamine and zolazepam
(a cyclohexamine-benzodiazepine combination) have not
shown a consistent quality of anesthesia, when used at
recommended doses (17,22,23), and this product has been
associated with marked hypoxemia (22,23). Presently,
this product is only licensed in the United States for dogs
and cats, and it is not approved for use with any species

in Canada.
Romifidine is a new alpha-2 adrenoceptor agonist

that is commercially available in Europe, Australia,
and Canada for sedative use in the horse. Preliminary

trials have demonstrated that romifidine produces seda-
tion of similar quality to that produced by xylazine and
detomidine, without inducing the same degree of ataxia
or head drooping (24). Xylazine remains the shortest act-
ing alpha-2 adrenergic agonist on the market for horses,
with romifidine having a dose-dependent duration of
effect that approximates that of detomidine.
The purpose of this investigation was to compare

the anesthetic characteristics of an anesthetic regime uti-
lizing romifidine followed by diazepam mixed with
ketamine (R/D/K) versus a regime using xylazine fol-
lowed by diazepam mixed with ketamine (X/D/K) in
healthy horses subjected to a controlled level of noxious
stimuli.

Materials and methods
Animals and instrumentation
Twelve horses, 11 mares and 1 gelding (10 standardbred,
2 Thoroughbred), ranging in age from 4 to 11 y (I 6.8 y,
sx 2.8 y), and weighing between 407 to 504 kg (xZ 473.4 kg,
sx 26.5 kg) were used in this study. They were all in good
health, as determined by physical examination, a com-
plete blood count, arterial blood gas analysis, and a
base-apex electrocardiogram. All horses were housed
indoors for a minimum of 18 h prior to testing and
were fasted for 8 h prior to study. Access to water was
provided until the time of the investigation. The exper-
imental protocol was approved by the institutional ani-
mal care committee, and the guidelines of the Canadian
Council on Animal Care were followed throughout
the study.

Instrumentation and baseline measurements took
place in standard equine stocks in a temperature-
controlled room. Three 22 gauge stainless steel wires were
placed sub-dermally using local analgesia (2% lido-
caine, Astra Pharma, Mississauga, Ontario). Copper
alligator clips were attached to the wires to permit lead
I electrocardiograph (ECG) recording with minimal
disturbance to the animal. A 20 gauge, 5.1 cm long,
catheter (Insyte-W, Deseret Medical, Becton Dickinson,
Sandy, Utah, USA) was placed percutaneously in the
transverse facial artery using local analgesia (2% lido-
caine) and connected to a constant flush pressure trans-
ducer system (Spectramed DTX Pressure Transducer
System, Spectramed Critical Care Division, Oxnard,
California, USA). The ECG and blood pressure were
recorded on a 4-channel oscilloscope monitor system
(Physio Control VSMI, Physio Control Corporation,
Redmond, Washington, USA). The scapulohumeral
joint was the zero reference point for blood pressure mea-
surements when the horses were in the standing position,
and the manubrium sterni was used as the zero reference
point when the horses were in lateral recumbency. The
pressure recording system was calibrated using a mer-

cury manometer before and after each experimental
period. A jugular vein was catheterized with a 14 gauge,

13.3 cm long catheter (Angiocath, Deseret Med-
ical, Becton Dickinson) to provide IV access for drug
administration.
Once a horse achieved recumbency under general

anesthesia, a set of stainless steel, 20 gauge needles
was placed under the submucosa of the lower lip, 3 cm
apart. A second set of needles was similarly placed
into the subcutaneous tissue on the lateral aspect of
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the uppermost forelimb, 3 cm proximal to the coro-
nary band. The needle hubs served as attachment sites for
a constant current, peripheral nerve stimulator
(Innervator, Fisher & Raykel Electronics, Auckland,
New Zealand).

Experimental protocol
The study was carried out as a blinded, randomized,
cross-over trial, with a minimum of 7 d separating the tri-
als. The drug regimes for the 2 trials involved premed-
ication with xylazine (1.1 mg/kg body weight [BW])
(Rompun, Haver, Bayvet Division, Etobicoke, Ontario)
or romifidine (100 pg/kg BW) (Sedivet, Boehringer
Ingelheim, Burlington, Ontario) given IV, followed
by the IV administration of a mixture of diazepam
(0.04 mg/kg BW) (Sebex, Boucherville, Quebec) and
ketamine (2.2 mg/kg BW) (Ketalean, MTC Pharma-
ceuticals, Cambridge, Ontario). All persons involved in
the experimental and scoring process were blinded to
the treatments.

After instrumentation, a stabilization period fol-
lowed, ranging from 5 to 20 min, depending on the
time required for the horse to quieten and achieve an
acceptable resting heart rate (HR). Baseline measure-
ments for HR (recorded over 30 s), the presence of
arrhythmias (recorded over 30 s); respiratory rate (RR);
systolic, diastolic, and mean blood pressures (SBP,
DBP, MBP); and rectal temperature were recorded 5 and
10 min prior to the administration of the appropriate pre-
medication agent. Arterial blood gas samples were col-
lected into heparinized syringes (Aspirator, Marquest
Medical Products, Englewood, Colorado, USA) from the
catheter in the facial artery at both baseline time periods.
All arterial blood gas samples were stored on ice and ana-
lyzed within 1 h on an automated blood gas ana-
lyzer (ABL 5000, Radiometer A/S, Bach-Simpson,
Copenhagen, Denmark), which was calibrated with ref-
erence serum samples daily and throughout the day
with gas samples. Samples were corrected for body
temperature. The microhematrocrit method and refrac-
tometry were used to determine the packed cell volume
(PCV) and total protein (TP) levels, respectively.

Five minutes after the administration of xylazine or
romifidine, the measurements were repeated and an
arterial blood gas sample was obtained. The horse was
then moved a short distance from the stocks to an open
area with a rubber flooring. The administration of the
diazepam and ketamine mixture took place 10 min after
the horses received xylazine or romifidine. Two people
assisted in all inductions, which were carried out in
identical fashion. One person controlled the head and
1 person held the tail, in case it was necessary to control
gross movement of the horse that could prove dangerous
to those involved. No attempt was made to control the
side to which the horse fell. A 3rd individual video
recorded the induction and recoveries to allow future
re-evaluation. The quality of the induction was scored by
2 individuals. The scale used (Table 1) was modified
from previous studies (1 1, 14).

Induction time was recorded as the time from the
administration of diazepam and ketamine (time 0 of
anesthesia) until the horse achieved recumbency. Record-
ing of cardiopulmonary and response measurements
started at 5 min of anesthesia and were repeated at 5 min

Table 1. Scoring system for induction char-
acteristics, muscle relaxation, response to
stimuli, and recovery characteristics
Score Induction characteristics

0 Smooth induction, no muscle twitching, no for-
ward or backward movement once the induction
agents were administered

1 Smooth induction with no risk of injury to horse
or handlers, but horse showed head or limb
twitching after induction, or a tendency to walk
forward or backward after induction agents were
administered

2 Recumbency achieved and the horse remained
recumbent; however, the horse fell without relax-
ation of limbs or with a strong forward or back-
ward movement; possible risk of injury to horse
or handler

3 The horse was induced with considerable move-
ment and/or excitement.;the horse may have
made subsequent attempts to stand or any other
situation that could have resulted in injury to
horse or clinician

4 The horse failed to achieve recumbency

Score
0

Muscle relaxation
Muscle relaxation present in trunk and limbs
Muscle twitching present in some regions of
trunk and limbs

2 Muscle twitching present over the majority of
trunk and limbs

3 Muscle rigidity present over the majority of trunk
and limbs

Score
0 No response

Response to stimuli

Nystagmus created, a blood pressure response
or a local muscle response (nerve stimulator)
observed

2 Purposeful movement of limbs, head, or neck
produced

3 Horse moved into sternal position or stood

Score Recovery characteristics
0 Stood on first attempt with a clean effort; mini-

mal ataxia observed once standing
I Stood on first attempt with mild ataxia present

once standing
2 Two to 3 attempts made to stand but stood with

strong effort on last attempt
3 Several attempts to stand; considerable ataxia

present once standing
4 Several weak attempts to stand, may have reas-

sumed recumbency after standing; injuries
incurred or had a high probability of occurring

intervals until the horse moved into sternal recum-
bency. The degree of muscle relaxation present was
also scored at each time period until the end of anes-
thesia, using the scale outlined in Table 1.
At each measurement period, after the recording of

cardiopulmonary parameters and evaluation of the
degree of muscle relaxation, 4 sets of stimuli were
applied to the horse to aid in the assessment of depth of
anesthesia. The stimuli were applied in a consistent
order by the same individual in all cases, with a 10 s
interval between each stimulus. The response to each
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stimulation was scored, based on movement or changes
in blood pressure (increase of 5 mmHg or greater in
MBP), as outlined in Table 1. Noise stimulation was

applied initially with a horn directed into the horse's outer
ear. Touch stimuli were performed by slapping the
horse once on the rump and once on the flank. Hemostats
applied to the pastern and then the shoulder of the non-

dependent forelimb for 2 s provided pressure stimuli.
Subsequently, an electrical stimulus was utilized to
assess the depth of anesthesia, as previously reported
(3,6,8,17,22,23). Electrical current is a potent noxious
stimulus, similar to that produced by surgical inter-
vention, but with no lasting effect (25). Due to the
strength of the electrical stimulus, the less noxious
stimuli, which might simulate nonsurgical stimuli in a

field setting, were applied first. The peripheral nerve

stimulator was attached to the stainless steel needles, first
at the lip and then above the coronary band, and a stim-
ulus of 100 Hz was applied for 10 s. A setting of 10 mA
was used initially, which was increased 20 mA if a

response of less than a 2 was recorded with 10 mA. The
response to each stimulation was scored, based on

movement or changes in blood pressure (increase of
5 mmHg or greater in MBP), as outlined in Table 1.
A score of 2 or greater in response to any of the

stimuli, or the purposeful movement of the horse with-
out the application of a stimulus, was defined as the end
of anesthesia. This time was recorded and electrical
stimulation was no longer employed. All other stimuli
were repeated at the 5 min intervals until the horse
achieved sternal recumbency. When the horse stayed in
sternal recumbency for longer than 10 min, the touch
stimulus (slap) was repeated on the rump at 10 min
intervals until the horse stood. The times at which the
horse moved into sternal recumbency and subsequently
stood were recorded. Recovery, that is the transition from
recumbency to standing, took place with 1 person on the
lead rope. No attempt was made to control the recovery

or to encourage the time of recovery other than with a

single slap at 10 min intervals. The recovery was scored
by 2 individuals. The recovery scoring system was

expanded from scales previously reported (11,14), as

outlined in Table 1.
Five minutes after the horse was standing, mea-

surements of HR, frequency of arrhythmias, SBP, DBP,
MBP, RR, and rectal temperature were recorded, and an

arterial blood gas sample was obtained.

Statistical analysis
Where 2 baseline measurements were obtained, a cor-

relation analysis was carried out prior to the 2 mea-

surements being averaged to give 1 baseline reading. For
continuous data measured over time, main effects of
treatment and time were evaluated, controlling for ani-
mals, with analysis of variance for repeated measures
(P < 0.05). In analyses that demonstrated a significant
main effect, pairwise comparisons were performed
between treatments and relative to baseline, using a

paired t-test. Bonferonni's method was used to control
for the overall level of significance.

Comparisons of the induction time, duration of anes-

thesia, time to sternal recumbency, and recovery time
were analyzed using a two-tailed paired t-test, while the
scores for induction, recovery, and muscle relaxation
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Figure 1. Mean heart rate (± s ) and percent of horses with 20
atrioventricular heart blocks before premedication (baseline,
BL), 5 min after premedication with xylazine or romifidine
(-5 min), following diazepam/ketamine (5-25 min) and 5 min
after standing (S5). Differences (P < 0.05) between the romi-
fidine (U ) and xylazine ( 0 ) treatment groups are illus-
trated by (a) and differences relative to baseline values within
a treatment group are illustrated by (b).

were analyzed using a modified paired t-test analysis
(P < 0.05). The relative numbers of horses that experi-
enced heart blocks were compared using Wilcoxon's
rank-sum test.

Results
All horses that received romifidine and 11 of the horses
that received xylazine were effectively sedated prior to
ketamine administration. One high-strung mare showed
no clinical signs of sedation from the time of adminis-
tration of xylazine until the time at which ketamine
was scheduled to be administered. The experiment was
cancelled and repeated 7 d later, at which time she
responded as expected to the premedication and the
experiment was completed without complications.

Heart rate was decreased (P < 0.01) below baseline
values 5 min after sedation and 5, 10, and 15 min after
diazepam and ketamine for both treatment groups
(Figure 1). In the R/D/K treatment group, HR remained
below baseline throughout the remainder of the mea-
surement period. Five min after standing, the HR
returned to below baseline values in the X/D/K group.
Heart rate was lower (P < 0.01) for the R/D/K group at
5 min after romifidine administration and at 5, 10, 15, and
25 min after diazepam and ketamine, when compared
with the X/D/K treatment group.

Eleven of the horses in the R/D/K treatment group and
8 horses in the X/D/K treatment group demonstrated 2nd
degree atrioventricular heart blocks (2°AVB), 5 min
after sedation. In the X/D/K treatment group there were no
horses that demonstrated 2°AVB after the administration
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Figure 2. Mean blood pressure (± s1) before premedication
(baseline, BL), 5 min after premedication with xylazine or

romidifine (-5), following diazepam/ketamine (5-25), and
5 min after standing (S5). Differences between the romifi-
dine/diazepam/ketamine ( ) and xylazine/diazepam/keta-
mine (0) groups are illustrated by (a) and differences relative
to baseline values within a treatment group are illustrated
by (b).

of diazepam and ketamine. This was not the case in
the RID/K treatment group and the frequency of 2°AVB
was greater from 5 min after the administration of
diazepam and ketamine until the end of the measurement
period, relative to the X/D/K treatment group (Figure 1).

Systolic, mean, and diastolic arterial blood pressures
were higher for the R/D/K group from 5 to 20 min of
anesthesia relative to the X/D/K group (Figure 2,
Table 2). Systolic pressure was lower than the baseline
level for the X/D/K group at 15, 20, and 25 min after
diazepam/ketamine. Five minutes after standing, both
treatment groups had systolic pressures lower than their
baseline measurements. Diastolic arterial blood pressures

were higher 5 min after xylazine administration in the
X/D/K group, and at 5, 10, 15, and 20 min after diazepam
and ketamine in the R/D/K group, relative to baseline
values. Mean arterial pressure was lower than baseline
values 25 min after diazepam and ketamine in the
X/D/K group, and 5 min after standing in the R/D/K
group.

Analysis of the respiratory, blood gas parameters,
and hematological parameters, which included respira-
tory rate, arterial pH, oxygen and carbon dioxide partial
pressures (PaO2, PaCO2), bicarbonate (HCO3), base
excess (BE), PCV, and TP, showed no significant dif-
ferences between groups (Tables 2, 3). Respiratory rate
for the R/D/K treatment group was lower than baseline
values at the last sampling period, 5 min after the horses
were standing. After the onset of anesthesia and recum-
bency, PaO2 levels were lower and remained so at all sub-
sequent sampling times for the X/D/K treatment group.
In the R/D/K group, the PaO2 values were lower than
baseline levels at all measurements taken with the horse
in lateral recumbency, returning to baseline values with
the standing postanesthetic sample (Figure 3). There was
an increase in PaCO2 above baseline values 5 and 10 min
after the administration of diazepam and ketamine in the
X/D/K group, and 5 min after diazepam and ketamine for
the RID/K group. Both groups had an increase in PaCO2
at the standing postanesthesia sampling time. Arterial
pH paralleled the arterial CO2 levels with significantly
lower levels 5 and 10 min after induction for the
X/D/K group, and 5 min after induction for the
R/D/K group. Arterial pH increased in the sample
taken at 25 min in the X/D/K group but fell below
baseline values at the standing sampling time. Arterial
plasma bicarbonate rose relative to baseline for the
X/D/K group at 5 and 15 min after diazepam/ketamine
and 5 min after standing. Base excess was elevated for
the latter group 5 min after standing. Arterial TP fell from
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Table 2. Cardiovascular and respiratory effects of romifidine (100 pg/kg body weight [BW]) or
xylazine (1.1 mg/kg BW) followed by diazepam (0.04 mg/kg BW)a

Time after diazepam/ketamine (min)
5 min after 5 min after

Variableb Treatmentc Baseline xyl or rom 5 10 15 20 25 standing

SBP RID/K 155.2 158.7 171.8e 167.7e 165.6e 155.Oe 149.8 128.5d
(mmHg) s5 4.3 sx 4.5 Sx 5 s4Sx 5.9 sx 6.3 Sx 5.7 Sx 6.3 sx 4.5

X/D/K 148.5 151.2 138.5 133.8 127.9d 118.9d 107.2d 123.0d
sf3.7 sx3.2 s44.O.4 sx39 sx5.3 sx8.7 s 4.2

DBP RID/K 98.5 109.6 127.1d,e 125.3d,e 119.2d,e 118.1d.e 113.3 89.2
(mmHg) Sf 2.1 sx 3.2 sx 5.0 sx 5.0 S 5.7 sx 4.8 sx 6.0 sx 3.6

X/D/K 93.8 110.4d 102.8 99.1 94.1 84.3 77.4 90.5
sx 3.0 s 3.9 4 s 5.0 ss 4.3 s4.2 s. 5.1 ss 3.4

RR (breaths/ RID/K 14.6 13.3 12.1 17.8 15.8 16.6 16.5 7.8d
min) SX 1.5 sf 1.7 sx 2.4 sx 1.6 sx 1.5 S 1.3 sx 1.2 sx 0.5

X/D/K 14.5 12.4 12.5 14.0 13.3 13.1 15.2 9.9
sx 1.8 s. 1.2 s 1.9 ss1.7 sf1.4 511.7 5x2.7s0.8

ax, Ss n = 12 except at 20 min when n = 11 for R/D/K group, n = 8 for X/D/K group and at 25 min when n = 10 for RID/K group and n = 5 for X/D/K group
bSBP, Systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory rate
cR/D/K, romifidine/diazepam/ketamine; X/D/K, xylazine/diazepam/ketamine
dSignificantly different from baseline values (P < 0.05)
eSignificantly different from X/D/K treatment group (P < 0.01)

180

160
a a

-140 a

E 120 b
E 100

m 80

60

40
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Figure 3. Mean (± s_) PaCO2 (open symbols) and PaO2
(closed symbols) levels before premedication (baseline, BL),
5 min after premedication with xylazine or romifidine (-5), fol-
lowing diazepam/ketamine (5-25), and 5 min after standing
(S5) from romifidine/diazepam/ketamine (El, *) and
xylazine/diazepam/ketamine (0, *) anesthesia. Differences
(P < 0.05) relative to baseline within a treatment group are illus-
trated by (b); differences between treatment groups were
not significant.

baseline values for both treatment groups from 5 min
after diazepam and ketamine to the end of the mea-
surement period. There were no differences in PCV rela-

tive to baseline values for either treatment group
(Table 3).

Analysis of the time from induction to recumbency
showed no differences between groups (Table 4). In
the R/D/K group, the duration of anesthesia was longer
(P < 0.05) and varied from 15 min (4 animals) to 40 min
(1 animal); 8 of the 12 animals had a duration of anes-
thesia lasting 20 min or more. In the X/D/K group, the
duration of anesthesia lasted from 10 min (4 animals) to
25 min (2 animals); only 4 of 12 animals had a duration
of anesthesia lasting 20 min or more. The interval from
induction to sternal recumbency and to standing was also
longer for the RID/K group (Table 4). Although always
applied last in the series of stimuli, the electrical stim-
ulus defined the end of anesthesia (1st stimulus with
score of 2 of greater) in 17 of the 24 experiments.
Touch stimulus was the 1st stimulus to which the horse
responded with a score of 2 or greater with 3 horses, and
pressure stimulus defined the end of anesthesia in
1 experiment. When a horse responded with a score of
2 or greater to any of the first 3 stimuli, an equivalent
score was always obtained with the electrical stimulus.

There were no significant differences between groups
in scores for induction, recovery, or muscle relaxation
during anesthesia (Table 4). All but 1 horse scored a
0 or 1 score on induction, with 1 mare scoring a 2 with
the xylazine treatment. All horses showed excellent
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Table 3. Respiratory, blood gas, and hematological values after romifidine
(100 pg/kg body weight [BW]) or xylazine (1.1 mg/kg BW) followed by
diazepam (0.04 mg/kg BW)/ketamine (2.2 mg/kg BW)a

Min after Min after Min after
sedation diazepam/ketamine standing

Variableb Treatmentc Baseline 5 5 15 25 5

pHa R/D/K 7.44 7.47 7.41 d 7.43 7.44 7.42
S. 0.0l Sr 0.02 Si 0.01 Sr 0.0 Sx001 S 0.01

X/D/K 7.44 7.43 7.40d 7.42d 7.45 7.41 d
Sr 0.01 Si 0.01 Si 0.01 S10.01 SX 0.01 s0.01

HCO3 R/D/K 28.1 27.4 28.6 28.5 28.8 29.1
(mmol/L) s 0.5 Sr0.5 s0.5 sf0.6 sf0.6 s°0.7

X/D/K 27.6 27.7 28.2d 28.3d 28.5 29.3d
sr0.6 Sr0.6 sf 0.6 s10.5 S 0. 9 s. 0.6

BE R/D/K 4.0 3.9 3.8 4.0 4.6 4.4
(mEq/L) s10.5 sx 0.5 s. 0.5 SX 0-5 sf 0.6 s 0. 7

X/D/K 3.6 3.5 3.3 3.7 4.5 4.4d
Sr 0.6 s. 0.6 S 0.6 s10.5 S 0.9 sx 0.6

PCV R/D/K 33.3 32.8 34.2 33.7 31.7 30.3
(%) s1 1.4 Sr 1.2 ss 1.8 S1.3 sX 2.3 SX1.5

X/D/K 33.3 32.6 31.3 30.5 28.8 29.1
Sr1 .7 SX 1.2 SX 0.9 S 1.1 Ss1.5 tr0.8

TP R/D/K 67.0 65.6 64.5d 64.0d 63.4d 63.2d
(g/L) s1 1.3 s 1.5 s1 1.4 s1 1.4 s1 1.3 sf 1.4

X/D/K 67.6 67.5 65.8d 64.6d 64.6d 63.7d
s1 1.1 sf 1.2 s1 1.3 s1 1.4 sf 1.3 sf 1.2

ax, sr, n = 12 except at 25 min when n = 10 for (R/D/K group) or n = 5 (X/D/K group)
bpHa, arterial pH; HCO3, arterial bicarbonate concentration; BE, arterial base excess; PCV, packed cell volume;
TP, total protein. n = 12 except at 25 min when n = 10 for romifidine and n = 5 for xylazine
cR/D/K, romifidine/diazepam/ketamine; X/D/K, xylazine/diazepam/ketamine
dSignificantly different from baseline (P < 0.05)
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muscle relaxation (score 0) from the time of 1 st assess-
ment (5 min) until the end of the period of anesthesia.
Scores for recovery were similar to the induction scores
with all horses scoring a 0 or 1, except for 1 mare in the
X/D/K group, which scored a 2.

Discussion
Quality of anesthesia was excellent with both regimes,
as judged by induction characteristics, muscle relaxation,
and recovery scores. Hemodynamic and respiratory
changes produced by X/D/K and R/D/K were significant
but consistent with previous results involving equine
induction techniques (6,7,16,22,23).

All alpha-2 agonists produce a decrease in HR in
horses at clinically used doses (26). Characteristically,
this change is preceded by a transient increase in systemic
arterial pressures when these agents are administered IV
(7,17,30-32). The temporal occurrence of these events,
and prevention of the bradycardia with anticholiner-
gic treatment, implicate baroreceptor activation as the
main cause of the observed bradycardia after alpha-2
administration (1 1,30,32). Peripheral vasoconstriction
mediated through alpha- 1 and alpha-2 receptors is likely
responsible for the increase in systemic blood pressure
that is seen immediately after the IV administration of
xylazine, detomidine, or romifidine (7,17,30-32). Hyper-
tension with these agents is transient and, typically,
blood pressure slowly declines according to the dose and
the duration of effect of the particular agent utilized.

In this study, HR fell markedly following sedation with
xylazine and romifidine. This bradycardic response
was more marked in the R/D/K group, with lower HR
and higher systemic arterial pressures during the anes-
thetic period. Differences among alpha-2 agents in this
respect have previously been reported, with detomidine
showing greater systemic arterial pressure increases
and lowering of HR for a longer time period relative to
xylazine when used at clinically equipotent doses (30).
Whether or not this is a dose-related phenomenon or a

true difference among agents is not yet known. After the
administration of diazepam and ketamine, the HR
increased to over 25 beats/min in all horses in both
treatment groups. A HR of 25 is the minimum rate con-

sidered acceptable for the anesthetized horse (2).
Ketamine administration is associated with a positive

chronotropic effect, primarily due to increased sym-
pathetic drive, and consistently increases HR after
alpha-2 sedation (6,7,20). Similarly, systemic arterial
pressures are higher with ketamine mixtures, relative to
previously utilized barbiturate combinations (15).

Both regimes utilized in this study provided acceptable
systemic arterial blood pressures. Horses premedicated
with romifidine experienced higher arterial pressures
during the anesthetic period relative to the xylazine
group. Values for the R/D/K group, however, fell within
ranges previously reported for xylazine and ketamine, and
below those for detomidine and ketamine when measured
by other investigators using similar recording systems
(6,7). Differences among agents may be explained by the
relative doses and duration of effect, or possibly by
intrinsic differences in the agents. Inclusion of diazepam
in the anesthetic protocol of this study was unlikely
to have influenced the HR changes induced by the
alpha-2 agonists (33).
The frequency of atrioventricular arrhythmias increases

with the administration of the alpha-2 adrenoceptor
agonists (27,28). Similar to the mechanisms resulting
in the initiation of bradyarrhythmias, the presence of
2°AVB is attributed to a net increase in vagal tone on the
heart. In the present study, more than half of the horses
from each treatment group showed 2°AVB after sedation.
Horses receiving romifidine had a significantly longer
mean duration of heart blocks after diazepam and ket-
amine were adminstered. Detomidine has been shown to
have a longer lasting effect on the cardiovascular system,
including the duration of atrioventricular conduction dis-
turbances, when compared with xylazine (30). As romi-
fidine has a duration of action similar to detomidine, it
is not unexpected for the duration of the heart blocks to
exceed those induced by xylazine.
When placed in lateral recumbency under injectable

anesthesia, horses generally show a marked fall in PaO2
values (6,16,22,23,34) and mild increases in PaCO2
(6,16,23). A combination of intrapulmonary vascular
shunting, ventilation-perfusion mismatching, and
hypoventilation have been identified as the predominant
causes of the reduction in PaO2 values when inspired
oxygen concentration is adequate (5,34). Increasing
the inspired oxygen concentration helps to minimize the
impact of these factors on the PaO2. In this study, we
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Table 4. Characteristics of anesthesia with romifidine (100 pg/kg body weight
[BW]) or xylazine (1.1 mg/kg BW) followed by diazepam (0.04 mg/kg BW)/
ketamine (2.2 mg/kg BW)"

Time to
Time to Induction Time to sternal Time to Recovery

recumbency scorec end-anesthesia recumbency standing scorec
Treatmentb (sec) (0-4) (min) (min) (min) (0-4)

R/D/K 63.8 0.3 20.8d 31.9d 44.0d 0.3
s. 3.1 Sr0.2 Sr2.3 s. 2.7 Sr 4-9 Sr0.2

X/D/K 54.0 0.4 15.8 25.67 32.2 0.5
sr 2.1 s. 0.2 Sr1.6 Sr 1.5 Sr3.3 Sr0.2

ax, s, n =12
bR/D/K, romifidine/diazepam/ketamine; X/D/K, xylazine/diazepam/ketamine
cSee Table I for complete explanation of score; induction: 0 = Excellent, 4 = Failure; Recovery: 0 = Excellent, 4 = Failure
dSignificant difference compared with X/D/K group (P < 0.05)
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elected not to administer supplemental oxygen to more
closely mimic the field situation where oxygen is still not
routinely administered. Previous investigators have
found that mean PaO2 values at 5 min after induction
with ketamine following xylazine or detomidine sedation
range from 49.7 mmHg to more than 70 mmHg (6,8,17).
As expected, the horses in this study showed a similar fall
in their PaO2 values, with 3 horses in the X/D/K group
and 5 in the R/D/K group demonstrating a PaO2 of less
than 60 mmHg 5 min after the administration of keta-
mine. By 25 min of recumbency, 5 of the 10 horses in the
R/D/K group were in the hypoxic range (<60 mmHg),
while all 5 of the horses that were still recumbent in the
X/D/K group were hypoxic. Five minutes after standing,
PaO2 values had returned to values approximating base-
line values. Ventilation, as reflected by PaCO2 mea-
surements, was depressed at the beginning of the recum-
bent period and 5 min after standing for both treatment
groups. Abdominal tympany in the nonstarved animal
may increase the degree of ventilation/perfusion mis-
match during anesthesia (4,5), and PaO2 levels might
have been lower if we had not starved the horses before
anesthesia.
The quality of anesthesia was excellent with both

anesthetic regimes, making both highly suitable for
field anesthesia. Previously reported induction and
recovery scoring systems have been roughly defined,
have contained few classification groups, or were
designed for evaluation of widely varying techniques
where a large range of characteristics was expected
(7,8,17). As we expected high quality inductions and
recoveries in the majority of the horses in our study, we
attempted to design our classification system carefully,
so that more subtle differences among agents could be
detected. Under this scoring system, the induction and
recoveries uniformly received excellent scores with
both regimes, reinforcing the clinical impression that
alpha-2 agonist and ketamine based regimes are an
improvement on barbiturate based regimes (1,2).
Numerous stimuli have been used in the past and

were used in this study to aid in the assessment of the
depth of anesthesia (3,6,17,22,23). The peripheral nerve
stimulator, as applied, resulted in a consistent response
that closely correlated with the clinical impression of
depth of anesthesia. The electrical stimulus chosen is
quite a strong stimulus and is capable of producing
blood pressure elevations in horses during halothane
anesthesia (25). Comparing stimuli used in this study is
difficult, as they were not applied in random order and
the electrical stimulus was not applied after a certain
response was obtained, while the other stimuli were

continued until the horse achieved sternal recumbency.
With X/D/K, the mean duration from the adminis-

tration of ketamine until the last stimulus before the horse
was responsive was 15.8, sx 1.6 min. Unfortunately,
comparing the duration of anesthesia among studies is
difficult, as many investigators only report the duration
of lateral recumbency, or time until standing, and incom-
pletely describe the applied stimuli (6,8,17). Muir et al (6)
included electrical, pressure, and surgical stimulation to

their experimental horses and recorded a mean duration
of anesthesia of 16 min (s = 7) with a xylazine and
ketamine protocol at the doses utilized in the present
study. Wan et al (23) reported a mean duration of anes-

thesia of 13 min (s = 6) using electrical and pressure stim-
uli with the same anesthetic regime. It thus appears
that adding 0.04 mg/kg BW diazepam to the regime
does not increase the duration of anesthesia. However,
the addition of diazepam does appear to increase the
muscle relaxation and overall quality of the anesthesia.
In previous reports, 1 of 6 (17) and 1 of 8 (23) horses
demonstrated unsatisfactory muscle relaxation during
xylazine and ketamine anesthesia. When detomidine
was used in place of xylazine with a short time interval
between sedation and ketamine administration, the
durations of anesthesia (analgesia) and recumbency
have been longer, relative to a xylazine and ketamine
regime (7). This is not the case when a longer interval
between sedation and induction is used (8).

Although the duration of anesthesia was only longer
by a mean of S min when romifidine was utilized in place
of xylazine, this observation was consistent, with all
horses having a shorter duration of anesthesia with the
X/D/K regime. Moreover, the early failure rate (anes-
thesia termination at 10 min or earlier), which can be a
significant practical problem, is absent with R/D/K
(0/12), compared with the fairly high frequency (4/12)
seen with X/D/K. The longer duration of anesthesia
seen when romifidine was used as the premedication
agent in place of xylazine will prove to be useful in the
field situation, when it is inconvenient to administer addi-
tional agents to prolong recumbency. It is of interest that
the duration of anesthesia with R/D/K was not even
longer, given the length of action of romifidine (24). The
rapid redistribution of ketamine undoubtedly plays a
predominant part in the recovery from anesthesia (35).
The duration of the effects of xylazine and ketamine can
be prolonged for up to at least 30 min with supplemen-
tal doses of both drugs (2). We have found that the
duration of anesthesia with romifidine and ketamine
can be safely extended to 30 min with supplemental
doses of ketamine alone, with no adverse effects on
recovery (C. Kerr, unpublished observations). It would
be advisable to administer supplemental oxygen during
such prolonged periods of anesthesia, as is desirable
when extending the duration of other IV anesthetic
regimes (4,5). To date there is no published experi-
ence with incremental or infusion regimes using romi-
fidine beyond 30 min.

Minimal attempt was made to encourage the horses to
stand once the point of end-anesthesia was reached.
This resulted in long intervals between the end of anes-
thesia and standing. Clinical experience with the R/D/K
anesthetic regime (C. Kerr, W. McDonell, unpublished
observations) has shown that with stimulation horses can
and will achieve a standing position soon after signs of
arousal are present, without a reduction in the quality of
recovery. It is also worth noting that our clinical expe-

rience using romifidine and ketamine without the incor-
poration of diazepam in the regime has not been favor-
able, as too many horses demonstrate muscle rigidity or
muscle tremors during recumbency.
We found romifidine provided excellent sedation in

horses prior to the administration of diazepam and ket-
amine. The resulting anesthesia was of excellent qual-
ity with inductions and recoveries at least equivalent to
those of a X/D/K anesthetic, when performed in an open

area resembling a practice situation. The romifidine
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premedication resulted in an additional 5 min of anes-
thesia at a depth at which it is postulated surgery could
be ongoing. It also appears the frequeny of unacceptable
early recoveries would be reduced if romifidine, instead
of xylazine, were used prior to diazepam and ketamine.
The hemodynamic changes with R/D/K were similar to
those seen with horses receiving X/D/K, with the fall
in HR, incidence of 2°AVB, and the increase in sys-
temic arterial pressures being slightly greater. cvi
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