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ABSTRACT. Seven Thoroughbred horses were castrated under total intravenous anesthesia (TIVA) using propofol and medetomidine.  After
premedication with medetomidine (5.0 g/kg,  intravenously), anesthesia was induced with guaifenesin (100 mg/kg, intravenously) and
propofol (3.0 mg/kg, intravenously) and maintained with constant rate infusions of medetomidine (0.05 g/kg/min) and propofol (0.1
mg/kg/min).  Quality of induction was judged excellent to good.  Three horses showed insufficient anesthesia and received additional
anesthetic.  Arterial blood pressure changed within an acceptable range in all horses.  Decreases in respiratory rate and hypercapnia were
observed in all horses.  Three horses showed apnea within a short period of time.  Recovery from anesthesia was calm and smooth in
all horses.  The TIVA-regimen used in this study provides clinically effective anesthesia for castration in horses.  However, assisted ven-
tilation should be considered to minimize respiratory depression.
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Propofol (2,6-diisopropylphenol) is characterized by
short duration of action with little cumulative effects, easi-
ness of anesthetic depth control and rapid recovery [14].
For this reason, it has been widely used for induction and
maintenance of total intravenous anesthesia (TIVA) in
humans and animals [12, 19].  Propofol is often used in
combination with analgesics, sedatives or other anesthetics
because of its poor analgesic properties and high cost [14].
In humans, TIVA with propofol and ketamine has become a
popular means of anesthesia and has been reported to pro-
vide a good maintenance state without remarkable cardio-
respiratory depression [12].  Propofol has also been used for
horses as TIVA in combination with ketamine and is known
to provide sufficient anesthesia [10, 20, 24, 25].

Ketamine is reported to stimulate the limbic system and
frequently produce dysphoria, hallucinations, delirium,
excitement and undesirable catatonic response [2], and these
effects can cause accidents during recovery when sedation is
insufficient.  Moreover, ketamine was designated as a nar-
cotic drug under the Narcotics and Psychotropics Control
Law in Japan in January 2007, and the usage of ketamine is
severely restricted.  Therefore, in the equine clinical field,
there is a demand for a new propofol TIVA technique with-
out using ketamine.  In place of ketamine, medetomidine,
the most potent α2-agonist currently available in Japan, was
selected, and guaifenesin, a central muscle relaxant, was
used to supplement the poor induction of propofol.  The pur-
pose of this study was to evaluate the clinical availability of
the TIVA technique with medetomidine and propofol fol-

lowing induction with medetomidine, guaifenesin and pro-
pofol for surgical procedures.

Seven male Thoroughbred horses were used.  The horses’
ages ranged from 3 to 7 years old (mean ± standard devia-
tion, 4.9 ± 1.3 years), and their weights ranged between 432
and 574 kg (503 ± 46 kg).  The horses were considered
healthy based on the results of physical, blood and electro-
cardiogram examination prior to surgery.  They were fasted
for 12 hr before anesthesia but had free access to water.  All
procedures were conducted according to the guidelines
established by the Experimental Animal Committee, Japan
Racing Association.

Each horse was catheterized in the left jugular vein with a
14-G catheter and premedicated with medetomidine (5.0 μg/
kg; Domitor, Orion Corporation, Espoo, Finland).  Ten min
after premedication, anesthesia was induced by administra-
tion of guaifenesin (100 mg/kg; 5% Guaifenesin, Shinyo
Pure Chemicals Co., Ltd., Osaka, Japan) and 1% propofol
(3.0 mg/kg; Rapinovet, Mallinckrodt Veterinary, Mun-
delein, IL, U.S.A.).  The 3.0 mg/kg of propofol was bolus
injected after the onset of muscle relaxation induced by the
administration of guaifenesin.  During induction, the horse’s
head and tail were controlled with a halter and rope through
a wall ring.  The time taken for the horses to assume a
recumbent posture from the end of propofol injection was
recorded, and the quality of induction was quantified using
a score of 1 to 5 (1, poor; 2, marginal; 3, fair; 4, good; 5,
excellent) according to a description by Mama [15, 16].

After induction, the horses were intubated endotracheally
and placed on a padded mattress in right lateral recumbency.
The endotracheal tube was connected to a demand valve
supplied with 100% oxygen, and ventilation was assisted for
1 or 2 breaths via demand valve when apnea persisted for
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more than one minute.
Anesthesia had been maintained for 50 min with propofol

and medetomidine infusion using volumetric infusion
pumps (IVAC 599, Alaris Medical System, San Diego, CA,
U.S.A.), and surgical castration by half-closed technique
was performed.  Propofol and medetomidine were infused at
the constant rates of 0.10 mg/kg/min and 0.05 μg/kg/min,
respectively.  When the signs of too light anesthesia, such as
nystagmus, were observed, 1.0 mg/kg of propofol was addi-
tionally bolus administered, and when gross purposeful
movement was observed, 2.0 mg/kg of thiopental sodium
(Ravonal, Mitsubishi Tanabe Pharma, Osaka, Japan) was
also administered.  Thiopental was used to immobilize
horses quickly with a smaller volume of solution than pro-
pofol.  The depth of anesthesia was judged based on the
hemodynamic response, the degree of muscle relaxation, the
rate and character of breathing and the presence or absence
of the swallowing reflex, nystagmus and gross purposeful
movement.

Respiratory rate (RR), heart rate (HR), arterial blood
pressure and arterial partial pressures of O2 and CO2 (PaO2

and PaCO2) were measured every 10 min during mainte-
nance of anesthesia.  HR was also measured before and after
premedication and just after induction.  RR was also mea-
sured immediately after induction.  The RR was counted by
expiration through the demand valve, and HR was obtained
by auscultation or electrocardiograph (base-apex lead).
Arterial blood pressure was obtained using a multipurpose
monitoring system (M1166A, Hewlett-Packard, Palo Alto,
CA, U.S.A.) connected via a transducer with a 20-G catheter
placed in the facial artery.  The zero level of the transducer
was placed at the height of the sternum.  PaO2 and PaCO2

were analyzed in blood samples collected from the arterial
catheter using a calibrated arterial blood gas analyzer
(860CO, Bayer Medical, Medford, MA, U.S.A.).

After anesthesia, horses were immediately transported to
a darkened recovery room, positioned in lateral recumbency
and extubated.  During recovery, resedation and assistance
for standing were not provided.  The times from the end of
anesthesia to first movement, sternal recumbency, first
attempt to stand and standing up were recorded.  The num-
ber of attempts to stand was also recorded, and the quality of
recovery was quantified using a score of 1 to 5 in the same
manner as for induction.

The data were summarized as means ± standard devia-

tion.  Data sets of cardiopulmonary measurements were ana-
lyzed with repeated measure analysis of variance to
determine the effects over time.  When appropriate, values
between different measurement time points were examined
by the Student-Newman-Keuls test.  The level of statistical
significance was less than 0.05 (P<0.05).

The mean time from the end of propofol injection to when
the horses assumed a recumbent posture was 37.9 ± 10.4
sec.  The induction score was 5 (excellent) in 5 horses and 4
(good) in 2 horses.  In one of the horses scored as 4 (good),
transient muscular rigidity appeared after propofol injection,
and slight movement of the limbs was observed immedi-
ately after assuming a recumbent posture.  Endotracheal
intubation was easy, and no rigidity of the masseter muscle
or swallowing movements was observed.

During maintenance of anesthesia, 4 horses did not show
any signs of too light anesthesia.  However, the remaining 3
horses showed nystagmus at 30 min after induction, and 1.0
mg/kg of propofol was additionally administered.  Since one
horse still showed nystagmus and gross purposeful move-
ment, 2.0 mg/kg of thiopental sodium was supplementary
administered.  Furthermore, this horse showed nystagmus
again at 50 min after induction, and another 1.0 mg/kg of
propofol was administered.  In all horses, brisk palpebral
and corneal reflexes were observed throughout the anes-
thetic period.

The results of the cardiovascular measurements are sum-
marized in Table 1.  HR decreased significantly after
medetomidine premedication, from 41 beats/min to 31
beats/min, and HR stayed significantly lower compared
with the values before premedication throughout anesthesia.
In addition, HR at 10 min after induction was significantly
lower than that immediately after induction.  Arterial blood
pressure did not change significantly, and mean arterial
blood pressure ranged between 103 and 113 mmHg during
anesthesia.

The results of the respiratory measurements are shown in
Table 2.  RR decreased significantly over time during anes-
thesia, from 4.0 ± 2.2 breaths/min immediately after induc-
tion to 2.3 ± 2.1 breaths/min at 50 min after induction.  RR
at 20 and 50 min after induction was significantly lower than
that at 10 min after induction.  Apnea appeared between 10
and 15 min after induction in one horse and at approxi-
mately 35 min after induction, which was just after addi-
tional propofol bolus administration, in other 2 horses.

Table 1. Recorded cardiovascular measurements in 7 horses during medetomidine-propofol anesthesia

Variable Predrug After Immediately Minutes after induction

value premedication after induction 10 20 30 40 50

HR 41  7 31  4a) 33  10a) 28  6a,b) 26  7a) 27  9a) 27  8a) 27  8a)

SAP NM NM NM 132  17 137  20 142  25 140  22 136  20
MAP NM NM NM 103  14 106  17 113  22 109  20 109  18
DAP NM NM NM 92  15 94  16 100  21 95  19 94  20

P<0.05. a): Versus (Vs.) predrug value. b): Vs. immediately after induction. Data are expressed as means  SD. HR: heart rate (beats/min).
SAP: systolic arterial pressure (mm of Hg). DAP: diastolic arterial pressure (mm of Hg). MAP: mean arterial pressure (mm of Hg). NM: values
not measured.
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During these apnea episodes, assisted ventilation was per-
formed.  PaO2 decreased and PaCO2 increased significantly
during anesthesia in all horses.

The mean times from the end of anesthesia to first move-
ment, sternal recumbency, first attempt to stand and stand-
ing up were 31 ± 11, 36 ± 10, 41 ± 11 and 44 ± 9 min,
respectively.  The recovery score was 5 (excellent) in 1
horse, 4 (good) in 1 horse and 3 (fair) in 5 horses, respec-
tively.  None of the horses became excited or struggled dur-
ing the recovery period.  The number of attempts to stand
was once for 2 horses, twice for 3 horses, three times for 1
horse and five times for 1 horse.  Ataxia was minimal, and
no apparent complication was observed after anesthesia in
all horses.

We previously reported the usability of the propofol-ket-
amine TIVA technique for prolonged anesthesia in race-
horses [20].  However, for legal reasons, there is a need to
establish a new propofol TIVA technique without using ket-
amine.  Medetomidine was used as a substitute for ketamine
in conjunction with propofol, since it produces potent seda-
tion/analgesia [8] and is widely used in equine practice.
Also, medetomidine is reported to be a suitable agent for
prolonged use by infusion because of its pharmacokinetics
[3].

Bettschart et al. reported that the combination of propofol
and medetomidine was suitable for TIVA in ponies but that
induction only with medetomidine and propofol leads to
undesirable behavior, paddling of the limbs immediately
after induction [4, 5].  In a later study, Bettschart et al. used
medetomidine and ketamine for anesthetic induction of
TIVA with propofol and medetomidine probably to avoid
such undesirable behavior [6, 7].  To improve the anesthetic
induction quality without using ketamine, guaifenesin was
used in combination with medetomidine and propofol in the
present study.

Anesthetic induction with α2-agonist followed by propo-
fol in combination with guaifenesin is reported to be smooth
and excitement free in Brazilian [1] and other horses [17].
However, in the Brazilian horse study, anesthetic induction
with propofol alone was also rapid and smooth, indicating
the effect of guaifenesin to be ambiguous [1].  The quality of
anesthetic induction with propofol is not necessarily good in
Thoroughbred and other horses, and myotonus, transiently
increased muscle activities and paddling immediately after

assuming a recumbent posture were frequently observed
even after premedication with α2-agonist [15, 16, 18, 20,
21].  In this study, premedication with medetomidine was
followed by guaifenesin, and after onset of muscle relax-
ation, propofol was bolus injected.  Although transient mus-
cular rigidity and limb movement were observed in one
horse, they were slight and safe, and the quality of anesthetic
induction was considered to be satisfactory.  On the other
hand, administration of propofol over 2 to 3 min is reported
to produce smoother induction compared with administra-
tion over a shorter period of time [18, 20].  However, in the
present study, smooth induction was also achieved despite
administration of a bolus injection of propofol.  Further-
more, the time taken for the horses to assume a recumbent
posture from the start of propofol injection was shorter in
this study than those in the previous reports [18, 20].  There-
fore, guaifenesin is considered to be useful for making anes-
thetic induction with propofol rapid and smooth in
Thoroughbred horses.

In the present study, the infusion rate of propofol was set
at 0.1 mg/kg/min, which is the minimum infusion rate
(MIR) for after premedication with 1.0 mg/kg of xylazine in
horses [22].  MIR is the infusion rate of intravenous anes-
thetic preventing reaction to stimulus in 50% of population.
The doses of medetomidine, 5.0 μg/kg for premedication
and 0.05 μg/kg/min for maintenance of anesthesia, were set
a little lower than those reported in ponies by Bettschart et
al., 7.0 μg/kg for premedication and 0.0583 μg/kg/min for
maintenance of anesthesia [3–6], in consideration of the fact
that guaifenesin was used in combination with medetomi-
dine and propofol during induction.  The anesthetic depth
achieved by these infusion rates was sufficient for surgical
castration in 4 horses, while signs of too light anesthesia
appeared in the remaining 3 horses at 30 min after induction.
From these results, the propofol infusion rate of 0.1 mg/kg/
min in combination with 0.05 μg/kg/min medetomidine
infusion was considered to be the minimum requirement to
perform a surgical procedure in Thoroughbred horses.
Therefore, the propofol infusion rate should be adjusted
according to the individual circumstances in the case of clin-
ical application.

The signs of too light anesthesia were observed at almost
the same time, 30 min after induction, in 3 horses.  It is
reported that horses anesthetized with 1.0 mg/kg of xyla-

Table 2. Recorded respiratory measurements in 7 horses during medetomidine-propofol anesthesia

Variable Immediately Minutes after induction

after induction 10 20 30 40 50

RR 4.0  2.2 3.7  1.6 2.7  1.8a) 2.4  2.5 2.6  2.8 2.3  2.1a)

PaO2 NM 351  106 351  153 315  157 291  161b) 222  113a–d)

PaCO2 NM 60  3 63  5 68  7a,b) 71  9a,b) 75  4a–c)

pHa NM 7.312  0.033 7.296  0.039 7.286  0.042a) 7.273  0.043a,b) 7.255  0.036a–c)

P<0.05. a): Versus (Vs.) 10 min after induction. b): Vs. 20 min after induction. c): Vs. 30 min after induction. d): Vs. 40 min after induction.
Data are expressed as means  SD. RR: respiration rate (breaths/min).  PaCO2: arterial carbon dioxide tension (mm of Hg). PaO2: arterial
oxygen tension (mm of Hg).  NM: values not measured.
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zine, 20 μg/kg of midazolam and 3.0 mg/kg of propofol
assumed sternal recumbency at 26.1 min and stood up at
35.3 min after induction [21].  Therefore, the arousal signs
observed at 30 min after induction were considered to be
caused by reduction of the anesthetic effect, which is due to
the initial propofol loading dose for induction.

HR in this study decreased significantly after premedica-
tion with medetomidine and was kept significantly lower
throughout anesthesia.  Arterial blood pressure was lower
compared with that of conscious horses [26], but it did not
change significantly during anesthesia.  The possible causes
of the decrease in HR and arterial blood pressure include a
cardiovascular depressant effect of medetomidine [26] and
propofol [14, 23].  Guaifenesin may also have contributed to
the decrease in arterial blood pressure, since it is known to
cause a significant decrease in arterial blood pressure with-
out significantly changing HR and cardiac output in horses
[13].  Meanwhile, the mean arterial blood pressure was
maintained within the acceptable range that was higher than
the value required to prevent postanesthetic complications
such as myopathy (65 to 70 mmHg or more [11]).  It is sug-
gested that medetomidine-propofol anesthesia induces com-
parable or less severe changes in the cardiac index than
inhalation anesthesia [4].  However, further studies to reveal
the cardiovascular effect are required to ascertain the safety
of the anesthetic regimen.

In this study, a brief period of apnea appeared in 3 horses,
and for 2 horses, the apnea was thought to have been associ-
ated with a sharp elevation of propofol blood level accom-
panied by additional propofol bolus administration.
Propofol is a potent respiratory depressant [14].  Therefore,
it would be better to adjust the propofol infusion rate accord-
ingly based on careful anesthetic depth monitoring to pre-
vent episodes of apnea accompanied by propofol bolus
administration.  Meanwhile, although RR decreased in all
horses, spontaneous respiration was maintained throughout
most of the period of anesthesia.  TIVA with continuous
infusion of propofol alone was associated with marked res-
piratory depression in horses [10].  The reason why sponta-
neous respiration remained was probably because of the
dose-sparing effect of medetomidine on propofol require-
ment which led to less respiratory depression caused by pro-
pofol.  However, PaCO2 increased from 60 to 75 mmHg and
PaO2 decreased from 350 to 220 mmHg despite supplemen-
tation with 100% oxygen.  Given this result, it is preferable
to prepare a demand valve to assist ventilation in TIVA of
horses with a combination of propofol and medetomidine.

The mean recovery time in this study was 44 min after
anesthesia for 60 min.  Propofol is supposed to provide rapid
and smooth recovery after anesthesia.  In ponies, the mean
recovery time to standing is reported to be 20.9 min after
anesthesia for 4 hr with 0.06 to 0.1 mg/kg/min propofol and
0.0583 μg/kg/min medetomidine infusion [5] and 38.8 min
after anesthesia for 4 hr with 0.07 to 0.11 mg/kg/min propo-
fol and 0.0583 μg/kg/min medetomidine infusion [4].  Con-
sidering that the anesthesia time was shorter in this study,
the recovery time was relatively longer in comparison with

those in ponies.  Guaifenesin, a central muscle relaxant,
administered during induction in this study could have influ-
enced the recovery time.  Meanwhile, it has been suggested
that the recovery time from propofol anesthesia is longer in
Thoroughbred and other horses of similar weight than in
ponies [24].  Therefore, in these horses, appropriate moni-
toring of the depth of anesthesia is crucial to prevent over-
dose administration of propofol, which results in the delay
of recovery.

The horses were calm when standing up as in other
reports [4–6], and there was no apparent complication in any
horses.  However, the number of attempts to stand was three
or more in 2 horses and thought to be slightly greater than
for other methods of TIVA using propofol in horses.  This
may have resulted from the administration of guaifenesin
for induction.  On the other hand, in the reports in which a
surgical procedure was performed under TIVA with propo-
fol, some horses required three or more attempts to stand [7,
18].  In addition, administration of morphine as a preanes-
thetic medication and infusion during anesthesia has been
demonstrated to reduce the number of attempts to stand in
horses that received surgery under halothane anesthesia, and
one explanation for this is that postoperative pain stimulated
return of consciousness, after which untreated pain discour-
aged further movement [9].  In light of these reports, many
horses in this study may have tried to stand before regaining
sufficient strength and coordination due to the pain stimulus
caused by castration, and as a result, the number of attempts
to stand may have been comparatively large.  Therefore, the
number of attempts to stand could have been improved by
administration of an appropriate analgesic during anesthesia
or recovery.

In conclusion, anesthetic induction with medetomidine
and propofol in combination with guaifenesin followed by
maintenance of anesthesia with medetomidine and propofol
infusion provided a satisfactory quality of anesthetic induc-
tion, maintenance and recovery in horses.  Therefore, this
regimen was considered to be acceptable for surgical castra-
tion in Thoroughbred horses.  However, since short apnea
appeared during maintenance of anesthesia in some horses,
preparing a device for assisted ventilation is preferable to
minimize risk related to such respiratory depression.  To
apply this regimen in the field, where assisted ventilation
devices are not available, adjustment of the propofol infu-
sion rate accordingly based on careful monitoring of anes-
thetic depth is important to prevent apnea.  Supplemental
analgesic administration during anesthesia or recovery may
aid in providing more satisfactory recovery from anesthesia.
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