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A three-year old Thoroughbred racehorse was anesthetized with sevoflurane and
oxygen inhalation anesthesia combined with constant rate infusion (CRI) of alfaxalone-
medetomidine for internal fixation of a third metacarpal bone fracture. After premedication
with intravenous (IV) injections of medetomidine (6.0 ug/kg IV), butorphanol (25 ug/kg V),
and midazolam (20 ug/kg 1V), anesthesia was induced with 5% guaifenesin (500 ml/head
1V) followed immediately by alfaxalone (1.0 mg/kg IV). Anesthesia was maintained with
sevoflurane and CRIs of alfaxalone (1.0 mg/kg/hr) and medetomidine (3.0 ug/kg/hr). The
total surgical time was 180 min, and the total inhalation anesthesia time was 230 min. The
average end-tidal sevoflurane concentration during surgery was 1.8%. The mean arterial
blood pressure was maintained above 70 mmHg throughout anesthesia, and the recovery
time was 65 min. In conclusion, this anesthetic technique may be clinically applicable for
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Thoroughbred racehorses undergoing a long-time orthopedic surgery.
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In equine practice, a long-time orthopedic surgeries are
usually performed under inhalation anesthesia. Among
inhalation anesthetic agents, sevoflurane has the advantages
of rapid induction, easy control of anesthetic depth, and
rapid recovery because of its low blood solubility [4, 17,
23]. However, sevoflurane is known to induce both dose-
and time-dependent cardiopulmonary depression, which
could increase the risk of postanesthetic mortality and
death [2, 6, 12, 24]. The important issues in relation to the
anesthetic management for a long-time orthopedic surgery
are maintenance of adequate cardiopulmonary function and
achievement of safe recovery.

Most balanced anesthetic techniques include the use of
an o,-adrenoceptor agonist because of its potent sedative
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and analgesic effects [21]. The short half-life of medeto-
midine and its selectivity and potency make it suitable
for use as a constant rate infusion (CRI) for balanced
anesthesia in horses [3, 5, 11]. In our previous study [20],
medetomidine (3.0 ug/kg/hr) CRI reduced the sevoflurane
requirement for arthroscopic surgery by approximately 10%
in Thoroughbred racehorses, resulting in good maintenance
of cardiopulmonary function, and improved the quality of
recovery from anesthesia.

Alfaxalone (3a-hydroxy-Sa-pregnane-11, 20-dione), a
new injectable anesthetic agent, is a synthetic neuroactive
steroid that acts on the gamma aminobutyric acid (GABA),
receptors in the central nervous system and produces uncon-
sciousness and muscle relaxation. Several experimental trials
of alfaxalone in horses have been reported [7-9, 14, 15, 18,
22]. In our previous study [22], alfaxalone showed similar
effects in relation to anesthetic induction, recovery quality,
and cardiopulmonary responses compared with ketamine
and thiopental in Thoroughbred horses. Others reported that
alfaxalone has a number of pharmacological properties that
are desirable for CRI in horses [7, 8]. In our pilot study
(unpublished data; n=25), alfaxalone-medetomidine CRI
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reduced the sevoflurane requirement for a short-time (60-90
min) arthroscopic surgery by approximately 23-25% and
resulted in almost the same recovery quality compared with
medetomidine CRI. Therefore, further reduction of the sevo-
flurane requirement is expected by applying this anesthetic
technique for a long-time orthopedic surgery in the same
way as applied for a short-time arthroscopic surgery. In
this report, we describe the anesthetic management with
sevoflurane combined with alfaxalone-medetomidine CRI
in a Thoroughbred racehorse undergoing a long-time (over
3 hr) internal fixation surgery.

A three-year old male Thoroughbred racehorse weighing
450 kg developed a medial condylar fracture of the right
third metacarpal bone during exercise. The fracture line
extended proximally for more than 1/3 of the total length of
the third metacarpal bone. Internal fixation surgery using a
10-hole locking compression plate (LCP) was performed on
the day after fracture. A 14-G catheter (BD Angiocath 14G
5-25”, Nippon Becton Dickinson, Tokyo, Japan) was placed
in the right external jugular vein under local anesthesia.
Ten min after premedication with medetomidine (6.0 ug/
kg; Dorbene, Vetcare Oy, Salo, Finland), butorphanol (25
ug/kg; Vetorphale, Meiji Seika Pharma Co., Ltd., Tokyo,
Japan), and midazolam (20 ug/kg; Dormicum, Astellas
Pharma Inc., Tokyo, Japan), anesthesia was induced with
5% guaifenesin (500 m//head; 5% Guaifenesin, Shinyo Pure
Chemicals Co., Ltd., Osaka, Japan) followed immediately
by alfaxalone (1.0 mg/kg; Alfaxan, Jurox Pty Ltd., New
South Wales, Australia). The horse was restrained behind a
swing gate with its head controlled by a halter and a rope
during the induction phase. After induction of anesthesia,
the horse was intubated endotracheally and positioned
in left lateral recumbency on a padded surgical table.
Anesthesia was maintained with sevoflurane (Sevofrane,
Maruishi Pharmaceutical Co., Ltd., Japan) and oxygen
(approximately 5 //min) in combination with alfaxalone
(1.0 mg/kg/hr) and medetomidine (3.0 wug/kg/hr) CRI
throughout the maintenance period. Anesthetic depth was
adjusted by altering inspired sevoflurane concentration to be
maintained at an adequate level for the surgical procedure.
Respiration was controlled by using intermittent positive
pressure ventilation (MOK 94, Silver Medical Co., Tokyo,
Japan) at a rate of 8—12 breaths/min to maintain arterial
carbon dioxide tension (PaCO,) between 45 and 55 mmHg.
Lactated Ringer’s solution (Lactec Injection, Otsuka Phar-
maceutical Co., Ltd., Tokyo, Japan) was infused at a rate of
approximately 10 m//kg/hr during anesthesia. Dobutamine
(Dobutrex, Shionogi & Co., Ltd., Osaka, Japan) was infused
to maintain mean arterial blood pressure (MAP) above 70
mmHg. Four-point high palmar nerve block was performed
using mepivacaine (3 m/; Carbocaine Injection 2%, Astra-
Zeneca K. K., Osaka, Japan).

A base-apex lead electrocardiogram was used to monitor
heart rate (HR) and rhythm. A 20-gauge catheter (Surflo
20G 2”7, Terumo Corporation, Tokyo, Japan) was placed
in the facial artery for measurement of systemic arterial
blood pressure and for arterial blood sample collection.
Arterial blood pressures were measured directly through
the catheter by a transducer system. Respiratory gas was
collected continuously, and end-tidal sevoflurane (ETggy o)
concentration was determined by infrared absorption. The
ETggvo concentration was recorded throughout anesthesia,
and HR, systolic arterial blood pressure (SAP), diastolic
arterial blood pressure (DAP), and MAP were recorded
every 5 min by an anesthesia monitoring system (BP608,
Omron Colin Co., Ltd., Tokyo, Japan). Arterial blood
samples were collected at 30, 60, 90, 120, and 180 min,
and PaCO,, arterial oxygen tension (Pa0O,), and pH were
immediately analyzed by a blood-gas analyzer (ABL800
FLEX, Radiometer Co., Ltd., Tokyo, Japan).

Two cortex screws were inserted in lag fashion at the
distal part of fracture. Then a 10-hole LCP was inserted
according to the method previously described by James et
al [13].

After surgery, the horse was transported to a darkened
recovery room and positioned in left lateral recumbency.
Respiration was assisted by pressure support ventilation
via a demand valve until adequate spontaneous respiration
appeared, and then the endotracheal tube was removed.
During the recovery period, spontaneous respiration
appeared at 10 min (time from the end of inhalation anes-
thesia), and the endotracheal tube was removed at 15 min.
The horse was resedated with medetomidine at 15, 20, and
25 min (2.0 ug/kg 1V). Recovery was assisted with the
horse’s head and tail controlled by a halter and ropes.

The scoring scale of 1-5 (1, poor; 2, marginal; 3, fair; 4,
good; 5, excellent) previously reported by Mama et al. was
used for subjective assessment of induction [16]. The horse
showed a smooth transition to lateral recumbency with good
muscle relaxation, and the induction quality in this case
was scored 5. Goodwin et al. reported that premedication
with romifidine (100 ug/kg IV) followed by alfaxalone (1.0
mg/kg IV) induction resulted in excited and uncontrolled
induction in their preliminary trials [7]. In our previous
study, 2 of 6 horses administered alfaxalone (1.0 mg/kg IV)
showed slight muscular rigidity or limb movement during
the transition to lateral recumbency, although all horses
seemed to be well sedated with medetomidine (6.0 ug/kg
IV) and midazolam (20 ug/kg IV) before induction [22].
Previous studies suggested that including guaifenesin might
improve induction quality [9]. Therefore, guaifenesin was
combined with alfaxalone in this case, and this might have
contributed to smooth induction.

The total surgical time was 180 min, and the total inhala-
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Fig. 1.
tamine infusion rate (c) during the anesthetic period.

tion anesthesia time was 230 min. The ETggy concentra-
tions recorded during anesthesia are shown in Fig. 1a. We
previously reported that the mean ETggyo concentrations
required for arthroscopic surgery and internal fixation were
2.8 £ 0.1% [20] and 3.0 + 0.3% [19], respectively, when
anesthesia was maintained with sevoflurane alone. We have
also reported that medetomidine CRI reduced the mean
ETggyo concentrations required for arthroscopic surgery
by approximately 10% [20]. In this case, the average
ETggyo concentrations during surgery was 1.8%, which was
equivalent to approximately 80% of the minimum alveolar
concentration of sevoflurane in horses (2.31 + 0.11%)
[1]. It was suggested that the potent anesthetic effect of
alfaxalone compensated for the reduction of sevoflurane.
Granados et al. reported that alfaxalone CRI (0.42 mg/
kg/hr) reduced the requirements of desflurane by 22% in
sheep undergoing experimental orthopedic surgery [10],
and these results support our current study. Further study

Time course changes in end-tidal sevoflurane concentration (a), heart rate and arterial blood pressures (b), and dobu-

is needed to determine the actual sevoflurane sparing effect
of alfaxalone-medetomidine CRI in horses.

The HRs and blood pressures recorded during anesthesia
are shown in Fig. 1b. HR was stable and maintained at an
adequate value during anesthesia. MAP was maintained
above 70 mmHg throughout anesthesia. We previously
reported that the mean dobutamine infusion rate required
for keeping MAP between 60 and 80 mmHg was 0.90 £0.16
ug/kg/hr when anesthesia was maintained with sevoflurane
alone for internal fixation [19]. The dobutamine infusion
rate required for keeping MAP within the target value was
much lower in the current case (Fig. 1¢). Goodwin et al.
reported that the average MAP during alfaxalone-medeto-
midine anesthesia for field castration was 104—112 mmHg
[9]. Combination with alfaxalone-medetomidine CRI might
have minimized the cardiovascular depression as a result
of sevoflurane reduction. Results for respiratory values are
shown in Table 1. PaCO, was maintained within the target
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Table 1. Time course changes in arterial oxygen tension (PaO,),
arterial carbon dioxide tension (PaCO,), and blood pH during
the anesthetic period

Time (min) 30 60 90 120 180
PaO, (mmHg) 546 541 549 541 527
PaCO, (mmHg)  57.1 523 526 500 506
pH 735 738 739 741 740

value throughout anesthesia except at 30 min.

The horse stood quietly with some ataxia in the second
trial at 65 min. The quality of recovery was a clinically
acceptable level. In our pilot study (the above-mentioned
unpublished data), the mean time to standing after 60-90
min of sevoflurane anesthesia in combination with alfaxa-
lone-medetomidine CRI was 72 min. Although the anes-
thesia time exceeded 3 hr and the horse was resedated with
medetomidine three times for prevention of rough recovery,
the time from the end of inhalation anesthesia to standing
was not prolonged. It was considered that both alfaxalone
and medetomidine did not accumulate and were rapidly
cleared from the body. No complications were observed
after surgery. The fracture was successfully repaired, and
the LCP was removed under sedation and local anesthesia
at 85 days after surgery.

In conclusion, alfaxalone-medetomidine CRI reduced the
sevoflurane requirement, providing good maintenance of
cardiopulmonary function. We consider that sevoflurane in
combination with alfaxalone and medetomidine CRI can be
a clinically effective anesthetic technique for Thoroughbred
racehorses undergoing a long-time orthopedic surgery.
Further studies are needed to accurately evaluate whether
this anesthetic technique is applicable for various types of
equine surgery.

References

1. Aida, H., Mizuno, Y., Hobo, S., Yoshida, K., and Fujinaga,
T. 1994. Determination of the minimum alveolar concen-
tration (MAC) and physical response to sevoflurane inha-
lation in horses. J. Vet. Med. Sci. 56: 1161-1165. [Medline]
[CrossRef]

2. Aida, H., Mizuno, Y., Hobo, S., Yoshida, K., and Fuji-
naga, T. 1996. Cardiovascular and pulmonary effects of
sevoflurane anesthesia in horses. Vet. Surg. 25: 164-170.
[Medline] [CrossRef]

3. Bettschart-Wolfensberger, R., Clarke, K.W., Vainio, O.,
Aliabadi, F., and Demuth, D. 1999. Pharmacokinetics of
medetomidine in ponies and elaboration of a medetomi-
dine infusion regime which provides a constant level of
sedation. Res. Vet. Sci. 67: 41-46. [Medline] [CrossRef]

4. Carroll, G.L., Hooper, R.N., Rains, C.B., Martinez, E.A.,
Matthews, N.S., Hartsfield, S.M., and Beleau, M.H. 1998.

10.

11.

12.

13.

14.

Maintenance of anaesthesia with sevoflurane and oxygen
in mechanically-ventilated horses subjected to exploratory
laparotomy treated with intra- and post operative anaes-
thetic adjuncts. Equine Vet. J. 30: 402—407. [Medline]
[CrossRef]

Creighton, C.M., Lemke, K.A., Lamont, L.A., Horney,
B.S., and Doyle, A.J. 2012. Comparison of the effects of
xylazine bolus versus medetomidine constant rate infusion
on the stress response, urine production, and anesthetic
recovery characteristics in horses anesthetized with isoflu-
rane. J. Am. Vet. Med. Assoc. 240: 998—1002. [Medline]
[CrossRef]

Driessen, B., Nann, L., Benton, R., and Boston, R. 2006.
Differences in need for hemodynamic support in horses
anesthetized with sevoflurane as compared to isoflurane.
Vet. Anaesth. Analg. 33: 356-367. [Medline] [CrossRef]
Goodwin, W.A., Keates, H.L., Pasloske, K., Pearson, M.,
Sauer, B., and Ranasinghe, M.G. 2011. The pharmacoki-
netics and pharmacodynamics of the injectable anaesthetic
alfaxalone in the horse. Ver. Anaesth. Analg. 38: 431-438.
[Medline] [CrossRef]

Goodwin, W., Keates, H., Pasloske, K., Pearson, M.,
Sauer, B., and Ranasinghe, M.G. 2012. Plasma pharmaco-
kinetics and pharmacodynamics of alfaxalone in neonatal
foals after an intravenous bolus of alfaxalone following
premedication with butorphanol tartrate. Vet. Anaesth.
Analg. 39: 503-510. [Medline] [CrossRef]

Goodwin, W.A., Keates, H.L., Pearson, M., and Pasloske,
K. 2013. Alfaxalone and medetomidine intravenous infu-
sion to maintain anaesthesia in colts undergoing field cas-
tration. Equine Vet. J. 45: 315-319. [Medline] [CrossRef]
Granados, M.M., Dominguez, J.M., Fernandez-Sarmiento,
A., Funes, F.J., Morgaz, J., Navarrete, R., Carrillo, J.M.,
Rubio, M., Mufioz-Rascon, P., Gémez de Segura, [.A., and
Gomez-Villamandos, R. 2012. Anaesthetic and cardiore-
spiratory effects of a constant-rate infusion of alfaxalone
in desflurane-anaesthetised sheep. Vet. Rec. 171: 125.
[Medline] [CrossRef]

Grimsrud, K.N., Mama, K.R., Steffey, E.P., and Stanley,
S.D. 2012. Pharmacokinetics and pharmacodynamics
of intravenous medetomidine in the horse. Vet. Anaesth.
Analg. 39: 38—48. [Medline] [CrossRef]

Grosenbaugh, D.A., and Muir, W.W. 1998. Cardiorespira-
tory effects of sevoflurane, isoflurane, and halothane anes-
thesia in horses. Am. J. Vet. Res. 59: 101-106. [Medline]
James, F.M., and Richardson, D.W. 2006. Minimally
invasive plate fixation of lower limb injury in horses: 32
cases (1999-2003). Equine Vet. J. 38: 246-251. [Medline]
[CrossRef]

Keates, H.L., van Eps, A.W., and Pearson, M.R. 2012.
Alfaxalone compared with ketamine for induction of
anaesthesia in horses following xylazine and guaifenesin.
Vet. Anaesth. Analg. 39: 591-598. [Medline] [CrossRef]

. Kloppel, H., and Leece, E.A. 2011. Comparison of ket-


http://www.ncbi.nlm.nih.gov/pubmed/7696410?dopt=Abstract
http://dx.doi.org/10.1292/jvms.56.1161
http://www.ncbi.nlm.nih.gov/pubmed/8928394?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.1996.tb01393.x
http://www.ncbi.nlm.nih.gov/pubmed/10425239?dopt=Abstract
http://dx.doi.org/10.1053/rvsc.1998.0274
http://www.ncbi.nlm.nih.gov/pubmed/9758097?dopt=Abstract
http://dx.doi.org/10.1111/j.2042-3306.1998.tb04509.x
http://www.ncbi.nlm.nih.gov/pubmed/22471830?dopt=Abstract
http://dx.doi.org/10.2460/javma.240.8.998
http://www.ncbi.nlm.nih.gov/pubmed/17083608?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2005.00279.x
http://www.ncbi.nlm.nih.gov/pubmed/21831048?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2011.00634.x
http://www.ncbi.nlm.nih.gov/pubmed/22642499?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2012.00734.x
http://www.ncbi.nlm.nih.gov/pubmed/23004224?dopt=Abstract
http://dx.doi.org/10.1111/j.2042-3306.2012.00645.x
http://www.ncbi.nlm.nih.gov/pubmed/22791525?dopt=Abstract
http://dx.doi.org/10.1136/vr.100487
http://www.ncbi.nlm.nih.gov/pubmed/22103480?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2011.00669.x
http://www.ncbi.nlm.nih.gov/pubmed/9442252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16706280?dopt=Abstract
http://dx.doi.org/10.2746/042516406776866291
http://www.ncbi.nlm.nih.gov/pubmed/22823480?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2012.00756.x

16.

17.

18.

19.

20.

SEVOFLURANE WITH ALFAXALONE-MEDETOMIDINE CRI

amine and alfaxalone for induction and maintenance of
anaesthesia in ponies undergoing castration. Vet. Anaesth.
Analg. 38: 37-43. [Medline] [CrossRef]

Mama, K.R., Steffey, E.P., and Pascoe, P.J. 1996. Evalu-
ation of propofol for general anesthesia in premedicated
horses. Am. J. Vet. Res. 57: 512-516. [Medline]
Matthews, N.S., Hartsfield, S.M., Mercer, D., Beleau,
M.H., and MacKenthun, A. 1998. Recovery from sevo-
flurane anesthesia in horses: comparison to isoflurane
and effect of postmedication with xylazine. Vet. Surg. 27:
480-485. [Medline] [CrossRef]

Ohmura, H., Okano, A., Mukai, K., Fukuda, K., and Taka-
hashi, T. 2016. Cardiorespiratory and anesthetic effects of
combined alfaxalone, butorphanol, and medetomidine in
Thoroughbred horses. J. Equine Sci. 27: 7-11. [Medline]
[CrossRef]

Ohta, M., Wakuno, A., Okada, J., Kodaira, K., Nagata, S.,
Ito, M., and Oku, K. 2010. Effects of intravenous fentanyl
administration on end-tidal sevoflurane concentrations in
thoroughbred racehorses undergoing orthopedic surgery. J.
Vet. Med. Sci. 72: 1107-1111. [Medline] [CrossRef]
Tokushige, H., Ohta, M., Okano, A., Kuroda, T., Kakizaki,
M., Ode, H., Aoki, M., Wakuno, A., and Kawasaki, K.

21.

22.

23.

24.

115

2015. Effects of medetomidine constant rate infusion on
sevoflurane requirement, cardiopulmonary function, and
recovery quality in thoroughbred racehorses undergo-
ing arthroscopic surgery. J. Equine Vet. Sci. 35: 83-87.
[CrossRef]

Valverde, A. 2013. Balanced anesthesia and constant-rate
infusions in horses. Vet. Clin. North Am. Equine Pract. 29:
89-122. [Medline] [CrossRef]

Wakuno, A., Aoki, M., Kushiro, A., Mae, N., Kodaira, K.,
Maeda, T., Yamazaki, Y., and Ohta, M. 2017. Comparison
of alfaxalone, ketamine and thiopental for anaesthetic
induction and recovery in Thoroughbred horses premedi-
cated with medetomidine and midazolam. Equine Vet. J.
49: 94-98. [Medline] [CrossRef]

Wallin, R.F., Regan, B.M., Napoli, M.D., and Stern, L.J.
1975. Sevoflurane: a new inhalational anesthetic agent.
Anesth. Analg. 54: 758-766. [Medline] [CrossRef]
Yamanaka, T., Oku, K., Koyama, H., and Mizuno, Y. 2001.
Time-related changes of the cardiovascular system during
maintenance anesthesia with sevoflurane and isoflurane in
horses. J. Vet. Med. Sci. 63: 527-532. [Medline] [Cross-
Ref]


http://www.ncbi.nlm.nih.gov/pubmed/21214708?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2010.00584.x
http://www.ncbi.nlm.nih.gov/pubmed/8712516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9749520?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.1998.tb00160.x
http://www.ncbi.nlm.nih.gov/pubmed/27073330?dopt=Abstract
http://dx.doi.org/10.1294/jes.27.7
http://www.ncbi.nlm.nih.gov/pubmed/20379087?dopt=Abstract
http://dx.doi.org/10.1292/jvms.09-0285
http://dx.doi.org/10.1016/j.jevs.2014.11.004
http://www.ncbi.nlm.nih.gov/pubmed/23498047?dopt=Abstract
http://dx.doi.org/10.1016/j.cveq.2012.11.004
http://www.ncbi.nlm.nih.gov/pubmed/26850885?dopt=Abstract
http://dx.doi.org/10.1111/evj.12548
http://www.ncbi.nlm.nih.gov/pubmed/1239214?dopt=Abstract
http://dx.doi.org/10.1213/00000539-197511000-00021
http://www.ncbi.nlm.nih.gov/pubmed/11411498?dopt=Abstract
http://dx.doi.org/10.1292/jvms.63.527
http://dx.doi.org/10.1292/jvms.63.527

