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ABSTRACT

In the present study, the quality of the induction of and the recovery from anesthesia was
compared in 146 horses undergoing total intravenous anesthesia with guaifenesin, ketamine and
detomidine for computed tomography (CT), randomly assigned to receive either romifidine (n
=110) or detomidine (n = 36) during premedication. The induction of anesthesia was performed
with a ketamine-midazolam combination. The anesthetic duration was short (mean +/- SD time:
23.5 +/- 8.8 minutes). No significant difference in induction score was observed. However, the
recovery quality was significantly better in horses premedicated with romifidine.

vicvanloon@gmail.com

SAMENVATTING

In de voorliggende studie werd de kwaliteit van de inductie en de recovery vergeleken bij 146
paarden na totale intraveneuze anesthesie met guaifenesine, ketamine en detomidine, ten behoeve van
computertomografie (CT). Ze werden willekeurig ingedeeld, waarbij de ene groep romifidine (n=110)
en de andere groep detomidine (n=36) als premedicatie kreeg. De anesthesie werd geinduceerd met
een combinatie van ketamine/midazolam. De gemiddelde anesthesieduur van de CT was kort (gemid-
deld +/- SD: 23,5 +/- 8,8 minuten). Er bleek geen significant verschil te zijn voor de inductiescore. Wel
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bleken paarden gepremediceerd met romifidine een significant betere recoveryscore te hebben.

INTRODUCTION

Alpha-2 agonists are synthetic drugs that cause
sedation, analgesia and myorelaxation due to their
interaction with alpha-2 adrenoreceptors that are
widely distributed throughout the body. Analgesia is
thought to be the result of actions on the supraspinal
and spinal sites in the central nervous system, while
sedation is the effect of supraspinal stimulation of
alpha-2 receptors in the locus coeruleus (Williams
et al., 1985). As such, alpha-2 agonists are generally
used in veterinary practice to tranquilize animals (i.e.
pharmacologic restraint). This facilitates diagnostic
examinations of minimally invasive and minor surgi-
cal procedures, and limits stress experienced by the
patient (Nannarone et al., 2007). Furthermore, alpha-2
agonists are used for premedication prior to general
anesthesia (Clarke and Gerring 1990; Taylor et al.
2001; Wojtasiak-Wypart et al., 2012), and are often a
component of intravenous (IV) drug regimens for the

maintenance of general anesthesia (Kerr et al., 2004;
Rossetti et al., 2008; Wojtasiak-Wypart et al., 2012).
Total intravenous anesthesia (TIVA) is generally
used for short field procedures. A study by Luna et
al. (1996) is consistent with that of Taylor and Wat-
kins (1992), both demonstrating that a combination of
guaifenesin, ketamine and detomidine is a reliable al-
ternative to halothane anesthesia. Specifically, Taylor
et al. (1992, 1995) reported that maintenance of anes-
thesia with this combination for two hours produced
a stable cardiorespiratory function and depression of
the pituitary-adrenal activity during surgery in ponies
and horses. Pharmacokinetic studies performed dur-
ing TIVA using the original infusion rates described
by Greene et al. (1986), indicated that guaifenesin
concentrations increased, reaching dangerously high
values after two hours of anesthesia (Taylor et al.,
1995). A lower infusion rate of guaifenesin is more
likely to facilitate a better recovery (Luna et al., 1996).
Recovery from general anesthesia in horses is a



126

Vlaams Diergeneeskundig Tijdschrift, 2014, 83

Table 1. Comparison of the influence of romifidine and detomidine on the induction of anesthesia and recovery from

total intravenous anesthesia in horses.

Detomidine Romifidine
Number of horses 36 110
Number of mares 13 49
Number of geldings 18 57
Number of stallions 4 5
Mean duration of 23.5 23.6
Anesthesia (min)
Mean duration of recumbancy during recovery (min) 32.5 35
Mean number of attempts to stand 2.7 1.2
Number of horses receiving extra premedication 9 31
Mean induction score (1-5) 2.02 2.07
Median induction score (range) 2 (1-4) 2 (1-5)
Mean recovery score (1-5) 2.9 1.8
Median recovery score (range) 3 (1-5) 2 (1-4)

Table 2. Number of breeds.

Breed Number

Dutch Warmblood
Dutch Riding horse
Quarter horse
Friesian
Oldenburger horse
Hanoverian
Appaloosa

Arabian

Bavarian Warmblood
Belgian Warmblood
Rheinlander

Tinker

Welsh pony
Westfaler
Andalusian horse
Fjord

Haflinger
Standardbred
Trakhener
Unknown
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critical and difficult period to manage and the risk of
complications, including death, is higher than in other
species (Johnston et al., 2002; Schauvliege and Gast-
huys, 2012). Once the horse regains consciousness, it
tries to stand and the first attempts may be unsuccess-
ful, causing the horse to enter into a state of confusion.
Both excitement and ataxia are often observed, which
can typically lead to injury of the horse simply due to
the large size and temperament of the animal that may
have just undergone a surgical procedure (Matthews
et al. 1992; Santos et al. 2003). Johnston et al. (2002)

reported a death rate of 0.9%, based on data collected
from more than 40,000 general anesthetics of “non-
colic horses” (information obtained from 62 clinics),
where fractures and myopathies were the cause of 32%
of the postanesthetic deaths. To reduce the number of
unnecessary postanesthetic deaths, several strategies
can be employed to ensure a calmer recovery period,
such as an optimal choice of anesthetic and analgesic
protocols as well as tailored conditions for anesthetic
maintenance and recovery (Matthews et al. 1992; San-
tos et al. 2003; Schauvliege et al. 2011; Marcilla et al.
2012).

The objective of the current study was to evaluate
and compare the quality of induction and recovery in
horses anesthetized with total intravenous anesthesia
after premedication with two different alpha-2 adrener-
gic receptor agonists, romifidine (group R) (Sedivet®,
Boehringer Ingelheim, Alkmaar, the Netherlands) and
detomidine (group D) (Domosedan®, Pfizer Animal
Health, Capelle aan de [Jssel, the Netherlands).

MATERIALS AND METHODS

Patients

In total, this study included 146 horses (62 mares,
9 stallions and 75 geldings), ranging in age from
1 to 18 years old with an average weight of 561 +
75 kg (Table 1). Roughly 75% of the horses were of
a Warmblood type (Table 2).

All patients were examined by computed tomo-
graphy (CT), mostly of the distal limb. The preanes-
thetic examination included general impression, body
condition score (BCS: 1-3), appetite, weight, general
clinical examination and auscultation of heart and
lungs. Only American Society of Anaesthesiologists
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Figure 1. Comparison of the induction grade of detomi-
dine versus romifidine.

(ASA) class 1 (normal healthy patient) and two (pa-
tient with mild systemic disease; no functional limita-
tion) patients were included in the study.

Experimental design

Horses were randomly assigned to group R (romifi-
dine: 110 horses) or group D (detomidine: 36 horses)
(Table 1). The corresponding drugs were administered
intravenously according to the manufacturer’s recom-
mendations (romifidine at 80 mg/kg and detomidine
at 10 mg/kg).

Five minutes after intravenous administration, an
experienced anesthesiologist blinded to the proto-
col assessed the depth of sedation using previously
described methods (Figueiredo et al., 2005) and, if
necessary, a supplement of the same alpha-2 ago-
nist was administered to achieve the desired depth
of sedation (deep sedation, stage 3, defined as: mark-
edly decreased frequency and velocity of movement,
pronounced ear tip separation, markedly lower neck
carriage, greatly reduced eye alertness, extreme lip
separation, markedly increased base-wide stance, in-
creased occurrence and severity of crossed legs, buck-
led knees, and/or fetlocks, and pronounced loss of
postural tone).

A 12-gauge catheter was placed aseptically into the
jugular vein. The induction of anesthesia was performed
with a ketamine-midazolam combination (2 mg/kg keta-
mine (Nimatek®, Eurovet Animal Health, Bladel, the
Netherlands) and 0.06 mg/kg midazolam (Dormicum®,
Aesculaap, Boxtel, the Netherlands)) administered from
one syringe immediately after preparation. Anesthesia
was maintained with TIVA using a triple drip contain-
ing 500 ml 10% guaifenesin (Gujatal®, Eurovet Animal
Health, Bladel, the Netherlands) to which 1000 mg
ketamine and 10 mg detomidine were added, to obtain
concentrations of 100mg/ml guaifenesin, 2mg/ml keta-
mine and 0.02mg/ml detomidine, with a constant rate
infusion (CRI) of 1 ml/kg/h.
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Figure 2. Comparison of the recovery grade of detomi-
dine versus romifidine.

One veterinarian and one assistant, both blinded
to the protocol, assisted the horses with head and tail
ropes during the recovery from anesthesia, supporting
the horse only when necessary.

Measured and calculated variables

The principal investigator in charge of data col-
lection was blinded to the premedication protocol.
Two independent observers blinded to the protocol
evaluated the quality of induction and recovery from
general anesthesia of each horse using predetermined
simple descriptive scales (SDS), with scores ranging
from 1 (good recovery) to 5 (poor recovery) (Tables
3 and 4).

Anesthetic duration was measured from the mo-
ment the horse was placed on the CT-table until the
time that it was removed from the table. The time of
recumbency and the time to release from head and
tail ropes (i.e. horse is able to stand firmly) during
assisted recovery were measured. The number of at-
tempts needed to stand was also recorded.

Statistical analysis

The induction and recovery scores are presented as
medians and ranges (Table 1). Continuous data (dura-
tion of recovery, etc.) are shown as mean + s.d. The
BCS data are summarized as numbers and percentages.
Differences in induction and recovery scores between
groups were compared using a Mann-Whitney U test.
Statistical analysis was performed in SPSS version
15.0. Statistical significance was defined at p < 0.05.

RESULTS

The duration of anesthesia (Table 1) was short in
all cases. The overall mean anesthetic time was 23.5
minutes, with a maximum of 50 minutes. For group
R, the mean anesthetic time was 23.7 minutes (SD
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Table 3. Scoring system used to grade induction.
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Score Characteristics
1 Very easy induction, with smooth relaxation of the hind before the front
2 Very easy induction, with smooth relaxation of the front before the hind
3 Anxiety during induction but no supplement necessary
4 Anxiety during induction; the horse requires ketamine supplement, but has an appropriate depth of

anesthesia after induction

5 Difficult induction despite administration of a supplement

9.17 minutes), and for group D the mean anesthetic
time was 24.3 minutes (SD 8.1 minutes); moreover,
the mean total volumes of CRI were similar in both
groups. The mean number of attempts to stand for
all horses was 1.54; for group R, it was 1.19, and for
group D, it was 2.71.

BCS was also similar in both groups. Six horses
(4%) had BCS 1 (thin), 112 horses (76%) had BCS2
(normal) and 29 horses (20%) had BCS3 (fat).

Since the induction and recovery scores of the
horses that were supplemented with additional alpha-2
agonists during premedication were not statistically
different from those that were not supplemented, these
groups were combined for subsequent analysis.

No significant differences were observed in induc-
tion score (Table 1) between group R and group D (p
=0,749) (Figure 1). Twenty-four percent of the horses
in group R versus 20% in group D had an induction
score of 3 or more.

Significant differences were observed in recovery
score (Table 1) between group R and group D (p <
0.001) (Figure 2). In total, 13.5% of the horses in
group R and 61% of the horses in group D had a re-
covery score of 3 or more.

DISCUSSION

In this study, the recovery quality was significantly
better in the horses premedicated with romifidine than
in the horses premedicated with detomidine, with no
loss in the quality of induction.

The difference in recovery quality between the two
drugs might be caused by their difference in dura-
tion of action. The half-life and duration of action
are longer for romifidine (Wojtasiak-Wypart et al.,
2012), than for detomidine (Salonen et al., 1989). Also
other authors reported that sedation lasted longer when
romfidine was used (Jochle and Hamm,1986; Eng-
land et al., 1992). However, according to Rohrbach
et al. (2009), romifidine (0.08mg/kg) and detomidine
(0.02mg/kg) have similar sedative effects for approxi-
mately 90 minutes. In the present study, the same dose
of romifidine was used; as for detomidine however,
only 0.0lmg/kg was administered. Taking this into
consideration, the duration of action of detomidine

should be shorter or less effective. As CT is a short
procedure, the longest anesthetic duration time was 50
minutes, with a mean anesthetic time of 23.5 +/- 8.8
minutes. In all of the cases of this study, the seda-
tive effect of romifidine should still have been present
during recovery. According to Santos et al. (2003),
the administration of alpha-2 adrenoceptor agonists
during recovery from isoflurane anesthesia in horses
prolong and improve the quality of recovery, showing
less ataxia. Concluding the effect was greater during
recovery for group R than for group D, this could ex-
plain calmer horses and a quieter and more effective
recovery in group R.

Another explanation for the difference in recovery
quality could be the degree of ataxia that is produced
by both drugs. According to Hamm et al. (1995), the
recommended dose of detomidine (10pg/kg) achieves
a greater sedative effect, with more pronounced insta-
bility and ataxia, which could explain why the horses
premedicated with detomidine were unable to stand
as steadily during recovery as those, which were ad-
ministered romifidine, and why they typically required
more attempts to stand (mean number of attempts be-
ing 2.71 for group D versus 1.19 for group R). As in
the present study, the depth of sedation (stage 3, where
the symptoms of ataxia are one of the parameters) was
similar for both groups, which was assessed by an
experienced anesthesiologist blinded to the protocol,
this is not expected to be a relevant explanation for the
difference in recovery quality.

A third explanation may be found in the differ-
ence in selectivity for alpha-2-receptors. The pharma-
cological response to an agonist depends on the af-
finity of the agonist for the receptor, the efficacy of
the agonist and the number of receptors available
(Ahrens et al., 1996). The sedative effects of alpha-2
agonists are mainly mediated by the stimulation of
alpha-2 receptors in the locus coeruleus, the pons and
the lower brainstem (Williams et al., 1985; Scheinin
and Schwinn, 1992). Stimulating alpha-1-receptors
causes smooth muscle contraction, which might cause
adverse side effects. These side effects are for example
secretion from sweat glands, vasoconstriction in the
skin, mucosa and abdominal viscera, but also vasocon-
striction in the brain. The selectivity of the drugs for
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Table 4. Scoring system used to grade recovery.
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Score Characteristics
1 Horse stands up without help from the assisted recovery system
2 Horse needs some help from the assisted recovery system to get up, but stands firmly
3 Horse needs help to get up and keeps stumbling after it got up
4 Horse needs help to get up and falls down after getting up
5 Horse cannot get up even with help from the assisted recovery system

alpha-2 and alpha-1 receptors (alpha-2/alpha-1-ratio)
is different. Detomidine is less specific than romifi-
dine. The alpha-2/alpha-1 selectivity binding ratio
of detomidine is 260, whereas this value is 340 for
romifidine (Virtanen, 1986; Cornick-Seahorn, 2000;
Rohrbach et al., 2009). Concluding that romifidine is
more specific, this might be responsible for its more
pure sedative effect.

A last reason for the difference in recovery quality
could be that the horses of group R were premedi-
cated with romifidine and received detomidine dur-
ing CRI, while the horses of group D only received
detomidine. There might have been an interaction
between romifidine and detomidine in group R, or
the answer may be found in a different plasma con-
centration of detomidine. In a study by Taylor et al.
(1995), the maintenance of anesthesia with detomi-
dine, ketamine and guaifenesin during a period of
two hours produced stable cardiorespiratory function
and depression of pituitary-adrenal activity during
surgery. However, whereas stable concentrations
of guaifenesin and ketamine were achieved, stable
concentrations of detomidine were not observed.
Furthermore, there was a wide variability at each
sampling time.

Future studies are required to assess the influence
of the use of different alpha-2 agonists during the
maintenance of general anesthesia with TIVA CRI.
The authors of this study deliberately chose not to
change the TIVA composition to limit experimental
variables. Based on the results of this study, it may
be interesting to assess the influence of the different
alpha-2 agonists in TIVA CRI on the quality of
recovery/anesthesia.

The recovery scoring system used in the current
study is very clear and based on the level of assis-
tance necessary during recovery. Recovery scoring
systems used in other studies, e.g. in the study by
Young and Taylor (1993) using grade 1-5 or the
numerical scoring system described by Donaldson et
al. (2000), do not take assisted recovery into account.

A limitation of the present study is the discor-
dance in the number of horses premedicated with
romifidine (n=110) and the number of horses pre-
medicated with detomidine (n=36). Nevertheless,
statistical evaluation showed obvious differences
between romifidine- and detomidine premedicated
horses.

CONCLUSION

In conclusion, the present study demonstrates that
premedication with romifidine results in significantly
better recoveries without any decreased quality of in-
duction of general anesthesia than premedication with
detomidine. Further studies are necessary to assess
the possible reasons for the differences in recovery
quality.
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