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KNOWLEDGE SUMMARY

PICO question
In horses undergoing volatile anaesthesia with isoflurane or sevoflurane, does administration of an alpha-2
agonist as a CRI compared to anaesthetic maintenance with volatile alone improve recovery quality?

Clinical bottom line
Category of research question
Treatment
The number and type of study designs reviewed
Eight papers were critically appraised. All prospective, randomised clinical trials. 7/8 papers were blinded and
4/8 were crossover design
Strength of evidence
Moderate
Outcomes reported
One paper investigating detomidine and one on romifidine showed no improvement in recovery quality. 3/3
medetomidine papers and 2/3 dexmedetomidine papers showed a significant improvement in recovery
quality in the alpha-2 agonist CRI group
Conclusion
In a healthy horse undergoing general anaesthesia with isoflurane or sevoflurane maintenance, an intraoperative constant rate of infusion (CRI) of medetomidine and dexmedetomidine can lead to better recovery
quality when compared to horses who are maintained on isoflurane or sevoflurane alone

How to apply this evidence in practice
The application of evidence into practice should take into account multiple factors, not limited to: individual
clinical expertise, patient’s circumstances and owners’ values, country, location or clinic where you work, the
individual case in front of you, the availability of therapies and resources.
Knowledge Summaries are a resource to help reinforce or inform decision making. They do not override the
responsibility or judgement of the practitioner to do what is best for the animal in their care.
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Clinical Scenario
A 4-year-old Warmblood has presented for a bilateral stifle arthroscopy under general anaesthesia. After
discussing the risks of general anaesthesia with the owner, they ask if there are any ways of making recovery
safer. You decide to look up the evidence of giving an alpha-2 adrenoceptor agonist as a constant rate of
infusion (CRI) intraoperatively and the effects on recovery from general anaesthesia.

The evidence
Although little evidence is available, there is high quality evidence in the form of prospective, randomised
blinded studies to support the use of a CRI of an alpha-2 adrenoreceptor agonist intraoperatively to improve
the quality of recovery in healthy horses undergoing volatile agent anaesthesia with isoflurane or sevoflurane.
Crossover studies are less applicable to studies investigating anaesthetic recovery quality as recovery
behaviour is learned and recoveries will improve with multiple general anaesthetics (Platt et al., 2017; and
Valverde et al., 2013). Dexmedetomidine and medetomidine are the most investigated drugs in this class used
in a partial intravenous anaesthesia (PIVA) protocol and the evidence shows that recovery quality is improved
with the use of these drugs as a CRI when compared to volatile use alone. No adverse effects of using these
drugs were observed in any of the studies and cardiorespiratory stability was maintained, which makes them
valid choices to improve recovery.

Summary of the evidence
1. Creighton et al. (2012)
Population: Healthy adult Standardbred research horses:
• Age 3–7 years
• Weight 400–560 kgs
• 150 minutes anaesthesia time
Sample size: 10 horses
Intervention details: Standard anaesthetic protocol (isoflurane maintenance) and either:
Group 1 (n = 10) – Premedication of 7mcg/kg medetomidine IV.
CRI of medetomidine at 5mcg/kg/hr
Group 2 (n = 10) – Premedication with xylazine 0.7 mg/kg IV. No
CRI and 0.2 mg/kg xylazine IV at end of anaesthesia
Unassisted recovery from general anaesthesia
Crossover study and 10 day washout period
Study design: Prospective, blinded, randomised crossover study
Outcome studied:

•

•

Main findings:
(relevant to PICO question):

•
•
•
•
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Subjective recovery score on 1–10 visual analogue scale
(VAS) and 11–100 behavioural recovery score (BRS) and
objective mean attempt interval (MAI) recovery scores by
two blinded anaesthetists
Objective recovery time variables recorded for time until
extubation, time until first movement, time until sternal
recumbency and time until standing
Time until extubation, first movement, time until standing
and number of attempts to stand were not statistically
different between the two groups
Time to sternal recumbency was significantly longer in
Group 1 (p = 0.019)
MAI (p = 0.025) and VAS (p = 0.047) significantly better with
Group 1
BRS was better with Group 1, but no statistical difference
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Limitations:

•
•
•

•

Small sample number
Only two blinded observers
Crossover design may influence results as horses have been
shown to have improved recoveries after multiple
anaesthetics
No surgery was performed, so it is difficult to extrapolate to
clinical practice

2. Devisscher et al. (2010)
Population: Horses undergoing routine arthroscopy:
• American Society of Anesthesiologists (ASA) category I or II
• Age 3–6 years
• Weight 339–627 kgs
• 116 ± 33 minutes anaesthesia time
Sample size: 30 horses
Intervention details: Standard anaesthetic protocol (isoflurane maintenance) with
premedication of romifidine at 80 mcg/kg IV then divided into two
groups:
Group 1 (n = 15) – Romifidine CRI at 40 mcg/kg/hr
Group 2 (n = 15) – Saline placebo CRI
All horses given 20 mcg/kg romifidine IV for recovery (before
transport to recovery box)
Unassisted recovery from general anaesthesia
Study design: Randomised, blinded, prospective clinical trial
Outcome studied:

•
•
•

Main findings:
(relevant to PICO question):

•
•
•

Limitations:

•
•
•
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Subjective assessment of recovery quality score (1–5) using
a previously described scoring system (Gozalo-Marcilla et al.,
2010)
Objective measurement of time until extubation, time to
sternal recumbency and time until standing were recorded
Paper does not specify who scored recovery
Quality of recovery did not significantly differ between
groups (p = 0.109)
More horses in Group 1 stood at the first attempt (it is
unclear how many horses this applied to)
Recovery times did not differ between the two groups
Subjective recovery quality scores
The method of blinding and scored recoveries was not
explained clearly
All horses were sedated for recovery, which may have
influenced recovery quality significantly

p a g e | 4 of 15

3. Gozalo-Marcilla et al. (2013)
Population: Healthy research ponies:
• Age 12.7 ± 2.8 years
• Weight 294 ± 51 kgs
• 146–362 minutes anaesthesia time
Sample size: Six ponies
Intervention details: Standard anaesthetic protocol (sevoflurane induction and
maintenance) then ponies divided into two groups:
Group 1 (n = 6) – Dexmedetomidine bolus at 3.5 mcg/kg IV then
CRI at 1.75 mcg/kg/hour
Group 2 (n = 6) – Sevoflurane only with saline placebo (volume
equivalent to other group)
All ponies given 0.875 mcg/kg medetomidine IV for recovery and
assisted with manual tail support
Crossover study and 3 week washout period
Study design: Blinded, prospective, randomised, crossover experimental study
Outcome studied:

•
•
•

Main findings:
(relevant to PICO question):

•
•

Limitations:

•
•
•

•
•
•

Subjective assessment of recovery quality score (1–5) using
a previously described scoring system (Gozalo-Marcilla et al.,
2010)
Scored by one blinded anaesthetist
Objective time variables recorded: time to extubation, time
until sternal recumbency and time until standing
There was no difference in recovery scores between the two
groups
Objective time variables were not different between the two
groups
Small sample number
Only one blinded observer
Crossover design, and ponies were used for previous studies
where they were anaesthetised, which may influence results
as horses have been shown to have improved recoveries
after multiple anaesthetics
Small horses may not be representative of horse population
No surgery was performed, so it is difficult to extrapolate to
clinical practice
Ponies were manually assisted in recovery, which may not
be applicable to many clinical situations

4. Marcilla et al. (2012)
Population: Client-owned horses:
• ASA I or II
• Age 7 months–16 years
• Weight 491 ± 102 kgs
• undergoing elective orthopaedic or soft tissue surgery >60
minutes duration

Veterinary Evidence
ISSN:2396-9776
Vol 6, Issue 1
DOI: 10.18849/VE.V6I1.341
next review date: 30 Jan 2022

p a g e | 5 of 15

Sample size: 40 horses
Intervention details: Standard anaesthetic protocol (isoflurane maintenance) with
premedication of dexmedetomidine at 3.5 mcg/kg IV then horses
divided into two groups:
Group 1 (n = 20) – CRI dexmedetomidine 1.75 mcg/kg/hr
Group 2 (n = 20) – Saline CRI (equivalent volume to other group)
All sedated with 0.875 mcg/kg dexmedetomidine for recovery.
Unassisted recoveries performed
Study design: Prospective, randomised, blinded clinical study
Outcome studied:

•
•

Main findings:
(relevant to PICO question):

•
•
•

Limitations:

•
•
•
•

Subjective assessment of recovery quality score (1–5) using
a previously described scoring system (Gozalo-Marcilla et al.,
2010) by one blinded observer
Objective measurement of time until extubation, time to
sternal recumbency, time until standing were recorded
Recovery scores better in Group 1 (p = 0.03) compared with
Group 2
Group 1 took fewer attempts to stand (p = 0.04)
First attempts to stand were significantly longer in Group 1
(p = 0.04) compared to Group 2
Subjective recovery score
Recoveries scored by one blinded observer
All horses were sedated for recovery, which may have
influenced recovery quality significantly
Different premedicant doses were used in different horses
due to the varying temperament of horses

5. Risberg et al. (2016)
Population: Standardbreds research horses:
• Age 10 ± 4.3 years
• Weight 478 ± 58 kgs
• 163–401 minutes anaesthesia time
Sample size: Eight horses
Intervention details: Standard anaesthetic protocol (isoflurane maintenance) with a
premedication of 8 mcg/kg dexmedetomidine then divided into two
groups:
Group 1 (n = 8) – 1.75 mcg/kg/hr dexmedetomidine CRI
Group 2 (n = 8) – Saline CRI (equivalent volume to other group)
Crossover study and minimum washout period of 10 days
Study design: Sequential, blinded, randomised, balanced, crossover study
Outcome studied:

•
•
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Subjective recovery score on 1–100 VAS by one blinded
anaesthetist
Objective recovery time variables recorded were time to
sternal recumbency, number of attempts to stand and total
time until standing

p a g e | 6 of 15

Main findings:
(relevant to PICO question):

•
•
•

Limitations:

•
•
•
•
•

Recovery times did not significantly differ between groups
Recovery scores were better with dexmedetomidine than
saline (p = 0.023)
All horses in Group 1 stood on the first attempt, horses in
Group 2 made a median of three attempts to stand
Small sample size
Subjective recovery quality score
Only one observer scored recoveries
No surgery was performed, so it is difficult to extrapolate to
clinical practice
Crossover design may influence results as horses have been
shown to have improved recoveries after multiple
anaesthetics

6. Schauvliege et al. (2011)
Population: Healthy client-owned horses undergoing elective soft tissue and
orthopaedic surgery:
• ASA I or II
• Age 1.5–9 years
• Weight 325–672 kgs
• 45–90 minutes anaesthesia time
Sample size: 20 horses
Intervention details: Standard anaesthetic protocol (isoflurane maintenance) with
premedication of detomidine at 10 mcg/kg then divided into two
groups:
Group 1 (n = 10) – CRI of detomidine at 5 mcg/kg/hr
Group 2 (n = 10) – Saline CRI (equivalent volume to other group)
All sedated with 0.25 mcg/kg detomidine IV for recovery
Unassisted recoveries performed
Study design: Prospective, randomised, blinded clinical trial
Outcome studied:

•
•

Main findings:
(relevant to PICO question):

•
•

Limitations:

•
•
•
•
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Subjective assessment of recovery using a 1–6 point
recovery scoring system by the blinded anaesthetist who
performed the general anaesthetic
Objective time variables of time to extubation, time to
sternal recumbency, time until standing were recorded
Recovery scores were not statistically different between the
two groups
Objective time variables were not statistically different
between the two groups
Non-validated subjective recovery score
Only one, unblinded observer which can introduce
significant bias
Small sample number
All horses were sedated for recovery, which may have
influenced recovery quality significantly
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7. Simeonova et al. (2017)
Population: Healthy research horses:
• Age 4–20 years
• Weight 272 ± 27 kgs
• 3 hours anaesthesia time
Sample size: Six horses
Intervention details: Standard anaesthetic protocol (sevoflurane maintenance) with
premedication of 0.8 mg/kg xylazine then divided into two groups:
Group 1 (n = 6) – 1.75 mcg/kg/hr medetomidine CRI
Group 2 (n = 6) – Saline CRI (equivalent volume to other group)
Unassisted recovery from general anaesthesia
Crossover study with 2 week washout period
Study design: Prospective, randomised, crossover study
Outcome studied:

•
•

Main findings:
(relevant to PICO question):

•
•

Limitations:

•
•
•

•
•
•

Subjective assessment of recovery quality score (1–5) using
a previously described scoring system (Gozalo-Marcilla et al.,
2010)
Objective timings from end of anaesthesia until sternal
recumbency and standing
Timings to extubation, sternal recumbency and standing
were similar between the groups
Group 1 had better recoveries than Group 2 (p<0.05)
Small sample number
Not blinded
Crossover design may influence results as horses have been
shown to have improved recoveries after multiple
anaesthetics
Small horses may not be representative of horse population
Unsure who scored recoveries
No surgery was performed, so it is difficult to extrapolate to
clinical practice

8. Tokushige et al. (2015)
Population: Thoroughbred racehorses undergoing arthroscopy:
• Age 3.7 ± 1 years
• Weight 456 ± 34 kgs
Sample size: 50 horses
Intervention details: Standard anaesthetic protocol (sevoflurane maintenance) with
premedication of 5 mcg/kg medetomidine then horses divided into
two groups:
Group 1 (n = 25) – Medetomidine CRI at 3 mcg/kg/hr and no
sedation for recovery
Group 2 (n = 25) – Sevoflurane maintenance only, 1 mcg/kg
medetomidine for recovery
Unassisted recoveries from anaesthesia
Study design: Blinded, prospective, randomised clinical study
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Outcome studied:

•
•

Main findings:
(relevant to PICO question):

•
•
•

Limitations:

•
•
•
•

Subjective assessment of recovery quality score (1–5) using
a previously described scoring system (Gozalo-Marcilla et al.,
2010) by two blinded observers
Objective time variables recorded: time to extubation, first
movement, time until sternal recumbency, time until first
attempt to stand, number of attempts to stand and time
until standing
Number of attempts to stand was fewer in Group 1
(p=0.003)
Recovery score was significantly better in Group 1 (p=0.014)
Objective time variables were not different between the two
groups
Subjective recovery quality scoring system
The sevoflurane only group received additional sedation for
recovery which may have influenced outcome
Medetomidine can provide analgesia, which may influence
recovery from anaesthesia
Only two blinded observers

Appraisal, application and reflection
Equine anaesthesia is high risk, with a mortality rate of approximately 0.12–1% in healthy horses undergoing
elective surgery (Bidwell et al., 2007; and Johnston et al., 2002). Recovery is one of the highest risk periods as
catastrophic injury can occur, such as limb fractures or subluxations, accounting for 71.4% of fatal recovery
complications (Dugdale et al., 2016). A good quality of recovery plays a major part in the outcome of
anaesthesia and surgery, and although many variables such as age, duration of anaesthesia, bodyweight, time
of surgery and ASA physical status may influence recovery (Dugdale et al., 2016), any anaesthetic protocol
which is proven to improve recovery quality should be considered. The aim of partial intravenous anaesthesia
(PIVA) is to reap the multiple benefits of the minimum alveolar concentration (MAC)-sparing effects (Ringer
et al., 2007), due to additional analgesia so a less volatile agent is required to maintain a suitable plane of
anaesthesia. Benefits of PIVA include reduced cardiovascular depression, as lower doses of commonly used
inhalational agents are required, and it may also provide a positive influence on recoveries, leading to a
smoother and more controlled recovery period. Although many drugs, such as lidocaine, ketamine and
opioids can also be used in PIVA protocols, alpha-2 agonists may provide additional benefits in terms of
recovery quality due to their mental-calming effects.
Recovery quality encompasses several factors. These factors include successfully recovering and standing
after anaesthesia without injury, how calm the horse is during recovery, how ataxic the horse is during and
immediately after standing, the number of attempts to stand and the time taken until standing after the
cessation of anaesthesia.
A recovery of good quality will be uneventful and controlled, the horse stands successfully with no injury,
return to consciousness is smooth (so no emergence delirium occurs), transitions from lateral recumbency to
sternal recumbency to standing are smooth, horses stand after one or two attempts as they have adequate
musculoskeletal strength and coordination and they remain standing with minimal or no ataxia being
present. This then ranges through to poor recoveries where horses can thrash around, injury is sustained
(which can range from a skin abrasion through to a fatal catastrophic injury), the horse falls after standing or
is severely ataxic, there are multiple attempts to stand or the horse fails to stand after anaesthesia. The most
commonly used recovery scoring system in the appraised papers is described by Gozalo-Marcilla et al. (2010),
which is based on an original paper by Young & Taylor (1993). Vettorato et al. (2010) validated four different
recovery scoring systems and found them all to be adequately reliable.
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Eight relevant papers were found which investigated the effects of CRIs of alpha-2 agonists on recovery in
horses to answer the PICO question. They are all prospective, randomised studies with varying degrees of
blinding. Most involve client-owned horses undergoing elective anaesthesia, but there is also evidence from
research horses undergoing research anaesthesia, mainly for cardiorespiratory studies.
There is little published evidence directly comparing recovery in horses undergoing volatile agent anaesthesia
only and those receiving a CRI of alpha-2 agonists, without sedation in recovery for either or both groups.
Papers have also been published comparing recovery after an alpha-2 agonist CRI where additional CRIs, such
as ketamine or lidocaine, have also been used in both study groups (Kempchen et al., 2012; Sacks et al., 2017;
and Valverde et al., 2010). In examining the evidence for the PICO question, the assessment of the influence
of the CRIs on recovery quality will likely be complicated by the administration of further sedation in
recovery. Performing studies without further sedation for recovery can be challenging as in many centres
horses need to be transported to recovery boxes, so further sedation is given for safety reasons, to try to
prevent a premature recovery. A bolus of sedation has been shown to improve recoveries (Santos et al.,
2003), however many patient factors, clinical factors and individual preference helps guide decision making
as there is little evidence in this area.
There are several limitations to the papers. Sample sizes are small to moderate,. Alpha-2 agonists are known
to be MAC-sparing (Gozalo-Marcilla et al., 2010 and Tokushige et al., 2015), so horses undergoing infusions
often have more stable planes of anaesthesia. This can lead to comparatively more frequent administration
of rescue top-up doses of ketamine or thiopental in the control groups to maintain a suitable plane of
anaesthesia (Marcilla et al., 2012). These drugs are known to have a negative impact on recovery quality as
they can cause ataxia, so this could lead to considerable bias for better recoveries in the CRI group. Another
point to note when interpreting the evidence is that different PIVA protocols will provide variable levels of
analgesia and as most of the study horses were undergoing elective surgery (Devisscher et al. 2010; Marcilla
et al., 2012; Schauvliege et al., 2011; and Tokushige et al., 2015) and therefore surgical stimulation, the
presence of pain may also have a negative influence on recovery quality in horses not receiving an alpha-2
agonist CRI. The studies where anaesthesia was performed without surgery (Creighton et al., 2012; GozaloMarcilla et al., 2013; Risberg et al., 2016; and Simeonova et al., 2017) may not be very applicable to clinical
scenarios as surgical factors are important at influencing recovery from anaesthesia.
Assessing the quality of recovery in horses after general anaesthesia is challenging as scores are often
descriptive or subjective as objective measurements are restricted to timing of variables, such as time until
sternal recumbency is achieved or number of attempts taken to stand. However, some of these also have a
degree of subjectivity such as what constitutes an attempt to stand. Assessment of ataxia is used in many
papers, but again is open to interpretation by the observer. All the papers used subjective or descriptive
recovery quality scores, with a varying number of observers from one to two. Blinding of the observers was
also variable in the studies, which has the potential to introduce significant bias There is no objective way to
appraise recovery, and good recovery scores do not always equate to a successful outcome as horses which
have a calm and relaxed recovery with minimal attempts to stand can still suffer catastrophic injury; but it is
currently regarded as the most appropriate way to quantify the quality of recoveries. The papers all stated
that no horses suffered adverse consequences directly related to the recovery period.
Many alpha-2 agonists are used during anaesthetic protocols, although medetomidine and dexmedetomidine
are the most commonly used for an infusion for PIVA according to studies. No alpha-2 adrenoceptor agonists
are currently licensed in the UK for intravenous infusions and neither medetomidine or dexmedetomidine
have a UK Marketing Authorisation for use in horses, therefore need to be used in accordance with the
Cascade. The application of the evidence obtained from the papers can easily be applied to clinical practice as
the protocols are all easy achievable and are cost effective in real-life scenarios.
After appraising the evidence available, a CRI of an apha-2 agonist leads to equal (3/8 papers) or better (5/8
papers) recovery scores in healthy horses undergoing general anaesthesia, with isoflurane or sevoflurane,
compared to those who have received volatile only anaesthesia maintenance. Sacks et al. (2017) directly
compared medetomidine and dexmedetomidine infusions and showed dexmedetomidine to be favourable in
terms of anaesthetic recovery quality, with no negative effects of using this protocol noted. Further evidence
in this area would be beneficial, and by increasing recovery observer numbers, and the number of horses
included in the study, the evidence would be of higher quality. The small number of studies performed have
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only included healthy horses undergoing anaesthesia, which may not represent many real-life scenarios of
prolonged anaesthesia in sick patients Prolonged administration of alpha-2 agonists may also affect muscle
perfusion in horses, which can have significant effects on oxygen delivery and a successful recovery. None of
the horses in the alpha-2 CRI groups had evidence of equine post anaesthetic myopathy in any of the papers.
In summary, there is limited high quality evidence to show that the following drugs as a CRI will improve
recovery quality when compared to volatile agent only anaesthetic maintenance and recommendations for
using a CRI to improve recovery quality would be:
-

medetomidine at a bolus of 5–7 mcg/kg, followed by a CRI of 1.75–5 mcg/kg/hour (Creighton et al.,
2012; Simeonova et al., 2017; and Tokushige et al., 2015), or
dexmedetomidine as a bolus of 3–8 mcg/kg IV followed by a CRI of 1.75 mcg/kg/hour (Marcilla et al.,
2012; and Risberg et al., 2016)

More evidence is needed to further investigate if there is a beneficial effect of further sedation on recovery
after a CRI of an alpha-2 agonist, compared to maintenance of anaesthesia on volatile agents alone in larger
populations of horses undergoing surgery in real-life clinical scenarios.

Methodology Section
Search Strategy
Databases searched and dates CAB Abstracts on OVID interface: 1973 to 30/1/2020
covered: PubMed via the NCBI website: 1910 to 30/1/2020
Search terms: CAB Abstracts:
1. (equine* or horse* or equus or equid* or mare or mares or
pony or ponies).mp. or exp horses/ or exp equus/ or exp
equidae/ or exp mares/ or exp foals/
2. (anaesthetic* or anesthetic* or anaesthesia* or
anesthesia*).mp. or exp anaesthesia/ or exp anaesthetics/
3. (isoflurane* or sevoflurane*).mp. or exp isoflurane/ or exp
sevoflurane/
4. ("alpha 2 agonist*" or "alpha 2 receptor agonist*" or "α2
adrenoceptor agonist*" or "alpha-2-agonist*" or "alpha-2adrenoceptor agonist*" or medetomidine or
dexmedetomidine or detomidine or romifidine or
xylazine).mp.
5. and 2 and (3 or 4)
PubMed:
1. equine or horse or equus or equid or mare or broodmare or
pony
2. anaesthetic or anesthetic or anaesthesia or anesthesia
3. isoflurane or sevoflurane
4. "alpha 2 agonist" or "alpha 2 receptor agonist" or "Î±2
adrenoceptor agonist" or "alpha-2-agonist" or "alpha-2adrenoceptor agonist" or medetomidine or
dexmedetomidine or detomidine or romifidine or xylazine
5. (#1 and #2 and (#3 or #4))
6. 6 limit #5 to English language
Dates searches performed: 30 Jan 2020
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Exclusion / Inclusion Criteria
Exclusion: Studies unrelated to the PICO question
Book chapters/reviews or other non-research articles
Publications not in English
Articles where full-text is not available
Inclusion: Studies related to the PICO question in English

Search Outcome
Number
Database

of
results

CAB
Abstracts
PubMed

Excluded –
Unrelated

Excluded – Full

Excluded – Not

Excluded – Full

Total

article not

original research

text not in

relevant

available

article

English

papers

to PICO
question

1539

951

87

239

256

6

753

680

4

48

14

7

Total relevant papers when duplicates removed

8
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