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Objective: This study aimed to assess and compare the recovery of ponies and

Correspondence horses following general anesthesia in two different settings: a recovery box
Anna Lindqvist, Swedish University of . . . . . . .

Agriculture Science, Almas allé 8, 750 with an inflexible, adjustable ceiling, and free recovery without restraints. Our
07 Uppsala, Sweden. primary objective was to evaluate the effect of adjustable ceilings on the

Email: .sjobl; lu. q q o .
mail: anna.gjoblom@siu.se prevention of premature attempts to rise during recovery. The secondary aim

was to compare the physiological stress indicators during recovery.

Study design: Prospective, randomized, experimental study.

Animals: Six healthy ponies and 10 healthy horses.

Methods: This study used a crossover design with two settings: an inflexible,
adjustable ceiling and free recovery. Recovery was scored using a quality scor-
ing system. Heart rate, and lactate, glucose, and cortisol levels were analyzed
and compared between the animals and recoveries.

Results: All animals had a higher recovery quality (p = .026) with an adjust-
able ceiling than with free recovery. No differences were observed in glucose
level or heart rate between the two settings. However, horses had higher blood
lactate, 2.9 + 1.2 mmol/L versus 1.6 + 0.7 mmol/L (p = .025), and serum corti-
sol, 184 + 81 nmol/L versus 93 + 20 nmol/L (p = .031) in restricted recovery
than free recovery, respectively.

Conclusion: An inflexible, adjustable ceiling improved the quality of recovery
and prevented premature rising attempts; however, it was associated with
increased lactate and cortisol levels, indicating an increased level of stress.
Clinical significance: Limiting premature rising attempts with an adjustable
ceiling during recovery phase has the potential to improve the quality of recov-
ery in horses. Further research is needed to draw conclusions for clinical use.

Abbreviations: IM, intra muscular; IV, intra venously; kPa, kilo pascal.

The results of this study were presented as an abstract at the British Equine Veterinary Association (BEVA) congress online in 2021.
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1 | INTRODUCTION

The recovery phase is critical for horses under general
anesthesia as serious complications can occur, such as
fractures, joint dislocations, respiratory obstruction,
neuropathies, or myopathies." The mortality rates have
been reported to be 0.6% to 1.6% and 0.9% to 3.4% in
non-colic-related and colic-related surgeries, respec-
tively, of which 25.6% were caused by recovery-
associated fractures.”* The reported mortality rate in
horses is high in comparison with dogs (0.17%), cats
(0.24%),” and humans (0.001%).°

Several methods for assisted equine recovery have
been developed to reduce the risk of injury, such as
headtail rope,”® sling,” and hydropool systems,'*!" tilt
tables,'? and inflated air pillows."> All manual handling
of a horse during its recovery might involve staff safety
issues.* The head-and-tail rope method, the most
common form of assisted recovery, has advantages and
disadvantages.”®'*'> The method is designed to assist
when the horse rises spontaneously; however, it cannot
prevent premature and possibly harmful rising attempts.
Methods such as hydropool systems, tilt tables, inflat-
able pillows, and Anderson slings have shown some
advantages; however, all require trained personnel (two
or more) and proper facilities.'***

This study aimed to assess and compare the recovery
of ponies and horses following general anesthesia in two
different settings: a recovery box with an inflexible,
adjustable ceiling and free recovery without restraints.
Earlier pilot studies reported that ponies and horses
accept forced recumbency as a possible adjunctive treat-
ment to unload the hooves in the acute phase of equine
laminitis."®"” To handle unforeseen events involving
both the animals and roof prototype, it was suggested, for
safety reasons, to start by handling ponies rather than
large horses. Our primary objective was to evaluate the
effect of an adjustable ceiling on the prevention of prema-
ture attempts to rise during recovery. The secondary aim
was to compare the physiological stress indicators during
recovery.

We hypothesized that recovery with an adjustable
ceiling would prevent premature rising attempts in the
early recovery period, thereby improving the quality of
recovery without increasing objective measures of stress
compared to free recovery.

2 | MATERIALS AND METHODS

The study was conducted with ponies and horses in two
different settings: free recovery without restraints, and a
recovery box with an inflexible, adjustable ceiling.

2.1 | Animals

This study included six healthy Shetland ponies and
10 horses (eight warm-blooded trotters and two Swedish
Warmbloods) (Table 1). All animals were obtained
from the university's teaching herd and the study was
approved by the ethical committee for animal experi-
ments in Uppsala, Sweden (No. 5.8 18-05, 181/2019).
For ponies, the mean age was 13.3 years, with a range of
10-17 years, and the mean weight was 180 kg, with a
range of 149 to 275 kg. For horses, the mean age was
11 years with a range of 8-20years, and the mean
weight was 539 kg, with a range of 457-640 kg. The tho-
racic heights of the animals (from the sternum to the
withers) were measured before anesthesia to determine
the intended height of the ceiling. The measured heights
were 46-58 cm for ponies and 75-85 cm for horses. All
animals were housed in the department's stables and
outdoors in a paddock during daytime. The animals
were made to fast for 12 h before anesthesia; however,
they were allowed water ad libitum.

Six horses were included in a parallel randomized
study investigating subcutaneous reactions to absorbable
sutures used for small skin incisions (< 4 cm) on their
trunks, in line with the animal ethics aim of reducing
horse numbers in clinical studies.

2.2 | Anesthesia

All animals were examined, and an American Society of
Anesthesiologists (ASA) physical status, I-V, was deter-
mined. A minimum of 2 weeks passed between anesthesia

TABLE 1
and Taylor.'®

Recovery quality score 0-5 devised by Young

Score 5 No ataxia, no struggling, stood up at first

attempt as if fully conscious

Score 4 Slight ataxia and staggering, stood at first or

second attempt, no serious instability

Score 3 Some staggering and ataxia, a few unsuccessful
attempts to stand, ataxic immediately after

standing up

Score 2 Excitement, paddling when recumbent, several
attempts to stand, severe ataxia once standing,

may fall, danger of self-inflicted injury

Score 1 Excitement when recumbent, persistent
unsuccessful attempts to stand, severe ataxia
and falls once standing, aimless waking, high

risk of self-inflicted injury

Score 0 Very violent, self-inflicted injury, prolonged
struggling or unable to stand 2 h after the end

of anesthesia
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administrations to allow the metabolites to wash out after
each anesthesia.'” The animals were premedicated with
acepromazine (0.03 mg/kg IM) and meloxicam (0.6 mg/kg
IV). A 14 gauge catheter was placed aseptically in one of
the jugular veins after applying a topical local anesthesia
containing lidocaine and prilocaine (Emla, Aspen Pharma)
(25 mg/g + 25 mg/g), and a subcutaneous mepivacaine
injection (2 mL) (20 mg/mL). The animals were sedated
with romifidine (0.1 mg/kg IV) and butorphanol
(0.03 mg/kg IV), and sponge earplugs were fitted during
experiments. General anesthesia was induced using mida-
zolam (0.05 mg/kg IV) and ketamine (2.2 mg/kg IV). Inade-
quate anesthetic depth occurred in one pony and three
horses; therefore, thiopental (0.5 mg/kg IV) was also admin-
istered. Once the animals were unconscious, the trachea
was intubated and they were placed in right lateral recum-
bency on a padded surgery table with their right front limb
pulled forward. Leg support was provided to ensure optimal
positioning of the patient on the surgical table. A sterile
urine catheter was placed to empty the urinary bladder.

Anesthesia was maintained using isoflurane (EtISO
1.3% to 1.7%) in oxygen (50%) and air (50%) delivered via a
large animal anesthetic circuit (Tafonius large animal venti-
lator, Vetronic Services Ltd, Devon, UK.). Volume-con-
trolled mechanical ventilation was used to maintain partial
pressure of carbon dioxide from below 5 kilo pascal (kPa) to
7 kPa. A catheter was placed in a branch of the transverse
facial artery or in the facial artery for invasive blood pres-
sure monitoring. During anesthesia, Ringer's solution was
administered intravenously at a maintenance rate (2 mL/
kg/h). Hypotension (mean arterial pressure < 70 mmHg)
occurred in six horses and was treated with a continuous
intravenous infusion of dobutamine (0.5 pg/kg/min IV)
until resolved. The large-animal anesthesia delivery system
monitored and recorded all relevant data during anesthesia,
such as the animals’ temperature, oxygen saturation, heart
rate, and respiratory rate, as well as showing a capnogram,
electrocardiogram, and blood pressure.

Anesthesia was maintained for 120 min in both
ponies and horses. Xylazine (0.2 mg/kg IV) was adminis-
tered when the animals were disconnected from the anes-
thesia circuit.”” The animals were moved to the recovery
box using a hoist and placed in right lateral recumbency.
A nasopharyngeal tube was placed in one nostril and
oxygen was delivered through the tube at 10-12 L/min
until the animals moved their heads. The patients were
extubated after the return of the swallowing reflex.

2.3 | Recovery

The ponies and horses were allowed to recover in two dif-
ferent settings: free recovery and a box with an inflexible

adjustable ceiling. The order of recovery was randomized
by flipping a coin. The ceiling for the ponies was lowered
for 30 min. The time was determined based on a previous
anesthesia study at the university, in which most ponies
had recovered within half an hour.?' The inflexible ceiling
was lowered for 70 min for the horses. The ceiling was ele-
vated by one person. The time was determined based on a
previous study reporting recovery time to standing in
horses as 54-77 min.** Each recovery was monitored, and
the number of rising attempts was noted manually. The
animals’ heart rates were recorded continuously using a
Polar M430 heart rate monitor and a Polar H10 chest strap
sensor (Polar Electro Oy, Kempele, Finland).

Free recovery occurred in one of the two padded rect-
angular recovery boxes with a nonslip floor and rounded
corners, measuring 14.6 m* in area. The inflexible ceiling
recovery box (Figure 1) was a regular octagon-shaped
recovery box with an area of 8.3 m> Each of the eight
Masonite walls had an independent door to allow access
in all directions. An electric winch was used to adjust the
ceiling height. An inflexible ceiling was installed in
the recovery room equivalent to that used for free recov-
ery. The box was constructed by the last author and man-
ufactured at the Swedish University of Agriculture
Science. The height of the ceiling was set initially at 1.15
times the pony's sternal height. The ceiling height was
adjusted to allow the animals to lie in a sternal position
with their heads and necks in a natural position. The
height was set at 1.15 times the sternal height for the first
horse and at the sternal height for the remaining nine
horses. A rising attempt was defined as when the ani-
mal's thorax was lifted from the floor for free recovery

FIGURE 1

The box with an inflexible, adjustable ceiling.
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and when the animal tried to lift the ceiling during
restricted recovery.

24 | Blood sampling

Blood samples were collected and analyzed in a similar
manner for all animals and recovery settings. Blood was
sampled from the catheter into three different tubes
(serum, ethylenediaminetetraacetic acid, and heparin)
before induction, 30 min after induction, after anesthesia,
and when the animals stood up safely after recovery. The
glucose and lactate levels were measured immediately
after sampling using calibrated glucose (Accu-Check
Aviva; Roche Diagnostics Scandinavia AB, Solna,
Sweden) and lactate (Lactate Pro2 LT-1730; Arcray,
Amstelveen, Netherlands) devices. The remaining blood
samples were centrifuged and frozen to —80°C in Eppen-
dorf tubes. Serum cortisol levels were analyzed in dupli-
cate using Immulite 2000XPi (Siemens Healthcare
Diagnostics, Munich, Germany).

2.5 | Recovery scoring
All animals were scored by the first author using Young
and Taylor's 0-5 scoring system (Table 1).'*

2.6 | Statistics

Parametric data are presented as means and standard
deviations, whereas nonparametric data are presented as
ranges and median values. The normality of all data was
assessed using the Shapiro-Wilk test. Statistical signifi-
cance was set at p < .05. All statistical analyses were per-
formed using RStudio Version 0.99.903 (RStudio Inc.,
Boston, Massachusetts). This study was exploratory in
nature, and, due to the lack of previously published data,
no statistical power calculations could be performed to
determine the sample size.

Differences in recovery scores were analyzed using
the Wilcoxon test. A paired two-sample f-test was used to
determine the differences in the animals’ glucose, lactate,
and cortisol levels, and heart rates. The Wilcoxon test
was used to determine the differences in the lactate, glu-
cose, and cortisol levels, heart rate, and recovery scores
between the six horses that participated in the absorbable
suture study and the four horses that did not.

A mixed model analysis of variance (ANOVA) was
used to determine the differences in the animals’ heart
rates during the four physical positions/activities: lateral
position, sternal position, rising attempts, and standing.

3 | RESULTS

All animals completed the study and received an ASA status
1 score.*® No adverse post anesthesia effects were observed.

3.1 | Recovery from anesthesia

Table 2 shows the individual data. In free recovery, the time
to a standing position was 37 + 18 min for ponies and
46 + 13 min for horses. The median number of rising
attempts, including successful attempts, was 2.5 (range: 1-5)
for ponies and 1.7 (range: 1-3) for horses. Three ponies and
four horses stood up on their first rising attempt 36-58 min
after extubation. Three ponies and one horse scored 2 out of
5 points, as they made several attempts to stand and had
severe ataxia upon standing, with a risk of falling or self-
inflicted injury. These animals made their first attempt to
rise 13-40 min after extubation, with two to five unsuccess-
ful rising attempts before standing.

During recovery with an inflexible ceiling, all animals
were restricted by the inflexible ceiling despite the
attempts to rise. The time from elevating the ceiling to
the standing position was 0-27 min for ponies and
0-6 min for horses. The inflexible ceiling had to be ele-
vated prematurely after 42 min for one horse due to tech-
nical difficulties with the ceiling, and the horse stood up
immediately on the first attempt. Three of six ponies and
six of 10 horses stood immediately after the ceiling was
elevated, whereas the remaining animals were recum-
bent for 1-26 min after the ceiling was raised. The
median number of rising attempts, including nonres-
tricted successful attempts, was 1.5 (range: 1-4) for
ponies and 5.5 (range: 3-10) for horses. All animals had
recovery scores of 4 or 5 when rising, with a median of
4 (range: 3-5) for ponies and 4.6 (range 4-5) for horses.
All animals with an inflexible ceiling had better recovery
scores than those with free recovery (p = .026). Three
horses and one pony received additional thiopental
because of inadequate anesthetic depth after induction of
anesthesia. These animals did not show any deviation in
the time to the first rising attempt or recovery scores.

3.2 | Physiological stress indicators

The mean lactate levels after recovery with the inflexible
ceiling (2.1 + 0.4 mmol/L) were not higher than those in
free recovery (2.4 + 0.7 mmol/L) (p = .6) for the ponies.
The mean glucose levels were 7.4 + 1.8 mmol/L with the
inflexible ceiling, and 8.7 + 1.9 mmol/L with free recovery
(p =.12). The cortisol level after free recovery was
78 + 61 nmol/L. (Table 3). However, due to technical
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TABLE 2 Time (min) to extubation, first rising attempt, number of rising attempts, and time to standing.

Free recovery Inflexible ceiling

Time to Time to first Rising Time to Time to Time to first Rising Time to

extubation rising attempt attempt standing RS extubation rising attempt attempt standing RS
H1Q 11 20 2 30 4 9 14 3 42* 4°
H2Q 9 40 1 40 4 7 13 5 70 5
H3Q 7 40 2 57 2 6 12 10 70 5
H4g3 10 24 2 53 3 8 28 9 71 4°
H538 9 38 1 38 4 5 26 7 70 5
H6Q 8 32 2 52 3 5 59 6 76 5
H7Q 7 10 3 18 3 6 45 5 70 4
H8Q 9 47 2 58 4 5 35 5 72 5
H9? 8 54 1 54 3 7 48 5 70 5
H109Q 9 58 1 58 4 7 28 7 70 4
P13 6 13 5 17 2 6 15 2 30 4°
p2Q 2 12 4 14 2 4 12 4 30 4
P33 6 59 1 59 4 4 57 1 57 5
P43 2 58 1 58 3 3 56 1 56 4
P53 10 17 4 36 2 6 28 2 30 3
P6Q 8 36 1 36 4 6 36 1 36 4

Note: Time to extubation after entering the recovery box, time to standing after extubation, and time to standing are given in minutes. The number of rising

attempts included the final successful attempts. Recovery scores: A higher score (maximum of 5) indicated better recovery quality. H1-H6 (inflexible ceiling

recovery) also participated in the absorbable suture study.
Abbreviations: 8, gelding; H, horse; @, mare; P, pony; RS, recovery score.
Ceiling elevated before the restriction time due to technical difficulties.
bAdditional thiopental was administered in induction.

TABLE 3 Physiological stress indicators.

Lactate mmol/L Glucose mmol/L

Serum cortisol nmol/L? Heart rate mean BPM

Horses Ponies Horses Ponies Horses Ponies Horses Ponies
Free recovery 1.6 + 0.7 24+04 10.9 + 1.6 8.50 + 1.6 93 + 20° 69 + 25 44+ 6 33+8
Inflexible ceiling 29+ 1.2 21+04 10.7 + 3.1 7.4+ 1.8 184 + 81° N.A. 44 +3 37 +8

Note: Mean and standard deviation of lactate, glucose, and cortisol levels while standing after recovery, and heart rate during the entire recovery period in
ponies (n = 6) and horses (n = 10) in the free recovery setting and setting using an adjustable, inflexible ceiling.

Abbreviations: BPM, beats per minute; N.A., not analyzed.

*University hospital clinical pathology laboratory. Reference value for healthy horses: below 320 nmol/L.

“Serum cortisol analyzed in five horses.
“Serum cortisol analyzed in six horses.

difficulties with the samples from the ponies in the inflexi-
ble ceiling setting, the cortisol values could not be analyzed.

In horses, higher lactate and cortisol levels were
found between recovery settings. The mean lactate
value was 2.9 + 1.2 mmol/L after recovery with the
inflexible ceiling, compared with free recovery level of
1.6 + 0.7 mmol/L (p = .025). The mean cortisol level
with an inflexible ceiling was 184 + 81 nmol/L, compared
with 93 + 20 nmol/L for free recovery (p = .031). The

glucose levels did not differ between free recovery
(10.9 + 1.6 mmol/L) and recovery with an inflexible
ceiling (10.7 = 3.1 mmol/L) (p = .806).

The mean heart rate during the entire recovery
period did not differ between ponies (p =.773) and
horses (p = .867). The mean heart rate (beats per
minute, BPM) for all animals during recovery with an
inflexible ceiling did not differ between lateral
recumbency (37 BPM), sternal recumbency (40 BPM),
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restricted rising attempts (43 BPM), and standing
(48 BPM) (p = .996).

There were no differences in lactate (p = .45),
glucose (p = .07), and cortisol (p = .27) levels, heart
rate (p = .39), or recovery score (p =.7) between the
six horses that participated in the absorbable study and
the four horses that did not.

4 | DISCUSSION

One reason for this study was to evaluate whether an
adjustable ceiling prevented nonphysiological loading of
the limbs and ataxia when equids stood up during recov-
ery after general anesthesia. The 0-5 scoring system was
used because it is considered to provide a good and rapid
overview and is easily applied.** The scoring system is
also the one used for all recoveries at our equine hospital,
at the Swedish University of Agriculture Science. All ani-
mals that were restricted from making premature-rising
attempts with an adjustable ceiling had better recovery
scores than those with free recoveries. The scores of all
horses and five of the six ponies indicated a good recov-
ery with the inflexible ceiling in comparison with free
recoveries, where five horses and four ponies scored
unsatisfactory to poor recoveries.'®

Fracture surgery has a high risk of complications dur-
ing recovery, and methods to ensure safe recovery without
unphysiological loading of the treated limb are required.’
This study was started with the inflexible ceiling height set
at 1.15 times the sternal height for the first horse, as this
has been reported as acceptable for horses under forced
recumbency when used as an adjunct in the treatment of
acute equine laminitis.'®'” In the same horse, it was
observed that the height of the inflexible ceiling needed to
be adjusted to 1.0 times the height of the chest to prevent
the horse from placing a load on its limbs during a prema-
ture rising attempt. For this horse, the ceiling was elevated
prior to the determined 70 min because of technical diffi-
culties (which were resolved for the remaining horses).

Another objective of this study was to compare the
physiological indicators of stress during different recov-
ery periods (Table 3). Heart rates have commonly been
used as potential parameters to estimate stress during
transportation.>>*® Heart rates were not higher in any of
the four compared events: lateral recumbency, sternal
recumbency, attempts to rise or stand, and recovery using
an inflexible ceiling. The animals had lower heart rates
during the rising attempts than during the standing
attempts, suggesting that recovery itself created stress.

Lactate levels have been reported to be elevated after
general anesthesia, and many factors can affect the
results, such as drugs and position during anesthesia.'®*’

Regardless of how many rising attempts the horses in this
study made, the lactate levels after standing were higher
with the inflexible ceiling than those in the free-recovery
setting. Owing to the limited number of horses used, it
was difficult to determine whether this lactate elevation
was a result of the horses’ rising attempts, lying down for
a longer period, or only a normal variation after 2 h of
anesthesia. The mean lactate level when standing in the
inflexible ceiling setting was 2.9 + 1.2 mmol/L, a level
that is higher in healthy horses compared with previously
presented results.”® The mean lactate level at rest has
been measured to be 2.3 + 1.2 mmol/L in show jumpers
at a competition facility.”® The recovery time (70 min)
and more rising attempts (Table 2) in the horses under
the inflexible ceiling may have reduced the muscle perfu-
sion, increased the efforts, and therefore elevated the lac-
tate values. Increased lactate values were not observed in
ponies in which the time limit under the ceiling was
30 min, and they also had fewer rising attempts.

Increased glucose levels can be seen both after general
anesthesia and as a result of sedation with alpha-2-agonists;
however, they have also been used as a marker for stress
after transportation and competition.”*>* The reported
levels have been measured to be 5.4 mmol/L after
transportation and 12 mmol/L after an alpha-2 agonist
was administered.**** The increased glucose levels in
this study were probably influenced by sedation with
alpha-2 agonists; therefore, glucose as a marker for stress
is difficult to interpret. Further studies on compromised
horses are required to draw definitive conclusions.

Higher postrecovery mean cortisol levels were found in
horses in the inflexible ceiling recoveries (184 + 81 nmol/L)
compared with free recoveries (93 + 20 nmol/L), indicating
that the inflexible ceiling or the time spent under a ceiling
(70 min) caused more stress. According to the clinical
pathology laboratory in the university hospital, the reference
value for cortisol in healthy horses is below 320 nmol/L. All
cortisol levels in this study were therefore within the refer-
ence limits. Contradictory conclusions exist regarding the
use of cortisol levels as a marker of stress in clinical settings.
Cortisol levels have been found to be elevated after general
anesthesia (> 350 nmol/L) and in equine competition.'*>**3
Cortisol levels have also been found to be elevated in
horses during transportation (up to 325nmol/L),*® an
event involving restriction of the horses' natural behavior
that may transmit to the restriction in recovery with an
inflexible ceiling.”>*°® For horses with compromised wel-
fare, cortisol is a poor marker for stress.>** In summary,
cortisol level is only one indicator of stress in horses and
may be a suboptimal marker for stress. Thus, it is difficult
to draw substantive conclusions from our data.

In humans, the elimination half-life of isoflurane in
the second phase, for example elimination from well
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perfused organs such as the brain, is 19.4 + 7.7 min.*® As
far as the authors are aware, no studies have been pub-
lished in which the optimal recovery time after general
anesthesia or the elimination half-life of isoflurane have
been determined in horses. If the same emilination time
is applied to horses, the elimination time would be 35-
40 min. One study reported that ponies had a mean time
of 36 min to stand, indicating that there are no obvious
differences between ponies and horses.*' Sedation with
xylazine (0.6 mg/kg) has been shown to have a half-life
of 45-50 min.** In healthy ponies and horses, the restric-
tion time in this study (30 or 70 min) might be too short
or long. Three horses and one pony received additional
thiopental when inadequate anesthetic depth occurred
after the induction of anesthesia (Table 2). These ani-
mals did not show any deviation in the time to the first
rising attempt or recovery scores. It is important to note
that additional thiopental administration during anes-
thesia may influence recovery.*®> However, as the length
of inhalation anesthesia was 120 min, the additional
thiopental administered had no impact on the time to
standing or recovery quality.

Six horses participated in the absorbable suture mate-
rial study. The “Replacement, Reduction and Refinement”
principle for clinical trials involving animals was used to
minimize pain and suffering. There were no differences in
the stress markers or recovery scores between these horses
and the four horses that did not participate. It has been
suggested that mild surgical procedures (“minor body sur-
face surgery”) have no effect on the quality of recovery,
whereas fracture repair, exploratory laparotomies, and
ocular surgery have an increased risk of poorer recovery
after general anesthesia.** However these six horses recov-
ered with an adjustable ceiling; therefore, no clear and
definitive conclusion can be made regarding its impact.

This study had some limitations. Blind scoring was
impossible because the recovery setting was obvious
when the recoveries were reviewed and evaluated from
the recordings. Other scoring systems could be used for
comparison in future studies.* This study included only
16 healthy animals, making it difficult to draw any con-
clusions regarding recovery differences between breeds
and types of surgical interventions. To achieve an 80%
power in the difference for heart rate and blood glucose,
more than 400 horses would be required. The cortisol
values in all horses and ponies in all recovery settings
could not be analyzed, which would provide more data to
further evaluate the stress levels. To draw more precise
conclusions, all the 16 animals should have been sub-
jected to superficial wounds. An additional limitation
was that the animals should have received a redose of
ketamine instead of thiopental during an event of inade-
quate anesthetic depth, to standardize the anesthetic
protocol.

Implementing a recovery approach for horses and
ponies, including an adaptable ceiling, could potentially
enhance post-general-anesthesia safety and prevent pre-
mature attempts to rise. In contrast to free recovery, a
recovery ceiling for healthy animals demonstrated an
improved quality of recovery without marked variations
in heart rate or glucose levels. Elevated cortisol and
lactate levels suggest that an inflexible ceiling during
recovery could induce more stress than a free recovery.
One advantage of using an adjustable ceiling to improve
the quality of recovery is that only one person is required
to raise the ceiling when it is time to allow the horse
to stand. The box also enabled access to the horse from
eight different directions if any complications occurred or
if the horse required assistance. Thus, a ceiling can be con-
sidered as a good complement to the toolbox for improved
recovery. However, further investigation into the postoper-
ative recovery of horses is essential before formulating any
conclusive recommendations.
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