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COMPARISON OF THREE SEDATION COMBINATIONS IN
ISOFLURANE-ANESTHETIZED GARDEN DORMICE (£Z/0MYS
QUERCINVUS) UNDERGOING LAPAROTOMY

Myriam Mugnier, DVM, Hanna Rauch-Schmiicking, DVM, Sylvain Giroud, MSc, PhD, Anna
Haw, BVSc, MBA, PhD, Attilio Rocchi, DVM, Dipl ECVAA, Géraldine Jourdan, DVM, MSc,
PhD, and Friederike Pohlin, DVM, MSc, PhD, Dipl ECVAA

Abstract: The garden dormouse (Eliomys quercinus) is commonly used as model species for studies on hiber-
nation, which may involve surgery. Similar to laboratory rodents, inhalational anesthesia, which does not pro-
vide analgesia, is often performed for surgical procedures. We retrospectively compared cardiorespiratory
effects between ketamine-butorphanol-medetomidine (KBMed), ketamine-butorphanol-midazolam (KBMid)
and butorphanol-medetomidine-midazolam (BMM) administered SC in 48 garden dormice undergoing laparot-
omy for bio-logger implantation plus tissue (liver, brown fat) biopsy surgery (n = 48/48 [28 females, 20 males]
~5 wk old) and bio-logger explantation surgery (n = 42/48 [24 females, 18 males], ~1 yr old). Doses were keta-
mine (40 mg/kg), medetomidine (0.2 mg/kg), midazolam (1 mg/kg), and butorphanol (0.2 mg/kg). Anesthesia
was supplemented with isoflurane (1.29 + 0.53%) in 100% oxygen via facemask; meloxicam and lactated Ring-
er’s solution were administered SC; and a splash block using lidocaine was performed. Sedation score and
recovery time were recorded. The pedal withdrawal reflex, pulse rate, RR, SpO,, and temperature were moni-
tored throughout the laparotomy. The effects of group and time were tested using linear mixed-effect models,
with individuals as random factor. Sedation score was the deepest with KBMed. Pulse rate, RR, and tempera-
ture remained within physiological ranges for KBMid, but were decreased with KBMed and BMM (P < 0.001).
SpO, remained >96% in all groups. Recovery time was shortest with KBMid (20.8 = 18.1 min); KBMed and
BMM required reversal with atipamezole after 60 min, otherwise recovery time would have been prolonged.
All combinations allowed for appropriate intraoperative analgesia, cardiorespiratory stability, and adequate
postoperative wound healing.

INTRODUCTION Nature Red List of Threatened Species due to a
significant and ongoing population decline.’ Dur-
ing winter (October-March), the garden dor-
mouse hibernates in a state characterized by
regular phases of torpor or metabolic depression
with hypothermia and arousal, associated with
eumetabolism and euthermic body tempera-
ture.???* Hibernation can be artificially induced
From the Research Institute of Wildlife Ecology, Depart- 11 this species by controlling temperature and
ment of Interdisciplinary Life Sciences, University of Veteri- food availability, making it an ideal laboratory
nary Medicine Vienna, Savoyenstrasse 1, Vienna 1160, Austria model for hibernation research.!®?* The garden
(Mugnier, Rauch-Schmiicking, Giroud, Haw, Pohlin); Clinical dormouse therefore commonly undergoes anes-
Unit of Anesthesiology and Perioperative Intensive-Care Med-  thesia for experimental and surgical procedures.
icine, University of Vet.erlnary Med1c1n§ Vienna, Veterindrplatz For example, intra-abdominal body temperature
1, Vienna 1210, Austria (Rocchi, Pohlin); and Department of di s isite to adequately track
Anesthesia, Ecole Nationale Vétérinaire de Toulouse, 23 re.cor lng 15 a prerequ1SI' . 4 Y
Chemin des Capelles, 31300 Toulouse, France (Mugnier, Jour- h{bernat.lng .patterns .dur'lng w1nter., and h_ence
dan). Present addresses: Energetic Lab, Department of Biol- bio-logging implantation is a necessity for hiber-
ogy, Northern Michigan University, 1401 Presque Isle, nation research. In laboratory rodents, inhalant
Marquette, MI 49855-5301, USA (Giroud); University of the —anesthetics (such as isoflurane) are commonly the
Witwatersrand, Brain Function Research Group, School of  only drugs used to provide anesthesia for such
Physiology, Medical School, Parktown, South Africa (Haw);  procedures.!#3?4° Although isoflurane provides
Shenzhen Mindray Animal Medical Technology Co., Ltd., hypnosis, amnesia, and muscle relaxation, it lacks

Tower 4, Yesun Intelligent Community III, No. 1301-88 Guan- . 15,32 . .
guang Road, Longhua District, Shenzhen 518110, China (Roc- any analgesic effects. Induction of anesthesia

chi): RESTORE Research Center, INSERM, CNRS, EFS, with this drug is associated Witl'l a stres's response
ENVT, Université P. Sabatier, Toulouse, France (Jourdan). ~and dose-dependent decrease in cardiac output,
Correspondence should be directed to Dr. Pohlin (friederike. ~ blood pressure and respiratory function.’> These
pohlin@vetmeduni.ac.at). disadvantages can be minimized by providing

The garden dormouse (Eliomys quercinus) is a
native European nocturnal rodent species of the
Gliridae family.!” It is listed as “near threatened”
by the International Union for Conservation of
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sedation prior to induction of anesthesia.3? The
most widely used injectable agent is the dissocia-
tive anesthetic ketamine alone or in combination
with an o-2 adrenergic agonist (e.g., Xxylazine or
medetomidine) or a benzodiazepine (e.g., midazo-
lam).'#!%4% The addition of butorphanol has been
shown to positively influence the analgesic quality
and reduce isoflurane requirements in laboratory
mice.* However, information regarding general
anesthesia in dormice is sparse and only few
reports exist. Fisher et al. (2018) recommend iso-
flurane inhalation anesthesia for blood sample col-
lection and examination of free-ranging garden
dormice.'*?! Similarly, Kastenmayer et al. (2010)
used isoflurane for phlebotomy in African dormice
(Graphiurus kelleni),?® whereas Bieber et al. (2014)
and Watts et al. (2020) induced surgical anesthesia
by SC injection of ketamine and xylazine in adult
edible dormice (Glis glis) and garden dormice,
respectively.®** In the current retrospective study,
we compared cardiorespiratory effects between
ketamine-butorphanol-medetomidine (KBMed),
ketamine-butorphanol-midazolam (KBMid), and
butorphanol-medetomidine-midazolam (BMM)
administered SC in garden dormice undergoing
laparotomy for bio-logger implantation and
explantation plus tissue (liver, brown fat) biopsy
surgery maintained with isoflurane in 100%
oxygen.

MATERIALS AND METHODS

Garden dormice were born in May 2020 from a
breeding colony at the Research Institute of Wild-
life Ecology, Vetmeduni Vienna, Austria. The dor-
mice were housed in groups of two to four and
same sex in species-specific designed enclosures
that included nests, environmental enrichment, and
ad libitum fresh water and food. As part of a larger
study, 48 dormice (28 females, 20 males) underwent
general anesthesia for abdominal bio-logger
implantation and tissue (liver, brown fat) biopsy
surgery in July 2020 (~5 wk old; males, ~61 g;
females, ~55 g); 42 of these dormice (24 females, 18
males) underwent bio-logger explantation surgery
in May 2021 (~1 yr old; males, ~105 g; females,
~82 g), resulting in 90 anesthesia monitoring
records that were retrospectively analyzed for this
study. All procedures and experiments were
approved by the Ethics and Animal Welfare Com-
mittee of the University of Veterinary Medicine,
Vienna, in accordance with the university’s guide-
lines for good scientific practice and authorized by
the Austrian Federal Ministry of Education, Sci-
ence, and Research (approval no. BMBWF-68.205/
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Figure 1. Image showing the technique used for
manual restraint and subcutaneous drug injection
in a garden dormouse (Eliomys quercinus). The dor-
mouse is carefully restrained in a breathable fabric
bag located on a table with the examiner wearing a
leather animal handling glove. The caudal end of
the dormouse is exposed outside of the bag, allow-
ing for careful subcutaneous drug injection with
the other hand or by a second examiner.

0175-V/3b/2018) in accordance with the current
legislation. In the past, the garden dormice at our
facility were anesthetized with ketamine, xylazine
or medetomidine, and isoflurane.?’> However, due
to the invasiveness of this procedure (i.e., liver and
brown fat biopsy), analgesia and muscle relaxation
required improvement; therefore, butorphanol and
midazolam, respectively, were added to the proto-
col. These adaptations took place gradually, result-
ing in three drug combinations used that were
retrospectively analyzed for this study: KBMed,
KBMid, and BMM. The following doses were used:
ketamine (Ketamidor® [100 mg/ml], Richter
Pharma, Wels, 4600, Austria; 40 mg/kg SC), mede-
tomidine (Narco Start® [1 mg/ml], Richter Pharma;
0.2 mg/kg SC), butorphanol (Butomidor® [10
mg/ml], Richter Pharma; 0.2 mg/kg SC), and
midazolam (Dormicum® [5 mg/ml], Roche Austria
GmbH, Vienna, 1211, Austria; 1 mg/kg SC).
Before surgery, a veterinarian examined and
weighed each dormouse for anesthetic dose cal-
culation. The drug combination (KBMed,
KBMid, or BMM) was then injected SC into a
loose skin fold over the flank of the dormouse by
using a disposable insulin syringe and needle
while the dormouse was manually restrained in a
fabric bag (Fig. 1). After the injection, the dor-
mouse was placed into the bag and left unstimu-
lated for 10 min (¢ = 10). A sedation score was
assigned to each dormouse after this time
(Table 1), and the dormouse was transferred to a
surgical table (Fig. 2) specifically designed for
rodents and heated to 40°C (Combi-vet® System
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Table 1.
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Scoring system used for monitoring sedation in garden dormice (Eliomys quercinus) administered SC

ketamine-butorphanol-medetomidine, ketamine-butorphanol-midazolam, or butorphanol-medetomidine-

midazolam.?

Immobilized within 10 min, no reaction to nonpainful (touch) and painful (PWR) stimuli, start isoflurane imme-
Deep sedation, no reaction to nonpainful stimuli, reactive to painful stimuli, isoflurane via facemask required

Moderate sedation, reaction to nonpainful and painful stimuli, isoflurane via facemask required for 3 min

Score 1
diately on maintenance concentration
Score 2
for 1 min
Score 3
Score 4 No to only mild sedation, isoflurane via induction chamber

2 PWR, pedal withdrawal response.

3 surgery table, Rothacher Medical GmbH, Hei-
tenried, 1714, Switzerland).

Anesthesia was maintained with isoflurane
(Vetflurane® [1,000 mg/g], Virbac Austria GmbH,

Figure 2. Photography of a garden dormouse (Eliomys
quercinus) on a surgical table specifically designed for
mice, rats, and reptiles (Combi-vet System 3 surgery
table, Rothacher Medical GmbH). Note the facemask
used for maintenance of anesthesia with isoflurane in
oxygen and the pulse oximeter probe placed on the
left hind paw of the dormouse to continuously
monitor pulse rate and SpO,. The abdomen is
clipped and aseptically prepared to allow for
laparotomy.

Vienna, 1180, Austria) in 100% oxygen via a face-
mask (Combi-vet Mask system for mice or rats,
Rothacher Medical GmbH). Isoflurane concentra-
tions used for induction were 2-3% and for initial
maintenance of anesthesia 1.29 + 0.53%. Concen-
trations were titrated down during the procedure
according to response to surgical stimulation,
regardless of the drug combination used (Fig. 3).
Meloxicam (Metacam® [2 mg/ml], Boehringer
Ingelheim Vetmedica GmbH, Ingelheim, 55216,
Germany; 2 mg/kg) and Ringer’s lactate solu-
tion (Ringer-Lactat®, Braun, Melsungen, 34209,
Germany; 10 ml/kg) were administered SC. Eye
ointment (Vit-A-Vision®, Omnivision GmbH,
Puchheim, 82178, Germany) was applied, and
the dormouse was positioned in dorsal recum-
bency. A 1 X 2-cm abdominal area, 3 mm below
the xiphoid, was clipped and aseptically pre-
pared for surgery (Fig. 2). A 1-cm cutaneous
incision was made, laparotomy was performed,
and a bio-logger (built in-house; size, 16 X 12 X
8 mm; weight, 2.5 g; capacity, ~105,000 data-
points) was placed free-floating into the abdomi-
nal cavity. For the explantation, the bio-logger
was removed instead of inserted. In addition, a
liver biopsy was performed just before bio-log-
ger implantation, but not during explantation.
The incision was then closed with simple inter-
rupted IM sutures (Surgicryl®, PGA, USP 3-0,
75 cm, TP19, SMI, Steinerberg, 4780, Belgium),
followed by a splash block with 1 mg/kg lido-
caine (Xylanaest® purum 1%, Gebro Pharma
GmbH, Fieberbrunn, 6391, Austria), and con-
tinuous ID sutures (Surgicry®, PGA PLUS,
USP 4-0, 75 cm, DS19, SMI). The dormice were
then positioned in sternal recumbency to per-
form a brown fat biopsy from between the
shoulder blades as described by Rauch et al.
(2021).%3

During surgery, the following clinical variables
were continuously monitored and recorded every
5 min: pulse rate (PR) and SpO, were measured
by a pulse oximeter attached to a hind paw
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Figure 3. Concentration of isoflurane (%) used for induction and maintenance of anesthesia in garden dor-
mice (Eliomys quercinus, n = 83), measured from 10 to 45 min after sedation (mean = SEM). Dormice were
sedated with either butorphanol-medetomidine-midazolam (BMM, n = 28), ketamine-butorphanol-medeto-
midine (KBMed, n = 28), or ketamine-butorphanol-midazolam (KBMid, n = 27).

(Root™ Radical-7, Masimo Corporation, Irvine,
CA 92618, USA) (Fig. 2); RR was measured by
counting the number of thoracic excursions; and
body temperature was measured by using a rectal
thermometer (HS digital veterinary thermome-
ter, Henry Schein Animal Health, Vienna, 1120,
Austria) at the beginning and end of the proce-
dure. Because of the small size of the dormice,
arterial blood pressure measurements were not
performed. Appropriate intraoperative depth of
anesthesia was ensured by a negative pedal with-
drawal response (PWR) and negative response to
surgical stimulus.

Each dormouse was placed in an individual type
II rodent cage (Polycarbonate Mice Cage, PLEXX
B.V. Lab Products Inc., 6662 PW Elst, The Nether-
lands) to recover from anesthesia. Body tempera-
ture was maintained by an adjustable heating pad
below the cage, and flow-by oxygen (0.5 L/min)
was provided until fully recovered. The time from
the end of surgery to spontaneous movement was
recorded as the recovery time. If a dormouse did
not recover within 1 h, atipamezole 0.1 mg/kg
(Narco Stop® [5 mg/ml], Richter Pharma) (KBMed,

BMM) or flumazenil 0.01 mg/kg (Anexate® [0.5
mg/5ml], Roche Austria GmbH) (KBMid) was
administered SC. Each dormouse was returned
to its enclosure and, for 3 d following surgery,
each dormouse was weighed daily, 1 mg/kg
meloxicam was administered SC, and the surgi-
cal wound was evaluated using a wound evaluation
score (Table 2).2° To avoid unnecessary handling
and stress, dormice were left unhandled if the
wound score was 0 for 2 d in a row.

Statistical analyses were performed using
RStudio® 3.6.2.3* The effects of group on sedation
score were tested using an ordinal logistic regres-
sion (function: polr, package MASS).** Because
one dormouse escaped during application of the
drugs, 89 of 90 recordings were included in this
analysis.

Anesthesia monitoring data were assessed for
normality and homoscedasticity of the model’s
residuals. The effects of group on rectal tempera-
ture were tested using Kruskal-Wallis and Wil-
coxon rank sum tests; 62 of 90 recordings were
available for this analysis because only measure-
ments taken at exactly # = 10 min were included.

Table 2. Scoring system used for evaluating wound healing in garden dormice (Eliomys quercinus) for 3 d fol-
lowing laparotomy for bio-logger implantation and explantation plus tissue (liver, brown fat) biopsy

surgery.
Score 0 Optimal wound healing, good wound contraction, no edema, erythema and/or exudate
Score 1 Good wound healing, mild occurrence of edema, erythema wound and/or exudate
Score 2 Moderate occurrence of wound exudate or erythema or opening of a skin suture
Score 3 Wound healing complication (e.g., opening of abdominal sutures due to manipulation of the animals)
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Because the end-of-surgery times differed in length,
only body temperature measured at 30 min (¢ = 30)
was included in further statistical analysis. Changes
over time and between sedation combinations for
PR, RR, and body temperature were tested with
ANOVA and post hoc tests by using linear mixed-
effect models (nlme package) with group (KBMed,
KBMid, BMM), time, and surgery (implantation,
explantation) as fixed factors and dormouse as ran-
dom factor.?® To visualize the effect of these vari-
ables over time, the computed marginal means of
each group at every time point were plotted
(ggplot2). In total, 83 of 90 (PP and RR) and 19 of
90 (body temperature at 10 and 30 min) recordings
were used for these analyses because some dormice
had to be excluded due to incomplete anesthetic
records. Because of heteroscedasticity of residuals
and because data were not normally distributed,
SpO, recordings were not included in the statistical
analyses. However, all SpO, values were within a
clinically acceptable range of =96%.'°

The effects of group on postoperative changes
in body weight were tested using linear mixed-
effect models with the individuals as random fac-
tors. The effects of group, type of surgery, and
duration of surgery on postoperative wound
healing scores were tested using an ordinal logis-
tic regression. The effects of group on recovery
time were tested using Kruskal-Wallis and Wil-
coxon rank rum tests. Three dormice were
excluded from these analyses (two were adminis-
tered a top-up dose and one had to be reopened
due to logger issues), resulting in 87 of 90 record-
ings being used. Differences were considered sig-
nificant when P < 0.05.

RESULTS

In 37 of 90 anesthetic events, dormice were
sedated with KBMed; in 26 of 90 events, dormice
were sedated with BMM; and in 27 of 90 events,
dormice were sedated with KBMid. No dormouse
received the same drug combination twice. The
duration of the procedures was 31.8 + 6.05 min for
implantations and 20.8 = 4.03 min for explantations.

The sedation score with KBMed (1.32 = 0.784)
was significantly deeper than that for BMM (2.69 +
1.01) and KBMid (2.33 = 1.07) (P < 0.001); there
were no differences between KBMid and BMM.
Body temperature at # = 10 and # = 30 was higher
with KBMid (37.1 = 0.8 and 37.6 = 0.2°C, respec-
tively) than with KBMed (35.9 = 2.2°C, P = 0.024
and 36.1 = 0.5°C, P = 0.026, respectively) and
BMM (35.9 = 0.8°C, P = 0.001 and 36.6 + 0.2°C,
P = 0.022, respectively). Time had no effect on
body temperature. However, PR decreased

JOURNAL OF ZOO AND WILDLIFE MEDICINE

over time in all groups (P < 0.001), but was
higher (P < 0.001) and more stable with KBMid
(223 = 52 beats/min) than BMM (158 = 43
beats/min) and KBMed (173 = 34 beats/min)
(Fig. 4). Similarly, RR decreased over time (P =
0.015) and was higher (P = 0.030) with KBMid
(79 = 4 breaths/min, r = 15) than with KBMed
(56 + 5 breaths/min, = 15) from 15 to 45 min of
anesthesia. At 30 and 45 min, RR was higher (P <
0.035) with KBMid than with BMM (75 + 4 and
90 = 7 breaths/min vs 63 * 4 and 65 = 6
breaths/min, respectively) (Fig. 5).

Recovery was smooth in all dormice. The
shortest recovery time was noted with KBMid as
20.8 = 18.1 min (P < 0.001), which was the only
group in which none of the dormice required the
administration of an antagonist. In the other two
groups, recovery was prolonged and antagonists
were administered after 60 min. Among the 26
BMM cases, 9 cases received atipamezole, 4
received flumazenil, and 3 received both drugs,
resulting in an overall recovery time of 79.2 +
50.2 min. Among the 35 KBMed cases, 3 cases
were reversed with atipamezole, resulting in an
overall recovery time of 66.8 = 42.3 min.

There were no differences in body weight
changes between the different groups and days
after surgery. However, group BMM had an
overall higher body weight (81 = 4 g) than that
of the other two groups (70 = 4 g for KBMed
and 72 = 4 g for KBMid), already before sur-
gery. There were no differences in wound healing
scores between the groups or associated with day,
type, and duration of surgery. According to our
classification, 65 (75%) of 87 dormice had a wound
score of 0, 14 (16%) of 87 had a wound score of 1, 7
(8%) of 87 had a wound score of 2, and 1 (1%) of 87
had a wound score of 3 on the day after surgery.
Only one dormouse manipulated its skin and
abdominal suture, resulting in an intestinal hernia.
This dormouse was reanesthetized to clean and
replace the prolapsed omentum and replace the
sutures. This individual, and only three other dor-
mice with a wound score of 2, received postopera-
tive antibiotics consisting of 10 mg/kg enrofloxacin
for 3 d (Baytril® [25 mg/ml], Bayer Austria GmbH,
Vienna, 1160, Austria). In these dormice, the skin
was cleaned and sutures were replaced by a tissue
adhesive (Surgibond tissue adhesive, SMI suture
materials, SMI, St. Vith, 4780, Belgium).

DISCUSSION

All combinations, KBMed, KBMid, and BMM,
allowed for moderate sedation with a stress-free
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Figure 4. Effect of the three different drug combinations on the pulse rate (beats/min) during the surgical
procedure in garden dormice (Eliomys quercinus, n = 83), measured from 10 to 45 min after induction of
anesthesia (mean = SEM). Dormice were sedated with butorphanol-medetomidine-midazolam (BMM, n =
28), ketamine-butorphanol-medetomidine (KBMed, n = 28), or ketamine-butorphanol-midazolam (KBMid
n = 27), and anesthesia was maintained with isoflurane in oxygen.

induction of anesthesia, cardiorespiratory stabil- characteristics could be important for certain
ity, and adequate postoperative wound healing. research questions requiring intraoperative clini-
KBMed showed the deepest sedation score, pro- cal variables to be close to normal. Postoperative
viding the smoothest induction of anesthesia, but wound scores were low in all dormice, and there
it was associated with a decreased PR and RR. were no differences in the trend of body weight
PR, RR, and body temperature were closest to changes over time after surgery, indicating that
physiological ranges with KBMid, the combina- adequate analgesia was likely provided intra- and
tion that also had the fastest recovery time. These postoperatively.
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Figure 5. Effect of the three different drug combinations on the RR (breaths/min) during the surgical proce-
dure in garden dormice (Eliomys quercinus, n = 83), measured from 10 to 45 min after induction of anesthesia
(mean = SEM). Dormice were sedated with butorphanol-medetomidine-midazolam (BMM, n = 28), keta-
mine-butorphanol-medetomidine (KBMed, n = 28), or ketamine-butorphanol-midazolam (KBMid, n = 27),
and anesthesia was maintained with isoflurane in oxygen.
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KBMed induced deep sedation within 10 min
of SC administration, after which time no reac-
tion to nonpainful and painful stimuli was
observed. Ketamine, absent in BMM, is a disso-
ciative anesthetic that functionally disorganizes
the CNS by noncompetitive antagonism at the
central N-methyl-pD-aspartate receptor, causing
amnesia, analgesia, light sleep, and immobiliza-
tion.'>3® Medetomidine, absent in KBMid, is an
a-2 adrenergic agonist that potentiates the seda-
tive effects of ketamine by decreasing presynap-
tic norepinephrine release, providing sedation
and anxiolysis.!”> Therefore, this combination
proved the most effective for sedation, eliminat-
ing the need for isoflurane to diminish the PWR.
By contrast, dormice sedated with BMM showed
the poorest sedation scores, requiring isoflurane
to achieve a surgical plane of anesthesia. Higher
doses of BMM (5 mg/kg butorphanol, 0.3 mg/kg
medetomidine, 4 mg/kg midazolam) have reli-
ably induced surgical anesthesia in laboratory
mice.?”?° Further studies are required to deter-
mine the minimal effective doses of this drug
combination to induce surgical anesthesia in gar-
den dormice while minimizing undesired side
effects such as bradycardia, hypoxemia, and
hypothermia.*?28:32

For the purpose of comparison, we assumed
that the PR measured via pulse oximetry corre-
sponds to the HR. An awake, unstressed garden
dormouse active at 37°C has a HR of ~350
beats/min.>” With KBMed and BMM, PR was
reduced, consistent with findings in laboratory
mice by using similar drug combinations contain-
ing o-2 adrenergic agonists.*2>?% Peripherally,
these drugs induce vasoconstriction, leading to
hypertension and reflex bradycardia.' Centrally,
they decrease sympathetic nervous system tone,
thereby reducing HR and inotropy.!? Similar to
Karbacher (2019), who compared ketamine-
medetomidine and ketamine-xylazine in isoflur-
ane-maintained garden dormice, PR decreased
over time.?> In laboratory mice, HR is lowest
~26 min after SC o-2 adrenergic agonist injection
and gradually increases thereafter, corroborating
our observations of the PR rising toward the end
of the procedures.’

Although isoflurane has minimal direct effects
on HR, it may cause a marked decrease in RR,
tidal volume, and oxygenation.?%3? All dormice
showed bradypnea compared with reference
ranges reported in laboratory mice (180 breaths/
min),'* with KBMid showing the RR closest to
the physiological rate. Despite the decrease in
RR, all dormice maintained a physiological
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SpO,, with a FiO, of 100%.'° Anesthetized mice
are known to experience profound hypoxemia if
oxygen is not supplemented.” In our dormice,
oxygen supplementation was provided through-
out anesthesia until the dormice were fully recov-
ered, successfully mitigating this complication.
The development of hypothermia is another main
concern in anesthetized small mammals because
of their large surface area:body mass ratio.!*
Therefore, active warming was provided intraop-
eratively. The average body temperature of an
awake garden dormouse is 36.96 = 0.39°C,?3 and
KBMid-sedated dormice maintained their body
temperatures closest to this range. Mild hypother-
mia (32-37°C), observed in the other two groups,
likely reflected the lower PR and reduced meta-
bolic heat production associated with the medeto-
midine3! and is considered a key factor for
prolonged recovery from anesthesia.>'® Thus,
recovery times were shortest with KBMid, which
did not contain this drug, and longest with BMM.
The latter has been associated with a recovery time
of only 11.33 *+ 0.58 min in mice,?’ but 105.8 +
17.4 min in rabbits.? Species-specific differences as
well as potentiation effects of isoflurane might have
played a role in the longer recovery time in our dor-
mice and require further investigation. Generally, a
shorter recovery time, with animals quickly regain-
ing normal physiological function, is preferred.?
However, experience with bio-logger implantation
and explantation surgeries at our facility has shown
that eager cleaning and licking of the surgical
wound after a rapid recovery may contribute to
poor wound healing in garden dormice.?> None of
the dormice included in this study experienced
these complications. There were no differences
between the three drug combinations concern-
ing wound healing and the trend of postopera-
tive body weight, which remained stable in all
dormice. Impaired wound healing and weight loss
after surgery commonly result from manipulation
of the surgical site and decreased appetite, respec-
tively, caused by discomfort or pain.

For laboratory rodent anesthesia, it has been
reported that <40% are administered intraopera-
tive analgesic drugs and <25% receive postopera-
tive analgesia.*® There are only few reports
describing the use of multimodal analgesia, or
the use of more than one analgesic agent target-
ing different nociception sources, in mice.3?4°
For moderate-to-severe pain, the combination of
an opioid, a local anesthetic, and an NSAID is
recommended.3? Although buprenorphine is the
analgesic agent most frequently administered to
laboratory rodents,'!**® we used butorphanol in
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our dormice. The opioid has both agonist (at the
k receptor) and antagonist (at the p receptor)
properties. It is a nonrestricted narcotic drug in
many countries, thereby facilitating its use in lab-
oratory animals where a veterinarian might not
always be present.!! Butorphanol has also been
shown to improve analgesia when combined with
ketamine and medetomidine in mice.* We pro-
vided additional incisional analgesia by applying
the local anesthetic lidocaine to the surgical site.
Local anesthetics inhibit membrane depolariza-
tion, nerve excitation, and conduction by block-
ing voltage-gated sodium channels, thereby
offering a simple and cost-effective method to
reduce pain after abdominal surgery.>* However,
few reports exist in mice!®*® and further studies
are needed to evaluate the efficacy and safety of
incisional local anesthesia in laboratory rodents.
By contrast, NSAIDs, which reduce inflamma-
tory pain by inhibiting prostaglandin synthesis,
are the second most commonly administered
analgesics in laboratory rodents.!**® We admin-
istered meloxicam because it has been shown to
provide adequate postoperative analgesia for
partial hepatectomy in mice—a procedure similar
to the one performed in our dormice.*! Although
meloxicam maintained near-normal growth rates
in rats postsurgery,® our dormice showed no
weight loss, but did not sustain their normal
growth rates. Body weight changes alone may
not fully reflect postoperative pain, and other
behavioral and physiological indicators (e.g.,
nesting, burrowing, grooming behavior, PR, RR,
body temperature) might offer more comprehen-
sive assessments.*?> Mouse and rat grimace scales
have proven to be accurate, reliable, and valid
tools.3%38 In 2015, software called Rodent Face
Finder® was created that automatically generates
a pain score with mouse or rat photographs.3®
Future studies in garden dormice could validate
and use these tools to better investigate postop-
erative analgesia in this species.

A major limitation of this study is the different
conditions encountered during the two surgical
procedures, implantation and explantation.
Explantation took less time, and the postsurgical
housing conditions were slightly different. Dur-
ing the implantation surgeries, two garden dor-
mice were housed in one enclosure with two
separate nests, whereas for the explantation sur-
geries four dormice were housed in the same
enclosure with two separate nests. In addition,
during the implantation surgeries, dormice were
only 5 wk old and considered of pediatric age,
whereas for the explantation surgeries dormice
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were >1 yr of age and considered adults. We
accounted for these factors in the statistical
model by including surgery type as fixed effect.
Nevertheless, it is not possible to directly distin-
guish the effects of surgery type, housing, and
age from each other, which presents a main limi-
tation. Despite these limitations, we believe that
our results provide a valuable contribution to the
current literature by comparing three sedation
combinations that allow for appropriate intraop-
erative analgesia, cardiorespiratory stability, and
adequate postoperative wound healing in isoflur-
ane-anesthetized garden dormice undergoing
invasive procedures.
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