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Abstract

Objective To describe the effects of butorphanol—azaperone
—medetomidine (BAM) and ketamine—butorphanol—azaper
one—medetomidine (KBAM) used for the chemical immobili-
zation of giraffes.

Study design Quasi-experimental trial.
Animals A group of 10 habituated subadult female giraffes.

Methods Five giraffe were immobilized with BAM (0.02
mL cm ™! estimated shoulder height) and five with KBAM
(0.015 mL cm™! estimated shoulder height BAM and 200
mg ketamine). Time to events were recorded (time to re-
cumbency and recovery time). Physiological variables
(heart rate, respiratory rate, rectal temperature, invasive
arterial blood pressure and peripheral oxyhaemoglobin
saturation) were recorded every 5 minutes and arterial
blood gas analysis was performed every 10 minutes after
instrumentation. Atipamezole (5 mg rng*1 medetomidine
administered) and naltrexone (1 mg mg71 butorphanol
administered) were administered intramuscularly at 30
minutes post-recumbency for recovery. Time to events,
physiological and arterial blood gas data were compared
between drug combinations using a two-sample t-test
(significance was p < 0.05). Data are shown as mean
+ standard deviations.

Results All giraffes were successfully immobilized. Based on
measured shoulder height, the doses administered were
0.70 and 0.48 mg cm ! for butorphanol, 0.28 and 0.2 mg
cm™ ! for azaperone and medetomidine in BAM and KBAM,
respectively. Times to recaumbency were 17.1 + 9.3 and 6.3
+ 1.1 minutes for BAM and KBAM respectively (p = 0.06).
All giraffes had hypoxaemia and hyperlactataemia, with
PaO, values of 52 + 13 and 41 + 4 mmHg and lactate
values of 14.4 + 6.1 and 11.0 + 5.5 mmol L™! for BAM and
KBAM, respectively. Recoveries were calm with minimal
ataxia.

Conclusion and clinical relevance BAM and KBAM pro-
duced reliable chemical immobilization for 30 minutes. The
addition of ketamine to the BAM combination is recom-
mended because of its faster induction time. Because of
clinically significant hypoxaemia, oxygen supplementation
should be administered if these drug combinations are used.

Keywords BAM, giraffe, immobilization, KBAM.

Introduction

Giraffe (Giraffa camelopardalis) are ungulates that belong to the
family Giraffidae in the order Ruminantia (Apps 2000). Nine
subspecies of giraffe are currently recognized, and they are
commonly kept in zoological collections all over the world
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(Dagg 2014). With an estimated 68,000 animals left in the
wild, giraffes are classified by the International Union for the
Conservation of Nature (IUCN) as vulnerable (O’Connor et al.
2019).

Although immobilization of this species is becoming more
common owing to conservation efforts and the need for hus-
bandry care in captive sanctuaries and zoo collections, the
chemical immobilization of giraffes continues to be a highly
challenging process. Owing to their size, unusual anatomy and
physiology, immobilization is associated with risk of harm to
both the animal and personnel (Vogelnest & Ralph 1997; Bush
et al. 2001, 2002). Potent opioids such as etorphine, carfen-
tanil and thiafentanil alone or in combination with sedatives
have been used for decades to immobilize free-ranging and
captive giraffes (Langman 1973; York et al. 1973; Bush et al.
1976; Bush & Vos 1987). However, potent opioids are not
readily available worldwide because of regulatory constraints.
Therefore, alternative drug combinations that use readily
available non-potent opioid drugs, such as butorphanol,
medetomidine, azaperone and ketamine, been investigated
alone or in various combinations in a wide range of free-
ranging and captive ungulates (Mich et al. 2008; Miller et al.
2009; Chittick et al. 2012; Wolfe et al. 2014; Lapid & Shilo-
Benjamini 2015; Hansen & Beckmen 2018; Harms et al.
2018; Semjonov et al. 2018).

A premixed combination of butorphanol—azaperone—medeto
midine (BAM) has been investigated for chemical immobiliza-
tion in Thomson’s gazelles (Gazella thomsoni) (Chittick et al.
2012), caribou (Rangifer tarandus granti) (Hansen & Beckmen
2018), bison (Bison bison) (Harms et al. 2018), Nubian ibex
(Capra nubiana) (Lapid & Shilo-Benjamini 2015), white-tailed
deer (Odocoileus virginianus) (Mich et al. 2008; Miller et al.
2009), blesbok (Damaliscus pygargus phillipsi) (Semjonov et al.
2018), sable antelope (Dittmer et al. 2023) and Rocky Moun-
tain elk (Cervus canadensis nelsoni) (Wolfe et al. 2014). The BAM
combination reliably provided immobilization in these species,
especially if the animals were habituated to captivity. Wildlife
veterinarians experienced in free-ranging ungulate chemical
immobilization recommend the addition of ketamine to the BAM
drug combination (KBAM) to improve the reliability of the in-
duction and immobilization (Kreeger et al. 2023). This recom-
mendation likely arose from many studies where ketamine-o.,-
adrenoceptor agonist combinations have been successfully used
in ungulate immobilization, including free-ranging and captive
giraffe (Bush et al. 2001, 2002; Lamberski et al. 2004; Delk
et al. 2019).

The aim of this study was to assess the practicality of using
BAM and KBAM for the chemical immobilization of giraffes,
and to describe and compare their effects, where possible. We
hypothesized that both drug combinations, when administered
intramuscularly via projectile dart, would reliably and

effectively induce a recumbent state of chemical immobiliza-
tion without causing clinically significant cardiopulmonary
physiological derangements in immobilized giraffes.

Materials and methods

Study design, treatments and animals

Animal ethics approval was obtained before the commence-
ment of this trial (WPAEC-2017-BAMGIR-12-B). This study
was reported using the ARRIVE guidelines 2.0. A quasi-
experimental trial was conducted using opportunistic data
collection. Owing to the opportunistic nature of the study, a
sample size calculation was not performed. A group of 10
subadult female free-ranging giraffes (aged between 3 and 4
years) were captured and transported to a wildlife holding fa-
cility (Trados Game Farm, RSA). At the facility, after a 2 week
habituation period, the giraffes underwent chemical immobi-
lization for routine health examination and bloodwork before
being translocated to another undisclosed location. Because of
safety concerns associated with immobilizing giraffes, the in-
vestigators chose not to blind the study and not to randomize
the administration of the two different drug combinations. The
first five giraffes were immobilized with a proprietary fixed dose
combination of butorphanol (30 mg mLfl), azaperone (12 mg
mLfl) and medetomidine (12 mg mLfl) (BAM) [Wildlife
Pharmaceuticals South Africa (Pty) Ltd., RSA]. The remaining
five giraffe were immobilized with a combination of ketamine
[200 mg mL~!; Wildlife Pharmaceuticals South Africa (Pty)
Ltd.] and BAM. At the holding facility, the giraffes were cared
for and fed [lucerne (Medicago sativa) hay, game pellets and
fresh browsing foliage in the form of fresh cut tree branches
from various tree species suspended on the walls of the pen] by
experienced caretakers and veterinary staff working at the
facility. Potable water was freely accessible ab libitum. The
purpose-built giraffe rectangular pens were 8 m by 10 m in
surface area and walls were 4 m high. Giraffes were housed in
small groups using four pens in total. Shelter from the elements
were provided by galvanized zinc roofs and tall trees within the
pen. Before the commencement of the drug trials, giraffes were
deemed healthy based on their bloodwork results and regular
consumption of food and water, passing normal stools with no
signs of weakness or depression.

Study procedures

Before commencing the study procedures, a temporary circular
enclosure made of suspended plastic sheeting was constructed
near the entrance of a corridor leading to the pens. The
enclosure measured approximately 30 m in diameter and 3.5
m in height. There was no padding attached to the plastic
walls, nor were there any devices placed to assist the giraffe
during induction and recovery using ropes. The surface was
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mostly sandy with sparsely located patches of grass and
approximately five thin-stemmed (<100 mm diameter) trees
close to the inner perimeter, typical of the veld in this
geographical region. This circular enclosure was used to
immobilize the giraffe one-at-a-time during the study. The
shoulder height of each giraffe was estimated by an experi-
enced wildlife veterinarian to standardize the volume (and thus
dose) of drugs administered during darting. The shoulder
height was estimated visually from the dorsal aspect of the
shoulders (withers), perpendicular to the ground as they
walked past a pole of a known height. A body mass scale large
enough to accommodate giraffe was not available and there-
fore estimated shoulder height was used, as previously
described for giraffe (Bush et al. 2001).

The planned BAM drug combination dosage was 0.02 mL
cm! estimated shoulder height. In contrast, the planned ke-
tamine dose was fixed at 200 mg per giraffe (i.e. 1 mL of ke-
tamine) mixed with 0.015 mL cm ™! estimated shoulder height
of BAM in the KBAM drug combination. For all immobiliza-
tions, the total volume of drugs exceeded 3 mL which was the
capacity of the darts available during the study. Therefore, the
total BAM drug volume was divided equally into two 3 mL
darts fitted with a 50.8 mm (2 inch) long 13 gauge needle
(Pneu-Dart Type ‘P’; Pneu-dart Inc., PA, USA). In KBAM, the 1
mL of ketamine was divided equally between the two darts.

On the days of data collection, food and water were withheld
for 12 hours before immobilization. A giraffe was randomly
selected and herded into the temporary circular enclosure and
left alone for 15 minutes. The darts were prepared and then
after the 15 minute period, the drug-loaded darts were fired
one-at-a-time from a carbon dioxide (CO,)-powered dart pro-
jector (X-Caliber; Pneu-Dart Inc.) by an experienced wildlife
veterinarian. Both darts were fired at and placed in the large
muscle groups of the proximal pelvic limb within 10 seconds of
each other. Once both darts were placed and confirmed to have
discharged their contents, a stopwatch was then started
immediately to record time to various events. The induction
consisted of two phases. The first phase was waiting for visual
cues of a drug effect and signs of sedation which included an
open mouth with a flaccid tongue hanging out, ataxic gait and
lowering of the head (recorded as time to first drug effect). The
second phase consisted of the giraffe becoming sternally or
laterally recumbent (recorded as time to recumbency). Once
recumbent, the head and neck were placed on a wooden board
(1200 mm x 450 mm x 20 mm) with their nose positioned
below the level of the oropharynx. The head end of the board
was elevated above the level of the rumen by resting it on top of
hay bales to provide a slope of approximately 40 degrees to the
ground. The giraffe was blindfolded, and cotton wool was
pushed into the external ear canals with the aim of reducing
external stimuli. The trachea was intubated by palpating the
rima glottidis and advancing a cuffed silicone endotracheal tube

(22—26 mm; Kruuse, Denmark) into the proximal trachea and
the cuff was inflated with 50 mL of room air. A 22 gauge Jelco
catheter (Midlands Veterinary Wholesalers, RSA) was asepti-
cally placed into the auricular artery of the dependent ear.
Pulse rate and invasive arterial blood pressure were measured
from this catheter using a portable monitor (IntraTorr; In-
traVitals, UK). Peripheral haemoglobin oxygen saturation
(Sp0O,) was assessed using a pulse oximeter (Nonin PalmSAT
2500; Nonin, The Netherlands) with a reflectance probe taped
to the skin under the proximal ventral tail (approximately 5 cm
away from the anus), as previously described in other wildlife
ungulates (Mtetwa et al. 2020). Rectal temperature (RT) was
measured with a digital thermometer (Pigeon 10800 soft tip;
Pigeon, RSA). Cardiac auscultation using a stethoscope and
manual counts of exhaled breaths (fg) were recorded every 5
minutes. Once instrumented, continuous physiologic moni-
toring started (TO) and recorded at 5 minute intervals (T5,
T10, T15, T20) until 25 minutes (T25). A 1 mL arterial blood
sample was anaerobically collected into pre-heparinized sy-
ringes (BD-A line; Midlands Veterinary Wholesalers) and
analysed using a portable blood gas analyser (i-STAT Portable
Clinical Analyzer; Abaxis, CA, USA) and self-calibrating car-
tridges (i-STAT cartridges CG4+ and CHEMS; Abaxis) at TO,
T10 and T20. During the monitoring period, the actual
shoulder height was measured using a tape measure from the
sole of the hoof on the stretched out nondependent thoracic
limb to the dorsal aspect of the shoulder region (i.e. withers
region). Throughout the procedure, the neck of the giraffe was
massaged to prevent muscle spasms.

After T25, all monitoring equipment and ear plugs were
removed from the enclosure, the neck board was removed and
the head was placed on the ground. The giraffe’s trachea was
extubated and the arterial catheter removed. At 30 minutes
(T30), reversal drugs were injected into the muscles of the
proximal pelvic limb, as follows: atipamezole (Antisedan 5 mg
mL™!; Orion Pharma, Finland) was dosed at 5 mg per 1 mg of
medetomidine administered; naltrexone hydrochloride (Trex-
onil 50 mg mL~'; wildlife Pharmaceuticals South Africa (Pty)
Ltd.) was dosed at 1 mg per 1 mg of butorphanol administered.
A team of three to five experienced assistants knelt alongside
the dorsal aspect of the giraffe’s neck while it was in lateral
recumbency and manually held the head and proximal neck
down. The aim was to prevent early attempts to move into
sternal recumbency or stand. If the giraffe was strong enough
to overpower the assistants, then the blindfold was removed,
and they moved to a safe location away from the giraffe as it
attempted to move into sternal recumbency or stand. The time
to standing was recorded from completing the injection of
antagonists until the giraffe stood. The time to full recovery
was recorded from completion of the injection of antagonists
until the giraffe was walking in a coordinated way and able to
retain its tongue within the oral cavity. Once fully recovered,
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the giraffe was herded back to its pen. All giraffes were in good
health and relocated a week after the study concluded to an
undisclosed private game farm.

Data collection and analysis

Physiological data [heart rate (HR), fr, systolic (SAP), mean
(MAP) and diastolic arterial blood pressures (DAP), RT and
Sp0,) were recorded on a data collection sheet. Time to first
drug effect, recumbency, standing and full recovery were
recorded. Data from arterial blood gas included measured pH,
partial pressures of oxygen (PaO,) and carbon dioxide
(PaCO0,), lactate and calculated base excess (BE) and arterial
oxygen haemoglobin saturation (Sa0,). The actual BAM dose
was calculated based on the measured shoulder height as
follows:

Volume of BAM (mL)/shoulder height (cm) = mL/cm shoulder
height

mL/cm shoulder height x mg/ml of each drug = mg of drug/cm
shoulder height

Statistical analysis

Data were assessed for normality by inspecting descriptive
statistics and histograms and applying the Ryan—Joiner
normality test. Data were normally distributed, and results
were reported as mean + 95% confidence intervals (95% CI).
Physiological data within each treatment were inspected on
interval plots of the mean and 95% CI of the mean over time.
There was no visual evidence of changes in value over time.
Therefore, physiological data were averaged over time for each
giraffe and then compared between drug combinations using a
two-sample t-test. The same method of analysis was applied to
the arterial blood gas data analysis as for physiological data.

The times to events were also compared between drug com-
binations using a t-test. For all t-tests, the effect size was
determined by calculating Cohen d. Agreement between paired
Sa0, and SpO, data (TO, T10, T20) was determined using a
Bland—Altman plot where the differences of the means were
plotted as a percentage (%). A maximum clinically acceptable
agreement was defined as a bias of 10%. Physiological data
were presented in the form of interval plots of the mean and
95% CI of the mean over time. Arterial blood gas data and
times to events are presented in Tables 1 and 3. Data were
assessed using commercially available software (MiniTab,
version 18.1; MiniTab Inc., PA, USA) and significance was
interpreted as p < 0.05.

Results

All giraffes were successfully chemically immobilized and
relocated at the end of the study. The measured mean (95% CI)
shoulder height for giraffes administered BAM and KBAM was
222 (201—243) cm and 216 (208—224) cm, respectively,
(p = 0.470). The volume of BAM administered to giraffes in the
BAM combination was 0.023 (0.018—0.029) mL cm ™!
shoulder height, and 0.016 (0.009—0.023) mL cm ™! shoulder
height for KBAM. Therefore, the dose of butorphanol admin-
istered was 0.70 (0.54—0.87) and 0.48 (0.28—0.69) mg cm™!
shoulder height for BAM and KBAM, respectively. The aza-
perone and medetomidine drug concentrations were the same
in the premix which resulted in the same doses administered
per drug combination. Azaperone and medetomidine doses
were both 0.28 (0.22—0.35) mg cm™ ! shoulder height for
BAM and 0.20 (0.12—0.27) mg cm™ ' shoulder height for
KBAM. Giraffes ambulated with a progressively ataxic gait
until stumbling into a recumbent state. Two giraffes in each
group would, after a period of ataxic ambulation, stand and
rock on their feet before dropping into a sternal recumbency
and had to be blindfolded and pulled into lateral recumbency

Table 1 Comparison of means for time events in boma habituated female giraffe immobilized with butorphanol—azaperone—medetomidine
(BAM; n = 5) and ketamine—butorphanol—azaperone—medetomidine (KBAM; n = 5). CI, confidence interval; Diff, difference; SD, standard

deviation; SE, standard error.

Variable (minutes) Group Mean +SD SE Diff (95% CI for difference) p-value Cohen d

First drug effect BAM 3.0 0.6 0.3 0.3 (—0.6t0 1.2) 0.46 0.50
KBAM 2.7 0.6 0.3

Recumbency BAM 171 9.3 4.2 10.8 (—0.9t0 22.4) 0.06 1.63
KBAM 6.3 1.1 0.5

Onset of recovery BAM 2.1 0.8 0.4 —0.6 (—2.0t0 0.7) 0.31 0.69
KBAM 2.7 1.0 0.4

Standing BAM 6.3 1.6 0.7 —2.1 (—5.3t01.2) 0.17 0.98
KBAM 8.4 2.5 1.1

Fully recovered BAM 6.8 1.4 0.6 —2.4 (—6.3t0 1.5) 0.17 0.69
KBAM 9.2 3.1 14
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by the assistants. No major injuries or debilitating head crashes
occurred in any giraffes. The mean recumbency time for BAM
was 17.1 (5.5—28.6) minutes and although not significantly
longer in duration, it was clinically relevant compared with 6.3
(5.0—7.6) minutes for KBAM (p = 0.06; Table 1).

None of the physiological variables were significantly
different between BAM and KBAM (Fig. 1 & Table 2). Physi-
ological variable values need to be interpreted in light of the
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Figure 1 Mean (and 95% confidence intervals of the mean) values for heart rate (a), respiratory rate (b), rectal temperature (c) and systolic (d),
mean (e) and diastolic (f) arterial blood pressure (invasive measurement) in female giraffe immobilized using butorpha-
nol—azaperone—medetomidine (BAM; n = 5) and ketamine—butorphanol—azaperone—medetomidine (KBAM; n = 5).

Table 2 Comparison of averaged means (over six time points) for physiological data in boma habituated female giraffe immobilized with
butorphanol—azaperone—medetomidine (BAM; n = 5) and ketamine—butorphanol—azaperone—medetomidine (KBAM; n = 5). CI, confi-
dence interval; DAP, diastolic arterial pressure; Diff, difference; fr, respiratory rate; HR, heart rate; MAP, mean arterial pressure; SAP, systolic
arterial pressure; SD, standard deviation; SE, standard error; SpO,, haemoglobin saturation with oxygen; Temp, temperature.

Variable Group Unit Mean +SD SE Diff (95% CI for difference) p-value Cohen d

HR BAM beats minute ™" 55 8 4 8.8 (—10.2 to 27.8) 0.30 0.72
KBAM 46 15 7

fa BAM breaths minute™’ 65 3 1 0.1 (—11.3to0 11.5) 0.98 0.00
KBAM 65 9 4

SpO, BAM % 97 2 1 1.8 (—1.510 5.0) 0.24 0.88
KBAM 95 2 1

Temp BAM °C 39.3 1.6 0.7 0.1 (—2.0t0 2.2) 0.92 0.04
KBAM 39.2 1.2 0.5

SAP BAM mmHg 192 30 13 8.9 (—29.4 to 47.2) 0.56 0.40
KBAM 183 7 3

DAP BAM mmHg 97 12 5 —6.7 (—28.7 to 10.2) 0.38 0.56
KBAM 104 11 5

MAP BAM mmHg 125 14 6 —5.3 (—28.8 to 13.3) 0.51 0.44
KBAM 130 9 4
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(82—112) mmHg for BAM and 104 (90—117) mmHg for
KBAM. MAP was 125 (107—142) mmHg for BAM and 130
(119—141) mmHg for KBAM. There was poor agreement be-
tween Sa0, and SpO, and almost all data points exceeded the
maximum clinically acceptable bias of 10% (Fig. 2). For arterial
blood gas analysis, the pH of the arterial blood was 7.36
(7.25—7.48) for BAM and 7.27 (7.11-7.42) for KBAM
(Table 3). All giraffes were hypoxaemic and had a PaO, of 52
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Figure 2 Bland—Altman plot of co-oximeter-measured oxy-
haemoglobin saturation of arterial blood (Sa0,) versus pulse oximeter-
measured peripheral oxyhaemoglobin saturation (SpO,, using a
reflectance probe under the tail). Acceptable limits were set to + 10%
(red lines), SD; standard deviation. (For interpretation of the references
to colour in this figure legend, the reader is referred to the Web version
of this article.)

(36—68) mmHg for BAM and 41 (35—46) mmHg for KBAM.
Overall, BAM-immobilized giraffes were hypocapnic with a
PaCO, of 33 (30—37) mmHg or normocapnic with 42
(35—49) mmHg for KBAM (p = 0.03). All giraffes had
hyperlactataemia with a lactate concentration of 14.4
(6.9—22.0) mmol L ! for BAM and 11.0 (4.2—17.9) mmol L
for KBAM.

Recovery was overall calm, with the giraffes lifting their
heads and moving into sternal recumbency once they were
able to overpower the assistants. They waited a brief period
before attempting to stand, which was often achieved in one or
two well-coordinated attempts. Once standing, most giraffes
walked steadily with minimal ataxia. However, two of the five
giraffes immobilized with KBAM overpowered the assistants
too early and their attempts to move into sternal recumbency
and to stand were uncoordinated. Although appearing dra-
matic in their attempts to stand, no visible minor (abrasions) or
major (dislocations and fractures) injuries were sustained.

Discussion

Giraffes with their distinctive anatomy, physiology and
behavioural characteristics present a unique challenge when
chemical immobilization is required for handling or trans-
location (Citino et al. 2006). The two drug combinations
evaluated in this study BAM and KBAM were assessed for their
efficacy for chemical immobilization in subadult female giraffes.
Both drug combinations yielded stable immobilizations and
uneventful recoveries, although hypoxaemia was a clinical
concern. Given the unique body conformation of giraffes,

Table 3 Comparison of averaged means (over three time points) for blood gas analysis in boma habituated female giraffe immobilized with
butorphanol—azaperone—medetomidine (BAM; n = 5) and ketamine—butorphanol—azaperone—medetomidine (KBAM; n = 5). BE, base
excess; CI, confidence interval; Diff, difference; PaCO,, arterial partial pressure of carbon dioxide; PaO,, arterial partial pressure of oxygen; SD,
standard deviation; SE, standard error, SO,, calculated oxyhaemoglobin saturation.

Variable Group Unit Mean +SD SE Diff (95% CI for difference) p-value Cohen d

pH BAM — 7.36 0.09 0.04 0.10 (—0.06 to 0.26) 0.20 0.89
KBAM 7.27 0.12 0.06

PaO, BAM mmHg 52 13 5.7 11.5 (—5.2t0 28.1) 0.13 1.22
KBAM 4 4 1.9

PaO, BAM kPa 6.9 1.7 0.8
KBAM 5.5 0.5 0.3

PaCO, BAM mmHg 33 3 1.3 —8.6 (—16.2 to —1.00) 0.03 1.86
KBAM 42 6 2.7

PaCO, BAM kPa 4.4 0.4 0.2
KBAM 5.6 0.8 0.4

BE BAM mmol L' —-13.5 7.5 3.3 -5.9 (—16.0 to0 4.3) 0.21 0.81
KBAM —7.6 6.0 2.7

Sa0, BAM % 76 11 4.9 8.3 (—6.3 t0 22.9) 0.22 0.87
KBAM 67 8 3.7

Lactate BAM mmol L' 14.4 6.1 2.7 3.4 (—5.3to0 12.1) 0.39 0.59
KBAM 11.0 5.5 25
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weight estimations are often highly inaccurate, making
height-based dosing a more reliable approach (Bush et al.
2001).

One of the noteworthy findings of this study was the differ-
ence in induction time between BAM and KBAM. Although
not statistically significant (most likely because of small sample
size), this difference was clinically meaningful. On average,
giraffes immobilized with KBAM became recumbent over 10
minutes faster than those immobilized with BAM alone. In
wildlife, consistent, fast inductions are crucial to reduce the
risk of injury, stress and activity-induced hyperthermia. In
captive giraffes, induction times with medetomidine—ketamine
varied from 4 to 38 minutes (Lamberski et al. 2004; Delk et al.
2019). The addition of thiafentanil to the combination did not
significantly shorten the induction time, which reportedly
ranges from 3 to 26 minutes (Citino et al. 2006; Delk et al.
2019; Roeder et al. 2024). However, this combination (thia-
fentanil—medetomidine—ketamine) improves immobilization
quality and provides increased analgesia, making it preferable
for longer procedures in captive giraffes (Citino et al. 2006;
Roeder et al. 2024). A study by Sailler et al. (2024 ) examined a
two-stage darting method in which giraffes were first darted
with ketamine—xylazine, followed 15—20 minutes later by
thiafentanil—etorphine. This approach resulted in initial signs
of sedation within 11 minutes after the first dart and re-
cumbency within 6 minutes after the second. Compared with
all these studies, the KBAM combination in the current study
seems to provide a fast and consistent induction with a time to
recumbency of 6.3 + 1.1 minutes.

Both BAM and KBAM were effective in maintaining physi-
ological stability, with no significant differences in HR, fR, RT
or blood pressures between the two drug combinations. In
conscious giraffes, HR of 60—80 beats minute !, fr of 8=10
breaths minute ™", body temperature of 38.5 + 0.5 °C (Mitchell
& Skinner 2004), SAP of 140—180 mmHg and DAP of
90—120 mmHg have been reported (Paton et al. 2009). The fg
of 65 breaths minute™! was therefore clinically significantly
elevated in these immobilized giraffes with both drug combi-
nations. The development of tachypnoea in giraffe when
anaesthetized with a combination of ketamine—medetomidine
has been previously reported (Kyoo-tae et al. 2003; Citino et al.
2006; Delk et al. 2019).

Tachypnoea might have developed as a result of severe
hypoxemia (PaO, < 60 mmHg) which was observed with both
drugs combinations. Hypoxaemia is a frequently reported
complication in immobilized giraffes, regardless of the drug
combination used, when oxygen supplementation or me-
chanical ventilation is not provided (Vogelnest & Ralph 1997;
Delk et al. 2019; Vitali et al. 2020). The PaCO, values were
within or close to normal reference ranges (35—45 mmHg;
4.7—6.0 kPa) for both drug combinations with slight hypo-
capnia observed in BAM-immobilized animals (33 + 3 mmHg;

4.4 + 0.4 kPa). This indicates that ventilation was adequate,
and the hypoxaemia likely resulted from ventilation—perfusion
mismatch caused by the drugs or the positioning of the
animals.

Of clinical relevance is that SpO, measurements were above
95% indicated normal oxygen saturation, but the giraffes were
hypoxaemic based on arterial blood gas analysis. This disparity
between oxygen measures indicates that pulse oximetry, as
used in this study, is an unreliable method in giraffe to monitor
oxygenation. Similar findings in giraffes have been reported by
Bertelsen et al. (2017) who hypothesized that this discrepancy
might be caused by a difference between the human and giraffe
haemoglobin dissociation curve.

Elevated lactate concentrations, combined with a negative
base excess and near-normal PaCO, values, indicate the
presence of metabolic acidosis (Kraut & Madias 2010).
Hyperlactataemia probably resulted from stress, muscle exer-
tion during induction and hypoxaemia, all contributing to this
acid—base imbalance (Breed et al. 2019). Lactate concentra-
tions of 0.44 + 0.25 mmol L' have been reported in zoo gi-
raffes (Cole et al. 2024), highlighting the significance of the
elevated lactate values observed with both drug combinations
in this study, which indicate clinically relevant hypoxaemia or
acid—base disturbances. The observed tachypnoea may have
even been a compensatory response to both hypoxaemia and
acidaemia. This suggests that compensatory mechanisms
remained functional, and hypoventilation was not evident
with these drug combinations. Hypoventilation is a common
concern when potent opioids are used for immobilizing un-
gulates (Meyer et al. 2015; Haw et al. 2016).

The limitations of this study were that the order of drug
administration was not randomized, and the assessors were
not blinded to the identity of the drug combination used. A
confounding factor of this study was the need to use two darts
to deliver the drug volume, as larger darts were unavailable at
the time. However, as both darts were administered in quick
succession, the impact of this delay is likely minimal. Addi-
tionally, the study was conducted under field conditions and on
an opportunistic basis, resulting in a small sample size of only
female giraffes. Despite this, the findings provide valuable in-
sights into giraffe immobilization, although we cannot
comment on if there would be a different outcome in male or
adult giraffes. Some of the giraffes from both drug combinations
had hyperthermia which was not treated in this study. How-
ever, active cooling measures, such as dousing with water and
actively rubbing it in to reach the skin, should be planned for
when immobilizing these animals under field conditions
(Sawicka et al. 2015, Leiberich et al. 2023). The fasting time in
our study was shorter than 24—48 hours, and this could have
played a role on the respiratory and metabolic variables
whereby the heavy gastrointestinal tract may have com-
pressed the diaphragm, for example. Finally, the dose of
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ketamine was fixed regardless of the shoulder height (size) of
the giraffes and further research is indicated to refine the ke-
tamine dose in combination with BAM.

Conclusions

In this study, subadult female giraffe were reliably immobilized
for at least 30 minutes using either drug combination. KBAM
had a faster induction time than BAM. The quality of recovery
was calm and coordinated in most of the giraffes regardless of
drug combination used. Hypoxaemia and hyperlactatemia
occurred with both drug combinations. Therefore, oxygen
supplementation should be provided if these drug combina-
tions are used.
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