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ARTICLE INFO ABSTRACT

Keywords: Objectives of the present paper were to review the process of thermal disbudding in goat kids in the Netherlands.
(Thermal) disbudding We describe possible complications and propose considerations and suggestions for best practice for disbudding
Goat k?ds. of goat kids. Thermal disbudding of approximately one to two week old female dairy goat kids is common
f\g;ihﬂ::;‘;ms practice in Dutch dairy goat farming in order to prevent injuries and optimise use of feeding space. Thermal

disbudding is a painful procedure. This should be addressed to prevent potential welfare problems as well as
subsequent complications. This report describes current practice as well as complications noted following dis-
budding of goat kids in the Netherlands. Complications include failure to recover from anaesthesia as well as
neurological symptoms and subsequent death up to two weeks after the procedure. Considerations for optimal
disbudding management, including practical, legislative, technical, and anaesthesiologic concerns are briefly
discussed. Data on both the safety and efficacy of local anaesthetic injections for disbudding in goat kids are
scarce. Therefore, more field studies focusing on feasibility and efficacy of local anaesthetic approaches with or

without sedation, and the use of NSAID’s peri- and postoperatively, are recommended.

1. Introduction

Thermal disbudding of kids on Dutch dairy goat farms is, with the
exception of some organic farms, standard practice to prevent fighting
injuries and because disbudded does require less feeding space. Because
of rapid horn development, disbudding is preferably performed within
the first two weeks of life. Thermal disbudding is an inherently painful
procedure that requires particular attention to prevent potential welfare
problems and complications (Sanford, 1989; Thompson et al., 2005).
Disbudding is considered a husbandry procedure that is allowed under
Dutch legislation (2014), but ‘anaesthetic administration’ is required
and must be performed by a qualified veterinarian. No minimum
standard for peri-operative anaesthesia or analgesia has been laid down
by law. According to Kwaligeit (sector wide good practice guidelines)
(2019), post-operative analgesia should be administered according to
farm-specific treatment protocols. In practice, the veterinarian will
usually delegate supervision of recovery after disbudding to the farmer.
However, the veterinarian remains responsible and legally liable for the
entire procedure. Annually, farmers and veterinarians report
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complications after thermal disbudding of goat kids to Royal GD (for-
merly GD Animal Health). Problems include failure to recover from
anaesthesia, neurological symptoms, and sudden death in the weeks
after disbudding. The exact incidence of problems during and after
disbudding is unknown.

The aims of this short communication are to: 1) describe current
standard practice for thermal disbudding of dairy goat kids in the
Netherlands, 2) describe complications noticed at post mortem ex-
amination after thermal disbudding, and 3) propose considerations and
suggestions for best practice with regard to this procedure.

2. Current standard practice for thermal disbudding of dairy goat
kids in the Netherlands

Kids are on average 1-2 weeks old, and body weight varies from
approximately 3-7 kg at the time of the procedure. Generally there are
no facilities to provide supplemental heat, intravenous (IV) fluids or
oxygen (which could constitute a fire hazard in conjunction with hot
disbudding irons).
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Disbudding is performed with a gas- or electrically heated iron; al-
ternative methods to thermal disbudding are currently prohibited under
Dutch legislation. At present, the vast majority of dairy goat kids are
disbudded under general anaesthesia. A commonly used total in-
travenous anaesthetic (TIVA) for this purpose consists of a pre-mixed
combination of xylazine, ketamine and atropine (Table 2) as described
by Pieterse and van Dieten (1995). A slightly modified version is cur-
rently used and taught by the farm animal ambulatory practice (‘ULP’)
of the Faculty of Veterinary Medicine (Utrecht, the Netherlands;
Table 2).

Local anaesthetic techniques such as simple infiltration or a ring
block at each horn bud with procaine, or blocking the cornual branches
of the infratrochlear and zygomaticotemporal nerves, are not routinely
performed. The administration of an NSAID (IV or per os (PO)) during
and/or after the procedure likewise is not yet standard of care.

3. Complications reported after thermal disbudding

Royal GD has regularly been consulted by veterinarians and farmers
about goat kids not recovering from anaesthesia after disbudding. In
most cases, pre-existing illness of individual kids or (relative) anaes-
thetic overdosage could not be excluded as possible causes. Annually,
small numbers of goat kids are submitted for post mortem examination
after disbudding. The available clinical information received is typically
minimal and varies from “sudden death” to “neurological signs after
disbudding”, with variable timing up to two weeks after disbudding.
The disbudding procedure is not always mentioned, but can be inferred
from age and horn bud (dis)appearance.

Reported sudden deaths shortly after disbudding may be related to
hypothermia, but also to anaesthesia-induced cardiopulmonary de-
pression and resultant hypoxic organ damage. Death occurring more
than a week following disbudding was often due to skull invasion of the
thermal disbudding lesion. In latter cases, typical macroscopic findings
include haemorrhage, exudative inflammatory signs and necrosis of the
epidermis around the horn bud remnant and the subcutaneous tissue. In
some cases, the bone of the skull was grossly damaged (Fig. 1a). Also,
purulent inflammatory processes may be present at the cerebral me-
ninges (Fig. 1b), and/or adhesions on the inside of the skull bone
(Fig. 1c). At histopathology, an extensive purulent meningitis can be
noted, sometimes with progression to malacia of brain tissue (1d),
which can be caused by the influx of several more or less ubiquitous
bacteria.

4. Considerations for thermal disbudding in goat kids
4.1. Physiological considerations

Although small ruminants mature quickly, the hepatic, renal and
central nervous systems of goat kids less than two weeks of age have not
yet reached full adult function (Baggot and Short, 1984). Cardiac
output in neonates is very heart rate dependent, meaning bradycardia is
poorly tolerated. The neonatal thorax is very compliant, which leads to
small airway collapse during normal tidal breathing, and higher work
of breathing. Due to small body weight, little to no fat reserves and low
liver glycogen stores, goat kids are susceptible to hypoglycaemia, hy-
pothermia, and relative or absolute (in case of dosage errors) anaes-
thetic overdose (Schwark, 1992).

4.2. Anaesthetic considerations

Ideally, a local anaesthetic technique supplemented with systemic
analgesics would be used, as this avoids cardiopulmonary and central
nervous system depression. Reasons cited to omit local anaesthetic
blocks include: concerns regarding local anaesthetic (procaine) toxicity,
perceived lack of benefit, and doubts about practical feasibility
(Pieterse and Van Dieten, 1995). Alternatively, a short-acting and/or
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reversible general anaesthetic could be used. Inhalant agents are short-
acting and reversible, but do not provide post-procedural analgesia and
require equipment that is not available in the field (Matthews, 2009).
Since dairy goats are food producing animals, many suitable injectable
agents (like benzodiazepines, low-dose propofol and/or opioids) cannot
be used by law; neither can specific alpha-2 receptor antagonists like
atipamezole. Available agents allowed for use in dairy goats in the
Netherlands are shown in Table 1.

The currently common use of a TIVA mixture of xylazine, ketamine
and atropine (Table 1) is disputable in several ways. In principle, per-
forming a very brief locally painful procedure under relatively long-
acting general anaesthesia in a neonate without careful monitoring or
support is undesirable. As for the drugs, goats are known to be very
sensitive to xylazine and due to their small size, kids are very easily
overdosed. In theory, one would rather avoid the use of alpha-2 ago-
nists altogether in neonates, as they cause bradycardia and reduce
cardiac output. While ketamine and xylazine both provide analgesia,
full recovery may take up to one hour, during which kids are prone to
hypothermia, hypoglycaemia and/or hypoventilation, which may all
contribute to failure to recover from anaesthesia. Inclusion of atropine
may cause saliva and airway secretions to become more viscous and
harder to clear (Reid and Titchen, 1988). Its stimulatory effect on heart
rate may increase blood pressure (Kokkonen and Eriksson, 1987) but
also cardiac work load, a combination of effects that has been shown to
trigger arrhythmias in dogs (Congdon et al., 2011). Many small rumi-
nant anaesthesia texts warn for local anaesthetic toxicity in goat kids,
stating they would be specifically sensitive to procaine or lidocaine
(Matthews, 2009); however, no toxicity studies in goat kids have been
reported to date. Procaine is the only local anaesthetic agent allowed
for use in food producing ruminants in the Netherlands. In a field study
in the UK where 99 goat kids (median body weight 5.3 kg) were dis-
budded after a procaine ring block at each horn bud (total dose
12.2-28.2 mg/kg procaine per kid), the procedure could be performed
satisfactorily in the vast majority of animals, although transient muscle
twitching and lethargy was noted in some (Pollard, 2008; Kathy Clarke,
personal communication 2017). Given that local infiltration with more
than 10 mg/kg procaine was apparently well tolerated in this study,
relative anaesthetic overdose due to errors in weight estimation and/or
drug preparation may be a much more likely cause of CNS signs after
use of local anaesthetic agents than specific sensitivity of goat kids to
these drugs. The efficacy of local nerve blocks for disbudding in goat
kids is debated based on conflicting reports (Pollard, 2008; Alvarez
et al., 2015). It is likely that blockade of specific nerve branches re-
quires greater anatomic accuracy with small volumes of local anaes-
thetic, which may be one of the causes of poor efficacy noted in the
latter experimental study. The one prerequisite noted in the UK field
trial was that adequate time be permitted for the procaine to take effect;
at least 20 min was deemed optimal (Pollard, 2008). Even in the ab-
sence of placebo-controlled studies conclusively proving the value of
local blocks for disbudding in goat kids, one would argue that simple
local anaesthetic infiltration should be included on ethical grounds, as
it is a safe, easy, affordable, and minimally invasive technique that can
reduce acute pain from disbudding (Winder et al., 2018). A similar
rationale can be offered for the inclusion of an NSAID in the anaesthetic
protocol. The impact of short-term NSAID use at recommended dosages
on new-born kidney function in small ruminants appears to be limited
(Ebenezar et al., 2007; Rac et al., 2006), while disbudding causes local
tissue inflammation with consequent inflammatory pain that can be
adequately treated with an NSAID. The requirement for such post-op-
erative analgesia was evidenced by a study demonstrating reduced pain
behaviour on day one after disbudding in kids treated with meloxicam
(Ingvast-Larsson et al., 2011). In the UK, the British Veterinary Asso-
ciation and the Goat Veterinary Society have released a joint position
paper endorsing the use of post-operative analgesia with meloxicam
(BVA, 2018). The veterinary duty of provision of care during anaes-
thesia extends to the end of the recovery period. The recovery period is
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Fig. 1. a) Area of haemorrhage, exudate, and necrosis at the disbudded horn pit of a young goat kid. b) Focus of meningeal inflammation after thermal disbudding of
a young goat kid. ¢) Adhesions (arrows) at the inside of the skull between cerebrum and bone after thermal disbudding of a young goat kid. d) Histopathology image
of meningeal inflammatory changes and brain malacia.

Table 1
Available anaesthetic and analgesic drugs allowed for use in food producing goats under EU legislation (EC37/2010) in the Netherlands.
Drug Registration status for goats Marketing authorisation Marketing authorisation species
Xylazine extra label yes cattle
Ketamine
Procaine (2 %, and 4 % with adrenalin yes sheep
Sodium salicylate extra label yes cattle
Ketoprofen extra label yes cattle
Flunixin extra label yes cattle
(currently suspended)
Meloxicam extra label yes cattle
the time that most anaesthetic deaths and complications are noted in 4.3. Technical considerations
veterinary anaesthesia (Brodbelt et al., 2008). Lack of adequate su-
pervision and/or support during this period seems to contribute to the Although in terms of anaesthesia one would rather delay disbudding
high percentage of fatalities. until kids are at least two weeks old, this is undesirable as the rapid
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Table 2
Goat anaesthetic TIVA mixtures commonly used in the Netherlands.

Pieterse and van ULP
Dieten (1995)

20x diluted xylazine hydrochloride (0.1 1.6 mL 1.6 mL
% = 1 mg/mL)*
Ketamine (10 % = 100 mg/mL)* 40mL 40mL
Atropine* 0.8mL (0.5% =5 2.4 ml (0.1 %
mg/ml) = 1 mg/ml)
Aqua dest 1.6 mL
Total 8.0mL 8.0 ml

Table 2 shows the composition of the ‘goat anaesthetic mixture’ as described by
Pieterse and van Dieten (1995) and the ‘goat anaesthetic mixture’ as currently
used and taught by the Utrecht University farm animal ambulatory practice
(‘ULP’). The dosage regime for both ‘goat anaesthetics’ is 0.2 mL/kg body
weight. The anaesthetics can be administered subcutaneously, intramuscularly
or intravenously. Within a couple of minutes, depending of the route of ad-
ministration, kids are unable to stand, after twelve to fifteen minutes thermal
disbudding can be performed, and 45 min after injection, kids are able to stand
(Pieterse and van Dieten, 1995).

* Maximum Residual Level (MRL) determined and described in http://www.
ema.europa.eu/ema/index.jsp?curl = pages/medicines/landing/vet_mrl_search.
jsp.

development of the horn buds will limit the ability to remove them
completely, leading to (painful) malformed horny outgrowths. Hair
growth over the horn bud may also hinder effective disbudding.
Thermal disbudding should be performed as briefly as possible, with
skull contact time minimized (5 s has been noted as a maximum;
Pieterse and Van Dieten, 1995), because the skull of goat kids is very
thin and can easily be penetrated (Thompson et al., 2005). Alternatives
for thermal disbudding such as a local injection with clove oil in order
to prevent horn growth have recently been described and investigated
(Molaei et al., 2015; Hempstead et al., 2018), but will need further
study before application on a larger scale can be considered. These and
other alternatives may in fact not be permitted according to local leg-
islation.

5. Recommendations and suggestions for best practice in thermal
disbudding of goat kids

5.1. Anaesthesia

5.1.1. Pre-anaesthetic examination and preparation

Goat kids should be briefly examined to ensure they are in good
general health, and an accurate body weight must be obtained. Fasting
for more than one hour is not advised in order to prevent hypogly-
caemia.

5.1.2. Local block

Infiltration with a local anaesthetic at the base of each horn bud is
recommended. Procaine is currently the only agent allowed in the
Netherlands for this use. As a safety measure in the absence of species
and age-specific toxicity studies it seems wise to limit the total dose of
procaine for local infiltration to 10 mg/kg; this equates to 2.5 mL of a 2
% solution (1.25 mL per side) or 3.5 mL of a 1.33 % solution (4 %
procaine + adrenaline diluted 1:2 with saline) for a 5 kg goat kid.
Disbudding is ideally performed 20 min after procaine injection — this
must be taken into account when performing disbudding in groups of
animals at a time.

5.1.3. Injectable anaesthetics

Systemic injectable anaesthetics may be useful for disbudding to
provide analgesia, reduce the stress of handling, and to ensure accurate
placement of local blocks as well as the disbudding iron. A practical
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approach for Dutch veterinarians used to working with the TIVA mix-
ture described by Pieterse and Van Dieten (1995) could be to combine
an IV or IM injection with a low dose of xylazine (0.02 mg/kg, i.e. 0.1
mL of a 20x diluted 2 % solution for a 5 kg kid) and ketamine (0.5-1
mg/kg; 0.25 - 0.5 mL of a 10x diluted 10 % solution for a 5 kg kid) with
a local block at each horn bud as described above. Ideally, the practical
efficacy of this approach, including the actual need for any systemic
xylazine and/or ketamine use, needs to be tested under field conditions
at (Dutch) dairy goat farms.

5.1.4. Recovery

Recovery should take place in a clean, warm, and draught-free en-
vironment. Preventing kids from hypothermia and huddling together,
which may contribute to hypoventilation and potential asphyxia, is
important. Therefore, surrounding and floor temperature should be
sufficient and it is advised never to leave goat kids unsupervised until
they are completely awake and able to stand.

5.1.5. Post-operative analgesia

Administration of an NSAID (e.g., meloxicam 0.5 mg/kg IV/IM/SC
or 2 mg/kg PO loading dose, followed by 0.5 mg/kg IM or SC after
disbudding) is highly recommended. Application of a topical anesthetic
spray following disbudding may be beneficial, but effects may vary
depending on tissue exposure / penetration; also, this will not provide
intra-operative analgesia.

5.2. Disbudding

Both electrical and gas-heated irons can be used. Hair around the
horn base must be removed before thermal disbudding with a hot (!)
iron, and a diameter of the instrument of at least 2 cm (for male kids
even a minimum of 2.5 cm) is recommended. Skull contact time should
be limited to 5 s with the whole horn bud removed, and tetanus pro-
phylaxis must be administered if maternal vaccination status or colos-
trum intake is artificial, unknown or insufficient.

5.3. Follow-up studies

A justification for the routine practice of disbudding should be
provided by a study identifying the baseline level of horn related in-
juries in non-disbudded herds at Dutch dairy goat farms. This could
help establish whether the problem of horn-related injury is of suffi-
cient frequency and magnitude to justify disbudding or not. Data on
both the safety and efficacy of local anaesthetic injections for disbud-
ding in goat kids are scarce. These blocks can be performed safely but
appear to be underutilized. We identified a need for field studies that
may help confirm the safety, efficacy and feasibility in Dutch dairy goat
practice of performing local infiltration with procaine at the horn bud,
with or without the currently common systemic administration of xy-
lazine and/or ketamine, for routine thermal disbudding. A similar field
study may help to further clarify the cost-benefit ratio of providing an
NSAID, like meloxicam, peri- and postoperatively.

6. Concluding remarks

Veterinarians should be aware of considerations for optimal dis-
budding management, including practical, legislative, technical, and
anaesthesiologic concerns.
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