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Report on the welfare impact of livestock electro-immobilisation

Executive summary
This literature review features a systematic review of all published and unpublished original research
of the effects of electro-immobilisation on livestock. The review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Peer-reviewed
articles were sourced from citation databases (such as Medline and CABi) while grey literature found
on the World Wide Web was also scrutinized. Predetermined data was extracted from studies that
met the pre-set limits. Findings were evaluated with the Cochrane Handbook Risk of Bias Assessment
tool and Grading of Recommendations Assessment, Development and Evaluation (GRADE) system.
In addition, position statements from international welfare role players were sourced and summarised.
Information on devices available in South Africa, their recommended use and customer feedback was
also included.

The literature search produced 387 records on livestock electro-immobilisation and animal models for
human immobilisation devices. Of these, 20 studies on livestock electro-immobilisation and 23 studies
on animal models for human immobilisation devices were eligible for inclusion in this review.

The included studies on electro-immobilisation of livestock indicated that the procedure can cause
negative physiological and behavioural effects on animals but the certainty of this evidence is low to
very low due to various biases, identified by the above-mentioned tools.

The following five bias categories were assessed according to the Cochrane Handbook Risk of Bias
Assessment tool: (1) Selection bias, representing failure to ensure that study groups are equal. (2)
Performance bias, which requires methods to ensure that all study subjects are handled equally. (3)
Detection bias, which looks at whether all outcomes were assessed in an independent manner. (4)
Attrition bias, which evaluates whether all available measured outcomes were reported. (5) Reporting
bias, referring to reporting of all experiments. This assessment was conducted separately for each
outcome from each study.

For the vast majority of outcomes and criteria the study reports did not supply sufficient information
to assign risk, and thus unclear risk had to be assigned. The only category for which a high number
of “low risk” could be recorded was detection bias, since the majority of outcome parameters could
be classified as objective. Attrition bias was the most commonly identified “high risk” category,
indicating a high probability that only some of the parameters evaluated by the studies were reported.

The second quality assessment tool, namely the GRADE system, was used to ascertain whether the
cumulative evidence from all the studies is trustworthy. According to the system, an initial rating is
assigned based on the study design. The initial rating is downgraded for any of the following problems:
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(1) Methodological problems, referring to the outcome of the Cochrane Handbook Risk of Bias
Assessment tool. (2) Inconsistency, when different studies report conflicting results. (3) Indirectness,
referring to differences between the study population, intervention, comparators and/or evaluated
outcomes and the “real world” scenario for which the application is intended. (4) Imprecision, when
the cumulative sample size is small. (5) Publication bias, when it is likely that not all studies have
been published.

The majority of included studies were classified as experimental challenge studies, and thus assigned
a “moderate” initial rating. All outcomes suffered from one or more of the problems mentioned above.
Methodological problems were common, as discussed above. Some outcomes (notably plasma
cortisol and feeding behaviour) suffered from inconsistency. Concern of indirectness was identified
particularly with regards to the device used (all published studies used one device), the duration of
exposure (the majority evaluated the use of electro-immobilisation for between 1 and 5 minutes) and
the comparators (less than half compared electro-immobilisation to another restraining method).
Imprecision was identified due to the lack of large field trials resulting in no outcome evaluating a total
population of 400 of more subjects. Lastly, a high probability of publication bias was identified since
several published articles reference unpublished reports.

The principle effects of electro-immobilisation on livestock reported in the literature are the following,
all with a very low level of certainty: (1) Preference and motivational tests indicate that animals choose
against EI. (2) Hormonal indicators of stress (plasma cortisol and β-endorphin) were transiently
increased in animals exposed to EI. (3) Statistically significant physiological effects of electroimmobilisation included periods of cessation of breathing, temporary systemic acidemia, increased
heart rate and transient increase in CK and AST levels. (4) Corneal reflex is retained and animals
react to painful stimuli. It must be noted that grey literature studies reported milder effects than
published literature.

The principle findings of studies involving animal models to evaluate human immobilisation devices
were that electro-immobilisation can cause temporary systemic acidemia, increased blood CO2 levels
and decreased O2 levels, increased blood lactate and glucose, increase in haematocrit, increased
serum Na+ and Ca2+ and variable effects on K+. However, the acidemia is short lived and the clinical
significance of the increase in blood lactate is limited. No consistent changes in heart rate, CK and
respiratory rate are found across the studies. The effect on stress hormones is also variable: one
study reports no increase in cortisol but an increase in catecholamines (no indication of statistical
significance) while another reports no significant changes in catecholamines.

Additional limitations to the reported findings, other than the identified biases, are also explored in the
full text.
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Position statements were found for several animal welfare and veterinary organisations. Electroimmobilisation is banned in England and Ireland. The use of electro-immobilisation is disapproved by
Australian Veterinary Association, the American Veterinary Medical Association, the Canadian
Veterinary Medical Association, the New Zealand Veterinary Association, the Farm Animal Welfare
Advisory Council of Ireland, the Canadian Council on Animal Care, the British Columbia Society for
the Prevention of Cruelty to Animals, the National SPCA of South Africa, and the World Society for
the Protection of Animals, Australia. It should be noted that all these role players base their
assumptions on research reports from the 1980s, involving one device (the Stockstill immobiliser).

Evaluation of the manufacturer information available indicates that at least 10 commercial products
are or have been available worldwide, with tens of thousands of devices sold. Manufacturers
recommend their products mainly for use in cattle, but other species are also mentioned, including
farm ruminants, pigs, camelids, equids, large game species, ratites and crocodiles. Electroimmobilisation devices are recommended for restraint of animals during common husbandry
procedures, particularly dehorning, castrations, branding, hoof trimming, vaccination, nose ringing
and ear marking, restraint for treatment of animals for mastitis, eye infections, administration of
capsules and assisted calvings, and to allow cross-fostering of calves and milk let-down. Some
manufacturers recommended training before use and some indicated that their devices should only
be used by trained personnel but no face-to-face training opportunities are currently available.

A finding that is of particular concern is the contradictory statements of manufacturers on the use of
electro-immobilisation as an anaesthetic. Although some manufacturers warn users that the devices
do not provide pain relief, others state or imply that their product can be used as an alternative to
anaesthesia. No support for electro-immobilisation to provide anaesthesia could be sourced in
scientific literature.

Significant gaps were identified in the literature pertaining to the physics and physiology of electroimmobilisation. It is accepted that immobilisation is the consequence of generalised spastic paralysis.
Literature on human immobilisation devices indicates that the mechanism of inducing muscle
contraction is through depolarization of α-motor neurons, but scientific proof is lacking. Some
publications report that depolarization of Aδ nerve fibres, responsible for acute nociception, might
occur simultaneous to depolarization of α-motor neurons, thus resulting in an acute pain sensation. It
is unclear to what extent this “induced” nociception would be conveyed to and perceived by the central
nervous system as pain.

Studies into human devices indicate differences in devices based on the electrical current applied.
Optimum electrical current characteristics, including type, frequency and level has not been evaluated
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for livestock devices. For livestock devices available in SA, it was found that this information could
not be sourced in the public domain. The placement of electrodes also needs investigation. Studies
into human immobilisation devices discovered an optimum distance between electrodes of 20cm but
similar studies with livestock devices could not be sourced.

Reliable statistics regarding the use of electro-immobilisation by SA citizens is not available and thus
the level of use and potential misuse has not been quantified. From the limited data available
(customer testimonies, communication with stakeholders), it appears that electro-immobilisation is
used as an adjunct method of restraint when procedures require personnel to be in close contact with
animals.

The outcome of this review indicates that the use of EI is a controversial topic and that various
stakeholders need to be involved in deciding on the future use of EI as a method of restraint. The
evidence from the current literature give the impression that closer regulation of EI devices may be
necessary (particularly with consumers’ growing concern for humane animal handling). Unfortunately,
the literature is insufficient to provide a definitive answer on various aspects of EI, particularly with
regards to “newer” devices.

Aspects in urgent need of further investigation include the physics and physiology behind livestock EI
(especially current type, -strength and electrode placement), the differences between devices and
their effect on animals, comparisons between EI and other methods of restraint (taking both animal
welfare and human safety into consideration) and the present use of EI by livestock producers.

The format of this report is as follows: The most important aspects of the objectives, results,
discussion and conclusion is presented in the body of the report. The complete results are tabulated
in Addendum A, while Addendum C contains the narrative summaries of studies on livestock electroimmobilisation. Full details of the methods followed are presented in Addendum B.
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Introduction
Electro-immobilisation (EI) is a physical method of restraining animals by means of a low-frequency
electrical current (Animal Health Australia, 2016). By inducing tetanic spasms, voluntary movement
is prevented although consciousness is maintained (Animal Health Australia, 2016). The effect is
reversed immediately after removal of the electrical current (Animal Health Australia, 2016).

One of the earliest electro-immobilisation devices, the Stockstill Animal Restrainer, was developed in
the 1970s with the aim of increasing the speed and ease of sheep shearing (Stockstill, n.d.). This
device was later adapted for use in other species, and several similar devices have been developed
in different parts of the world for use in livestock.

Around the same time, a NASA scientist, Jack Cover, patented a special form of stun gun, the TASER,
in the USA. The aim of this product was to provide law-enforcement personnel with a non-lethal way
of controlling dangerous suspects (Stratbucker, 2008). Although not initially successful, the TASER®
has become standard issue equipment in various countries for law enforcement agencies (Mann,
2016), and some models are available for use by civilians. The first generation TASERs did not cause
the type of incapacitation associated with electro-immobilisation, but rather subdued the subject by
causing an overwhelming sensation of discomfort (Stratbucker, 2008). Interference with voluntary
muscle control was only achieved by later devices (TASER M26) and required a significant increase
in electrical energy (Stratbucker, 2008). This form of restraint is termed neuromuscular incapacitation
in human literature.

Electro-immobilisation and neuromuscular incapacitation should be differentiated from the various
forms of electrical stunning and electrical shocking. Electrical stunning is a practice used in livestock
abattoirs and is characterised by applying an electrical current to the brain of the animal for a short
period of time resulting in a loss of consciousness and epileptiform seizure activity. It renders the
animal unconscious at the time of slaughter to ensure humane slaughtering. Electrical shocking
devices were developed to encourage animals to move by delivering a painful shock. This review will
not cover either of these devices.

This review was instigated by the growing concern in livestock welfare circles about the uncontrolled
use of electro-immobilisation on livestock in South Africa. Several international veterinary
associations and animal welfare organisations have banned the use of electro-immobilisation and
thus the question was raised whether the use of electro-immobilisation in South African livestock is
justifiable and whether or not it should be regulated.
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OBJECTIVES
The aim of this study was to evaluate available literature on the impact of electro-immobilisation on
the welfare of livestock when used as a method of restraint. This was investigated by conducting a
systematic literature review.

METHODS
A systematic literature review of all research studies evaluating the effects of electro-immobilisation
of livestock as well as the effect of human electro-immobilisation tested on livestock models was
conducted.

In addition to evaluation of scientific literature, a web-based search for position statements of animal
welfare and veterinary organisations concerning electro-immobilisation was performed. This was
done to determine standpoints and the evidence on which these decisions were made. This was done
to ensure that recommendations also consider the perception of (current and future) international
trade partners.

A web-based search to evaluate the available electro-immobiliser-technology, particularly concerning
recommendations for use and animal safety measures, was also conducted.

The literature retrieved was summarised and evaluated for within study bias by means of the
internationally recognised Cochrane Handbook Risk of Bias Assessment tool and the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) system for risk of bias
across studies (Higgins & Green, 2011) (Goldet & Howick, 2013). Further details on systematic
reviews and the methods followed for this review are supplied in Addendum B.

Results
STUDY SELECTION
A summary of the search, studies screened and final selection of studies is presented in Figure 1
below for studies on livestock electro-immobilisation and Figure 2 for studies on animal models for
human immobilisation. A total of 20 studies (from 17 published articles and 2 unpublished reports) on
livestock electro-immobilisation and 23 studies (from 24 articles) on animal models for human electromuscular immobilisation were included in the final review.
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Figure 1 Selection of studies from literature involving electro immobilisation of livestock

Figure 2 Selection of studies from peer-reviewed literature involving animals as models for human electro-muscular
immobilisation
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SUMMARY OF EVIDENCE
The most important results of this systematic literature review are summarised in the compressed
summary of findings tables below (see Tables A5 and A6 in Addendum A for complete tables). The
final rating (certainty of evidence) is based on the outcome of the bias within studies, assessed with
the Cochrane Handbook Risk of Bias Assessment tool (Higgins & Green, 2011), and the bias across
studies evaluation, for which the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) system was used (Guyatt, et al., 2011) (details on these tools are provided in
Addendum B).
Table 1 Summary of findings: Livestock electro-immobilisation studies

Outcome

References

Overall effect

Averse
learning

Pascoe & McDonnell 1986;
Pascoe 1986; Rushen &
Congdon 1986a; Rushen &
Congdon 1987; Rushen 1986a
(Exp 1 & 2); Rushen 1986b

Animals restrained with electro
immobilisation become reluctant to
move into the area where it was
performed and show an increased
distress level

Preference test

Grandin et al. 1986; Rushen &
Congdon 1986a

Feeding
behaviour

Carter et al. 1983, Grandin et al.
1986, Petherick et al. 2013,
Webb n.d.

Plasma cortisol

Carter et al. 1983; Lambooy
1985; Jephcott et al. 1986,
Jephcott et al. 1987; Jephcott et
al. 1988, Petherick et al. 2013;
Anonymous n.d.;

SNS
serological
measures

Jephcott et al. 1986, Jephcott et
al. 1987, Petherick et al. 2013

Animals prefer other means of
restraint above electro immobilisation
Some animals showed decrease in
feeding (Grandin et al. 1986 and
Petherick et al. 2013 (cow group))
while other authors report no
differences (Carter et al. 1983,
Petherick et al. 2013 (heifer group),
Webb n.d.)
Plasma cortisol: Significant increase
after electro-immobilisation in bovines
(Anonymous n.d. – high setting; Carter
et al. 1983, Lambooy 1985, Petherick
et al. 2013 – cow group (return to
baseline by 30 min post exposure)),
sheep (Lambooy 1985, Jephcott et al.
1986, Jephcott et al. 1987 (return to
baseline by 60 min post-exposure),
Jephcott et al. 1988), and pigs
(Lambooy 1985).
Plasma B-endorphin: Significant
increase in electro-immobilisation
group (Jephcott et al. 1986, Jephcott
et al. 1987).
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(Certainty
of
evidence)

Very low

Very low

Very low

Very low

Very low
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Outcome

References

Cardiovascular
effects

Carter et al. 1983, Lambooy
1985, Pascoe & McDonnell
1986, Pascoe 1986, Jephcott et
al. 1990, Kuchel et al. 1990,
Webb n.d.

Respiratory
effects

Rushen 1986a, Jephcott et al.
1990, Kuchel et al. 1990, Webb
n.d.

Body
temperature

Lambooy 1985, Kuchel et al.
1990, Webb n.d.

Muscle
damage

Petherick et al. 2013

Growth and
energy
metabolism

Kuchel et al. 1990, Petherick et
al. 2013

Consciousness

Lambooy 1985

Overall effect
Heart rate: Increased HR after
exposure to electro-immobilisation in
bovines (Lambooy 1985, Pascoe &
McDonnell 1986, Pascoe 1986, Webb
n.d.), sheep (Lambooy 1985, Kuchel
et al. 1990) and pigs (Lambooy 1985).
ECG abnormalities reported in
bovines, sheep and pigs (Lambooy
1985).
Changes in regional blood flow –
increase to muscles, decreased to
liver and kidneys (Kuchel et al. 1990)
EI temporarily stopped breathing
(Rushen 1986a, Jephcott et al. 1990).
EI caused a sharp significant
decrease in blood pH (Jephcott et al.
1990, Kuchel et al. 1990). EI caused
variable changes in pO2 and pCO2
(Jephcott et al. 1990, Kuchel et al.
1990).
General increase in rectal
temperature, not always statistically
significant
Heifers had significantly elevated CK
and AST levels compared to
physically restrained heifers until 96h
post-exposure; In cows this elevation
only lasted until 24 h post-exposure
No significant change in body weight
or fat depth in EI groups; significant
changes in body metabolite
distribution (glucose & lactose) during
EI
All animals retained their corneal
reflex; at least half of the tested
animals reacted to painful stimuli
during EI; a small proportion of
animals developed changes in EEGpatterns

Final rating
(Certainty
of
evidence)

Very low

Very low

Very low

Low

Low

Very low

Table 2 Summary of findings: Animal models for human immobilisation studies

Outcome

Cardiac
arrhythmia
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References

Overall effect

Beason et al. 2009, Dawes et al.
2013, Dawes et al. 2014, Esquivel
et al. 2007, Jenkins et al. 2013,
Khaja et al. 2011, Koerber et al.
2014, Nanthakumar et al. 2006,
Valentino et al. 2007a, Valentino
et al. 2007b, Valentino et al. 2008,
Walter et al. 2008, Dennis et al.
2007,

Effects vary between studies, some
recording no changes in cardiac
rhythm, others reporting lethal
arrhythmias; differences between
devices are reported by some studies

Final rating
(Certainty of
evidence)

Very low
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Outcome

Blood acidbase status

Blood
lactate

Partial
pressure of
CO2

Serum
electrolytes
(Na+, K+,
Ca++, Cl-)

Heart rate

Cardiac
enzymes:
Cardiac
troponin T
and I;
Cardiac
specific
creatine
phosphokin
ase
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References
Dennis et al. 2007; Esquivel et al.
2007; Jauchem et al. 2006;
Jauchem et al. 2008; Jauchem et
al. 2009a; Jauchem et al. 2009b;
Jauchem et al. 2011; Jauchem et
al. 2013; Jauchem et al. 2014;
Jenkins et al. 2013; Valentino et
al. 2007b; Walter et al. 2008;
Werner et al 2012
Dennis et al. 2007; Esquivel et al.
2007; Jauchem et al. 2006;
Jauchem et al. 2008; Jauchem et
al. 2009a; Jauchem et al. 2009b;
Jauchem et al. 2011; Jauchem et
al. 2013; Jauchem et al. 2014;
Jenkins et al. 2013; Park et al.
2013; Valentino et al. 2007b;
Walter et al. 2008
Dennis et al. 2007; Esquivel et al.
2007; Jauchem et al. 2006;
Jauchem et al. 2008; Jauchem et
al. 2009a; Jauchem et al. 2013;
Jauchem et al. 2014; Jenkins et
al. 2013; Park et al. 2013;
Valentino et al. 2007b; Walter et
al. 2008
Jauchem et al. 2006; Dennis et al.
2007; Jauchem et al. 2008;
Jauchem et al. 2009a; Jauchem et
al. 2009b; Jauchem et al. 2011;
Jauchem et al. 2013 Jauchem et
al. 2014; Jenkins et al. 2013;
Valentino et al. 2007a; Valentino
et al. 2007b; Walter et al. 2008
Dennis et al. 2007; Jauchem et al.
2006; Jauchem et al. 2008;
Jauchem et al. 2009a, Jauchem et
al. 2009b; Jauchem et al. 2011;
Jauchem et al. 2013; Jauchem et
al. 2014; Park et al. 2013;
Valentino et al. 2007a; Valentino
et al. 2007b

Dennis et al. 2007; Esquivel et al.
2007; Jauchem et al. 2006;
Jauchem et al. 2008; Jauchem et
al. 2009a; Jauchem et al. 2011;
Valentino et al. 2007a; Valentino
et al. 2007b; Walter et al. 2008

Overall effect

Final rating
(Certainty of
evidence)

Most studies report a significant
decrease in blood pH after exposure;
with a return to normal between 60
min and 72 hours post exposure

Low

Significant transient increase in blood
lactate level; variable times reported
for return to pre-exposure values

Low

All but one study report an increase
in CO2

Low

Increase in Na+ (8 studies) and Ca++
(4 studies); K+ increase reported by
most (8 studies) although others
report no significant effects on K+ (3
studies)

Low

Variable results: 5 studies report
increase, 3 report no significant
difference; 2 report significant
decrease

Very low

Some isolated increases in cardiac
troponin T and I (mostly not
statistically significant); no significant
changes in creatine phosphokinase

Low
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Outcome

Skeletal
muscle
contraction

Final rating
(Certainty of
evidence)

References

Overall effect

Beason et al. 2009; Comeaux et
al. 2011; Comeaux et al. 2013;
Jauchem et al. 2006; Jauchem et
al. 2008; Jauchem et al. 2009a;
Jauchem et al. 2009b; Jauchem et
al. 2011

Generalised limb extension noted
(Jauchem et al. 2008), greatest force
of muscle contraction at beginning of
exposure with a subsequent drop
(Jauchem et al. 2011, Jauchem et al.
2009a, Jauchem et al. 2009b);
increased muscle contraction as
darts are spaced further from each
other up to 20 cm (Beason et al.
2009); placement of darts over the
thorax cause generalised muscle
contraction (Jauchem et al. 2006,
Jauchem et al. 2008)

Low

Variable results: 4 studies report
significant increases while 4 other
studies report no significant changes

Very low

Most studies (5 of 7) report significant
decrease in O2

Low

Variable changes - some report
significant increase while others
report significant decrease or no
effect

Very low

Majority of studies (5 of 6) report
significant increase; remaining study
report significant decrease

Low

Variable results: 3 studies report
significant depression breathing (up
to cessation of breathing); 2 studies
report no significant changes

Very low

Significant increase in blood glucose
after exposure

Low

Variable results: No significant
changes(2 studies), significant
increase (2 studies)

Very low

Creatine
phosphokin
ase

Dennis et al. 2007; Jauchem et al.
2006; Valentino et al. 2007a;
Valentino et al. 2007b; Jenkins et
al. 2013
Jauchem et al. 2006; Dennis et al.
2007; Jauchem et al. 2008;
Jauchem et al 2009b; Jauchem et
al. 2011; Jauchem et al. 2013;
Jauchem et al. 2014; Jenkins et
al. 2013
Dennis et al. 2007, Esquivel et al.
2007, Jenkins et al. 2013, Park et
al. 2013, Valentino et al. 2007a,
Valentino et al. 2007b
Jauchem et al. 2009a, Jauchem et
al. 2009b; Jauchem et al. 2006;
Jauchem et al. 2008; Jauchem et
al. 2011; Jauchem et al. 2013;
Jauchem et al. 2014
Jauchem et al. 2008; Jauchem et
al. 2006; Jauchem et al. 2009a;
Jauchem et al. 2009b; Jenkins et
al 2013
Jauchem et al. 2008; Jauchem et
al. 2009b; Jauchem et al. 2012;
Jauchem et al. 2013; Jauchem et
al. 2014;
Jauchem et al. 2006; Jauchem et
al. 2011; Jauchem et al. 2008;
Jauchem et al. 2009a

LDH and
LDH
isoenzymes

Jauchem et al. 2006; Jauchem et
al. 2008; Jauchem et al. 2009a;
Jauchem et al. 2011

No significant changes

Low

Mortality

Jenkins et al. 2013; Werner et al.
2012; Jauchem et al. 2011

Report a mortality rate of 30-40%
(Jenkins et al. 2013, Jauchem et al.
2011)

Very low

Cardiac
index

Esquivel et al. 2007; Park et al.
2013

Significant increase after exposure;
return to normal usually within 30 min

Low

Catechol
amine

Werner et al. 2012; Jauchem et al.
2009b

Variable - one study reports no
significant changes, the other reports
variable changes

Very low

Myoglobin

Partial
pressure of
O2

Blood
pressure

Haematocrit

Respiratory
rate

Blood
glucose
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Outcome

References

Overall effect

Final rating
(Certainty of
evidence)

Creatinine

Valentino et al. 2007a; Valentino
et al. 2007b

No significant changes

Low

Cardiac
pathology

Esquivel et al. 2007

No significant gross or
histopathological changes in the
heart

Very low

Cortisol

Werner et al. 2012

No statistically significant changes

Very low

Body
temperature

Jauchem et al. 2009b

Significant decrease post exposure

Very low

STUDY CHARACTERISTICS
Figure 3 below shows the chronological distribution of published studies involving electroimmobilisation of livestock (note that neither of the unpublished reports was dated and these were
therefore omitted from this graph). From this graph, it is clear that the majority of studies evaluating
livestock electro-immobilisation was published in the 1980’s (15 of 17) while all studies on animal
models for human immobilisation were published after 2005.

Electroimmobilisation
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2009
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2006

1991-2005

1990

1989

1988

1987

1986

1985

1984

9
8
7
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2
1
0

1983

Number of publications

Date distribution of published articles

Human models

Figure 3 Date distribution of published articles on livestock electro-immobilisation (n=17) and livestock models of human
immobilisation (n=24)

The majority of livestock EI studies were classified as experimental trials (i.e. conducted in a limited
population and/or controlled environment). Only two of the 20 trials included were conducted under
field conditions (McCosker, et al., 2010) (Petherick, et al., 2013); both these trials were conducted in
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bovines. Since the best evidence of the impact of an intervention is generated through field trials, the
lack of large field trials greatly impacted the strength of evidence obtained from this review.

In line with this, the overall number of animals exposed in the studies included in this review was
generally low. The most common species for evaluation of EI in livestock was the sheep (13 trials),
particularly Merinos (11 trials). In accordance with this, a total of 363 animals were included in these
trials of which 232 animals were exposed to EI. The second most common species was bovines (8
trials). Most of the studies conducted on bovines used dairy-type animals (5 trials). One hundred
animals were included in these of which 54 were exposed to EI. The two field trials were performed
in Brahman-type animals and included 750 animals. Unfortunately, only 30 animals were exposed to
EI alone (Petherick, et al., 2013); the largest field trial (McCosker, et al., 2010) (600 animals total)
exposed animals to both EI and flank spaying at the same time. Pigs were included in only one study
(Lambooy, 1985) with nine of 12 animals exposed to EI. None of the included trials mentioned how
the sample size was determined.

All studies conducted on the effects of human immobilisation were performed on anaesthetised pigs
under laboratory conditions. Because these animals were anaesthetised, the findings generated by
these studies were viewed separately and given less emphasis, as the method of conduct deviated
significantly from the scenarios in which EI is used in the field (referred to as low external validity).

The studies included in this review evaluated a variety of immobilisation protocols (i.e. period of
immobilisation and current strength). All the published articles used the Feenix Stockstill immobiliser,
while one unpublished report evaluated the Newtek Pacifier and the other evaluated the RAU animal
immobiliser (Farmfreund SA, n.d.) (Webb, n.d.). Two studies evaluated the EI used for an extended
period (20-30 minutes) (Lambooy, 1985) (Kuchel, et al., 1990), but the majority (11 of 20) evaluated
it when used for between 1 and 5 minutes. Where current strength is indicated, most studies used
current strengths of less than 100mA. Although most studies included some comparator group, less
than half (8 of 20) used another restraining method as comparator.

Studies on neuromuscular immobilisation units all made use of two percutaneous darts to apply EI.
These were typically positioned across the thorax or thorax and abdomen (16 of 24 studies).
Anaesthetic protocols for these studies were varied (see Table 2 for details). The majority (21 of 24)
included a dissociative anaesthetic (tiletamine or ketamine) in combination with a benzodiazemine
(zolazepam) or a α2-receptor agonist (xylazine).
RESULTS OF INDIVIDUAL STUDIES
Tables A1 and A2 in Addendum A summarise the findings of all the included studies (Table A1 for
animal electro-immobilisation and Table A2 for animal models of human immobilisation).
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RISK OF BIAS WITHIN STUDIES
The evaluation of the risk of bias within studies is tabulated in Table A3 and A4 in Addendum A. Note
that a description for each decision is given in the key to the table. A graphic summary of the outcome
of the risk of bias evaluation for studies involving livestock electro-immobilisation is provided in Figure
4 below. (A similar graph for studies on animal models for human immobilisation devices is provided
in Addendum A).

Risk of bias within studies for studies involving livestock electroimmobilisation
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Figure 4 Risk of bias within studies for studies involving livestock electro-immobilisation

The included studies did not perform particularly well in the risk of bias assessment: for the vast
majority of outcomes and criteria (66%), insufficient information was reported to make a clear
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judgement. Another common problem was studies mentioning randomised animal selection but failing
to describe the methods used (30 outcomes from eight studies) (unclear risk for selection bias).
The only bias category for which “low risk” could be recorded for the majority of outcomes was
detection bias. This was mainly because many of the outcome parameters could be classified as
objective, and thus considered less susceptible to detection bias despite inadequate blinding
(O'Connor & Sargeant, 2014). One study evaluating a subjective parameter supplied evidence of
observer blinding (low risk for detection bias) (Pascoe, 1986) and one study implemented blocking
based on animal temperament (low risk for other sources of bias) (Petherick et al. 2013).

For all outcomes from all studies, 15% were deemed to have a high risk of bias. The potential for
attrition bias was the most commonly identified high risk, affecting 40 of the 85 presented outcomes
(10 studies). Selective marking of treatment groups, resulting in an increased likelihood of selection
bias, was found for 16 outcomes from four studies, while 13 outcomes from six studies were affected
by insufficient blinding of outcome assessors for subjected parameters.

The outcome of the risk of bias within studies for animal models of human immobilisation is presented
in Addendum A. Due to the high number of outcomes evaluated by these studies (over 200), each
outcome from each study is not presented individually – instead, outcomes are grouped per study
according to the objectivity of the measured outcome (objective outcomes referring to those which
are measured by laboratory tests, subjective outcomes referring to those which require interpretation
by a study personnel member).

Similar to the livestock immobilisation studies, the majority of bias domains were found to have an
“unclear risk of bias”, due to lack of details reported in articles. However, it was noted that a large
number of the studies (17 of 24 studies) did not include non-exposed controls to their study design,
but compared the results after exposure to the animal’s own pre-exposure values. This was rated as
high risk for other biases since administration of anaesthesia could affect many of the measured
parameters (e.g. cardiac and respiratory physiology) (Johnson & Besselsen, 2002). Only one of the
included studies presented statistical justification for study sample sizes and random outcome
assessment (Esquivel, et al., 2007)

RISK OF BIAS ACROSS STUDIES
Summaries of the outcome of the certainty of evidence are presented in Addendum A (Tables A5 and
A6). The outcome of analysis of all the outcomes was a low to very low certainty of evidence. The
main reasons for this were serious concerns for methodological limitations (the outcome of risk of bias
within individual studies), possibility for indirectness across most outcomes (particularly with regards
to variation in intervention and outcomes), and possibility for imprecision across most outcomes (no
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outcome included a total population of 400 (Guyatt, et al., 2011) (Button, et al., 2013)). Some
outcomes also suffered from inconsistency in effect outcomes (including plasma cortisol and feeding
behaviour after EI). The possibility of publication bias also needs to be considered, particularly given
that several of the published articles reference unpublished reports (Lambooy, 1985) (Grandin, et al.,
1986) (Jephcott, et al., 1986) (Jephcott, et al., 1987) (Jephcott, et al., 1990).

SYNTHESIS OF RESULTS
The narrative summaries of included studies is available in the supplementary material. Figure 5
below presents the concept map for the effects of electro-immobilisation on livestock, as presented
in the included studies.

Figure 5 Schematic representation of effects of EI evaluated in literature

ANIMAL WELFARE LEGISLATION AND POSITION STATEMENTS
Animal welfare legislation and codes of practices was found for four countries (England, Ireland,
Australia and New Zealand) and one region (European Union). The use of electro-immobilisation in
livestock is banned in England and Ireland (Anonymous, 2007) (Anonymous, 2014), while only
restricted use is allowed in Australia and New Zealand (Animal Health Australia, 2016) (NAWAC,
2016) (NAWAC, 2016). The European Union does not have a position specific to EI but requires
owners and keepers to safeguard the welfare of animals, specifically concerning pain and suffering
(EU, 1998).
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Position statements were found for several other role players. Four veterinary associations have
indicated their disapproval of the use of EI, namely the Australian Veterinary Association, the
American Veterinary Medical Association, the Canadian Veterinary Medical Association and the New
Zealand Veterinary Association (AVA, 2010) (AVMA, 2008) (CVMA, 2009) (NZVA, 2011), a view that
is echoed by the Farm Animal Welfare Advisory Council of Ireland (Mulville, et al., 2005) and the
Canadian Council on Animal Care (CCAC, 2009). Three animal welfare organisations have issued
similar statements of opposition, including the British Columbia Society for the Prevention of Cruelty
to Animals (SPCA) (BCSPCA, 2017), the National SPCA, South Africa (NSPCA, 2014), and the World
Society for the Protection of Animals, Australia (WSPA, 2013).

MANUFACTURERS OF ELECTRO-IMMOBILISATION UNITS
Ten different products were identified. The majority, 5 units, originate from South Africa, while three
units are manufactured in Australia, and one each in Germany and New Zealand.

Most were recommended for use in cattle, although several suggested use in other species, including
other production animals (sheep, goats and pigs), camelids (camels, llamas and alpacas), equids
(horses and donkeys), and large game species (including giraffe, hippo and elephant) as well as birds
(ratites i.e. emus and ostriches) and reptiles (crocodiles).

Immobilising animals with these units is recommended for a myriad of common husbandry
procedures, particularly dehorning, castrations, branding, hoof trimming, vaccination, nose ringing
and ear marking. Other recommended uses include the treatment of animals for mastitis, eye
infections, administration of capsules and assisted calvings. In addition to these, the use of
immobilisers is recommended for assisting cross-fostering of calves and milk let-down, as well as
during home slaughter of animals.

A significant variation in the recommended period of time for which EI can be applied to animals was
noted: two manufacturers (Farmfreund SA, n.d.), (Rau Easy Farming, n.d.) indicated their products
could safely be used for extensive periods of over an hour. On the contrary, another manufacturer
recommend a maximum time of immobilisation of 15 minutes while two others (MEFE, n.d.), (Scintex
Australia, n.d.) recommend the shortest possible time of use.

The manufacturers made several statements about the safety and animal welfare aspects of electroimmobilisers: the most common claim (9 of 10 manufacturers) was that products have a positive
impact on animal welfare, including reduced stress or stress relief, and improved safety for the animal.
Three manufacturers (Farmfreund SA, n.d.), (MEFE, n.d.), (Rau Easy Farming, n.d.) stated that their
products are safe for use in pregnant animals. One manufacturer (Stockstill, n.d.) specifies that
animals are more docile for five to ten minutes after exposure to the unit.
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Manufacturer claims on the use of EI as an anaesthetic are contradictory. Three manufacturers
(Farmfreund SA, n.d.), (MEFE, n.d.), (Scintex Australia, n.d.) state or imply that their product can be
used as an alternative to anaesthesia. However, one of these manufacturers (MEFE, n.d.) also states
that the unit does not provide pain relief, while another mentions that the animal cannot respond to
pain (Scintex Australia, n.d.). Two other manufacturers (Newtek, n.d), (Rau Easy Farming, n.d.) echo
the lack of pain relief by EI. However, one of these (Newtek, n.d) claims that similar technology is
used in human medicine, citing a medical scientific journal (the article could not be sourced).

Some manufacturers (Rau Easy Farming, n.d.) (Farmfreund SA, n.d.) (Newtek, n.d) claim to have
done scientific studies to prove the safety of their product – two of these studies could be sourced
from websites (Rau Easy Farming, n.d.) (Farmfreund SA, n.d.), although the data from Farmfreund
has a marked resemblance to the Newtek Pacifier study). Neither of these studies was reported in
peer-reviewed literature.

Two manufacturers (Newtek, n.d) (Stockstill, n.d.) recommend that users should be trained before
using the immobiliser, while two others (MEFE, n.d.) (Scintex Australia, n.d.) suggest that only
personnel experienced in handling and monitoring cattle should use it.

A response to the electronic enquiry was received from three of the eight manufacturers for which
electronic communication channels could be sourced. All three indicated that face-to-face training is
not available. However, no incidents of devices negatively influencing animals were reported to
manufacturers by users. Enquiry into the number of devices that are already in use indicated that the
tens of thousands have been sold. Products have been shipped to various countries worldwide,
including the USA and UK.
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Discussion
Determining the welfare impact of an intervention is no easy task, not the least because of the difficulty
in quantifying the animals’ perception of the intervention. In order to assess the appropriateness of
EI, the discussion below will consider the following aspects from literature. The physiology behind EI
and the implications of dart placement and current will be analysed. The current uses of EI in animals
and humans will be considered as will the current stance of international role players on the use of
EI. A theoretical cost-benefit analysis for EI use will be performed, including the literature findings,
limitations to these findings, the possibility of pain induction, the animal and human safety aspects in
procedures where EI is currently used, and the advantages and limitations of the use of alternative
methods.

Physiology of electro-immobilisation
Thorough evaluation of the impact of electro-immobilisation requires consideration of the mechanism
behind the induced immobilisation. EI causes immobilisation by inducing a state of muscle spasm.
Human EI literature suggests that the induced muscle contraction is the result of EI current
depolarization of efferent nerves, specifically of the α-motor neuron, which innervates skeletal muscle.
(Kroll, 2009). This nerve depolarization induces physiological muscle contraction, which leads to
spastic paralysis, with the limbs fixed in extension. The animal (or human) is unable to override the
muscle contraction with voluntary movement since the dominant extensor muscles are all engaged to
their maximum effort.

Although this explanation has a scientific basis, it is important to note that the mechanism of action
has not been proven experimentally. Partly, this is because the electrical current from EI interferes
with electrical measures, particularly nerve conduction (which rely on minute physiological electrical
currents).

The physics and physiology behind optimum electrical current characteristics, positioning of
electrodes and safe maximum duration have received little or no attention in veterinary studies, but
could have a serious influence on safety aspects of devices. Optimum electrical current is a factor of
various electrical properties, including the type, the magnitude and the frequency of the current.

The two main types of electrical currents available, namely direct current (DC) and alternating current
(AC), have different safety properties. Some studies on human EI devices report findings from AC
electricity, but several of the available livestock devices are battery powered, which generally rely on
DC current. The different types of current have different safety features, and thus also need
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consideration for device safety. For most devices the electrical properties of the device is not made
available and therefore difficult to judge objectively.

Human literature indicates that the current frequency (AC electricity) is also important to consider.
This is based on the physiology of different muscle fibres, the so-called slow-twitch and high twitch
fibres. Slow twitch fibres require a lower frequency to be stimulated into a continued contraction than
high twitch fibres (Wuerker, et al., 1965). Muscles important in maintenance of posture have a higher
percentage of slow-twitch fibres and muscles of fine motor movement (Sweeney, 2009). Therefore, a
low frequency (around 19Hz is suggested for TASER) is appropriate to immobilise the postural
muscles, while higher frequencies will also cause tetanic spasms in finer muscles.

Studies on human EI indicated that there is a dose response to EI linked to the level of current applied
– the higher the pulse power and charge, the stronger the muscle contraction (Beason, et al., 2009).
Although there is a high likelihood that this correlation also exist in livestock EI, the significant
differences in outcomes measured by livestock EI studies made it impossible to investigate this from
the research data available. From both human models (Jauchem, et al., 2009a) (Jauchem, et al.,
2009b) (Jauchem, et al., 2011) and animal studies (Jephcott, et al., 1990) (Rushen, 1986a), it is
evident that EI can result in respiratory depression. Although the cause is not clear, there is a high
possibility of this side effect being dose dependent, since several studies indicated that reducing the
current resulted in the resumption of respiration (Petherick, et al., 2013) (Rushen, 1986a) (Rushen,
1986b) (Rushen & Congdon, 1986b).

The placement of electrodes is also important. A study on animal models for human EI indicated that
maximum whole body stimulation could be induced by placing the two electrodes 20cm apart
(Beason, et al., 2009). It is unclear if this principle is also applicable to large animals (e.g. bovines).
The first devices developed for animals used a configuration where one electrode is linked to the
cranial aspect of the animal (typically the lip) and another to the caudal aspect of the animal (typically
near the tail or in the rectum). Several of the current devices make use of a single probe inserted into
the rectum. The effect of this on the physics and physiology of EI needs investigation. The possibility
of rectal devices to induce only localised nerve stimulation also requires investigation, since this could
greatly increase the overall safety and welfare of the devices.

The duration of immobilisation is another factor that requires further attention. Manufacturer
instructions on the safe duration of application vary greatly, some suggesting that exposures of up to
an hour is safe. In contrast, most included studies evaluated short to very short EI applications.
Therefore, the safety of longer exposures is in serious want of investigation.
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A second important feature of exposure duration that requires attention is reports from several
publications indicating that the strength of muscle contraction decreases after some time of
application (Jauchem, et al., 2009b) (Jauchem, et al., 2009a) (Jauchem, et al., 2011) (Werner, et al.,
2012). This suggests that the current level needs to be increased to keep the restraint up. This feature
could have serious implications for the safety of animals as well as personnel working with
immobilised animals.
Current uses of EI – Animals and humans
There is no scientific literature (surveys etc.) available on the use of EI in South Africa, such as the
situations or procedures where EI is used, frequency of use per animal/farm, level of current setting,
or outcome of EI.
Customer testimonials from manufacturers’ websites indicate that EI is used as a restraining method
for feet trimming and lameness treatment, hair clipping prior to shows or slaughter, treating mastitis,
injured teats and applying teat sealant, inserting ear tags in adult cattle where head restraint is
unavailable, to measure horn length, castration, calving assistance (to reduce over straining)
(Farmfreund SA, n.d.) (Newtek, n.d) (Rau Easy Farming, n.d.). In addition, the use is reported for
introducing heifers into the milking parlour and assisting with milk let down (Newtek, n.d).

Veterinarians report it as an important means of additional immobilisation when collecting sheath
samples for testing of venereal pathogens (Tritrichomonas foetus and Campylobacter fetus). In
addition, it affords the necessary immobility when performing compulsory hot iron branding on
animals, thereby preventing blotching and re-takes that would entail repetition of a painful procedure.

Therefore, it seems that EI is mostly used as an adjunct method of restraint where procedures require
close proximity to the animal (particularly those performed in the “kick-zone”) and where it is critical
for the animal to be motionless for some basic husbandry procedures.

The most common human EI device is the TASER®. Several models have been developed, including
some for use by trained law enforcement personnel only and others available to the public for selfdefence. Models for law enforcement personnel are used worldwide for subduing dangerous
offenders with less-than-lethal force. It is reported to be the standard non-lethal tool for lawenforcement agencies in English speaking countries with at least 45 countries worldwide making use
of the technology, including the United States of America and the United Kingdom (Kroll & Ho, 2009).
TASER® devices make use of two wired electrodes that are fired into the subject from as far as 5 m
and induces immobilisation from a safe distance.
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Situations in other countries – policies on EI
The investigation of animal welfare legislation and position statements indicate that most cite the
studies done in the 1980’s, by the research groups of Pascoe, Rushen and Grandin, as the foundation
for their position. These groups reported that EI negatively influenced the test subjects. The final
GRADE rating indicated that the certainty of the evidence is very low, mainly due to methodological
study problems (selection bias, detection bias and attrition bias). These findings are (probably the
most) important reasons for the banning or restriction of EI use by the organisations mentioned above,
and thus, despite the identified problems in study methodology, has had a significant influence on the
opinion of international experts on the use of these devices.
In contrast, where evaluation of a “newer” device was done (Webb, n.d.), the use of this device was
sanctioned (Newtek, n.d), raising the question of whether position statements would be different if
these results were available in peer-reviewed literature.

COST-BENEFIT ANALYSIS
Summary of literature findings
The included studies on electro-immobilisation of livestock contain evidence that electroimmobilisation can have negative behavioural, stress-related and physiological effects when applied
to livestock. Preference and motivational tests indicate that animals choose against EI. Hormonal
indicators of stress (plasma cortisol and β-endorphin) were increased (transiently) in animals exposed
to EI. Statistically significant physiological effects of EI included periods of cessation of breathing,
temporary systemic acidemia, increased heart rate and transient increase in CK and AST levels.

When considering the clinical significance of these changes, the acid-base disturbances can be
classified as mild to moderate (Sen & Constable, 2013) and heart rate changes are clinically
significant in only three of the five studies which report statistical significance (Constable, et al., 2017).
Changes in CK and AST (which suggest muscle damage) were statistically significant, but changes
for all animals including the control group (only subjected to physical restraint) correlate with a
clinically significant increases (Constable, et al., 2017). This increase could be due to the increased
muscle activity associated with mustering field cattle (Lefebvre, et al., 1994), as done in this trial
(Petherick, et al., 2013).

Studies involving animal models to evaluate human immobilisation devices indicate that EI can cause
statistically significant temporary systemic acidemia, increased blood CO2 levels and decreased O2
levels, increased blood lactate and glucose, increase in haematocrit, increased serum Na + and Ca2+
and variable effects on K+. The acidemia has been found to be short lived (Jauchem, 2010) and an
extensive review of literature on blood lactate indicated that the clinical significance of this increase
is also limited (Jauchem, 2013). No consistent changes in heart rate, CK and respiratory rate are
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found across studies. The effect on stress hormones are also variable: one study reports no increase
in cortisol but an increase in catecholamines (no indication of statistical significance) while another
reports no significant changes in catecholamines.

Studies on the effect of EI on muscle contraction in animal models indicated that generalised limb
muscle extension is induced, even if the charge is placed across the thorax and/or abdomen rather
than the limbs or entire body. Furthermore, the maximum contraction was generated when the two
electrodes are placed 20cm apart and the greatest force is induced at the beginning of the exposure,
followed by a subsequent drop in force.

In addition to consideration to the statistical and clinical significance of the reported findings, the
outcome of the bias assessment (GRADE) and the limitations to the methods used to generate these
results must be noted , and which are discussed below.

Limitations of findings
Determining the welfare impact of a procedure is not easy, not the least because of the difficulty in
defining animal welfare and good or acceptable welfare (Fraser, 2008) (Broom & Fraser, 2015).
Intense interest in the subject of animal welfare and the evaluation thereof has resulted in the
emergence of two broad groups of welfare scientists, namely the feelings school and the biological
functioning school (Duncan, 2005). In the simplest terms, the “feelings” school focus on the subjective
emotional states of animals, while the “biological functioning” school emphasises physiological stress
and biological needs (Duncan, 2005). Studies from both of these schools of welfare measurement
have been included in this review, namely physiological effects and stress-hormones from the
biological functioning school, and preference and motivational tests from the feelings school (Blache,
et al., 2011) (Fraser & Nicol, 2011). The tests utilised are not without limitations, and these are
discussed below.

Preference and motivational tests are founded on the assumption that animals are able to choose
what is in their best interest (Fraser & Nicol, 2011). These methods provide an opinion on the welfare
impact from the animal’s perspective. The interpretation of findings should, however, be done with
caution, since several studies have shown that preference (and aversion) can be significantly
influenced by exogenous factors such as familiarity and learning (Fraser & Nicol, 2011). Furthermore,
there is evidence that the choices of farm animals, living under man-made conditions, are not
necessarily in their best interest (e.g. ruminants developing rumen acidosis when exposed to
unrestricted quantities of easily fermentable carbohydrates) (Fraser & Nicol, 2011).

The limitations of physiological measures also need to be considered. These parameters focus on
the physiological changes induced by a stressor (EI in this case) and are popular because of the

Page 28 of 108

Report on the welfare impact of livestock electro-immobilisation

relative ease of measurement and objectivity (Blache, et al., 2011). The changes demonstrated by
these parameters are, however, not specific to (negative) stress, and several other factors can
influence the measurements, including the procedures to take the samples, normal diurnal
fluctuations, and other experiences (including pleasant events) (Blache, et al., 2011).

In addition to these fundamental limitations, the GRADE assessment of the reported results indicate
that the level of certainty of the evidence is low to very low, with the potential for publication bias,
indirectness, imprecision and inconsistency all playing a role in this final rating (also see Results:
Risk of bias across studies).

As mentioned, there is a definite probability of publication bias since all the published studies report
a negative impact by EI. In contrast, the unpublished grey literature reports included in this review
found milder effects. Several of the published articles also reference studies that had (suggested)
opposing outcomes (Lambooy, 1985) (Grandin, et al., 1986) (Jephcott, et al., 1986) (Jephcott, et al.,
1987) (Jephcott, et al., 1990). This is consistent with the suggested trend in publication (Dwan, et al.,
2008), and emphasises the need for critical appraisal of all literature, including peer-reviewed articles.

Indirectness was identified as another common problem in most outcomes evaluated. There are areas
where the circumstances of the study (population, intervention) could be different from the “real world”
scenarios, where the findings are to be implemented. The intervention (EI) applied is an important
consideration, since all the published studies evaluated one device, the Stockstill immobiliser.
Unpublished reports made use of other devices and report milder effects. Since a direct comparison
of the different devices was not found, manufacturers’ claims that the effects of current devices are
less severe would require further investigation.

An additional source of bias identified in studies on animal models of human immobilisation is the
large number of physiological effects evaluated in each study. The absence of statistical corrections
for the use multiple parameters within a single study is problematic and has a negative impact on the
reliability of statistically significant findings (O'Connor & Sargeant, 2014). Thus, even where studies
found significant results, careful interpretation is required.

The possibility of pain
Studies on the physiology of nerve conduction indicate that depolarization of large α-motor nerve
fibres (resulting in muscle contraction) would require more electrical energy than depolarization of the
small Aδ nerve fibres, responsible for acute nociception (Panescu & Stratbucker, 2009) (Sweeney,
2009). It is possible that while EI is applied, the small Aδ nerve fibres are also depolarised. It is,
however, unclear to what extent this “induced” nociception would be conveyed to and perceived by
the central nervous system as pain.
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The possibility of misuse
Affiliated with the possibility of EI causing pain, the inability of EI to induce analgesia needs to be
mentioned. The current literature suggests that EI does not cause decreased consciousness or
alleviation of pain (Lambooy, 1985). The possibility of using electrical stimulation as form of general
anaesthesia was the subject of several research groups in the early- and mid-twentieth century
(Francis & Dingley, 2015). Safety concerns and the inability of this technology to reliably induce
analgesia and loss of consciousness were some of the reasons for abandoning further investigations
(Francis & Dingley, 2015). In the livestock industry, this technology has been developed into electrical
stunning at slaughter (Grandin, 2013) (with the electrical current focused on the brain to render the
animal temporarily unconscious).
The discrepancies in manufacturers’ reports on the matter of anaesthesia is concerning, especially
since this information might be all that users receive. Improving the knowledge and understanding of
both manufacturers and users (farmers, farm workers, veterinarians etc.) is of critical importance,
especially given the large number of devices already in use. In addition, awareness of the principles
of good animal handling and restraint is also required to ensure that these devices are not misused
to compensate for poor general handling skills and humane animal handling.
The public’s opinion on the humaneness of EI as a handling procedure should also be considered. A
worldwide systematic review on public attitude towards farm animal welfare indicated humane
treatment and naturalness as the two most important factors when considering good animal welfare
(Clark, et al., 2016). Although not as important for SA consumers, a 2010 survey found that South
Africans also consider animal-friendly production in their meat selection (Vermeulen & Bienabe,
2010).

Human safety in animal restraint
The ability of EI to safeguard farmer, farm workers and veterinarians should not be disregarded,
particularly in the current labour climate. Cattle are an important source of injury to farmers, farm
workers and veterinarians involved in their care (Watts, et al., 2013). Published literature on farmer
injuries in the USA, Canada, Ireland, Mexico and Norway show that animals (particularly cattle) are
responsible for 30-40% of all farm-related work injuries (Erkal, et al., 2008) (Douphrate, et al., 2009),
(Pickett, et al., 2001) (Murphy, et al., 2010) (Gundacker & Gundacker, 2011) (Reiling, 1997).
Furthermore, kicking was identified as an important cause of injury to both Canadian and Australian
veterinarians (Lucas, et al., 2009) (Epp & Waldner, 2012). It is accepted that published reports
probably underestimate the true incidence of animal-related injuries, since many reports only include
injuries severe enough to require hospitalisation and/or workers compensation claims (Watts, et al.,
2013).
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Literature on the prevalence of animal-related injuries in countries in Sub-Saharan Africa is scarce
(Ugboko, et al., 2002), and no current literature for South Africa could be sourced. Given the scarcity
of well-designed animal handling facilities, in both commercial and communal farming areas in Africa,
there is a high likelihood that injury rates of farmers, farm workers and veterinarians are significantly
higher than that reported above. The ability of judicious use of EI to alleviate some of this injury risk
should not be underestimated or disregarded.

Animal welfare in animal restraint
The figures above indicate the risk of animal handling to farmers, animal handlers and veterinarians.
It is also important to consider the possibility of animals injuring themselves. Kicking against a crush
rail can cause severe trauma to limbs and (particularly) claws. Movement during hot-iron branding
results in re-takes, smudged brand marks, and increased exposed area and pain. Thus, the focused
use of EI under specific conditions could improve the welfare of fractious animals.

Alternatives to EI
Consideration should also be given to the available alternative technologies. As mentioned above, EI
is used to provide additional restraint where humans need to come in close contact with the animals
and “traditional” methods (pens, crushes, ropes etc.) are insufficient. (Note that this is in contrast to
the human application, where EI is used as the main method of restraint.)

Two alternatives can be considered, namely mechanical restraint and pharmacological restraint.

Theoretically, the use of EI can be substituted by increasing other physical restraining methods, such
as ropes (to prevent kicks and to keep animals still during branding procedures), tilting tables (for
inspection of feet) and improved crush designs (body clamps etc.). None of these methods is without
risks or potential deleterious effects on animal welfare. Ropes carry a serious risk to labourers and
can suffocate the animal if not used sagaciously. Equipment such as tilting tables and crushes is
expensive and can be insufficient when working with bad-tempered animals.

Pharmacological restraint constitutes the use of sedatives, tranquilisers and anaesthetic agents.
These are the primary methods used for restraining game animals and are favoured by some animal
welfare enthusiasts since some also provide analgesic and anxiolytic effects. There are, however,
several drawbacks with the use of drugs. These drugs all carry the risk of serious health-related side
effects (apnoea, seizures and death) which can affect both animals and the human administrator (if
not handled correctly). Therefore, only veterinarians can legally administer these drugs to animals.
Even when correctly used, the onset and duration of effect can be several minutes to hours,
depending on the drug and dose administered, which presents the risk of secondary complications,
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including compartment syndrome. Furthermore, these drugs are expensive, an expense which many
farmers under the current economic climate will not be able to meet. Meat- and milk-withdrawal
periods will be applicable for several drugs, further increasing the financial burden of the procedure.

Summary of cost-benefit analysis
The application of EI as a restraining method is not without its own costs, including potential
physiological and behavioural impact on the animals. The inability of EI to induce analgesia and
probability to induce pain needs emphasis. However, a definitive statement on the risks and costs is
not possible here given the limitations of the study findings and many unanswered research questions.

Several benefits of the use of EI have been identified, for both animal welfare and human safety.
Several alternatives are listed and their potential costs discussed. Currently, it seems that there are
situations where the use of EI could be beneficial over the use of these alternatives.

However, based on current information, an overall statement of whether or not the costs are
outweighed by the benefits cannot be made with complete confidence, and without fear of challenge.

Conclusion
Peer reviewed literature indicates that EI could have a negative impact on livestock, both behavioural
and physiological measurements but the clinical significance of the reported physiological effects is
limited. In contrast, evidence from grey literature indicates that EI has a milder effect on animals. An
obvious difference between peer-reviewed and grey literature is the devices used: all peer-reviewed
literature made use of one device while grey literature used different and more recently developed
devices.

Several international welfare role players have condemned the use of EI but the statements of these
role players are based only on the findings from peer-reviewed literature, most dating from early
literature.

When scrutinised for within and across study bias (by means of the Cochrane Handbook Risk of Bias
Assessment tool and the GRADE system) it is clear that the evidence available from the literature
(both peer-reviewed and grey literature) has a low to very low level of certainty (GRADE rating) due
to several sources of bias, including methodological, publication and indirectness biases. This
suggests that any recommendation based on these studies should be made with caution.

EI devices are widely available in SA, with at least five local manufacturers. According to
manufacturers, thousands of devices have been sold, and many have also been shipped
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internationally. Not all manufacturers provide clear instructions on the correct use of EI. Furthermore,
the inability of EI to provide anaesthesia for animals is not emphasised by all manufacturers.

The physics and physiology behind EI in livestock is largely unclear. In addition, device standards are
not publically available and several questions on the optimum current required, electrode placement
and duration of application remain unanswered.

Reliable statistics regarding the use of EI by SA citizens is not available and thus the level of use and
potential misuse has not been quantified. From the limited data available (customer testimonies,
communication with stakeholders), it can be stated that EI is often used as an adjunct method of
restraint when procedures require personnel to be in close contact with animals.

Recommendations
The outcome of this review indicates that the use of EI is a controversial topic and that various
stakeholders need to be involved in deciding on the future use of EI as a method of restraint. The
evidence from the current literature gives the impression that closer regulation of EI devices may be
necessary (particularly with consumers’ growing concern for humane animal handling). Unfortunately,
the literature is insufficient to provide a definitive answer on various aspects of EI, particularly with
regards to “newer” devices.

Matters that require urgent attention:


The physics and physiology behind livestock EI requires investigation. Attention to device
standards, especially current type, -strength and electrode placement is required.



The differences between devices and their effect on animals needs to be evaluated.



The influence of EI on livestock needs to be compared to the influence of alternative
technologies, taking both animal welfare and human safety into consideration.



The present use of EI by livestock producers

The outcome of these investigations, in conjunction with the information included in this review, can
be used to stimulate debate between the interested parties (animal welfare organisations, users of
EI, consumers of livestock products etc.) to determine the correct policy for the use of EI in South
Africa.
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Addendum A: Results
TABLE A1: SUMMARY OF IMPORTANT CHARACTERISTICS OF INCLUDED STUDIES ON LIVESTOCK ELECTROIMMOBILISATION

Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Behavioural
measures

Pascoe
1986

Bovine

Pascoe &
McDonnell
1986

Carter et al.
1983

Experimental
study: Learned
conditioning
and extinction

Experimental
study: Learned
conditioning
and extinction

Experimental
study;
incomplete
block design

Adult, Holstein
Females [20]

EI (15sec at
±220mA & 30sec at
±80mA) [5 in each
group]

Adult, Holstein
Females [10]

EI (30sec at
±80mA) [5]

Jersey heifers,
18-24 months
old [28]

EI plus dehorning:
EI day 1 was
initially 120mA,
reduced to allow
for spontaneous
breathing, for total
of 15 sec; day 2
(unspecified
intensity) for 60 sec
[7]

Negative control [5]
& saline injection
control [5]

Time to move into
area

Mean distress level

Negative control [5]

Negative control
[7]; dehorning +
local anaesthetic
[7]; dehorning
alone [7]

Time to move into
area
Reaction to
conditioned
stimulus 5 and 9
months after
experiment

Animals exposed to EI took significantly
longer to enter the stocks and this
effect was still evident after an
extinction period.
Cows exposed to EI had a greater
mean distress score than control
animals
These was a significant increase in the
time to move into EI area

EI cows showed distress

Observations

Animals looked uncomfortable; ±⅓
bellowed; showed signs of pain during
horn removal

Feeding behaviour

All groups fed within 10 min of release
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Species

Reference

Petherick et
al. 2013

Sheep

Grandin et
al. 1986
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Study design

Clinical field
trial; complete
block design

Experimental
study:
Preference test

Study
population [No
of animals]

Brahman cows
and heifers [50
and 100
respectively]

Adult pregnant
Suffolk females
[45]

Intervention/s [No
of animals]

EI (Amperage
adjusted per
animal - cause
skeletal muscle
contraction but
allow breathing;
duration ±1min) [20
heifers and 10
cows]

EI at different
levels (low range
40, 200mA and low
range 10) for 5 sec
[45]

Comparison/s [No
of animals]

Physical restraint
(PR), Flank
spaying plus EI
(FL), Dropped
Ovary spaying
(DOT), Mock AI
(MAI) [20 heifers
and 10 cows per
group]

Mechanical
restraint [45]

Outcome
parameter/s

Reported findings

Behavioural
recordings

Standing head down suggests pain and
discomfort in EI heifers and cows on d1
and 3 post procedure

Feeding behaviour

At the end of day of procedure
significantly less cows restrained by EI
were feeding than cows subjected to
PR or MAI, this difference was not
present in d1-3 observations; no
difference present for heifers at day 0
or day 1-3;

Morbidity

No significant findings relating to EI
specifically

Frequency of
selecting specific
intervention

Statistically significant difference in
choice - ewes preferred manual
restraint over EI (p<0.001)

% vacillation and
hesitation

Increased hesitation and vacillation for
ewes that choose EI

Acceptance of feed
reward

Significantly more sheep refused feed
reward after EI than after squeeze-tilt
immobilisation
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Species

Reference

Rushen
1986a (Exp.
1)

Rushen
1986a (Exp.
2)

Rushen &
Congdon
1986a
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Study design

Experimental
study: aversive
learning

Experimental
study: aversive
learning

Experimental
study: aversive
learning

Study
population [No
of animals]

Adult castrated
Merino males
[36]

Adult castrated
Merino males
[40]

Adult castrated
Merino males
[42]

Intervention/s [No
of animals]

EI at different
levels - depending
on animal's
breathing response
(30-50mA);
duration not
indicated [10]

EI at different
levels (30mA and
60mA) & different
durations (1 min
and 3 min)

EI at 30-35mA for 2
min (current
reduced if animal
had difficulty to
breathe) [10]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Time to move
through race
("transit time") &
total time to push
sheep through race
("push-up time")

Mean transit time increased for EI, EI
attached but not activated and
mechanical restraint groups, but the
most for EI group, particularly over the
first 4 exposures, also "highly significant
trial x treatment interaction effect for
both transit time and push-up time";
animals re-exposed to the trial
environment 12 weeks later still showed
significantly longer transit and push-up
time

None

Time to move
through race
("transit time") &
total time to push
sheep through race
("push-up time")

EI significantly increased transit time,
particularly for sheep with no prior
experience to EI; duration of EI did not
have significant effect on either transit
time or push-up time; push-up time was
significantly longer in the 60mA groups
but not transit time; push-up time highly
correlated to latency to breathe but not
to current amperage; sheep had no
problem running through race in
opposite direction

Free running [10],
simulated shearing
[11], EI + simulated
shearing [11]

Time to move
through race
("transit time") &
total time to push
sheep through race
("push-up time")

Subjecting sheep to simulated shearing
and EI increased the time to move
through the race and the "push up" time
significantly and progressively - the
effect was the most prominent in
animals subjected to both treatments;
the effect of each treatment alone was
roughly similar

Free running [6],
mechanical
restraint [10], EI
attached but not
activated [10]
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Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Rushen &
Congdon
1986b

Experimental
study:
Preference test

Adult castrated
Merino males
[12]

EI at 30-35 mA for
45-60 sec

Partial shearing

Frequency of
selecting specific
intervention

Results suggested that sheep might
prefer shearing over EI but limited
statistical significance

Mechanical
restraint [10],
mechanical
restraint + EI
attached but not
activated [10]

Time to push
animal through the
race ("push-up
time")

Push-up time increased with repeated
exposure to EI

Rushen
1986b

Experimental
study: aversive
learning

Adult castrated
Merino males
[30]

EI at 30-50 mA to
allow for regular
breathing for 2 min
[10]

Rushen &
Congdon
1987

Experimental
study: aversive
learning

Adult castrated
Merino males
[32]

EI plus noise and
EI plus abrasive
shearing (EI: 3540mA for 30-35
sec) [8 per group]

Noise alone [8];
Abrasive shearing
alone [8]

Time to push
animal through the
race ("push-up
time")

Push-up time increased with repeated
exposure to all treatments;

Jephcott et
al. 1990

Experimental
study

Merino females
of unknown age
[17]

EI at 0mA, 40mA
and 60mA for 60
sec [17]

None (animals
served as their own
controls)

Behaviour changes

Decrease in muscle rigidity towards end
of exposure, particularly at lower EI
level

EI (Amperage
adjusted per
animal - cause
skeletal muscle
contraction but
allow breathing;
duration ±1min) [20
heifers and 10
cows]

Physical restraint
(PR), Flank
spaying plus EI
(FL), Dropped
Ovary spaying
(DOT), Mock AI
(MAI) [20 heifers
and 10 cows per
group]

Plasma cortisol
(bound)

Heifers: EI not significantly different to
PR; Cows: EI shows significant
increased compared to PR until 24h

Plasma cortisol
(unbound)

Heifers: EI not significantly different to
PR; Cows: EI shows significant
increased compared to PR until 24h

Physiological reactions: HPA-axis stimulation

Bovine

Petherick et
al. 2013
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Clinical field
trial; complete
block design

Brahman cows
and heifers [50
and 100
respectively]
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Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Lambooy
1985

Experimental
study, single
exposure

Dutch Friesian
calves [10
female & 3
male]

EI for 20 min (level
according to
operator's manual)
[10]

Negative control [3]

Plasma cortisol

Significant increase compared to
controls over entire monitoring period

Experimental
trial; incomplete
block design

Jersey heifers,
18-24 months
old [28]

EI plus dehorning:
EI day 1 was
initially 120mA,
reduced to allow
for spontaneous
breathing, for total
of 15 sec; day 2
(unspecified
intensity) for 60 sec
[7]

Negative control
[7]; dehorning +
local anaesthetic
[7]; dehorning
alone [7]

Plasma cortisol

Significantly higher cortisol levels in all
dehorned animals vs controls; no
statistical difference between dehorned
groups

Jephcott et
al. 1986

Experimental
study

Castrated
Merino males of
unknown age
[19]

Mechanical
restraint plus EI at
44mA for 2 min [8]

Plasma cortisol

Significantly greater increase which
persisted for longer in animals that
experienced EI vs controls; no
difference between size after first or
fourth trials

Jephcott et
al. 1987

Experimental
study; 2x2
factorial design

Adult castrated
merino males
[20]

Restraining
harness + EI at
44mA for 2 min [4]

Plasma cortisol

Significant increase in EI and sheared
group vs control group; no difference
between EI and sheared groups;
highest 10 min after treatment, return to
baseline within 60 min

Carter et al.
1983

Sheep
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Mechanical
restraint only [3];
Mechanical
restraint plus EI
attached but not
activated [8]
Restraining
harness + EI +
sham shearing [4];
Restraining
harness+EI
attached+sham
shearing [4];
Restraining
harness+EI
attached [4]; fully
shorn [4]
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Species

Pigs

Reference

Study design

Study
population [No
of animals]

Jephcott et
al. 1988

Experimental
study

Castrated
Merino males of
unknown age
[42]

Lambooy
1985

Experimental
study, single
exposure

Cross-bred
female sheep
[13]

Lambooy
1985

Experimental
study, single
exposure

Pigs [12]

Intervention/s [No
of animals]
EI at different
levels for different
durations: 30mA,
40mA and 60mA
(respectively) for 1
min; 40mA for 2
min and 4 min
(respectively) [7
per group; 5
groups]
EI for 20 min (level
according to
operator's manual)
[10]
EI for 20 min (level
according to
operator's manual)
[9]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Diazepam before
EI [7]; Manual
restraint with EI
attached but not
activated [7]

Plasma cortisol

Significant increase in all EI-groups vs
control group (between 10 & 60min
after exposure); increased current
correlated with increased cortisol levels,
particularly at 35 min after exposure; no
significant diff between exposure for 1,
2 or 4 min at 40 mA

Negative control [3]

Plasma cortisol

Significant increase compared to
baseline over entire monitoring period
but overlap with values for controls

Negative control [3]

Plasma cortisol

Significant increase compared to
baseline over entire monitoring period
but overlap with values for controls

Heart rate (before
and after)

Heart rate of animals exposed to EI
were significantly increased BEFORE
exposure to EI during the experimental
phase in comparison to control phase;
this elevation remained during the
extinction phase; HR AFTER exposure
to EI was also significantly increased
for animals exposed to EI

Physiological reactions: SNS stimulation

Bovine

Pascoe
1986
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Experimental
study: Learned
conditioning
and extinction

Adult, Holstein
Females [20]

EI (15sec at
±220mA & 30sec at
±80mA) [5 per
group, 2 groups]

Negative control [5]
& saline injection
control [5]

Addendum A - Report on the welfare impact of livestock electro-immobilisation

Species

Sheep

Study
population [No
of animals]

Intervention/s [No
of animals]

Reference

Study design

Pascoe &
McDonnell
1986

Experimental
study: Learned
conditioning
and extinction

Adult, Holstein
Females [10]

EI (30sec at
±80mA) [5]

Lambooy
1985

Experimental
study, single
exposure

Dutch Friesian
calves [10
female & 3
male]

EI for 20 min (level
according to
operator's manual)
[10]

Petherick et
al. 2013

Clinical field
trial; complete
block design

Brahman cows
and heifers [50
and 100
respectively]

EI (Amperage
adjusted per
animal - cause
skeletal muscle
contraction but
allow breathing;
duration ±1min) [20
heifers and 10
cows]

Jephcott et
al. 1986

Experimental
study

Castrated
Merino males of
unknown age
[19]

Mechanical
restraint plus EI at
44mA for 2 min [8]
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Comparison/s [No
of animals]

Negative control [5]

Negative control [3]

Physical restraint
(PR), Flank
spaying plus EI
(FL), Dropped
Ovary spaying
(DOT), Mock AI
(MAI) [20 heifers
and 10 cows per
group]
Mechanical
restraint only [3];
Mechanical
restraint plus EI
attached but not
activated [8]

Outcome
parameter/s

Reported findings

Heart rate (before
and after)

Trend for HR taken before each
exposure session to increase over
treatments for EI cows vs. a decrease
observed in non-EI cows; HR taken
after exposure session decreased
across treatments for EI cows

Pulse rate

Pulse rate irregular during exposure,
increased sharply in experimental
group (not significant in calves vs. other
species)

Plasma NEFA

Heifers: EI not significantly different to
PR; Cows: EI not significant increased
compared to PR

Plasma Βendorphin/Βlipotrophin

Significantly higher peak response in EI
vs control groups; also took longer to
return to normal (10min control vs. 45
min EI)
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Species

Pigs

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]
Restraining
harness + EI +
sham shearing [4];
Restraining
harness+EI
attached+sham
shearing [4];
Restraining
harness+EI
attached [4]; fully
shorn [4]
None, pre EI
values used for
comparison

Jephcott et
al. 1987

Experimental
study; 2x2
factorial design

Adult castrated
merino males
[20]

Restraining
harness + EI at
44mA for 2 min [4]

Kuchel et
al. 1990

Experimental
study

Mature Merino
females [15]

EI for 30 min
(35mA current at
48 Hz) [15]

Lambooy
1985

Experimental
study, single
exposure

Cross-bred
female sheep
[13]

EI for 20 min (level
according to
operator's manual)
[10]

Lambooy
1985

Experimental
study, single
exposure

Pigs [12]

EI for 20 min (level
according to
operator's manual)
[9]

Negative control [3]

EI (Amperage
adjusted per
animal - cause
skeletal muscle
contraction but
allow breathing;
duration ±1min) [20
heifers and 10
cows]

Physical restraint
(PR), Flank
spaying plus EI
(FL), Dropped
Ovary spaying
(DOT), Mock AI
(MAI) [20 heifers
and 10 cows per
group]

Negative control [3]

Outcome
parameter/s

Reported findings

Plasma Βendorphin/Βlipoprotein

Significant increase in EI and sheared
group vs control group; no difference
between EI and sheared group; return
to baseline in 60 min

Heart rate [10]

Significant increase during EI, gradual
reduction after EI removed

Pulse rate

Pulse rate irregular during exposure,
increased sharply in experimental
group; significant increase in sheep and
pigs

Pulse rate

Pulse rate irregular during exposure,
increased sharply in experimental
group; significant increase in sheep and
pigs

Physiological reactions: Other health-related parameters

Bovine

Petherick et
al. 2013
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Clinical field
trial; complete
block design

Brahman cows
and heifers [50
and 100
respectively]

CK

AST

Heifers - significantly elevated levels
compared to PR and MAI until 96h
post-exposure; Cows - significantly
elevated compared to PR until 24h
post-exposure
Heifers: significantly elevated levels
compared to PR and MAI until 96h
post-exposure; Cows: significantly
elevated compared to PR until 24h
post-exposure
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Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Mortality

No mortalities for EI group

Fat depth
Serum haptoglobin
BW

Lambooy
1985

Experimental
study, single
exposure

Dutch Friesian
calves [10
female & 3
male]

EI for 20 min (level
according to
operator's manual)
[10]

Measures of
consciousness
(corneal reflex &
reaction to pain
stimuli)
Negative control [3]

EEG
ECG
Rectal temperature

Carter et al.
1983
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Experimental
study;
incomplete
block design

Jersey heifers,
18-24 months
old [28]

EI plus dehorning:
EI day 1 was
initially 120mA,
reduced to allow
for spontaneous
breathing, for total
of 15 sec; day 2
(unspecified
intensity) for 60 sec
[7]

Negative control
[7]; dehorning +
local anaesthetic
[7]; dehorning
alone [7]

No of animals with
steady bleeding at
diff time-points
after procedure

No significant difference in changes for
EI group
Intermediate increase in both cows and
heifers (lower than FL)
No significant difference in changes for
EI group
All animals retained corneal reflex; 6 of
10 calves vocalised at onset of
exposure; 6 of 10 reacted to painful
stimuli during exposure
Only one calf showed changes in EEG
tracing; these were consistent with
decreased level of consciousness;
One calf showed changes in ECG after
EI
Increase over time but overlaps with
controls for entire monitoring period

No statistically significant differences
between dehorned groups
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Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

McCosker
et al. 2010

Clinical field
trial

Brahman
yearling heifers
[600]

EI with flank spay
(FL), average
period of EI = 3min
[200]

Jephcott et
al. 1986

Experimental
study

Castrated
Merino males of
unknown age
[19]

Mechanical
restraint plus EI at
44mA for 2 min [8]

Comparison/s [No
of animals]
Control (physical
restraint and ear
tagging) [200];
Dropped ovary
spay while
physically restraint
[200]
Mechanical
restraint only [3];
Mechanical
restraint plus EI
attached but not
activated [8]

Sheep
Kuchel et
al. 1990
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Experimental
study

Mature Merino
females [15]

EI for 30 min
(35mA current at
48 Hz) [15]

None, pre EI
values used for
comparison

Outcome
parameter/s

Reported findings

Mortality

2.5% of FL animals died - 2 on day of
procedure (due to surgical
haemorrhage), 1 each on days 5
(cause not stated), 11 (cause not
stated), and 22 (tetanus-like clinical
signs) post procedure

Prolactin

Mean peak values were not significantly
different between EI and control groups

Cardiac output [13]

Significant increase during EI, reduction
after EI removed but remains
significantly elevated

Hindquarter blood
flow [8]

Significant increase during EI, reduction
after EI removed but remains mildly
elevated

Renal blood flow
[9] & Hepatic blood
flow [8]

Significant decrease during EI, moves
towards pre-exposure values by
140min

MAP [10]

Significant increase during E, reduction
after EI removed but remains elevated

Hepatic glucose
net efflux [8]

Significant increase during EI, moves
back to pre-exposure levels when EI
removed

Hepatic lactate net
influx [8]; Renal
lactate influx [11] &
Hindquarter lactate
efflux [8]

Sharp significant increase immediately
after EI initiated, remains elevated for
duration of EI
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Species

Reference

Lambooy
1985
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Study design

Experimental
study, single
exposure

Study
population [No
of animals]

Cross-bred
female sheep
[13]

Intervention/s [No
of animals]

EI for 20 min (level
according to
operator's manual)
[10]

Comparison/s [No
of animals]

Negative control [3]

Outcome
parameter/s

Reported findings

Renal glucose flux
[11]

Significant increase during EI, lowers
after EI removed but remains elevated
for entire measured period

Hindquarter
glucose influx [8]

Significant increase during EI, moves
back to pre-exposure levels when EI
removed

blood pH (arterial)
[11]

Sharp, significant decrease immediately
after EI initiated, tends towards preexposure levels after EI removed but
remains decreased for entire period

blood pH (venous)
[14]

Sharp, significant decrease immediately
after EI initiated, starts to return to
normal by the end of EI period

PO2 (arterial) [11]

Variable - never significant

PCO2 (arterial) [12]

Variable: initially significant increase,
then significant decrease

Whole body O2
influx [14] &
Hindquarter O2 net
influx [9]

Sharp, significant increase immediately
after EI, remains elevated for EI period,
return to normal by ±30min post EI

Body temp (core)
[10]

Significant increase over EI period,
reduction to pre-exposure levels by ±40
min post EI

Measures of
consciousness
(corneal reflex &
reaction to pain
stimuli)

All animals retained corneal reflex; 5 of
10 sheep reacted to painful stimuli
during exposure

EEG

Only one sheep showed changes in
EEG tracing; these were consistent with
epileptiform seizures
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Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s
ECG
Rectal temperature

Latency to breath

Jephcott et
al. 1990

Rushen
1986a (Exp.
2)

Experimental
study

Experimental
study: aversive
learning

Merino females
of unknown age
[17]

Adult castrated
Merino males
[40]

EI at 0mA, 40mA
and 60mA for 60
sec [17]

EI at different
levels (30mA and
60mA) & different
durations (1 min
and 3 min)

None (animals
served as their own
controls)

None

Blood gas and
blood pH changes

Pigs
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Experimental
study, single
exposure

Pigs [12]

EI for 20 min (level
according to
operator's manual)
[9]

Negative control [3]

4 of 10 sheep showed ECG deviations
after current delivery
Significant increase compared to
controls
EI temporarily stopped breathing for up
to 60 sec (range dep on EI level); took
significantly longer to breath at 60mA
than 40 mA
EI caused significant decrease in pO2
and Oxygen saturation, increase in
pCO2 and decrease in blood pH;

Haemoglobin
changes

Significant increase in Hg concentration

Correlation latency to breath &
blood gas

Significant positive correlation between
blood gas changes and current strength

Latency to breath

General health
Lambooy
1985

Reported findings

Time to restart breathing: 22 sec
(mean) for 30mA and 48 sec (mean) for
60mA; No significant difference
between repeated exposures or effect
by prior experience but significantly
greater at 60mA vs 30mA; significant
correlation with transit time and pushup time in subsequent runs
Skin of head and leg became cyanotic
in 5 of 9 exposed pigs;

EEG

No differences observed

ECG

6 of 9 pigs showed significant ECG
differences; one pig showed sinus
arrhythmia followed by cardiac arrest
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Species

Reference

Study design

Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Measures of
consciousness
(corneal reflex &
reaction to pain
stimuli)

8 of 9 pigs vocalised at onset of current
delivery; corneal reflex retained in all
animals; 4 of 9 pigs responded to
painful stimuli

Rectal temperature

Significant increase compared to
baseline over entire monitoring period
but overlap with (outlier?) values for
controls

Unpublished reports

Bovine

Webb,
Electronic
neural
stimulation
for physical
restraint in
Bos taurus

Experimental
study

Mature Bos
Taurus cows
[17]

EI with Rau Animal
Immobilizer (TG),
at 2-4V for 2 min
[6]

Control group 1:
Hydraulic squeeze
chute [6] (CG1);
(Control group 2:
EI probe inserted
but not activated
[5]-findings not
included)

Behaviour levels details not
specified or
described
Feed response how eager the
animal consumes
the feed reward
Time to feed
Temperature
Heart rate

Anonymous
n.d.
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Experimental
study,
crossover
design (two

Lactating dairy
cows,
predominantly
HolsteinFriesians [12]

EI with "Pacifier" at
setting 2 for 2 min
[8]; and at setting 4
for 2 min[8]

Control: EI-probe
inserted but not
activated [8]

Behaviour observations' were similar or
better in the TG vs. CG1

No difference between TG and CG;
No significant difference
TG and CG increased slightly; TG less
than CG - statistical significance???
TG and CG increased slightly; more so
in CG - statistical significance

Respiration

TG average decreased very slightly
while CG average increased - statistical
significance???

Plasma cortisol

Only significant difference is for Setting
4 at 15 min after EI - significant
increase vs. control; for all other sample
points intervention groups did not differ
from control group
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Species

Reference

Study design
"trials", 3 days
apart)
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Study
population [No
of animals]

Intervention/s [No
of animals]

Comparison/s [No
of animals]

Outcome
parameter/s

Reported findings

Subjective
observations

No alterations in berating pattern
observed; animals "remained still" but
"were not paralysed"
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TABLE A2: SUMMARY OF IMPORTANT CHARACTERISTICS OF INCLUDED STUDIES OF ANIMAL MODELS FOR HUMAN IMMOBILISATION

Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s

Repeated EI by
different
devices (diff.
durations with
rest periods)

Xylazine,
ketamine,
isoflurane

Pre-exposure
values used as
baseline

Cortisol

Not statistically significant (?) - Tended to
decrease after initial exposure, varied
reaction during second exposure

Repeated EI by
different
devices (diff.
durations with
rest periods)

Xylazine,
ketamine,
isoflurane

Pre-exposure
values used as
baseline

Catecholamin
e

No reference to the statistical significance
of findings; epinephrine, norepinephrine
and dopamine seem to increase after EI
but large variations

EI of C2 CEW
device [10]

Atropine,
Tiletamine,
zolazepam,
propofol,
meloxicam

Pre-exposure
values used as
baseline

Epinephrine

No significant changes

EI at different
strengths and
placement of
darts [10]

Tiletamine,
zolazepam,
propofol,
buprenorphine

Muscle
contraction

Increased spacing from 5-20 cm =
increased muscle contraction force, no
further change after 20cm

Threshold for
ventricular
fibrillation

Low likelihood of fibrillation

Reported findings

Physiological reactions: HPA-axis stimulation
Werner et al.
2012

Experimental
study

Healthy
domestic pigs
3-5 month old
(45-75kg) [18]

Physiological reactions: SNS stimulation
Werner et al.
2012

Jauchem et al.
2009b

Experimental
study

Healthy
domestic pigs
3-5 month old
(45-75kg) [18]

Experimental
study

Male domestic
pigs (64kg (4775kg)) [10]

Physiological reactions: Other parameters

Beason et al.
2009

Page 56 of 108

Experimental
study

Domestic pigs
(53.7kg (49.960.8kg)) [10]

Pre-exposure
values used as
baseline
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Reference

Comeaux et al.
2011

Comeaux et al.
2013

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s

Experimental
study

Male Yorkshire
pigs (51.059.2kg) [8]

Repeated EI
exposure of
different
durations (sec)
and strengths
[8]

Tiletamine,
zolazepam,
propofol

Pre-exposure
values used as
baseline

Muscle
contraction

The detailed shape of the waveform of
charge applied to a muscle may not be
important in generating electro-muscular
incapacitation

Experimental
study

Male Yorkshire
pigs (64.8kg
(53-71kg)) [4]

Repeated EI
exposures with
different
devices [4]

Tiletamine,
zolazepam,
atropine,
isoflurane,
buprenorphine

Pre-exposure
values used as
baseline

Muscle
contraction

40Hz Square-wave produced more
complete muscle tetanus at lower energy
in comparison to the TASER x26
waveform

Study
design

Dawes et al.
2013

Experimental
study

Yorkshire cross
pigs (±38kg) [4]

Repeated short
(5s) EI [4]

Tiletamine,
zolazepam,
isoflurane,
vecuronium

Pre-exposure
values used as
baseline

Dawes et al.
2014

Experimental
study

Yorkshire cross
swine (36.738.5kg) [4]

Repeated short
(5s) EI [4]

Tiletamine,
zolazepam,
isoflurane,
vecuronium

Pre-exposure
values used as
baseline

Dennis et al.
2007

Experimental
study

Yorkshire pigs,
3-6 month old
(22-46kg) [11]

EI with TASER
X26; two

Ketamine,
xylazine,
glycopyrolate

Sham controls
[5]
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"Cardiac
capture" abrupt
change in
cardiac rate
or rhythm
during
exposure
"Cardiac
capture" abrupt
change in
cardiac rate
or rhythm
during
exposure
Blood
pressure

Reported findings

Compared 2 EI products: 24% and 63%
cardiac capture rates respectively; cardiac
capture more likely if probe is in close
proximity to the heart

Compared 2 EI products: 12.5% and 75%
cardiac capture rates respectively; cardiac
capture more likely if probe is in close
proximity to the heart

Significant decrease after exposure;
lowest 15 min post-exposure; back to
baseline after 24 hours
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

intervals of
40sec each [6]

Outcome
parameter/s

Reported findings

EKG &
echocardiogr
aphy

One animal suffered fatal acute ventricular
fibrillation; all other animals showed brief
AV asynchrony followed by sinus
tachycardia

Troponin I,
CK-MB &
Creatinine

No significant changes compared to
controls

Metabolic
state

Serum
electrolytes
Lactate
concentration
Serum
myoglobin
Central
venous O2
saturation
Heart rate
Esquivel et al.
2007
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Experimental
study

Repeated EI
exposures [10]

Atropine,
acepromazine,

Sham controls
[2]

Troponin I

Significant decrease in venous blood pH
and bicarbonate levels, and significant
increase in PCO2; greatest differences at
5min post-exposure; returned to normal
within 72 hours
Slight increase in K (not significant) and
Na (significant); return to normal within 60
min
Significant increase after EI (13times
normal); greatest 5 min post-exposure;
return to baseline within 24 hours
Significant increase 30 min post-exposure
compared to baseline for experimental
group; not significantly different to control
group
Significant decrease after exposure;
returned to baseline within 24 hours
Significant increase after exposure;
greatest 5 min post-exposure; took 24
hours to return to baseline
No statistically significant change at any
point
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered
ketamine,
thiopental
sodium,
isoflurane

Comparison/s
[No of
animals]

Outcome
parameter/s

Reported findings

Mean arterial
pressure

Steady decrease after all exposures given;
fluctuation between exposures; not
statistically significant

Cardiac index
(Cardiac
output/weight
of animal) &
Total
peripheral
resistance
Metabolic
state

Yorkshire-cross
male pigs (±4146kg) [12]

Pathology
Lactate

Muscle
contraction

Jauchem et al.
2006

Page 59 of 108

Experimental
study

Domestic pigs
(53.6kg (49.558.0kg)) [10]

Repeated
short (5s)
electro
muscular
incapacitation
(EMI) [10]

Atropine,
Tiletamine,
zolazepam,
propofol,
buprenorphine

Lactate
Pre-exposure
values used as
baseline

Haematocrit
Myoglobin,
Creatine
phosphokina
se, CPK-MM,
LDH and
LDHisoenzymes,
Troponin T or
I

Significant increase after exposure;

Significant decrease after exposure
pH decreased significantly; PCO2 increased significantly

No significant gross or histopathological
changes in heart
Increased significantly; returned to normal
within 1 hour
All limbs showed muscle activity although
TASER darts were positioned on thorax
and abdomen; strength of muscle
contraction was significantly less in
second "session"
Statistically significant increase
Significant increase post-exposure;

No significant changes
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s
Respiratory
rate

Complete cessation during exposure

Heart rate

Increase immediately following exposure,
returned to normal within 30 min

Metabolic
state

Blood pH significant decrease upon
exposure, pCO2 significantly increases,
both moves towards normal within 60 min
exposure; pO2 variable

Blood
electrolytes
Muscle
contraction

Jauchem et al.
2008

Experimental
study

Male domestic
pigs (50.8kg
(46-61kg)) [10]

Repeated short
(5s) EI [10]

Atropine,
Tiletamine,
zolazepam,
propofol,
buprenorphine

Pre-exposure
values used as
baseline

K and Na significantly increase; return to
normal within 30 min post-exposure
Generalised limb extension noted

Whole blood
lactate

Significant increase post-exposure,
maximum 30 min after exposure, not
significant 90 min post exposure

Haematocrit

Significant increase; did not return to
baseline after 180 min

Troponin T
and I
Myoglobin
Creatine
phosphokina
se
Heart rate,
Resp rate,
SpO2, LDH
and LDH
isoenzymes
Blood pH
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Reported findings

One animal showed increases
Significant increase 30 min post-exposure
Significant increases throughout sampling
period (180 min post-exposure)

No significant changes

Significant decrease until 30 min postexposure;
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s
Blood
glucose
K and Ca
Na
pCO2
pO2
Muscle
contraction
Lactate
pH
Haematocrit

Jauchem et al.
2009a

Experimental
study

Male domestic
pigs (59.3kg
(56.8-63.8kg))
[10]

EI at
predetermined
level for 30 or
60 sec [10]

Tiletamine,
zolazepam,
propofol,
buprenorphine

Pre-exposure
values used as
baseline

Venous blood
pCO2
Na and K
Myoglobin
Creatine
phosphokina
se
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Reported findings

Significant increase at 30 min postexposure
Significant increase immediately post
exposure
Significant increase immediately post
exposure followed by significant decrease
at 60, 150 and 180 min post-exposure
Significant increase immediately; return to
normal within 30 min
Significant decrease after exposure and at
90 and 180 min
Greatest force at the start of exposure,
with subsequent slight drop
Significant increase at all post-exposure
points
Significant decrease post-exposure; return
to normal within 60 min
Significant increase at all post-exposure
points
Significant increase directly postexposure; return to normal by 30 min postexposure
Significant increase directly postexposure; returned to normal by 30 min
post-exposure
Significant increase at all post-exposure
points
Significant increase at all post-exposure
points
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s
LDH
isoenzymes,
Cardiac
troponin T &
Heart rate
Cardiac
troponin I
Respiratory
rate
Muscle
contraction
Heart rate

Jauchem et al.
2009b

Experimental
study

Male domestic
pigs (64kg (4775kg)) [10]

EI of C2 CEW
device [10]

Atropine,
Tiletamine,
zolazepam,
propofol,
meloxicam

Pre-exposure
values used as
baseline

Respiratory
rate
Rectal
temperature
Oxygen
saturation,
Central
venous pCO2
and Central
venous pO2
Blood pH
Lactate,
glucose,
haematocrit
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Reported findings

No significant changes

One animal showed increases
No substantial breaths during exposures
Force of muscle contraction decreased
over time of exposure (30s total)
Significant post-exposure increase; no
cardiac arrhythmias
No effective respiration during EMI;
Significant decrease post exposure

Significant decrease immediately postexposure; returned to normal within 30 min

Significant decrease immediately postexposure; returned to normal by 90 min
post-exposure
Significant increase post exposure;
remained elevated for duration of
monitoring
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s

Na+, K+,
Ca++

None

Jauchem et al.
2011

Experimental
study

Male domestic
pigs (59kg(4970kg)) [9]

Repeated EI
exposure (7sec
on, 3 sec off,
for 3 min total)
[9]

Tiletamine,
zolazepam,
propofol,
buprenorphine

Serum IF-γ,
IL-1β, 4, 6,
10, and 18
Survival
(Apnoea = 3
of less
regular chest
movements
per minute
for 10
minutes)
Muscle
contraction
Lactate

Pre-exposure
values used as
baseline

Blood pH,
Haematocrit
K+ and Na+
Ca++ and
blood
glucose
Serum
myoglobin
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Reported findings

All three significant increases immediately
post-exposure; K+ and Ca++ return to
normal within 30 min; Na+ return to normal
within 60 min
No significant changes

4 survived, 6 developed apnoea

Maximum force at the start of the "on"
cycle
Significant increase post exposure;
returned to non-significant by 180 min
post-exposure
Significant decrease post-exposure; return
to not-significant by 90 min post-exposure
Significant increase immediately postexposure; returned to baseline by 30 min
post-exposure
Significant increase immediately postexposure
Significant increase until 150 min postexposure
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s
Total creatine
phosphokina
se, CPKisoenzymes,
total LDH
Troponin T
and I
Heart rate
O2 saturation

Jauchem et al.
2013 and
Jauchem et al.
2014
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Experimental
study - 2
publications
from the
same study

Male domestic
pigs (58.4 kg
(49.9-67.1kg))
[11]

EI exposure
(30s, twice, 5s
rest) [11]

Atropine,
Tiletamine,
zolazepam,
propofol,
meloxicam

Pre-exposure
values used as
baseline

Heart rate,
central
venous
oxygen
saturation,
blood pH
Blood pCO2,
Na, K, Ca,
glucose and
lactose

Reported findings

No significant changes

Single animals with increases at single
points
Significant increase throughout monitoring
period
Significant decrease post exposure for
non-survivors

Significant decrease after exposure

Significant increase after exposure

Haematocrit

Significant increase (29% above baseline)
after exposure

WBC count,
RBC count,
haemoglobin,
mean
corpuscular
volume,
mean platelet
volume

Significant increase after exposure; started
to return to baseline levels after 30 min
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s

Reported findings

Mean
corpuscular
haemoglobin,
mean
corpuscular
haemoglobin
concentration

Significant decrease after exposure;
started to return to baseline levels after 30
min

Echinocytes
Proteomic
analysis
Plasma
proteins
None

Jenkins et al.
2013
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Experimental
study

Domestic pigs,
3-5 months in
age, mixed
sexes [10]

Prolonged EI
exposure [10]

Xylazine,
ketamine,
isoflurane

Pre-exposure
values used as
baseline

Survival

Transient increase after exposure; started
to return to baseline levels after 30 min
Isolated changes (could be due to many
other factors)
No statistically significant change at any
point
All 10 animal survived 3 min exposure; 4
of 10 died subsequently; 5 survived
exposure of 20 min or longer

Lactate

Increased within 1 min of exposure

pH, HCO3,
base excess

Decreased

Na+

Initial increase, levelling off in subjects that
survived

K+

Rapid rise in the first 1-2 min of application

pCO2

Increased

ClUrine
myoglobin
Oxygen
saturation
Blood
pressure

Remained constant
Negative
remained at or near 100%
Initial increase, thereafter variable
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s
Cardiac
rhythm
Respiratory
rate

Khaja et al.
2011

Koerber et al.
2014

No observed arrhythmias
Tidal volume dropped immediately after
start; by 60-120 sec abdominal breathing
was visible
ECG signal lost during EI but after
application the ECG returns to normal
sinus rhythm with no indication of
arrhythmias

Experimental
study - Only
protocol 1
included

Pigs (3 pigs at
67.3±4.7kg,
and 3 pigs at
89.3±1.2kg) [6]

Repeated EI
across different
body axes

Not discussed

Pre-exposure
values used as
baseline

ECG

Experimental
study

Yorkshire pigs
(2 at 25kg, and
2 at
69.4±1.6kg) [4]

Multiple short
(5s) EMI's with
5 different
devices

Vecuronium,
anaesthetic
protocol not
discussed

Pre-exposure
values used as
baseline

Cardiac
stimulation
evaluated by
echocardiogr
aphy

Cardiac stimulation can occur with ECD's
but is dependent on the type of ECD, size
of the animal (more likely in smaller
animals) and position of the darts (current
exerted across the heart)

EI across the chest can result in cardiac
stimulation in a high number of animals,
but this is also influenced by the device
used

Statistically significant drop in BP; for 5s
group - returned to normal within 15 min
after exposure; for 10s group - remained
elevated for at least 30 min post-exposure

Nanthakumar
et al. 2006

Experimental
study excluding
effects with
epinephrine

Farm pigs (4555kg) [6]

Park et al.
2013

Experimental
study

commercial
pigs (2123.5kg) [14]
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Reported findings

Multiple EMI's
by 2 different
devices, across
2 different
positions and 2
different timings
(5s or 15 s)

Ketamine,
isoflurane

Pre-exposure
values used as
baseline

Myocardial
stimulation: "
… change in
electrogram
morphology
and rate
during the
discharge
and
perturbation
of arterial
blood
pressure"

EI for 5 sec [5]
or 10 sec [6]

Tiletamine,
zolazepam,
xylazine,
glycopyrolate

Sham controls
[3]

Blood
pressure
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s
Heart rate &
PaCO2

Significant increase in 10s group only that
returned to normal within 15 min

Lactic acid

Significant increase in both exposed
groups; remained elevated for at least 30
min post-exposure

Cardiac index
(Cardiac
output/weight
of animal) &
Total
peripheral
resistance
Heart rate
and blood
pressure
Cardiac
rhythm
CK-MB

Valentino et al.
2007a

Experimental
study

Yucatan minipigs (13-33kg)
[30]

Repeated EI
(2X 40s
exposure) [24]

Ketamine,
xylazine,
glycopyrolate

Sham controls
[6]

Mean
troponin I
K+ and
creatinine
Serum
myoglobin
Electromyogram
Histology
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Reported findings

Significant increase for both exposed
groups: 5s group - returned to normal
within 15 min; 10s group - did not return to
normal within 30 min observation period

No significant changes
No acute changes
Not significantly affected
Increased but not significantly different
from controls
Not significantly affected
Increased but not significantly
No evidence of acute or delayed
neuromuscular injury on shocked leg
No evidence of skeletal muscle or
peripheral nerve damage; some localized
inflammatory changes in the skin 72 hours
post-exposure at the discharge site
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s

Heart rate
Cardiac
rhythm
Blood
pressure
K+ and
creatinine

Experimental
study

Yucatan minipigs (16-33kg)
[10]

Repeated EI
(2X 40s
exposure) [6]

Ketamine,
xylazine,
glycopyrolate

Sham controls
[4]
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Yorkshire pigs
(25-36kg) [4]

Repeated short
(10s) EI across
different body
axes [4]

Ketamine,
xylazine,
glycopyrolate,
succinylcholine

Pre-exposure
values used as
baseline

Non-significant decrease during initial 60
min post-exposure; lowest at 30 min
Not significantly affected

Mean CK-MB

Not significantly affected

Mean
troponin I

Slight increase but not significant
compared to baseline or control group

Central
venous blood
pH

Initial significant decrease (compared to
baseline and control group); returned to
baseline by 60 min

HCO3

Experimental
study

No acute changes and no arrhythmias

Serum
myoglobin

Blood pCO2

Valentino et al.
2008

Significant decrease at 5 min postexposure; returned to baseline levels at
subsequent points

Significant higher levels at 60 min postexposure, returned to normal by 24 hours
Slight increase but not significant
compared to control group

Lactate
Valentino et al.
2007b

Reported findings

Cardiac
rhythm and
capture

Slight increase but not significant
compared to baseline
Slight decrease but not significant
compared to baseline; slight increase in
control group
Large percentage of "ventral vectors"
resulted in cardiac capture; significantly
more trans cardiac vectors resulted in
capture vs. non-trans cardiac vectors
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Reference

Study
design

Study
population
[No of
animals]

Intervention/s
[No of
animals]

Anaesthetics
and/or muscle
relaxants/paraly
tics
administered

Comparison/s
[No of
animals]

Outcome
parameter/s

Cardiac
arrhythmias

Walter et al.
2008

Werner et al.
2012
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Experimental
study

Experimental
study

3-6 month old,
male Yorkshire
pigs (25-71kg)
[14total?]

Healthy
domestic pigs
3-5 month old
(45-75kg) [18]

Repeated EI
(2X 40s
exposure) while
under
anaesthesia

Repeated EI by
different
devices (diff.
durations with
rest periods)

Ketamine,
xylazine,
glycopyrolate,
succinylcholine

Xylazine,
ketamine,
isoflurane

Paralysed
controls
(succinyl
choline plus
anaesthesia)
and sham
controls
(anaesthetised)

Echocardiography and
direct
visualisation
Troponin I
Acidosis
Lactate

Reported findings

One animal suffered lethal arrhythmia; 2
developed non-lethal arrhythmias that
spontaneously recovered
All exposed animals developed ventricular
tachycardia/ventricular flutter during EMI,
resulting in drop in blood pressure
Non-significant transient increase
Non-significant changes in central venous
blood pH, pCO2, HCO3 in EI group
Significant increase in EI group until 60
min post-exposure

Potassium
levels

Transient increase in all animals receiving
SCh, not abnormal enough to cause
cardiac arrhythmias

Pre-exposure
values used as
baseline

Metabolic
state

All animals suffered a mixed metabolic
and respiratory acidosis

None

Survival

3 animals died - all diagnosed with
degenerative cardiomyopathy with low vit
E and Se levels
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TABLE A3: BIAS ASSESSMENT SUMMARY FOR LIVESTOCK EI STUDIES

Reporting
bias
Selective
reporting

Other sources
of bias

UR

UR

HR 1

UR

NA

UR

UR

UR

LR 2

HR 1

UR

NA

UR

UR

UR

UR

UR

UR

NA

UR

UR

UR

HR 3

UR

UR

NA

HR 4

UR

UR

HR 5

UR

UR

UR 6

HR 4

UR

UR

HR 5

UR

UR

UR 6

UR 7

HR 8

UR

HR 9

HR 10

UR

LR 11

UR 7

HR 8

UR

HR 9

HR 10

UR

LR 11

UR 7

HR 8

UR

HR 9

HR 10

UR

LR 11

UR 7

UR

UR

UR

LR 12

UR

NA

UR 7

UR

UR

HR 5

LR 12

UR

NA

UR 7

UR

UR

HR 5

UR

UR

NA

HR 13

HR 8

UR

HR 14

HR 15

UR

NA

HR 13

HR 8

UR

HR 14

HR 15

UR

Other
bias

Attrition
bias
Incomplete
outcome data

UR

Outcome
parameter/s

Detection
bias
Blinding of
outcome
assessment

UR

Selection
bias

Blinding of
Performa
participants
nce bias
and personnel

Reference

Allocation
concealment

Species

Random
sequence
generation

Bias assessment

Behavioural measures
Pascoe 1986

Pascoe &
McDonnell
1986
Bovine
Carter et al.
1983

Petherick et
al. 2013

Grandin et al.
1986

Sheep

Rushen
1986a (Exp.
1)

Rushen
1986a (Exp.
2)
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Time to move
into area
Mean distress
level
Time to move
into area
Reaction to
conditioned
stimulus 5 and 9
months after
experiment
Observations
Feeding
behaviour
Behavioural
recordings
Feeding
behaviour
Morbidity
Frequency of
selecting specific
intervention
% vacillation and
hesitation
Acceptance of
feed reward
Time to move
through race
("transit time") &
total time to push
sheep through
race ("push-up
time")
Time to move
through race
("transit time") &
total time to push
sheep through

HR

16
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Reporting
bias
Selective
reporting

Other sources
of bias

UR

UR

HR 18

UR

NA

UR

UR

UR

UR

UR

UR

HR 19

UR

UR

UR

UR

HR 20

UR

NA

UR

UR

UR

UR

HR 21

UR

NA

UR 7

UR

UR

HR 5

UR

UR

NA

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

UR

UR

UR

LR 22

UR

UR

NA

HR 4

UR

UR

LR 22

UR

UR

UR 6

UR

UR

UR

LR 22

HR 23

UR

NA

UR 7

UR

UR

LR 22

HR 24

UR

NA

UR 7

UR

UR

LR 22

UR

UR

NA

UR

UR

UR

LR 22

UR

UR

NA

Other
bias

Attrition
bias
Incomplete
outcome data

UR

Outcome
parameter/s

Detection
bias
Blinding of
outcome
assessment

HR 17

Selection
bias

Blinding of
Performa
participants
nce bias
and personnel

Reference

Allocation
concealment

Species

Random
sequence
generation

Bias assessment

race ("push-up
time")

Time to move
through race
Rushen &
("transit time") &
Congdon
total time to push
1986a
sheep through
race ("push-up
time")
Rushen &
Frequency of
Congdon
selecting specific
1986b
intervention
Time to push
Rushen
animal through
1986b
the race ("pushup time")
Time to push
Rushen &
animal through
Congdon
the race ("push1987
up time")
Jephcott et al. Behaviour
1990
changes
Physiological reactions: HPA-axis stimulation
Plasma cortisol
(bound)
Petherick et
al. 2013
Plasma cortisol
(unbound)
Bovine
Lambooy
Plasma cortisol
1985
Carter et al.
Plasma cortisol
1983
Jephcott et al.
Plasma cortisol
1986
Jephcott et al.
Plasma cortisol
1987
Sheep
Jephcott et al.
Plasma cortisol
1988
Lambooy
Plasma cortisol
1985
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Attrition
bias

Reporting
bias

Incomplete
outcome data

Selective
reporting

Other sources
of bias

UR

UR

LR 22

UR

UR

NA

Heart rate (before
and after)

UR

UR

UR

LR 22

HR 1

UR

NA

Heart rate (before
and after)

UR

UR

UR

LR 22

UR

UR

NA

Pulse rate

UR

UR

UR

LR 22

UR

UR

NA

Plasma NEFA

UR

HR 8

UR

LR 22

UR

UR

LR 11

UR

UR

UR

LR 22

HR 23

UR

NA

UR 7

UR

UR

LR 22

HR 24

UR

NA

UR

LR 22

HR 23

UR

NA

UR

LR 22

UR

UR

NA

UR

LR 22

UR

UR

NA

Outcome
parameter/s

Lambooy
Plasma cortisol
1985
Physiological reactions: SNS stimulation
Pigs

Pascoe 1986

Bovine

Pascoe &
McDonnell
1986
Lambooy
1985
Petherick et
al. 2013
Jephcott et al.
1986

Sheep

Jephcott et al.
1987

Plasma Βendorphin/Βlipotrophin
Plasma Βendorphin/Βlipoprotein

Kuchel et al.
Heart rate
UR
UR
1990
Lambooy
Pulse rate
UR
UR
1985
Lambooy
Pigs
Pulse rate
UR
UR
1985
Physiological reactions: Other health-related parameters

Petherick et
al. 2013

Bovine

Lambooy
1985

Page 72 of 108

Other
bias

Detection
bias
Blinding of
outcome
assessment

UR

Selection
bias

Blinding of
Performa
participants
nce bias
and personnel

Reference

Allocation
concealment

Species

Random
sequence
generation

Bias assessment

CK

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

AST

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

Mortality

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

Fat depth
Serum
haptoglobin
BW
Measures of
consciousness
(corneal reflex &
reaction to pain
stimuli)
EEG

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

UR 7

HR 8

UR

LR 22

UR

UR

LR 11

UR

UR

UR

UR

UR

UR

NA

UR

UR

UR

UR

UR

UR

NA

ECG

UR

UR

UR

UR

UR

UR

NA
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Other sources
of bias

UR

UR

LR 22

UR

UR

NA

HR 4

UR

UR

HR 5

UR

UR

UR 6

Mortality

UR 7

HR 8

UR

LR 22

UR

UR

NA

Prolactin

UR

UR

UR

LR 22

HR 23

UR

NA

Cardiac output
Hindquarter
blood flow
Renal blood flow
& Hepatic blood
flow
MAP

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA

HR 23

UR

NA

Outcome
parameter/s

Rectal
temperature
No of animals
with steady
bleeding at diff
time-points after
procedure

Hepatic glucose
net efflux
Hepatic lactate
net influx; Renal
lactate influx &
Hindquarter
lactate efflux
Renal glucose
flux
Hindquarter
glucose influx
blood pH
(arterial)
blood pH
(venous)
PO2 (arterial)
PCO2 (arterial)
Whole body O2
influx &
Hindquarter O2
net influx
Body temp (core)
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Other
bias

Reporting
bias
Selective
reporting

UR

Selection
bias

Attrition
bias

Kuchel et al.
1990

Incomplete
outcome data

Sheep

Detection
bias

McCosker et
al. 2010
Jephcott et al.
1986

Blinding of
outcome
assessment

Carter et al.
1983

Blinding of
Performa
participants
nce bias
and personnel

Reference

Allocation
concealment

Species

Random
sequence
generation

Bias assessment

UR

UR

UR

LR 22

UR

UR

UR

LR 22

HR 23

UR

NA

UR

UR

UR

LR 22

HR 23

UR

NA
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Other sources
of bias

UR

UR

UR

UR

UR

NA

UR

UR

UR

UR

UR

UR

NA

UR

UR

UR

UR

UR

UR

NA

UR

UR

UR

LR 22

UR

UR

NA

UR 7

UR

UR

UR

UR

UR

NA

UR 7

UR

UR

LR 22

UR

UR

NA

UR 7

UR

UR

LR 22

UR

UR

NA

HR 13

HR 8

UR

HR 14

HR 15

UR

General health

UR

UR

UR

UR

UR

UR

NA

EEG

UR

UR

UR

UR

UR

UR

NA

ECG
Measures of
consciousness
(corneal reflex &
reaction to pain
stimuli)
Rectal
temperature

UR

UR

UR

UR

UR

UR

NA

UR

UR

UR

UR

UR

UR

NA

UR

UR

UR

LR 22

UR

UR

NA

UR 7

UR

UR

UR 25

HR 26

UR

NA

UR 7

UR

UR

UR 25

HR 26

UR

NA

Time to feed

UR 7

UR

UR

UR 25

HR 26

UR

NA

Temperature

UR 7

UR

LR 22

HR 26

UR

NA

Heart rate

UR 7

UR

LR 22

HR 26

UR

NA

Outcome
parameter/s

Measures of
consciousness
(corneal reflex &
reaction to pain
stimuli)
EEG
ECG
Rectal
temperature
Latency to breath
Blood gas and
blood pH
changes
Haemoglobin
changes
Latency to breath

Other
bias

Reporting
bias

UR

Selection
bias

Selective
reporting

Lambooy
1985

Attrition
bias

Pigs

Incomplete
outcome data

Rushen
1986a (Exp.
2)

Detection
bias

Jephcott et al.
1990

Blinding of
outcome
assessment

Lambooy
1985

Blinding of
Performa
participants
nce bias
and personnel

Reference

Allocation
concealment

Species

Random
sequence
generation

Bias assessment

HR

16

Unpublished reports

Bovine
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Webb,
Electronic
neural
stimulation for
physical
restraint in
Bos taurus

Behaviour levels
- details not
specified or
described
Feed response how eager the
animal consumes
the feed reward

UR
UR
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Reporting
bias
Selective
reporting

Other sources
of bias

Respiration

UR 7

UR

LR 22

HR 26

Plasma cortisol
Behavioural
responses

UR 7

UR

NA

UR

UR

LR 22

HR 26

UR

NA

UR 7

UR

UR

UR

HR 27

UR

NA

Other
bias

Attrition
bias
Incomplete
outcome data

Outcome
parameter/s

Detection
bias

UR

Selection
bias

Blinding of
outcome
assessment

Anonymous
n.d.

Blinding of
Performa
participants
nce bias
and personnel

Reference

Random
sequence
generation

Species

Allocation
concealment

Bias assessment

Key to table 3: “LR” refers to low risk, “UR” to unclear risk, “HR” to high risk and NA to no other potential biases identified.
All unmarked UR were assigned an “unclear risk” ranking because insufficient information was present in the text.
1. Data cumulatively presented as graphs and regressions slopes but only data from last three sessions of each
phase were included in statistical evaluation
2. Specific blinding described
3. Behaviour monitored by principle investigator, unlikely to be blind for treatments
4. Animals assigned by rotation
5. Highly subjective measures with no blinding described
6. Incomplete block design
7. Random allocation mentioned but method not specified
8. Animals marked according to treatment group
9. Groups were identified with colour ear tags and at least one group was clearly identifiable.
10. Not all animals were recorded at each observation
11. Animals were blocked for body weight and flight speed
12. Raw data supplied in table format
13. Animals taken according to how easy they could be caught
14. Animals were marked according to treatment groups and outcome measure was only semi-objective
15. Data cumulatively reported as graphs and means but only from some of the trials, statistical analysis of some
of the comparisons not provided
16. Study included some animals with previous exposure to EI but it is not clear how these were managed
17. Animals were selected based on how close to the shed they were
18. Graphs only display standard deviation of last measure
19. Data shows strange trend: sheep become more averse to shearing as their number increase
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20. Not all results comprehensively presented
21. Graphs only present means, no indication of data spread
22. Objective measures
23. Not all animals sampled at every time point
24. Only samples from first day included in study
25. Probable sufficient blinding of one observer and insufficient blinding of the other observer
26. “Summary paper” with only results from test group and one of the two control groups
27. Data spread per group not reported
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TABLE A4: BIAS ASSESSMENT SUMMARY FOR LIVESTOCK MODELS OF HUMAN IMMOBILISATION
STUDIES

Selection bias
Reference

Beason et al. 2009
Comeaux et al. 2011
Comeaux et al. 2013
Dawes et al. 2013
Dawes et al. 2014
Dennis et al. 2007
Esquivel et al. 2007
Esquivel et al. 2007
Jauchem et al. 2006
Jauchem et al. 2008
Jauchem et al. 2009a
Jauchem et al. 2009b
Jauchem et al. 2011
Jauchem et al. 2013
and Jauchem et al.
2014
Jenkins et al. 2013
Khaja et al. 2011 protocol 1 only
Koerber et al. 2014
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Outcome
parameter/s

Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
ECG
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
Objective
parameters a
ECG
Echocardiograph
y

Bias assessment
Perfor
Detecti Attrition
mance
on bias bias
bias

Reportin
g bias

Other
bias

Rando
m
seque
nce
genera
tion

Allocati
on
conceal
ment

Blindin
g of
person
nel

Blindin
g of
outco
me
assess
ment

Incompl
ete
outcom
e data

Selectiv
e
reportin
g

Other
bias

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

HR

UR

UR

HR

UR

UR

UR

HR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

HR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

HR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

HR

UR

UR

UR

HR

UR

UR

HR

LR

UR

UR

UR

HR

UR

HR

Addendum A - Report on the welfare impact of livestock electro-immobilisation

Selection bias
Reference

Nanthakumar et al.
2006
Park et al. 2013
Valentino et al. 2007a
Valentino et al. 2007a
Valentino et al. 2007b
Valentino et al. 2008
Walter et al. 2008
Walter et al. 2008
Werner et al. 2012

Outcome
parameter/s

Objective
parameters a
Objective
parameters a
Objective
parameters a
Subjective
parameters (E.g.
histology)
Objective
parameters a
Objective
parameters a
Echocardiograph
y
Objective
parameters a
Objective
parameters a

Bias assessment
Perfor
Detecti Attrition
mance
on bias bias
bias

Reportin
g bias

Other
bias

Rando
m
seque
nce
genera
tion

Allocati
on
conceal
ment

Blindin
g of
person
nel

Blindin
g of
outco
me
assess
ment

Incompl
ete
outcom
e data

Selectiv
e
reportin
g

Other
bias

LR

UR

UR

LR

UR

UR

HR

UR

UR

UR

LR

UR

UR

UR

UR

UR

UR

LR

UR

UR

UR

UR

UR

UR

HR

UR

UR

UR

UR

UR

UR

LR

UR

UR

UR

UR

UR

UR

HR

UR

UR

HR

UR

UR

UR

UR

UR

UR

UR

UR

UR

UR

LR

UR

UR

UR

UR

LR

UR

LR

HR

UR

HR

Key to table 4: “LR” refers to low risk, “UR” to unclear risk, “HR” to high risk and NA to no other potential biases identified.
All unmarked UR were assigned an “unclear risk” ranking because insufficient information was present in the text
a. Objective parameters include measurements obtained from laboratory assays (haematocrit, lactate, serum
enzymes, blood pH, serum electrolyte levels, CO 2 and O2 levels in blood) and fatality data
b. Subjective parameters include histopathology, electrocardiography, echocardiography
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Risk of bias within studies for studies evaluating animal models
for human neuromuscular immobilisation
30

25

0

0

0

0
3
6

20

15

2
20
24

25

26

26
23

10

18

5
6
0

2

1

Random
sequence
generation

Allocation
concealment

0
Blinding of
personnel
Low risk
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Blinding of
outcome
assessment
Unclear risk

0
Incomplete
outcome data
High risk

0
Selective
reporting

0
Other bias
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TABLE A5: COMPLETE SUMMARY OF FINDINGS TABLE FOR LIVESTOCK ELECTRO-IMMOBILISATION
Outcome

References

Averse
learning

Pascoe & McDonnell
1986; Pascoe 1986;
Rushen & Congdon
1986a; Rushen &
Congdon 1987; Rushen
1986a (Exp 1 & 2);
Rushen 1986b

Preference
test

Grandin et al. 1986;
Rushen & Congdon 1986

Feeding
behaviour

Carter et al. 1983,
Grandin et al. 1986,
Petherick et al. 2013,
Webb n.d.

Plasma
cortisol

Carter et al. 1983;
Lambooy 1985; Jephcott
et al. 1986, Jephcott et al.
1987; Jephcott et al.
1988, Petherick et al.
2013; Anonymous n.d.;
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Effect

Study
design

Animals restrained with electro
immobilisation become reluctant to
move into the area where it was
performed and show an increased
distress level
Animals prefer other means of
restraint above electro
immobilisation
Some animals showed decrease in
feeding (Grandin et al. 1986 and
Petherick et al. 2013(cow group))
while other authors report no
differences (Carter et al. 1983,
Petherick et al. 2013 (heifer
group), Webb n.d.
Plasma cortisol: Significant
increase after electroimmobilisation in bovines
(Anonymous n.d. – high setting;
Carter et al. 1983, Lambooy 1985,
Petherick et al. 2013 – cow group
(return to baseline by 30 min post
exposure)), sheep (Lambooy 1985,
Jephcott et al. 1986, Jephcott et al.
1987 (return to baseline by 60 min
post-exposure), Jephcott et al.
1988), pigs (Lambooy 1985).

GRADE domain

Certainty of
evidence

Within study
bias

Indirect
ness

Impre
cision

Inconsis
tency

Publica
tion bias

7 studies;
all
experimen
tal trials

Serious
concern

Some
concern

Some
concern

None

Some
concern

Very low

Two
experimen
tal trials

Serious
concern

Some
concern

Serious
concern

None

Some
concern

Very low

3
experimen
tal trials; 1
RCT

Serious
concern

Some
concern

Some
concern

Some
concern

Some
concern

Very low

6
experimen
tal trials, 1
field trial

Serious
concern

Some
concern

Some
concern

Some
concern

Some
concern

Very low
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Outcome

References

SNS
serological
measures

Jephcott et al. 1986,
Jephcott et al. 1987,
Petherick et al. 2013

Cardiovascu
lar effects

Carter et al. 1983,
Lambooy 1985, Pascoe &
McDonnell 1986, Pascoe
1986, Jephcott et al.
1990, Kuchel et al. 1990,
Webb n.d.

Respiratory
effects

Rushen 1986b, Jephcott
et al. 1990, Kuchel et al.
1990, Webb n.d.

Body
temperature

Lambooy 1985, Kuchel et
al. 1990, Webb n.d.
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Effect
Plasma B-endorphin: Significant
increase in electro-immobilisation
group (Jephcott et al. 1986,
Jephcott et al. 1987).
Heart rate: Increased HR after
exposure to electro-immobilisation
in bovines (Lambooy 1985,
Pascoe & McDonnell 1986,
Pascoe 1986, Webb n.d.), sheep
(Lambooy 1985, Kuchel et al.
1990) and pigs (Lambooy 1985).
ECG abnormalities reported in
bovines, sheep and pigs (Lambooy
1985).
Changes in regional blood flow –
increase to muscles, decreased to
liver and kidneys (Kuchel et al.
1990)
EI temporarily stopped breathing
(Rushen 1986b, Jephcott et al.
1990).
EI caused a sharp significant
decrease in blood pH (Jephcott et
al. 1990, Kuchel et al. 1990). EI
caused variable changes in pO2
and pCO2 (Jephcott et al. 1990,
Kuchel et al. 1990).
General increase in rectal
temperature, not always
statistically significant

Study
design

GRADE domain

Certainty of
evidence

Within study
bias

Indirect
ness

Impre
cision

Inconsis
tency

Publica
tion bias

2 experimental
trials; 1
field trial

Serious
concern

Some
concern

Some
concern

Some
concern

Some
concern

Very low

7 studies;
all experimental
trials

Serious
concern

Some
concern

Serious
concern

None

Some
concern

Very low

4 experimental
trials

Serious
concern

Some
concern

Serious
concern

None

Some
concern

Very low

3 experimental
trials

Serious
concern

Some
concern

Serious
concern

None

Some
concern

Very low

Addendum A - Report on the welfare impact of livestock electro-immobilisation

Outcome

References

Muscle
damage

Petherick et al. 2013

Growth and
energy
metabolism

Kuchel et al. 1990,
Petherick et al. 2013

Consciousn
ess

Lambooy 1985

Post
procedure
pain

Petherick et al. 2013
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Effect
Heifers had significantly elevated
CK and AST levels compared to
physically restrained heifers until
96h post-exposure; In cows this
elevation only lasted until 24 h
post-exposure
No significant change in body
weight or fat depth in EI groups;
significant changes in body
metabolite distribution (glucose &
lactose) during EI
All animals retained their corneal
reflex; at least half of the tested
animals reacted to painful stimuli
during EI; a small proportion of
animals developed changes in
EEG-patterns
Some animals show "head-down"
stance - no statistical backing for
this

Study
design

GRADE domain

Certainty of
evidence

Within study
bias

Indirect
ness

Impre
cision

Inconsis
tency

Publica
tion bias

One field
trial

Some
concern

Some
concern

Serious
concern

Some
concern

Some
concern

Low

1 Experimental
study; 1
field trial

Serious
concern

Some
concern

Some
concern

Some
concern

Some
concern

Low

One
experimental
study

Serious
concern

Some
concern

Serious
concern

None

Some
concern

Very low

One field
trial

Serious
concern

some
concern

Serious
concern

None

Some
concern

Very low
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TABLE A6: COMPETE SUMMARY OF FINDINGS TABLE FOR ANIMAL MODELS OF HUMAN IMMOBILISATION
GRADE domain
Outcome

Cardiac
arrhythmia

Blood
acid-base
status
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References
Beason et al. 2009,
Dawes et al. 2013,
Dawes et al. 2014,
Esquivel et al. 2007,
Jenkins et al. 2013,
Khaja et al. 2011,
Koerber et al. 2014,
Nanthakumar et al.
2006, Valentino et al.
2007a, Valentino et al.
2007b, Valentino et al.
2008, Walter et al.
2008, Dennis et al.
2007,
Dennis et al. 2007;
Esquivel et al. 2007;
Jauchem et al. 2006;
Jauchem et al. 2008;
Jauchem et al. 2009a;
Jauchem et al. 2009b;
Jauchem et al. 2011;
Jauchem et al. 2013;
Jauchem et al. 2014;
Jenkins et al. 2013;
Valentino et al. 2007b;
Walter et al. 2008;
Werner et al 2012

Effect

Study
design

Initial
rating

Effects vary
between studies,
some recording no
changes in cardiac
rhythm, others
reporting lethal
arrhythmias;
differences
between devices
are reported by
some studies

13
experimental
studies

Moderate

Most studies report
a significant
decrease in blood
pH after exposure;
with a return to
normal between 60
min and 72 hours
post exposure

12
experimental
studies

Moderate

Within
study
bias

Final rating
(Certainty of
evidence)

Indirectness

Imprecision

Inconsistency

Publication
bias

Serious
concern

Some
concern

Some
concern

Serious
concern

Unclear

Very low

Some
concern

Some
concern

Some
concern

None

Unclear

Low
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GRADE domain
Outcome

Blood
lactate

Partial
pressure
of CO2

Serum
electrolyte
s (Na+,
K+, Ca++,
Cl-)
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References
Dennis et al. 2007;
Esquivel et al. 2007;
Jauchem et al. 2006;
Jauchem et al. 2008;
Jauchem et al. 2009a;
Jauchem et al. 2009b;
Jauchem et al. 2011;
Jauchem et al. 2013;
Jauchem et al. 2014;
Jenkins et al. 2013;
Park et al. 2013;
Valentino et al. 2007a;
Walter et al. 2008
Dennis et al. 2007;
Esquivel et al. 2007;
Jauchem et al. 2006;
Jauchem et al. 2008;
Jauchem et al. 2009a;
Jauchem et al. 2013;
Jauchem et al. 2014;
Jenkins et al. 2013;
Park et al. 2013;
Valentino et al. 2007b;
Walter et al. 2008
Jauchem et al. 2006;
Dennis et al. 2007;
Jauchem et al. 2008;
Jauchem et al. 2009a;
Jauchem et al. 2009b;
Jauchem et al. 2011;
Jauchem et al. 2013
Jauchem et al. 2014;
Jenkins et al. 2013;

Effect

Study
design

Initial
rating

Significant transient
increase in blood
lactate level;
variable times
reported for return
to pre-exposure
values

12
experimental
studies

Moderate

All but one study
report an increase
in CO2

11
experimental
studies

Increase in Na+ (8
studies) and Ca++
(4 studies); K+
increase reported
by most (8 studies)
although others
report no significant
effects on K+ (3
studies)

11
experimental
studies

Within
study
bias

Final rating
(Certainty of
evidence)

Indirectness

Imprecision

Inconsistency

Publication
bias

Some
concern

Some
concern

Some
concern

None

Unclear

Low

Moderate

Some
concern

Some
concern

Some
concern

None

Unclear

Low

Moderate

Some
concern

Some
concern

Some
concern

None

Unclear

Low

Addendum A - Report on the welfare impact of livestock electro-immobilisation

GRADE domain
Effect

Study
design

Initial
rating

Heart rate

Dennis et al. 2007;
Jauchem et al. 2006;
Jauchem et al. 2008;
Jauchem et al. 2009a,
Jauchem et al. 2009b;
Jauchem et al. 2011;
Jauchem et al. 2013;
Jauchem et al. 2014;
Park et al. 2013;
Valentino et al. 2007a;
Valentino et al. 2007b

Variable results: 5
studies report
increase, 3 report
no significant
difference; 2 report
significant
decrease

10
experimental
studies

Moderate

Cardiac
enzymes:
Cardiac
troponin T
and I;
Cardiac
specific
creatine
phosphoki
nase

Dennis et al. 2007;
Esquivel et al. 2007;
Jauchem et al. 2006;
Jauchem et al. 2008;
Jauchem et al. 2009a;
Jauchem et al. 2011;
Valentino et al. 2007a;
Valentino et al. 2007b;
Walter et al. 2008

Some isolated
increases in
cardiac troponin T
and I (generally not
significant); no
significant changes
in creatine
phosphokinase;

9
experimental
studies

Moderate

Outcome

References

Within
study
bias

Final rating
(Certainty of
evidence)

Indirectness

Imprecision

Inconsistency

Publication
bias

Some
concern

Some
concern

Some
concern

Serious
concern

Unclear

Very low

Some
concern

Some
concern

Serious
concern

None

Unclear

Low

Valentino et al. 2007a;
Valentino et al. 2007b;
Walter et al. 2008
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GRADE domain
Outcome

References

Muscle
contractio
n

Beason et al. 2009;
Comeaux et al. 2011;
Comeaux et al. 2013;
Jauchem et al. 2006;
Jauchem et al. 2008;
Jauchem et al. 2009a;
Jauchem et al. 2009b;
Jauchem et al. 2011

Myoglobin

Dennis et al. 2007;
Jauchem et al. 2006;
Valentino et al. 2007a;
Valentino et al. 2007b;
Jenkins et al. 2013
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Effect
Generalised limb
extension noted
(Jauchem et al.
2008), greatest
force of muscle
contraction at
beginning of
exposure with a
subsequent drop
(Jauchem et al.
2011, Jauchem et
al. 2009a, Jauchem
et al. 2009b);
increased muscle
contraction as darts
are spaced further
from each other up
to 20 cm (Beason
et al. 2009);
placement of darts
over the thorax
cause generalised
muscle contraction
(Jauchem et al.
2006, Jauchem et
al. 2008)
Variable results: 4
studies report
significant
increases while
other 4 studies
report no significant
changes

Study
design

Initial
rating

8
experimental
studies

Moderate

8
experimental
studies

Moderate

Within
study
bias

Final rating
(Certainty of
evidence)

Indirectness

Imprecision

Inconsistency

Publication
bias

Some
concern

Some
concern

Some
concern

None

Unclear

Low

Some
concern

Some
concern

Some
concern

Serious
concern

Unclear

Very low
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GRADE domain
References

Effect

Study
design

Partial
pressure
of O2

Jauchem et al. 2006;
Dennis et al. 2007;
Jauchem et al. 2008;
Jauchem et al 2009b;
Jauchem et al. 2011;
Jauchem et al. 2013;
Jauchem et al. 2014;
Jenkins et al. 2013

Most studies (5 of
7) report significant
decrease in O2

7
experimental
studies

Moderate

Blood
pressure

Dennis et al. 2007,
Esquivel et al. 2007,
Jenkins et al. 2013,
Park et al. 2013,
Valentino et al. 2007a,
Valentino et al. 2007b

Variable changes some report
significant increase
while others report
significant
decrease or no
effect

6
experimental
studies

Haematoc
rit

Jauchem
Jauchem
Jauchem
Jauchem
Jauchem
Jauchem
Jauchem

et al. 2009a,
et al. 2009b;
et al. 2006;
et al. 2008;
et al. 2011;
et al. 2013;
et al. 2014

Majority of studies
(5 of 6) report
significant increase;
remaining study
report significant
decrease

Jauchem et al. 2008;
Jauchem et al. 2006;
Jauchem et al. 2009a;
Jauchem et al. 2009b;
Jenkins et al 2013

Variable results: 3
studies report
significant
depression
breathing (up to
cessation of
breathing); 2
studies report no
significant changes

Outcome

Respirator
y rate
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Initial
rating

Within
study
bias

Final rating
(Certainty of
evidence)

Indirectness

Imprecision

Inconsistency

Publication
bias

Some
concern

Some
concern

Some
concern

None

Unclear

Low

Moderate

Some
concern

Some
concern

Some
concern

Serious
concern

Unclear

Very low

6
experimental
studies

Moderate

Some
concern

Some
concern

Some
concern

Some
concern

Unclear

Low

5
experimental
studies

Moderate

Some
concern

Some
concern

Some
concern

Serious
concern

Unclear

Very low
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GRADE domain
Outcome

References

Effect

Study
design

Initial
rating

Within
study
bias

Indirectness

Imprecision

Inconsistency

Publication
bias

Final rating
(Certainty of
evidence)

Blood
glucose

Jauchem
Jauchem
Jauchem
Jauchem
Jauchem

et al. 2008;
et al. 2009b;
et al. 2012;
et al. 2013;
et al. 2014;

Significant increase
in blood glucose
after exposure

4
experimental
studies

Moderate

Some
concern

Some
concern

Serious
concern

None

Unclear

Low

Creatine
phosphoki
nase

Jauchem
Jauchem
Jauchem
Jauchem

et al. 2006;
et al. 2011;
et al. 2008;
et al. 2009a

Variable results: No
significant
changes(2 studies),
significant increase
(2 studies)

4
experimental
studies

Moderate

Some
concern

Some
concern

Serious
concern

Serious
concern

Unclear

Very low

LDH and
LDH
isoenzym
es

Jauchem
Jauchem
Jauchem
Jauchem

et al. 2006;
et al. 2008;
et al. 2009a;
et al. 2011

No significant
changes

4
experimental
studies

Moderate

Some
concern

Some
concern

Serious
concern

None

Unclear

Low

Mortality

Jenkins et al. 2013;
Werner et al. 2012;
Jauchem et al. 2011

3
experimental
studies

Moderate

Serious
concern

Some
concern

Serious
concern

Serious
concern

Unclear

Very low

Cardiac
index

Esquivel et al. 2007;
Park et al. 2013

2
experimental
studies

Moderate

Some
concern

Some
concern

Serious
concern

None

Unclear

Low

Catechola
mine

Werner et al. 2012;
Jauchem et al. 2009b

2
experimental
studies

Moderate

Some
concern

Some
concern

Serious
concern

Serious
concern

Unclear

Very low

Creatinine

Valentino et al. 2007a;
Valentino et al. 2007b

2
experimental
studies

Moderate

Some
concern

Some
concern

Serious
concern

None

Unclear

Low
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Report a mortality
rate of 30-40%
(Jenkins et al.
2013, Jauchem et
al. 2011
Significant increase
after exposure;
return to normal
usually within 30
min
Variable - one
study report no
significant changes,
the other reports
variable changes
No significant
changes
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GRADE domain
Outcome

References

Effect

Study
design

Initial
rating

1
experimental
study

Moderate

Cardiac
pathology

Esquivel et al. 2007

No significant gross
or histopathological
changes in the
heart

Cortisol

Werner et al. 2012

Not statistically
significant changes

Body
temperatu
re

Jauchem et al. 2009b

Significant
decrease post
exposure
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1
experimental
study
1
experimental
study

Within
study
bias

Final rating
(Certainty of
evidence)

Indirectness

Imprecision

Inconsistency

Publication
bias

Serious
concern

Some
concern

Serious
concern

NA

Unclear

Very low

Moderate

Some
concern

Some
concern

Serious
concern

NA

Unclear

Very low

Moderate

Some
concern

Some
concern

Serious
concern

NA

Unclear

Very low

Addendum B: Report on the welfare of livestock electro-immobilisation

Addendum B: Methods
INTRODUCTION TO SYSTEMATIC REVIEWS
A systematic review is a particular type of literature review used to summarise research results from
multiple sources (O'Connor & Sargeant, 2014). The systematic review is a prominent and important
decision making tool in human medicine, used to distil the results from an (often overwhelming)
amount of research studies in a way that is useful for policy makers, clinicians and consumers (Higgins
& Green, 2011). Its importance has grown over the past few decades. In the past decade, this trend
that has also been noticed in veterinary science (O'Connor & Sargeant, 2014).
In contrast to a “standard” narrative review, which merely amalgamates the findings from published
literature, a systematic review is a scientific study in itself. As such, it includes a methods section,
which clearly defines the most prominent features of the review, namely (1) the development of a
clear study plan (protocol) before initiating the study, (2) formulation of a specific review question, (3)
embarking on a defined search strategy, (4) defining criteria for including studies in the final synthesis
(eligibility criteria), (5) evaluating the quality of included studies, and (6) defined method of synthesis
of the conclusion from the selected studies (Moher, et al., 2009). The overall effect of all these steps
is to provide a summary of evidence that is as transparent and unbiased as possible, and each step
is important to achieve this product.
The review question includes important aspects of the population, intervention (the “treatment” under
review), comparators (the alternative treatments) and outcomes assessed, and provides a guideline
to the readers of which circumstances the reported findings will be relevant (O'Connor & Sargeant,
2014). The defined search strategy ensures transparency of the search, and ensures that studies that
report less favourable findings (often published in less prominent journals) are also included
(O'Connor & Sargeant, 2014). Defining the eligibility criteria and selection of studies for inclusion in
the study allows readers to ascertain the comprehensiveness of the review (Liberati, et al., 2009).

Evaluating the quality of included studies is one of the most important components of the systematic
review, and an important distinguishing feature. This is because the reliability of the conclusions of
the review will be determine by the quality of the studies on which the conclusion is based (Higgins &
Green, 2011). Quality evaluation is performed for bias within every selected study as well as across
different studies included in a review (O'Connor & Sargeant, 2014). A great number of tools for
evaluating bias in animal research has been developed (Krauth, et al., 2013). For this review, the
Cochrane Handbook Risk of Bias Assessment tool was used (Higgins & Green, 2011), since it is
regarded as the reference standard (Reynders, 2017) and recommended by subject experts
(Sargeant & O'Connor, 2014). The outcome of the risk of bias assessment is included in the final
Page 90 of 108

Addendum B: Report on the welfare of livestock electro-immobilisation

review, in order for readers’ consideration when considering and interpreting the results (O'Connor &
Sargeant, 2014).

The first component of quality evaluation, namely risk of bias within a study, focus on whether the
study was conducted in such a way that the results can be relied on. Six main domains of bias are
evaluated (Higgins & Green, 2011). The first is selection bias, which focus on whether individuals
within study groups were the same for all other aspects except the applied intervention. Lack of
random subject allocation is an important feature of selection bias. The second is performance bias,
which requires methods to ensure that all study subjects are handled equally. Blinding of study
personnel, particularly animal caretakers is one of the important aspects of performance bias in animal
studies (O'Connor & Sargeant, 2014). The third bias domain is detection bias, and this domain looks
at whether all outcomes were assessed in an independent manner. For this domain, blinding of
outcome assessors is an important feature. Attrition bias is the fourth bias domain, and this refers to
the reporting of all available outcome data within a study. Closely related to this, is reporting bias (also
referred to as publication bias). This domain looks at whether all study groups were reported in a
publication. The last bias domain is simply referred to as “other biases” and includes any additional
biases which could be at play within a specific review area, including aspects such as sample size
calculation, financial conflict of interests etc. (Krauth, et al., 2013)

The second component of quality evaluation, namely risk of bias across studies, focus on whether
the cumulative evidence for a specific outcome is trustworthy (Guyatt, et al., 2008). For this review,
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system was
used (Guyatt, et al., 2011). This system was developed by a consortium of experts over a period of
10 years, and is a prerequisite for Cochrane Review studies (Ryan & Hill, 2016). The GRADE system
assigns a rating to an outcome finding based on two main steps (Goldet & Howick, 2013): Firstly, a
primary rating is assigned based on the study design of the studies included. Secondly, this initial
rating can be downgraded due to evidence of bias within a study, inconsistency, indirectness,
impression and publication bias, or upgraded if evidence of large magnitude of effect, does response
or absence of confounding factors are observed. This system will be discussed in detail below. This
system makes use of a categorical scale (“high”, “moderate”, “low” and “very low” certainty) which is
not ideal since the quality of evidence can be better seen as a continuum than a discrete scale (Guyatt,
et al., 2008). However, it gives researchers the opportunity of presenting the evidence in a
straightforward and easily interpreted manner (Guyatt, et al., 2008).

The first step in the GRADE rating system, is to assign studies a rating based on study design. The
rating scheme used in GRADE was developed for human clinical research and ranks randomized
controlled trials (RCT’s) as “high” and observational studies as “low” (Higgins & Green, 2011). (RCT’s
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refers to trails where the study personnel randomly assign the intervention or control treatments to
participants. Observational studies refers to trails where study personnel only observes the outcomes
of an intervention/treatment as it is employed during normal patient treatment.) In veterinary research,
another study type is used, namely experimental “challenge” studies (Sargeant, et al., 2014). In these
studies, the study personnel controls both the treatment assigned to the study subjects and the
environment in which the study is conducted. Because the environment, in which the study subjects
are contained, are not the same as field conditions, it has been proposed that the level of evidence
of these studies should be considered below field RCT’s and observational studies (Sargeant, et al.,
2014), thus a “moderate” rating was assigned to these.

As mentioned above, the initial rating determined by the study design can be downgraded or upgraded
when certain features are present of absent. Five important criteria for downgrading and three for
upgrading is recognised and will be discussed below.

Of the criteria for downgrading, the first is risk of bias within studies (discussed above) (Ryan & Hill,
2016). If many of the discussed risk domains were graded as either “unclear risk” or “high risk”, the
quality of the evidence per outcome could also be compromised by these biases.

The second, is inconsistency in the reported outcomes, i.e. one study suggest that an intervention
causes an increase in the parameter and another study finds a decrease in the parameter (Ryan &
Hill, 2016). Since these outcomes contradict each other, the true effect remains uncertain.

The third criteria that leads to downgrading, is indirectness (Ryan & Hill, 2016). This refers to
differences in the population, intervention, control treatment, outcome measured etc. between the
reported studies and the circumstances and population for which the systematic review is intended.
Where many studies on a particular topic is available, it is possible for the review to be limited to only
those studies which closely resemble the intended populations (e.g. only looking at studies on
pneumonia in feedlot cattle, rather than pneumonia in all ruminants). However, if literature is scares
on a specific topic, it might be necessary to include a broader array of studies, increasing the risk of
indirectness.

Imprecision is the fourth criterion for downgrading. The outcome evidence is downgraded when the
cumulative sample size is not large enough or a study reports large margins for the 95% confidence
interval (Ryan & Hill, 2016). The reasoning for this stems from statistical principles that the results
from a larger sample size is more likely to give a true reflection of the bigger population.
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Lastly, evidence can be downgraded for publication bias. Publication bias was also mentioned above
for the risk of bias within studies assessment, but publication bias in this context refers to the
possibility that entire studies were not published. It has been shown that there is a higher likelihood
for statistically significant positive results to be published, than negative results or results where the
difference between interventions are small (Dwan, et al., 2008) (Dwan, et al., 2013). Thus, where only
published research are included in a study, there is a significant chance that the effect will be overestimated.

Upgrading of the quality score is mainly applicable to observational studies (Ryan & Hill, 2016). Note
that, in general, studies are rarely upgraded, particularly if they were first downgraded (Ryan & Hill,
2016). The reasons for upgrading studies are a large effect size, evidence of a dose response and
accounting for confounding effects (Ryan & Hill, 2016). The first of these, large effect size, is present
where a large and consistent effect is reported in a methodologically rigorous (with no other sources
of bias present) observational study. The second, a dose response effect, can be considered where
the effect of a drug (for example) becomes proportionally larger or smaller as the amount of the drug
increases or decreases. The third, accounting for confounding effects, is when all other contributing
factors that could have affected the outcome is accounted for.

Systematic reviews are often accompanied by a meta-analysis. A meta-analysis refers to the
statistical combination of study results. One of the most important pre-requisites for performing a
meta-analysis, is that study characteristics, particularly the applied intervention, comparators and
outcomes need to similar (metaphorically comparing apples with apples).

SYSTEMATIC REVIEW OF RESEARCH STUDIES
Protocol and registration
A written protocol, based on the PRISMA-P guidelines (Moher, et al., 2009), was developed before
initiating the study. No database is currently available for the registration of protocols for veterinary
medicine.

Eligibility criteria
This systematic review aimed to include all studies reporting the impact of electro-immobilisation
devices on livestock. Livestock (the population of interest) was defined as all animals kept for
domestic use (profit), including meat, milk, fibre or skin production.

The intervention evaluated in this review was electro-immobilisation, defined as the application of a
low voltage, electrical current to a live animal resulting in muscle contraction for the purpose of
temporary restraint. Studies dealing with the effects of similar devices developed for the temporary
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restraint of human subjects by law enforcement agencies were also included where these studies
used animals traditionally kept as livestock as animal models, dealt with the impact of the device on
the animal as a whole and did not involve the application of additional stimulants (e.g.
methamphetamine). Studies reporting the physiological effects of devices on cell- or organ cultures
or isolated organs were excluded. Furthermore, studies evaluating electrical stunning resulting in the
loss of consciousness (either temporarily or permanently) as used for the humane slaughter of
animals, were excluded from the review, as were studies dealing with the electrical prod (i.e. devices
used for moving animals). Studies describing electro-ejaculation (used for collection of semen from
male ruminants) were also excluded.

For this review, the effect of electro-immobilisation was compared to other methods of physical
restraint or no restraint.

Because direct measurement of animal welfare, stress and suffering is not possible, the outcomes
used for the assessment of this procedure (electro-immobilisation) on animal welfare was based on
indirect measures, including behavioural indicators (aversive behaviour) and physiological indicators
of pain and stress (activation of the sympathetic nervous system and hypothalaic-pituitary-adrenalaxis). Studies reporting other physiological effects (not directly linked to stress and pain (e.g. cardiac
fibrillation)) were grouped separately.

Studies performed on animal models for the safety of human neuro-muscular immobilisation devices
(TASER ® etc.) are predominantly performed on anaesthetised subjects. The physiological effects of
these devices were considered separately as anaesthesia could influence the outcomes.

No limitation was placed on the study design although only studies reporting primary data was
considered eligible. Similar, no time limit was placed on the year of publication. Studies were,
however, limited to those for which the complete text was available in English.

Information sources
Electronic searches were conducted on the AGRICOLA, MEDLINE (Web of science), PubMed and
CABI (Web of science) databases. Databases were searched between June and December 2016. In
addition, hand searches using the references from articles retrieved and position statements of animal
welfare organisations were conducted. Full text reports from studies conducted or cited by
manufacturers were included as grey literature.
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Search
The electronic search for references was divided into two workflows, in order to simplify the search.
Both searches were conducted on all the mentioned information sources. For studies evaluating
electro-immobilisation of livestock, “electro-immobilisation” (different spellings) was used as search
term. For studies on human restraining devices (TASER® and similar devices) the search terms
((conductive energy devices) OR (conducted energy weapons) OR (electronic shocking devices) OR
(TASER)) AND (livestock OR pig OR porcine OR swine OR hog OR (Sus scrofa) OR sheep OR ovine
OR (Ovis aries) OR lam OR goat OR caprine OR bovine OR ox OR cow OR cattle) were used.

Study selection
The eligibility criteria for studies selected for this review is discussed above. Commentaries, reviews,
technical notes and correspondence were not included in the review. A meta-analysis was not
performed due to major discrepancies in the applied interventions (duration, frequency and current
strength of electro-immobilisation) and recorded variables between studies. The principle investigator
selected studies but uncertainties were discussed with the subject expert and resolved through
consensus.

Data collection process
From each study, a predefined number of characteristics were extracted and tabulated in an Excel
spreadsheet. Extracted data was rechecked three months later for irregularities and inaccuracies.
Where several studies from the same author/s were found, the methods section was scrutinised to
determine whether one study was reported in more than one publication. Equally, where a publication
reported more than one study, data from each study was extracted, evaluated and reported
separately.

Data items
Details extracted and tabulated for studies involving electro-immobilisation of livestock were: (1) the
species involved, (2) the study design, (3) study population (including number, maturity, sex and breed
of animal, if these characteristics were reported), (4) the intervention (electro-immobilisation unit as
well as current applied (amperage or voltage) and the duration of application, where these details
were available), (5) the comparisons (i.e. other methods of restraint of husbandry procedures to which
the effect of electro-immobilisation was compared), (6) outcome parameters and (7) the main reported
findings of the study. Study findings were grouped based on outcome parameters into four main
effect-groups namely behavioural outcomes, physiological reactions involving the hypothalamicpituitary-adrenal axis, physiological reactions involving sympathetic nervous system stimulation
(hormones and CVS effects) and other health-related physiological reactions (Rushen, et al., 2008).
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Similar findings were recorded for studies involving animal models for human control devices, but also
included details of the anaesthetic regime administered.

Risk of bias within studies
For all selected studies, a risk of bias assessment was performed at an individual outcome level,
according to the Cochrane Handbook for systematic reviews of interventions (Higgins & Green, 2011).
In short, this involved evaluating every outcome from every original study for the risks of bias, defined
by six categories. The categories were: (1) selection bias (random sequence generation and adequate
concealment of this sequence to study subjects and - personnel), (2) performance bias (blinding of
intervention performing personnel), (3) detection bias (blinding of outcome assessors), (4) attrition
bias (failure to report findings from all participants in a study), (5) reporting bias (reporting only the
findings from certain studies) and (6) other biases (any biases not covered in the previous defined
categories. These different sources of bias are reported in a “Risk of bias” table.
Three risk levels were established for each category, namely “Low risk” (where sufficient details were
available to suggest that selective bias was unlikely), “High risk” (where published details indicated
that selective bias was likely), and “Unclear risk” (where insufficient details were given to establish
the true risk of bias). The judgement of risk was based on the recommendations by O’Connor and
Sargeant (O'Connor & Sargeant, 2014). Note that a low risk of bias was assigned to the detection
bias domain for objective outcome measures (laboratory assays etc.) regardless of the level of
outcome assessor blinding described (O'Connor & Sargeant, 2014).

The outcome of the risk of bias assessment was included in the certainty of evidence judgement for
selected outcomes, as indicated by the GRADE system (see Risk of bias across studies below) (Ryan
& Hill, 2016).

Critical appraisal of grey literature
The included grey literature reports were also scrutinized using the AACODS checklist for critical
appraisal of grey literature (Tyndall, 2010). This checklist assesses grey literature based on six main
criteria, namely (1) authority (the person/organisation responsible for the intellectual content), (2)
accuracy (the methodological quality of the source), (3) coverage (limitation to context of the report),
(4) objectivity (presence of bias), (5) date and (6) significance (value of the item in the context of the
research area).

Risk of bias across studies
As discussed above (see introduction to systematic reviews), this review made use of the GRADE
system for evaluating bias across studies. Study design rankings are “high” for randomised controlled
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trials (RTC) and “low” for observational studies (Goldet & Howick, 2013). The experimental studies
included in this trial were assigned an initial ranking of “moderate” (Sargeant, et al., 2014). For this
review, “experimental trials” were defined as studies conducted within a controlled environment (either
specified or inferred from methods description) on a specified group of animals (a restricted number
of animals of the same breed and/or sex and/or age) (referred to as “challenge trials by some authors
(Sargeant, et al., 2014)). “Field trials” were defined as “real-world” experiments, i.e. where the study
is conducted under farm conditions on large numbers of animals.

The criteria used to downgrade the initial ranking are (1) risk of bias within studies (see above), (2)
inconsistency (particularly intervention, outcome and study design heterogeneity), (3) indirectness
(dissimilarities between study characteristics and the research question, including aspects of study
population, intervention and comparators), (4) imprecision (affected by sample size and effect size)
and (5) likelihood for publication bias (Ryan & Hill, 2016). The criteria to upgrade the initial ranking
(applicable to observational studies) include large effect size, evidence of a dose response and
accounting for confounding effects (Ryan & Hill, 2016).

The GRADE system was developed for application to systematic review involving meta-analysis,
where the statistical effect size of the same outcome can be pooled across multiple studies (Higgins
& Green, 2011). Since the study characteristics of studies involved in this review was too diverse to
be pooled, meta-analysis was not conducted but the GRADE approach was still applied, according to
guidelines by Murad et al. (Murad, et al., 2017).

Summary measures and Synthesis of results
The wide range of study designs, interventions, comparators and reported outcomes precluded the
use of an overall summary measurement, the combining of study results and the performance of a
meta-analysis. Thus, a narrative synthesis was compiled (Popay, et al., 2006). This synthesis included
textual description of included studies, tabulation of relevant study findings and developing a concept
map (Popay, et al., 2006).

ANIMAL WELFARE REGULATIONS AND POSITION STATEMENTS
Animal welfare regulations and position statements were sourced from the World Wide Web by
searching for the terms “electro-immobilisation” and “animal welfare”.

MANUFACTURERS OF ELECTRO-IMMOBILISERS
Manufacturers of electro-immobilisers were also sourced from the World Wide Web and was done by
searching for the terms “electro-immobilisation” and “cattle”. Links to products were followed to their
manufacturer/distributers websites and/or product instructions, where available. Information was
Page 97 of 108

Addendum B: Report on the welfare of livestock electro-immobilisation

sought on (1) the manufacturer and country of manufacture, (2) the availability of product instructions
(owner’s manual) online, (3) all the safety, efficacy and animal welfare claims made by the
manufacturer, (4) any safety warnings or limits of use instructions, (5) the procedures for which the
device was recommended for use, (6) the species for which the device was recommended for use,
and (7) contact details for the manufacturer/distributer. Where the contact details of the
manufacturer/distributer was available, the manufacturer/distributer was contacted via electronic mail
and asked to answer some questions regarding the product. Questions pertained to the availability of
face-to-face training, which animals/groups of animals the device was recommended and
discouraged for use, and any client reports of negative health effects of the use of the device. Where
specific animal welfare claims were made on the website, manufacturers/distributers were invited to
share any data they might have available.
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Addendum C: Narrative summaries
CARTER ET AL. 1983 – OBSERVATIONS ON THE EFFECT OF ELECTRO-IMMOBILISATION ON
THE DEHORNING OF CATTLE
Evaluated the ability of EI to reduce pain, haemorrhage and stress during and after dehorning.
Used jersey heifers (18-22 months), divided in 4 groups: group1 – just pass through race; group2 –
local block plus dehorning; group3 – just dehorn; group4 – immobiliser plus dehorn. These authors
used a clip-on EI (Stockstill), which was applied to the cheek and caudal fold. An initial current of
±120mA was applied but this stopped resp, therefore the current was reduced until resp. resumed
(magnitude not given). Dehorning done over two days. Time of EI applied: day 1 – applied for total of
15-20 sec during horn removal, day 2 – applied for 60 sec before horn removal.
Authors report (a) significant increase in cortisol levels in all dehorned animals; (b) no significant
decrease in bleeding associated with immobilisation; (c) significant rigidity in immobilised animals,
bellowing in ⅓ of immobilised animals; response to pain in immobilised animals; all animals feeding
within 10 min of release.
LAMBOOY 1985 – ELECTROANAESTHESIA OR ELECTROIMMOBILISATION OF CALVES,
SHEEP AND PIGS BY THE FEENIX STOCKSTILL
Evaluated the pain relieving ability of battery-operated EI system as a form of electroanaesthesia.
Use three species of animals: 13 Dutch-Friesien calves (10 male, 3 female) [10 EI, 3 Control], 13
cross-bred female sheep [10 EI, 3 Control], and 12 pigs [9 EI, 3 Control]. This author used the Feenix
Stockstill; electrodes clamped to the corner of the animal’s mouth and tail fold. Authors attempted to
use the highest current setting that did not impair breathing, therefore current was started, then
reduced settings until animals started breathing, increased settings later if animal was less than
adequately restraint. Settings reported based on unit’s levels but do not give indication of amperage
of setting. EI applied for 20 min.
Author reports that (a) the animals remained conscious (corneal reflex) and half remained reactive to
pain stimuli, (b) show an increase in plasma cortisol, (c) sheep and pigs showed a marked increase
in rectal temp and heart rate (not that significant in calves), and (d) one pig developed fatal arrhythmia
after exposure. In addition, it is also reported that the current level has to be increased during the
procedure, as the level of immobilisation becomes less.
RUSHEN 1986B – OBSERVATIONS ON THE AVERSION OF SHEEP TO ELECTROIMMOBILISATION AND PHYSICAL RESTRAINT
Evaluated how aversive EI is to sheep based on how reluctant they are to return to the area where EI
occurred. Used Stockstill-type immobiliser with needle electrode at base of tail and alligator clip inside
contralateral cheek. Study performed in adult Merino wethers [30]: group1 [10]: EI initially applied at
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40-60mA, immediately reduced to allow the animal to breath (all cases within 15 sec) then gradually
increased and kept at level of 30-50mA to allow regular breathing for 2 min; group2 – physical restraint
for 2.5 min; group3 – EI electrodes attached but no current applied. Procedures were repeated 4
hours later and twice the following day. Authors report a significant increase in push-up time (time to
push animal through the race to the area where the treatments were applied) in EI animals vs both
control groups.

This paper also presents findings from related studies, but these were not included since too little
detail of studies are supplied – only results, no methods.
RUSHEN 1986A – AVERSION OF SHEEP TO ELECTRO-IMMOBILIZATION AND PHYSICAL
RESTRAINT
Experiment 1
Looked at averseness of EI vs. physical restraint and if sheep “remembers” the experience. EI used
for this experiment was the Feenix stockstill which uses a needle electrode inserted at the base of tail
and an alligator clip attached to contralateral cheek. A max current of 40-60mA initially applied, this
was lowered until sheep breathed regularly (final level 30-50mA), all animals breathed within 15 sec
of start. Total duration 30 sec. Used adult Merino wethers [36], that were used to human contact but
not previously exposed to EI; sheep were acclimatized to facility before testing started. Sheep divided
into 4 treatment groups: group1 [6] = free running; group2[10] = physical restraint in handling machine
for 2.5 min; group3[10] = EI; group4[10] = EI attached but not turned on. Procedure was repeated 4
h later and twice daily for 3 days. Transit time and push-up time were recorded. Animals also reexposed 12 weeks later.
Findings: Results are reported only as graphs of means (no indication of data spread); text only refers
to interaction of trial vs. treatment. Transit time and push-up time increases over the first four
treatments for EI, PR, + EI-attached, which was the most for EI, but this effect levelled off for the last
three treatments. But there was significant interaction between trial no and treatment for both these
variables reported (i.e. the increase is not the result of either treatment or trial no alone but due to the
interaction of the two). Transit time on re-exposure significantly longer than initial time, particularly for
EI group.

Experiment 2
Investigated if the increased time was due to learned behaviour vs. muscle soreness, if prior
experience reduced the aversiveness and if amplitude and duration of immobilization had an effect
on aversiveness. Total of 40 adult Merino wethers used: 28 previously exposed to EI, 12 with no
experience – allocation to groups not stated. EI-unit not described. Following treatment groups:
GroupA = EI for 1 min at 30mA; GroupB = EI for 1 min at 60mA; GroupC = EI for 3 min at 30mA;
Page 100 of 108

Addendum C: Report on the welfare of livestock electro-immobilisation

Group D = EI for 3 min at 60mA. Constant current was applied for the first 60 sec (time to breath
measured). If sheep did not breath by 60 sec, current was reduced until sheep breathed, then
gradually re-increased.
Findings: Note that author only reports averages, no indication of data spread. Average transit time
after EI increased significantly – this increase was significantly more in sheep without prior experience
vs. those with prior experience, but was not influenced by level of current or duration of EI. Push-up
time and latency to breath were longer for 60mA groups – the increase in push-up time was
significantly mediated by latency to breath time. Sheep had no problem in running through the race
in the opposite direction.
RUSHEN & CONGDON 1986 – RELATIVE AVERSION OF SHEEP TO SIMULATED SHEARING
WITH AND WITHOUT ELECTRO-IMMOBILISATION
Examines whether EI reduces the averseness of shearing. The EI-unit used was the Feenix Stockstill,
with one electrode (needle) inserted at the base of the tail and other (alligator clip) attached to inside
of contralateral cheek. The current applied was 30-35mA for 2 min, but this was reduced if the animal
had difficulty breathing and all exposed animals resumed breathing within 20 sec of onset. Used adult
merino wethers [42], divided into 4 treatment groups: group1 [10] = free running – just chased down
the race; group2 [11] = simulated shearing (SS) – mock-sheared for 2-2.5 min; group3 [10] = EI while
in raising harness; group4 – SS + EI. Entire procedure was repeated twice daily for 4 days.
Authors report (a) a significant increase in push-up time (time to push animals through the inside race
to the shearing area) for subjects exposed to EI, particularly for SS+EI group, (b) transit time also
increased for EI groups.
GRANDIN ET AL. 1986 – ELECTRO-IMMOBILIZATION VERSUS MECHANICAL RESTRAINT IN
AN AVOID-AVOID CHOICE TEST FOR EWES
Compared the averseness of electro immobilising vs. squeeze tilt in sheep by observing which
treatment the sheep choose. Used three different EI’s for the three trials but all for a period of 5
seconds; settings were “40” (Vet-master), “200mA” (Stockstill) and “low-range 10” (Little Seize’er)
respectively. EI was applied by attaching a spring clamp electrode to upper-lip mucous membrane
and a needle electrode inserted under rump skin 5cm from the spine and spring-clamped to the wool.
Suffolk ewes, 12 naïve animals per trial, 3 decoys kept in kraal; animals had never been exposed to
any of the restraining methods. Ewes trained on the day before testing to become accustomed to the
testing facility. On treatment pass, half the ewes were exposed to EI and half were exposed to
squeeze-tilt table; the next four passes were choice passes where the ewes could select treatment.
Choices were only analysed when a ewe had experienced both treatments.
The authors found that (a) sheep selected squeeze tilt significantly more than EI, (b) sheep that
choose EI registered more hesitation, and (c) significantly more sheep refused the feed reward after
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EI. Note that amount of vacillation and hesitation increased for both restraining devices. The effect of
applying the EI device was not evaluated on its own. The authors also report that one device caused
transient partial collapse of the rear quarters of some animals.
PASCOE & MCDONELL 1986 – THE NOXIOUS EFFECTS OF ELECTROIMMOBILIZATION IN
ADULT HOLSTEIN COWS: A PILOT STUDY
Focused on whether a short period of EI would be regarded as a noxious stimulus. Holstein cows (10)
were acclimatised to procedure, including placement of ECG clips and EI electrodes. Cows were
divided into 2 groups; evenly matched for temperament [There is reason to question this since the
heart rate graph suggest that HR for treatment group were higher than control group at 1/3 of preexposure measures]. EI (Stockstill) for 30 sec at 80mA followed by conditioned stimulus (CS=high
pitch sound); 10 repetitions over 8 days. Authors found (a) significant increase in walking time (to
move into facility) following EI, (b) HR before exposure for cows exposed to treatment tend to increase
while that for unexposed cows tend to decrease (HR increase for treatment cows: from ±70bpm to
100-170bpm), (c) HR after exposure decreased as the number of exposures increased. Authors note
that (1) don’t know how EI will compare to other noxious stimuli, (2) done in tame cows in this
experiment – may not relate to untrained beef cattle which may find physical restraint very noxious.
JEPHCOTT ET AL. 1986 – EFFECT OF ELECTROIMMOBILISATION ON OVINE PLASMA
CONCENTRATIONS OF Β-ENDORPHIN/Β-LIPOTROPHIN, CORTISOL AND PROLACTIN
Looked at the effect of EI on plasma β-endorphin/β-lipotrophin, cortisol and prolactin, as an indication
of stress induced by the procedure. EI unit used was the Feenix Stockstill which constitutes one
electrode (needle) inserted into the skin at the base of the tail, the other electrode (alligator clip)
attached to contralateral cheek. A current of 44mA were applied for 2 min to the exposed group. Used
Merino wethers [19] divided into 3 groups: group1 [3] = only held by handling machine for 2.5-5 min;
group2 [8] = handling machine + electrodes attached for 2.5 min; group3 [8] = handling machine + EI
for 2 min; Note that results for groups1 and 2 were combined for analysis. Treatment applied twice
daily for two days with 3 hours min between treatments.
Results: β-endorphin/β-lipotrophin increased after EI; increase was significantly more than controls.
In all three groups plasma cortisol concentration showed an increase at handling, a peak at 10 min
after treatment administration started, and returned to pre-exposure levels by 25-45 min. The increase
in EI animals were, however, significantly more and sustained for longer than the other two groups;
no difference were found in the first vs. the fourth trial. Prolactin levels also increase over the period
of handling but there was no significant difference between the different groups. Notes: authors
remark that it could be argued that the increase in β-endorphin/β-lipotrophin and cortisol may be due
to direct electro-stimulation of the pituitary to release these hormones, but that the absence of an
increase in prolactin argues against this conclusion.
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PASCOE 1986 – HUMANENESS OF AN ELECTROIMMOBILIZATION UNIT FOR CATTLE
Looked at EI as method of restraining large animals. Holstein cows (20) were trained to use facility
and for ECG placement. Control phase (7 sessions) – cows were moved to facility, rectal and mouth
electrodes applied but no current administered, ECG (heart rate) recorded for 3 min, then Conditioning
stimulus (CS)=high pitch sound for 10 sec plus ECG recorded. Treatment phase (10 sessions):
groupA (HS)- EI (Stockstill) for 15 sec of 220mA immediately after CS; groupB (LS) – EI for 30 sec
of 80mA; groupC – control; groupD – 10ml saline IM with 18G needle; ECG recorded for 1 minute
after stimulus treatment. Extinction phase (10 sessions) – no treatments. Also recorded cow
expressions for last treatment + all extinction sessions and showed this to independent cow experts.
Findings: (a) exposure to EI increased the time taken by cows to move into the facility, particularly the
HS group, (b) heart rate of exposed animals increased significantly (HR increase for HS group was
from ±76 bpm to ±82bpm, and for LS group ±76bpm to ±90bpm [but average HR of exposed group
appears to have been higher than control groups prior to experiment]), and (c) both EI groups received
higher mean distress scores than other two groups. Authors notes that this study was conducted in
TAME animals and that the reaction of untamed animals might be different.
RUSHEN & CONGDON 1986 – SHEEP MAY BE MORE AVERSE TO ELECTROIMMOBILISATION
THAN TO SHEARING
Looked at whether EI is more aversive than shearing by giving sheep a choice between the two
procedures. Used the Feenix Stockstill unit with one needle electrode inserted into the skin at the
base of the tail and the other, an alligator clip, positioned on the opposite cheek; EI was applied with
current of 30-35mA for 45-60 sec. Control treatment was being partially shorn in “normal manner” for
45-60 sec. Used adult Merino weather [12]. First exposed to both treatments; thereafter allowed 12
free choices.
No strong preference was found, although the results suggest that sheep might lean towards
shearing. Note: the presented results look funny – it is strange how the number of choices against EI
seem to correlate with the sheep number…
RUSHEN & CONGDON 1987 – ELECTRO-IMMOBILISATION OF SHEEP MAY NOT REDUCE THE
AVERSIVENESS OF A PAINFUL TREATMENT
Evaluated whether adding EI to a “painful” treatment will make it less aversive. Used adult merino
weathers [32] with no prior experience to EI. Used the Feenix Stockstill unit with electrode one = a
needle inserted into the skin at the base of the tail and electrode two, an alligator clip, clipped onto
the opposite cheek. EI was applied with current of 35-40mA for 30-35 sec – this level was chosen to
produce general immobility and rigidity, and cessation of breathing for an average of 20 sec. Each
animal was subjected to one of four treatments: group1 [8]- Noise of shearing for 25 sec; group2 [8]
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– patch of wool shorn in rough manner for 25 sec; group3 [8] – EI + noise of shearing; group4 [8] –
EI + shearing. Procedure repeated for total of four trials on day 1 and another four on day 2.
Results: Push-up time increased for all groups. EI did not make abrasive shearing less aversive.
JEPHCOTT ET AL. 1987 – A COMPARISON OF THE EFFECTS OF ELECTROIMMOBILSATION
AND, OR SHEARING PROCEDURES ON OVINE PLASMA CONCENTRATIONS OF ΒENDORPHIN/Β-LIPOPROTEIN AND CORTISOL
Evaluated the stress response to EI and/or shearing. Used the Feenix Stockstill (needle electrode at
base of tail, alligator clip electrode inside the contralateral cheek) at 44 mA for 2 minutes. Other
treatment was simulated shearing (SS): shearing hand piece moved across body but no wool
removed. Used adult Merino wethers [40] divided into five treatment groups: group1 [9] – restraining
harness+ EI + SS; group2 [9] – restraining harness + EI; group3 [9] – restraining harness + EIelectrodes + SS; group4 [9] – restraining harness + EI-electrodes; Group 5 [4] – fully shorn. Note that
different comparisons involve different group sized: those involving group 5 only used the data from
the first 4 animals of the other groups (took 2 days to complete everything on all groups), while those
involving only the other 4 groups use 9 animals.
Results: EI and simulated shearing increased both β-endorphin/β-lipoprotein and cortisol levels
compared to fully shorn controls and own baselines, but returned to normal within 60 minutes max.
When comparing EI, EI+SS and SS groups, the two EI groups had significantly higher cortisol for the
period 10-45min after exposure compared to SS alone group. Thus, EI seem to be more stressful
than shearing or simulated shearing.
JEPHCOTT ET AL. 1988 – ELECTROIMMOBILISATION AND OVINE PLASMA CORTISOL
CONCENTRATION: EFFECT OF CURRENT INTENSITY, CURRENT DURATION AND DIAZEPAM
Compared the cortisol reaction (as an indication of stress) to EI at different intensities and durations,
as well as when done in conjunction with diazepam administration. Used merino wethers [42]. EI unit
used was the Feenix Stockstill which attach one electrode to the tail (needle under the skin at the
base of the tail) and other to the mouth (clip to contralateral cheek). Animals were divided into seven
groups: group1 [6] = EI at 40mA for 1min; group2 [6] = EI at 30mA for 1min; group3 [6] = EI at 60mA
for 1 min; group4 [6] = EI at 40mA for 2 min; group5 [6] = 40mA for 4 min; group6 [6] = Diazepam
(0.2mg/kg IV) given 15 min before EI at 40mA for 1min; group7 [6] = EI attached for 4 min but no
current attached.
Results: Significant increase (compared to baselines) were seen in all groups by 10 min postexposure and remained high until at 60 min post-exposure. Higher EI currents resulted in a greater
cortisol increase. There was no significant difference between the different lengths of EI exposure.
Diazepam had no effect on cortisol increase.
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JEPHCOTT ET AL. 1990 – EFFECTS OF ELECTROIMMOBILISATION ON BLOOD GAS AND PH
STATUS IN SHEEP
Evaluated the effect of EI on blood gas, pH and haemoglobin concentration to determine if the
previously observed hormonal, metabolic and behavioural changes is due to the temporary apnoea
caused by EI. Used Merino ewes [17]. Used the Feenix Stockstill Unit attached to mouth and base of
tail, at three different levels namely no current, 40mA and 60mA, all for 60 sec. All animals were
exposed to all three levels in a randomised order, with long “flush-out” periods between treatments
(min of 3 weeks between EI exposures; min of 1 week between any treatments).
Results: Muscle rigidity decreased towards the end of EI. EI consistently caused cessation of
breathing; the higher the EI current, the longer it took animals to restart breathing. During EI pO2 and
blood pH decreased significantly (acidosis), while and pCO2 and arterial haemoglobin increased
significantly. Significant correlation between all these factors and current strength. Compensatory
changes are seen in all parameters after the current is switched off. Notes: Suggests that the effects
on haemoglobin concentration is due to effects of sympathetic nervous system activation
(adrenalin/noradrenalin release causing splenic contraction). Cessation of breathing assigned to
tetanic contraction of resp. muscles, it’s not clear what causes resumption of breathing. Continued
decrease in arterial blood pH is consistent with heavy isometric exercise – suggested that contracting
muscles have poor blood flow, therefore resulting in anaerobic glycolysis and build-up of lactic acid.
KUCHEL ET AL. 1990 – PHYSIOLOGICAL AND BIOCHEMICAL CONSEQUENCES OF
ELECTROIMOBILISATION IN CONSCIOUS SHEEP
Evaluated the effect of EI on cardiovascular and biochemical parameters in the absence of other
stimuli. Used surgically prepared adult Merino ewes – a total of 15 used but not all vere sampled at
every collection point. EI device used was the Feenix Stockstill “modified to allow accurate setting of
low currents”; used current of 35mA delivered for 30 min.
Results: EI caused a significant, sharp increase in Cardiac output (CO), due to sharp increase in heart
rate (HR) and mean arteria pressure (MAP) upon initiation. CO remained elevated, mainly due to
retained elevated HR; MAP elevation halved by 10 min after EI started and was close to normal by
the end of EI. Blood flow to kidneys and liver were significantly decreased for the duration of the
application, while hind quarter blood flow were significantly increased.
Concerning metabolic variables, lactate concentrations in hindquarters, liver and kidneys increased
sharply immediately after EI was switched on and, although it showed a sharp decrease in the next
measurement, it remained significantly elevated for the duration of EI, but returned to normal soon by
the end of the monitoring period. Renal, hepatic and hindquarter glucose levels also increased
significantly during EI period; these also returned to pre-exposure levels by the end of the monitoring
period. Authors wrote that decrease of hindquarter lactate towards the end of the EI period, could be
due to the reduction in muscle tension, allowing the increased blood flow (with oxygen and glucose
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influx) correct muscle metabolic homeostasis. Increased liver glucose efflux suggest increased liver
glycogenolysis and gluconeogenesis.
Both arterial and venous blood shows significant decrease in pH during EI; venous blood pH starts to
move towards pre-exposure values soon after EI is started. PO2 is variable over entire period; PCO2
first increases significantly and then decreases significantly – it reaches pre-exposure levels ±40 min
after EI ended. Whole body O2 influx and Hind quarter O2 net influx increases significantly for the
duration of EI. Authors suggest reasons for all these changes, including lactate as cause of acidosis.
Recovery from EI occurred for all variables in approximately 30 min and there was no evidence of
life-threatening changes induced by EI.
MCCOSKER ET AL. 2010 – MORBIDITY, MORTALITY AND BODY WEIGHT GAIN OF
SURGICALLY SPAYED, YEARLING BRAHMAN HEIFERS
Primary aim of this study was to determine the effects of different cow spay methods on heifers in the
field. It was included in the EI study because one of the spay methods (flank laparotomy ovarectomy)
uses EI as the main method of restraint. Only study 1 is included in EI analysis. EI unit used was the
Stockstill; no indication of how electrodes attach to animal in this particular model. Animals used were
Brahman heifers [600], divided into 3 groups [200 per group]. Controls = Just restrained, ear-tagged
and ear-marked; WDOT = manual restrain, ear-tagged and –marked, spayed with dropped ovary
technique, average total procedure length was 2 min; Flank spay: manual + EI restraint (max EI
current that allowed for breathing, ear-tagged and –marked, ovarectomy by flank laparotomy (no local
analgesia), average total procedure length was 3 min.
Results: Control animals had significantly higher body weight (21 and 42 days post-op), live weight
gain (entire post-op monitoring period) and fat depth (42 days post-op) than treatment groups but no
differences between treatment groups.
PETHERICK ET AL. 2013 – EVALUATION OF THE IMPACTS OF SPAYING BY EITHER THE
DROPPED OVARY TECHNIQUE OR OVARIECTOMY VIA FLANK LAPAROTOMY ON THE
WELFARE OF BOS INDICUS BEEF HEIFERS AND COWS
Primary aim was to compare the welfare impact of two bovine spaying methods. EI unit used:
Stockstill immobiliser with one electrode inserted into the upper lip and the second into the rump/tail
base area; amperage was adjusted to allow breathing, EI for ± 1minute. Used Brahman cows [50]
and heifers [100]; blocked for flight speed and BW gain; assigned to one of 5 treatments, then group
into 10 replicates (heifers) and 5 replicates (cows). Treatment groups were: (1) PR = physical restraint
– physical restrain in cattle squeeze chute with head-gate for period of blood sampling and 1 min
afterwards. (2) DOT – dropped ovary technique spaying while physically restrained, entire procedure
completed within 2 min. (3) MAI = Mock artificial insemination with AI gun while physically restraint,
procedure took ±1 min to complete. (4) FL = Flank laparotomy spaying, which included physical
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restraint, EI and flank laparotomy with removal of ovaries, entire procedure took ± 3 min. (5) EIM – EI
as described above.
Results: This study reports many outcome parameters and some data is log 10 transformed. No
significant differences between EI and PR groups for morbidity, mortality (neither treatment groups
had any deaths), fat depth and body weight increases. Plasma NEFA also showed no significant
difference between EI and PR. Increase in serum haptoglobin (acute phase protein) for EI was
intermediate – more than PR but less than FL. Plasma cortisol (bound and unbound) were not
significantly different for heifers when comparing EI and PR groups; for cows, there was a significant
increase for EI group compared to PR group until 24h post-procedure. For plasma CK and AST,
heifers showed a significant elevation in levels compared to PR and MAI until 96h post-procedure,
while cows showed a significant elevation compared to PR and MAI until 24h post-procedure.
Behaviour findings difficult to interpret meaningful since authors developed their own scale. Three FL
animal reported with radial nerve palsy, ascribed to compression of radial nerve against head clamp
during EI.

WEBB N.D. – ELECTRONIC NEURAL STIMULATION FOR PHYSICAL RESTRAINT IN BOS
TAURUS: AVERSIVENESS AND HUMANENESS CONTRASTED WITH SQUEEZE CHUTE
METHODOLOGY
This study aimed to compare EI with squeeze chute restraint. EI unit used: RAU animal immobilizer,
with bipolar rectal probe – claims that this probe “creates a very localized electronic stimulation of
specifically the femoral nerve, which is propagated into the spinal column without significant
conduction through collateral tissue thereby eliminating any “shocking” sensation”. Used mature Bos
Taurus cows [17] divided into test group (TG) [6] and control group1 (CG1) [6] and control group2
(CG2) [6]. TG = EI without head clamp or squeezing; CG1 = restraint with head clamp and squeezed
in hydraulic chute; CG2 = EI probe inserted but not turned on, no head clamp or squeeze chute.
Results from CG2 is not reported. Procedure for test: (a) Pre-exposure – same restraining method for
all to collect baseline; restraining method not specified in report. (b) Four conditioning cycles with
restraining according to group allocation (Comment – this actually included pre-exposure cycle; thus
only 3 exposures to test item before final cycle). (d) Final (5th) cycle = aversive response recorded.
Results: Only reports findings of TG vs. CG1. Reports improved behaviour observations in both TG
and CG1 from station to station and from cycle to cycle, with TG similar or better than CG1 (does not
define what was observed with behaviour observations). No significant changes in “feed response”
(eagerness to consume feed reward); animals were significantly less eager to eat in first isolation pen
than in the exit pen – author concludes that this demonstrates that removal from the herd is worse
than any of the used handling procedures. No significant differences in time to feed between the
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different groups. Heart rate, rectal temperature and respiratory rate were better for TG vs CG1 – report
only states averages with no indication of spread or statistical significance of results.

ANONYMOUS N.D. - AN INVESTIGATION OF DAIRY COW RESPONSE TO STIMULATION BY
THE CATTLE IMMOBILIZER
Evaluate the plasma cortisol response to cattle immobiliser. Used “predominantly Holstein-Friesian
breed” lactating dairy cattle [12]. Did two “trails” three days apart – i.e. each cow received two
treatments. EI unit used = Pacifier. Three groups: Setting 2 [4+4] – EI for 2 min at level 2; Setting 4
[4+4] – EI for 2 min at level 4; Control [4+4] – EI-probe inserted but not connected.
Results: Transient statistically significant increase in [plasma cortisol] at 15 min after EI for EI at setting
4, returned to non-significant by 30 min; no other values were significantly different from controls.
Authors comment that marked individual variation was seen in [plasma cortisol], but data reported
were only group means and overall SED. Breathing pattern remained normal for all animals and no
paralysis were seen.
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