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Preface

Whenever animals are used in research,
minimizing pain and distress and promoting
good welfare must be as important an objec-
tive as achieving the experimental results.
This is important for humanitarian reasons,
for good science, for economic reasons and in
order to satisfy broad legal principles such as
those stated in the European Convention and
Directive on animals used for experimental
and other scientific purposes (Council of
Europe 1986, European Community 1986),

Correspondence to: Dr Penny Hawkins

Laboratory Animals (2003) 37

the New Zealand Animals Welfare Act 1999
(New Zealand Government 1999), the United
States Animal Welfare Act and Health
Research Extension Act (see National
Research Council 1996) and the UK Animals
(Scientific Procedures) Act 1986 (Home
Office 2000).

It is possible to refine both husbandry and
procedures to minimize suffering and
improve welfare in a number of ways, and
this can be greatly facilitated by ensuring
that up-to-date information is readily avail-
able. The need to provide such information
led the British Veterinary Association Ani-
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mal Welfare Foundation (BVAAWE), the Fund
for the Replacement of Animals in Medical
Experiments (FRAME), the Royal Society for
the Prevention of Cruelty to Animals
(RSPCA) and the Universities Federation for
Animal Welfare (UFAW) to establish a Joint
Working Group on Refinement. This is under
the chairmanship of David Morton and with
a secretariat provided by the RSPCA. The
RSPCA is opposed to experiments that cause
pain, suffering, distress or lasting harm, but
all members of the Working Group share the
common aim of replacing animal experi-
ments wherever possible, reducing suffering
and improving welfare while animal use
continues.

1 Aims of this report

This report is intended to help scientists,
animal technicians, veterinarians and mem-
bers of ethics or animal care and use com-
mittees to refine all aspects of telemetry
procedures, from the project planning stage
through to reporting finished research. It is
published in two sections; this part (A) which
is concerned primarily with procedures, and
Part B (Hawkins et al. 2004) which addresses
refinements in husbandry for rodents, dogs
and non-human primates used in telemetry
studies. It is strongly recommended that both
reports are used together to ensure that suf-
fering is minimized and welfare improved
throughout these animals’ lives.

Although this report was produced in the
UK, it is intended for an international read-
ership and refers to international legislation
on animal use as well as to the UK Animals
(Scientific Procedures) Act 1986 (A(SP)A).
Some of the statements and recommenda-
tions are made with reference to ‘cost/benefit
analysis’ which is critical in the imple-
mentation of the UK Act. Not all animal
research regulations mandate a cost/benefit
analysis, but it is an extremely important
concept and one that many people and
establishments employ, regardless of
whether or not it is a requirement of their
national legislation.

The report is focused primarily on ‘costs’ or
‘harms’ caused by procedures, but it is
important to remember that these can be

exacerbated or even exceeded by inadequate
or unempathetic catching, handling, trans-
port, husbandry, socialization and euthana-
sia. It is essential that all of these potential
harms are considered in full and, similarly,
that the benefits which may accrue from
each project involving telemetry, including
their potential application, should be subject
to critical scrutiny. This report, therefore,
aims to provide guidance for the scientists,
technicians and veterinarians who will be
conducting procedures on the animals
involved and caring for them, in addition to
those regulatory bodies that ‘require’ tele-
metered data (see ICH 2000) and those
licensing authorities or ethics committees
responsible for granting permission for
research projects.

2 Telemetry and data logging

Biotelemetry is defined as the remote detec-
tion and measurement of a human or animal
function, activity, or condition (Merriam-
Webster 2002). This encompasses a broad
range of techniques of varying invasiveness
including video monitoring, non-contact
thermometry, radio tracking and the use of
internally or externally mounted remote
sampling systems.

The present report focuses exclusively on
refinements in the use of internally or
externally mounted devices for transmitting
or storing (logging) physiological data from
experimental animals in the laboratory and
in the field. This is because these techniques
require specialist implantation surgery and/
or the fitting of external devices, which can
cause suffering to animals in the short and
long term if appropriate procedures and
refinements are not implemented. The term
‘telemetry’ will be used to refer to both bio-
telemetry and data logging, as their impact
on individual animals is broadly similar. For
a useful review of the application of tele-
metry, see Kramer et al. (2001).

Telemetry is often presented as a refine-
ment, in that it can reduce or eliminate stress
caused to animals (e.g. by restraint), but it is
vital to remember that telemetry, like all
other procedures on animals, also needs to be
refined. The impact of telemetry on animals
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in practice depends on the nature of the
chosen technique and protocols—whether
they involve surgery; the bulk (mass and
volume) of the devices used; whether the
technique necessitates husbandry that
restricts the subjects’ abilities to express a
range of desirable behaviours; and, very
importantly, whether the investigator has
fully researched ways of refining both proce-
dures and husbandry.

3 How to use this report

We recommend that this report (Part A) is
read as a whole and in conjunction with its
companion report (Part B, Hawkins et al.
2004), but it is also possible to use individual
sections depending on the reader’s particular
requirements. The sections in Part A are set
out in chronological order, beginning with
the factors that need to be considered when
making decisions regarding the justification
for individual projects. The report then con-
siders experimental design, choosing or
designing a device and deciding on the
method of attachment and device location
before covering general refinements in sur-
gical implantation.

Following surgery, the report considers the
re-use of animals, the removing of devices
and the potential for rehoming animals.
Refinement issues associated specifically
with telemetry studies using wild animals in
the laboratory or field have been addressed
separately in Section 11. The Working Group
has also listed information that ought to be
included when writing up studies involving
telemetry, as a means of disseminating best
practice. It is also vital that everyone
involved in telemetry and data logging pro-
jects is well informed about new technolo-
gical developments, as reductions in device
size and new applications may enable further
reduction of the impact of techniques on
animals and improved experimental design.
Section 13 in this report sets out how this
can be done.

Part B to this report addresses husbandry
refinements for rodents, dogs and non-
human primates used in telemetry studies. It
includes selection of suitable individuals,
how to socialize animals, form stable groups
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and regroup animals following surgery so as
to minimize aggression, and the welfare
implications of long-term housing. This is an
essential complement to Part A for those
involved in rodent, dog or non-human pri-
mate use. Guidance for ethics or animal care
and use committees based on the recom-
mendations in Parts A and B is also available
at www.lal.org.uk/telemetry/.

The Working Group recognizes that tele-
metry is a rapidly expanding and changing
field, and stresses that it is essential to
research emerging technologies and new
information in all the areas covered by this
report when planning projects involving
telemetry. The approaches to refining
experimental design and animal care will
remain valid, however, as will the basic
principles on the refinement of scientific
procedures and maximizing information
obtained from telemetry studies.

4 Harms and benefits associated with
telemetry

The welfare of experimental animals
involved in telemetry studies should be given
a high priority, not only because animals
matter as individuals in their own right, but
also because good welfare is essential for
good science. It is often assumed that trans-
mitters will have no negative impact on
the animals in whom they are implanted
(Einstein et al. 2000, Murray & Fuller 2000),
but this is rarely (if ever) the case. A com-
prehensive assessment of the possible harms
and potential benefits associated with
obtaining data by telemetry should be carried
out for each proposed study as part of the
overall cost-benefit assessment. Note that
this should be reviewed throughout the
duration of each project and should not be
regarded as something that only needs to be
done at the project planning stage. Section
4.1 aims broadly to set out potential harms
(i.e. areas where telemetry needs to be
refined), while Section 4.2 lists possible
benefits (where telemetry could represent or
facilitate a refinement).

Telemetry and data logging are relatively
commercialized fields, and devices are fre-
quently marketed as easily implemented and


http://www.lal.org.uk/telemetry/

Refinements in telemetry procedures

265

essential scientific tools. Telemetered data
are also increasingly used to fulfil regulatory
requirements—while not obligatory, it may
only be the only way to provide data that
fulfil the requirements of regulatory bodies
(e.g. ICH 2000). It is therefore essential fully
to consider the type of data required, its
potential applications and scientific neces-
sity, and to select the least invasive method
of data acquisition that will provide mean-
ingful and necessary results in each case.
This should be assessed in depth by the
appropriate local ethics or animal care and
use committee for each project.

All of the recommendations made in this
report are intended to guide ethics or
animal care and use committees as well
as individual scientists, animal techni-
cians and veterinarians. Additional gui-
dance and discussion topics aimed
specifically at ethics or animal care and
use committees are set out at www.lal.
org.uk/telemetry/.

Recommendations:

e Make sure that there is a genuine
scientific requirement for data obtained by
telemetry or data logging; question
regulatory requirements if necessary.

e Ensure that the welfare of animals on
telemetry studies is given a high priority.

e Regard the assessment of the harms and
benefits associated with telemetry as an

Table 1

ongoing process, not a single event—
regularly review all of the issues set out in
this report.

4.1 Potential harms associated with
telemetry

There are three key sources of harm asso-
ciated with telemetry that can be refined to
reduce suffering and distress:

(1) surgical implantation or attachment pro-
cedures;

(2) the physical impact of the device on the
animal once it has been implanted or
fitted; and

(3) distress induced by housing animals indi-
vidually and by prolonged housing in the
laboratory.

Issues 1 and 2 are the main focus of this
report (Table 1 lists relevant sections), while
3 is covered in Part B. Further considerations
for studies involving wild animals in parti-
cular are included in Part A and listed in
Table 5, Section 11.

Recommendations:

o Ensure that all the potential harms to
animals have been set out as fully as
possible for each project, that the
potential for minimizing them has been
fully researched, and that all possible
refinements are implemented.

e Use Parts A and B of this report to think
about the lifetime experience of each

Potential harms associated with the use of telemetry and report Sections that address them

Anaesthesia or sedation
Surgical stress
Post-surgical pain and discomfort

mass, dimensions or location)
Wound breakdown
Chronic adhesions; inflammatory lesions; seroma

the animal

o Impeded movement, skin/fur/feather abrasion from harnesses, jackets and poorly placed

devices

Chronic postoperative discomfort and pain due to presence of the device (e.g. due to

Physiological stress and disturbance of energy balance due to the extra load imposed on

Individual housing due to undesirable attention from conspecifics to external devices and

Section 8
Section 8
Section 8
Section 7

Section 8
Section 8
Section 7

Section 7

Part B*

mountings; periods of isolation for experimental purposes

e Prolonged housing in the laboratory due to reuse, especially dogs and primates

Part B and Section 9

*Hawkins et al. (2004)

Laboratory Animals (2003) 37
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individual animal used in telemetry
studies and be aware of all the potential
adverse effects (likely and unlikely) that
they may experience.

4.2 Opportunities for refinement using
telemetry

Potential benefits of telemetry are set out in
Table 2. It is essential that these are as
meaningfully, comprehensively and critically
considered with regard to the potential harms
to animals. In particular, it is important to
ensure that all benefits are taken full advan-
tage of wherever possible and that any asso-
ciated drawbacks are addressed and
minimized, so that animal welfare and sci-
entific validity are improved and suffering is
reduced.

Recommendation:

o Consider using telemetry if it will reduce
overall suffering, enable the use of fewer
animals, or provide more valid, relevant
data (without causing additional
suffering)—but ensure that you do
everything that you can to minimize
discomfort, pain and distress.

e For ethics and animal care and use
committees: ensure that the scientific
benefits of each study, including the
reasons for using telemetry, have been
fully set out and weighed against all of the
potential harms to animals.

4.2.1 Refining procedures using telemetry

It is very widely recognized that telemetry
can reduce stress to animals because it
reduces or eliminates the requirement for
external instrumentation, restraint or

Table 2 Potential benefits of telemetry

tethering. Telemetry can also provide objec-
tive biological evidence of animal well-being,
such as variations in heart rate, blood pres-
sure and body temperature, that may reflect
acute or chronic discomfort, stress, distress,
pain and fear. This applies to both experi-
mental and husbandry procedures (e.g. Duke
et al. 2001, Harkin et al. 2002). In addition,
the return of variables such as heart rate to
normal circadian rhythms can be used as
indicators of physiological recovery and
readiness for procedures. It may also be pos-
sible to use telemetered variables such as
body temperature to help set humane end-
points in toxicity tests or disease models, e.g.
to detect small changes in body temperature
that signify the terminal stage of a disease
(Kort et al. 1997, 1999, Vlach et al. 2000).
Animals should benefit from this potentially
increased level of monitoring wherever pos-
sible unless, for example, this would result in
protracted periods of individual housing (but
see Part B).

The Working Group considered whether
animals should be implanted with devices
specifically for assessing and revising end-
points, or whether this should only be an
incidental benefit of instrumentation that is
a necessary part of the project. It was con-
cluded that, on a case-by-case basis, any
adverse effects associated with implantation
purely for monitoring purposes should be
considered against the potential to refine the
endpoint and the predicted level and duration
of suffering that this will prevent (see Kort et
al. 1999). Animals should not be implanted
with telemetry devices that are scientifically
unnecessary to the study unless it is certain
that they will benefit, and the balance of
harms and benefits will need to be fully and

from device attachment or implantation)

tracking or data logging studies

external apparatus

Better quality data due to reduced stress and physiological disturbance (once animals have recovered
More relevant data, as animals are able to behave more normally and even range freely, e.g. in radio

Chance of capturing occasional and transient events over a long period, e.g. abnormal heart rhythms
Reduced physiological and psychological stress, since animals are not restrained or attached to

Reduced movement artefacts, e.g. due to exteriorized cables
Possible reductions in the numbers of animals required due to more and better quality data

Laboratory Animals (2003) 37
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critically considered in each case by the
scientists as well as by the relevant ethics or
animal care and use committees.

Recommendations:

e Think beyond using telemetry solely to
obtain the scientific data that you
require—use it to assess and monitor
animal well-being and to refine procedures
and husbandry wherever possible.

o If telemetry is used in toxicology or
disease studies, regularly review the data
to see whether there are any indicators
that would enable humane endpoints to be
further refined.

4.2.2 Using telemetry to refine housing
and care

Group housing is an important need for
social species and should be provided
wherever possible to improve both animal
welfare and scientific validity. The develop-
ment of fully implantable telemetry devices
has made it possible to group-house animals
and allow them to interact with others,
because there are no externally carried
backpacks or skin buttons that could be
damaged by conspecifics, or in the case of
behavioural studies that might change their
behaviour. Part B provides essential guidance
for achieving stable group housing for
rodents, dogs and non-human primates
(Hawkins et al. 2004). However, the greater
invasiveness of the surgery necessary to fit
total implants increases the severity of pro-
cedures. This is something that must be
considered when performing a harm-benefit
assessment of proposed studies (see guidance
for ethics or animal care and use committees,
www.lal.org.uk/telemetry/).

Implants can also be used to evaluate the
physiological effects (and possibly levels of
stress) due to routine husbandry, e.g. cage
changing (Duke et al. 2001, Harkin et al.
2002). The information obtained can be used
to refine husbandry and reduce stress, for
example by helping to determine the least
stressful time of day for husbandry (or
experimental) procedures (Kramer et al. in
press).

Recommendations:

¢ Ensure that the potential to group-house
animals is given sufficient weighting
when deciding on the degree of
invasiveness for each study—social
contact is very important for many species
and individuals.

o Ensure that telemetry is used wherever it
will represent or facilitate an overall
refinement.

4.2.3 The potential for reduction

Telemetry improves data quality and quan-
tity, which can lead to a reduction in the
number of animals required for each study
(e.g. Kinter & Johnsen 1999). In toxicology
and pharmacology, telemetry may also be
able to identify dose-limiting effects of a
compound evidenced by subtle changes in
blood pressure or heart rate, so that higher
dosing studies are not required.

However, reducing animal numbers can
also increase animal suffering, and it is
important to be aware of this and make sure
that it does not happen. For example, as
implant miniaturization has progressed,
sensor functionality has increased such that
individual devices may increase in size
because more parameters are being mea-
sured. Larger batteries may be required,
which also makes devices more bulky. These
devices will be heavier and require more
invasive surgery to implant them.

Recommendations:

e Ensure that animal numbers have been
reduced as far as possible by taking the
better quality and quantity of data
obtained using telemetry into account
when designing experiments.

e Recognize that there can be a ‘trade off’
between reduction and refinement, e.g.
where fewer animals are used but devices
are more bulky or complex. Consider the
impact on each animal and do not reduce
numbers at the expense of individual
suffering.

4.2.4 Data quality

Telemetry techniques can provide better
quality data in two ways. The first benefits

Laboratory Animals (2003) 37
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science in that the results obtained can be
more meaningful and representative of an
unencumbered animal (e.g. Schnell & Wood
1993, review in Brockway & Hassler 1993).
This can also directly benefit experimental
animals if it means that procedures are less
stressful and fewer animals can be used in
each experiment. (It should be noted, how-
ever, that implanted telemetry devices can
also have an impact on results, for example
by altering dose-response curves (Einstein et
al. 2000).)

The second way primarily benefits science
in that telemetry can be used to conduct
studies that would previously not have been
feasible. For example, many investigations of
cardiac responses in animals undertaking
behaviours such as diving could not reliably
be carried out without implantable devices.
While benefits for animals can also accrue
from these studies (e.g. if they inform veter-
inary medical progress or environmental
policy making), these benefits may not be
direct. Sometimes the only immediate bene-
fit is the addition to human knowledge, and
so the justification for using telemetry in
such studies is quite different from the jus-
tification for using the technique to reduce
stress and/or animal numbers in experiments
that would have been conducted in any case.

Recommendation:

o Ensure that benefits are defined and
interpreted from the animal’s point of
view as well as from a scientific aspect
when making decisions on justification
and necessity.

5 Legal issues

There are three main categories of law that
must be complied with when planning tele-
metry studies: (i) laws regulating the use of
animals in scientific procedures; (ii) laws
regulating field studies on animals, including
releasing them; and (iii) regulations applying
to the use of electronic equipment and radio
frequency emissions. All of the relevant legal
implications must be researched and con-
sidered in full when planning projects invol-
ving telemetry. For more detail on legal
issues, see www.lal.org.uk/telemetry/.
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Recommendation:

e Research thoroughly all relevant laws
relating to animal experiments, taking
wild animals for scientific purposes, and
electronic equipment. Make sure that all
necessary permits have been obtained.

6 Experimental design

There are two aspects of experimental design
that have welfare implications and therefore
need to be carefully considered, alongside
expert advice from statisticians and device
manufacturers’ technical support staff, as
appropriate. First, data need to be carefully
managed to ensure that animals are not used
unnecessarily. Second, the layout of animal
accommodation and arrangements for the
acquisition of data should not compromise
the welfare of the animals being used.

6.1 Data and sampling

Telemetry techniques can generate extre-
mely large amounts of data. Adequate
resources in place to handle the data effec-
tively and review them regularly are essen-
tial, to ensure that the experiment is
proceeding as planned and that the system is
operating optimally. Input from a statistician
at the experimental design stage will almost
certainly be necessary to set up strategies for
effective data management and data reduc-
tion, including sampling and staging proto-
cols and selecting appropriate data
management software (Festing et al. 2002). It
may be advisable to conduct a pilot study and
collect some representative data to ensure
that data management will be adequate. If
studies are not properly controlled, problems
with experimental design may not be effec-
tively detected and this could result in ani-
mals being used unnecessarily, or data
missed, not used or wasted.

Once data are stored, a suitable program
that will allow editing to remove unwanted
or incomplete data (e.g. ‘searching signals’
that occur when the animal is out of range) is
required. If data such as 24 h heart rate or
blood pressure are generated continuously,
then it may be only necessary to use data
from, say, the first 5 min of each hour or to
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note deviations from predetermined limits.
Programs that facilitate easy access to the
required sections of the data are essential. It
is also vital to note that important data may
be missed through ‘number crunching’, so
the trade off between rapid data management
and the risk of incomplete data must be
taken into account and data should not be
discarded.

Timing of data collection is also crucial.
For example, activity counts may be more
meaningful during a dark, rather than light,
phase for nocturnal animals. When several
parameters are simultaneously recorded, the
software needs to be able to keep an accurate
time function, especially if two separate
techniques are used e.g. telemetry and video.
Variables such as heart rate and activity may
also need to be correlated and it is vital to do
this continuously as studies progress, to
ensure that the experiment is still working,
avoidable suffering is not being caused and
the animals’ time is not wasted.

Recommendations:

e Obtain expert advice on data
management, statistics and software at
the project planning stage.

e Make sure that data are regularly reviewed
and interrogated—do not let projects ‘run
away’.

o Investigate protocols for data reduction
and ‘number crunching’ but do not risk
losing important data.

e Consider animals’ time budgets when
selecting data sets for analysis; make sure
that behavioural data are accurately
correlated with physiological data
wherever necessary.

6.2 Physical arrangement of hardware

The location of telemetry systems in relation
to housing should be given careful thought to
ensure that animals have a good-quality
environment, including social housing, but
data are not lost. Stress to animals should be
minimized by considering their usual beha-
viour patterns within the experimental pen
or cage and positioning antennae where ani-
mals are likely to spend most of their time or
perform the behaviour(s) under study.

As an example, where animals are required
to perform tasks using specialized apparatus
(e.g. non-human primates using a touch-
screen computer), the equipment can be
positioned in front of an extension to the
holding pen or cage. This has two advantages;
first, the animal does not have to be captured
and moved for trials and second, the animal
can choose to sit by the apparatus and ‘work’
when s/he wants to (Pearce et al. 1998, Crofts
et al. 1999). With the receiving antennae
positioned under the extension, telemetered
data are only collected when certain condi-
tions are fulfilled, i.e. the animal is ‘work-
ing’. When the animals are not within this
area a ‘searching signal’ is recorded, which is
easily identified and removed by software
programs during data analysis.

Thoughtful positioning of hardware can
also facilitate visual contact between cages or
pens. For example, when using devices that
all transmit on a single frequency only one
animal within each cage or pen can be mon-
itored at a time. However, the transmission
distance may be short, so that animals can be
pair-housed (with one animal being implan-
ted, or both with devices that can be swit-
ched on in situ) and cages placed close
together. Using this system, pairs can see
animals from different cages and recordings
can still be made from all cages at the same
time within one room. The short transmis-
sion distance will not interfere between
cages, but only one individual from a parti-
cular pair can be monitored at a time.

By contrast, if continuous recording is
required over long periods, such as 24 h
cardiovascular monitoring, then it will be
necessary to place receivers over most of the
pen or cage area. If this is a large pen with
group-housed animals then data will only be
available from one animal at a time. Future
developments in telemetry will allow either
multiple animal recording by use of different
frequencies, even in devices suitable for
rodents, or the remote or programmed
switching on and off of transmitters.

Recommendations:
e Carefully plan housing and hardware to
maximize the potential to group- or pair-
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house animals and provide environmental
stimulation.

e Consider equipment configuration to
achieve experimental goals yet minimize
stress, e.g. locate antennae in response to
animals’ behaviour and preferred resting
places.

7 Selecting or designing a device

The primary physical impact of a device on
an individual animal will depend upon the
relative size and mass of the device, its shape,
the nature of the material from which it is
made, its site and the method of attachment
or insertion. It is vital to monitor, record and
report any adverse effects associated with any
of these to help others refine their protocols
(Section 12). Technical problems are also an
ethical and welfare issue because failure of an
implanted device may mean the waste of an
experimental animal’s life before any
research objectives have been achieved. It is
best to purchase devices from commercial
suppliers with an established support infra-
structure where possible, as these are more
likely to have a known track record and it is
easier to predict whether they will fail. It will
also be possible to ensure that all materials
are high quality, biocompatible and can be
(and are) sterilized effectively without com-
promising performance.

Decisions about acceptable failure rates
need to be made on a case-by-case basis. It is
essential to record device failure rates and
investigate the reasons for failure, liaising
with suppliers as necessary. Failure rates will
depend on the nature of the device and its
application, but as a general rule the Working
Group suggests that a 10% or greater failure
rate should be taken extremely seriously and
should instigate a review of experimental
techniques, manufacturers and suppliers.

Recommendations:

e Limit technical risks by purchasing tried
and tested equipment from a commercial
supplier wherever appropriate.

e Monitor device failure rates and fully
evaluate reasons if they become
unacceptable—always provide the
supplier with feedback.
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o If your device failure rate reaches 10%,
review both techniques and your
telemetry supplier immediately.

e Research and report both optimal and
inappropriate device shapes, dimensions,
locations, attachment protocols, etc. in
the scientific literature.

7.1 Mass of the device

Adding extra mass to animals’ bodies can
have a significant physiological impact and
cause discomfort and distress, particularly in
small species such as rodents. In the short
term, changes in body mass and behaviour
following implantation surgery in mice
indicate that well-being is impaired during
the week following surgery, not only due to
surgery but also to the mass and volume of
the device (Baumans et al. 2001; BALB/c and
129/Sv strains).

The device mass that mice are expected to
tolerate is disproportionately large in com-
parison with other species, which the Work-
ing Group believes is a serious welfare issue.
Some strains may not be large enough to
accommodate the device chosen for a study,
and failure to take this into account and
obtain expert advice when planning projects
could lead to serious avoidable suffering and
wastage of animals’ lives. For these reasons,
the justification for any biotelemetry study
using mice should be subject to particular
scrutiny. The potential to use passive trans-
ponders, which are lighter than devices with
batteries (e.g. 1.6 g as opposed to 2.7 g), or
totally non-invasive systems for mice should
also be fully explored (see Section 7.4.1). At
the time of writing, systems are becoming
available that can record ECGs from con-
scious mice via recording platforms without
restraint or implanted devices (e.g.
www.mousespecifics.com)’.

In the longer term, there is also evidence to
suggest that mechanical loading may con-
tribute to the regulation of body mass in
some circumstances. For example, in wild-
type deer mice (Peromyscus maniculatus)
there is a significant and sustained loss of

'While such systems do not require surgery, being placed on the
recording platform is likely to cause stress to mice. It is therefore
important to habituate mice to the recording procedure and to make
them feel as safe and secure as possible on the platform.
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tissue mass that varies directly with the
mass of the implant (Adams et al. 2001). The
health and welfare implications of this are
not known, but it is important to note that
adding extra mass could, in some species,
alter the ‘set point’ for body mass in the long
term. This is especially important when
using wild animals, particularly in the field.

Any device should therefore be as light as
possible, but is difficult to set out general
principles on suitable device size and/or
mass. It is an oversimplification to assume
that an implant of, say, 5% of body mass
would have the same welfare impact in all
animals regardless of body size (see Murray &
Fuller 2000). Device mass is also sometimes
compared with the mass of a mature egg in
the case of a bird or reptile, or the mass of the
offspring or litter at the end of gestation in
the case of a mammal. The Working Party
does not believe that it is necessarily accep-
table to implant or attach a device that
weighs the same as a mature egg or litter in
or onto an animal, as pregnancy and egg
development happen gradually so that the
animals’ physiology adapts to the extra mass
(and, of course, neither occur in males).

It is also important to consider the effects
of device mass on the energy costs of travel
(e.g. Croll et al. 1992, Ropert-Coudert et al.
2000). It can be calculated (see Calder 1984)
that the extra travel cost of carrying a device
weighing 10% of body weight would be about
6% in mammals and 7.5% in birds. Using
estimates of the distances travelled daily, it is
possible to calculate the likely increment in
daily energy requirement associated with
transport of devices of known mass (see Croll
et al. 1992). This will help to predict possible
impacts on foraging time, but there are likely
to be other implications for animals, for
example reduced food delivery to young
(Murray & Fuller 2000). Such considerations
are relevant to the assessment of the welfare
impact of telemetry equipment used in wild
animals in the field (e.g. Culik & Wilson
1991).

Finally, and especially for wild animals, it
is essential to take behaviour and adaptations
to significant life events such as breeding
fully into account. For example, some species
of seabird rapidly lose body mass after their

chicks have hatched, in what is believed to
be an adjustment to optimize flight efficiency
(Croll et al. 1991, Gaston & Perin 1993).
Implanting a data logger could, in some
cases, replace a significant proportion of body
mass that had been lost for an adaptive pur-
pose. Further tissue mass may be lost to
compensate for this, which could have
impact on the ability of birds to rear their
chicks and also affect the scientific value of
any data obtained.

Recommendations:

e Think carefully about the mass of the
device that you want to use and its
potential impact on the intended study
species, including its behaviour.

e For mouse studies, make sure that the
chosen strain is large enough to implant
with the device proposed for the study—it
is absolutely essential to consult widely
on this.

e Use passive transponders for mouse
studies wherever possible; research the
status of non-invasive systems.

e Question protocols that make arbitrary
statements about percentages of body
mass, or about masses of pregnancies or

eggs.

7.2 Shape and dimensions

The size and shape of the device must avoid
or minimize any compromise of the normal
physiological function or welfare of the ani-
mal in any way. Even when the relative mass
of a device may not cause discomfort or pain
per se, trauma, abrasion or prevention of
normal function can occur if the device is of
an inappropriate shape or incorrectly fitted
(e.g. see Gedir 2001). For example, a 120 mg
temperature transponder measuring 2.2 by
14 mm may represent only 1% of the mass of
a 3-week-old inbred mouse, but would be
likely to cause discomfort and interfere with
normal movement and posture wherever it
was implanted.

The length of devices may be an issue in
adult animals such as rodents or marmosets
who curl up to sleep, and it is also essential
to avoid placing pressure on the bladder, liver
or diaphragm when animals assume resting
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or sleeping postures. Where external devices
will be attached to running, flying or diving
animals, it is essential to minimize drag.
This includes reducing the frontal area of the
device, streamlining its shape and ensuring
that it is attached in an appropriate location
so as to smoothly extend the contours of the
animal (see Obrecht et al. 1988, Bannasch et
al. 1994). It is especially important to consult
with experts and to search the literature for
guidance on device shape and dimensions.

Recommendation:

e Think about the physical conformation of
the device and its potential to interfere
with the full range of postures of the
species.

7.3 Location

The primary factor to consider when deciding
on location is that device weight can cause
discomfort and pressurize adjacent tissue.
Although subcutaneous implants are gen-
erally well tolerated by rodents, large sub-
cutaneous implants in any species can result
in necrosis of overlying skin, leading to
infection, dehiscence and sinus formation. It
is preferable to site large implants in a body
cavity where possible (e.g. the peritoneal
cavity), between muscles or deep into a layer
of fat, separating the device from the over-
lying skin. This helps to prevent seromas or
pressure necrosis. However, note that pres-
sure applied to the peritoneum can be very
painful, so devices should be anchored to the
parietal (not visceral) peritoneum. In or near
the gut, pressure may cause an obstruction or
perforation of the bowel (e.g. Broadhurst et al.
1996) or even pass into the gut lumen and
leave the animal per rectum (A. ]J. Webb,
personal observations in the pig). Experience
has shown that devices located intraper-
itoneally in primates are generally well tol-
erated, provided that they are well placed and
attached so that the intestine cannot become
entwined. Subcutaneous implants, other
than small transponders, are not suitable for
primates.

In all cases, the device should be ‘balanced’
in the animal as much as possible as a uni-
lateral load can lead to device slippage and
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postural problems. Both normal and post-
operative behaviour of animals should be
taken into consideration, including lying
positions and scratching and grooming
actions. Devices should be unaffected by
limb movement during locomotion and
should not restrict it. Thought should be
given to the animals’ centre of gravity when
walking, running, flying, swimming or div-
ing, if and how this moves location, and how
devices can be positioned so as to minimize
impact on the animal’s posture and equili-
brium. For example, devices should be placed
between the scapulae in flying birds (Obrecht
et al. 1988) and attachment to the caudal part
of the body may impede thrust generation in
animals such as fish, dolphins and seals
(Bannasch et al. 1994). For semi-aquatic spe-
cies there may need to be a compromise in
practice between positioning devices so that
drag is reduced, yet animals can maintain
their balance on land (Chiaradia et al. 2003).

In fast-running mammals such as many
canids and equids, the viscera accelerate and
decelerate markedly with every stride and
any implanted devices will move with them.
This could cause pain and even tissue
damage if location or attachment is not
appropriate. As another example, male dogs
‘cock’ their legs to urinate, which may result
in implants in the flank pocket or femoral
artery catheters becoming dislodged. This
can be avoided by placing the transmitter
body in the inguinal region, ensuring that the
pocket created for the device is not too large
and that the catheter is long enough to per-
mit normal behaviour (see Section 8.1.4).
Careful observation of animals, a literature
search and consultation with colleagues
may all be necessary to position devices
correctly.

Recommendations:

e Think carefully about the potential of a
device to irritate or damage adjacent
tissue and make sure that it is
appropriately sited and anchored.

e Make sure that the device will not
interfere with exercise or posture,
including sleeping.

e Monitor behaviour and appropriate
physiological parameters to ensure that
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the physiological burden has been
minimized.

7.4 Attachment or implantation?

Telemetry devices may be totally external,
totally implanted or combine an implant that
is connected to an external device. Each
technique has advantages and disadvantages
that will need to be carefully considered
when planning a project (see also Kramer
2000, Table 1 pp 13-15) and both have the
potential to cause severe avoidable suffering
if carried out incompetently or using inap-
propriate methods. Animals may appear to
recover physically and psychologically from
any pain and distress due to inadequate
technique, but causing avoidable suffering is
ethically unacceptable.

From the animals’ point of view, the ideal
system would allow social animals to be
housed in stable, compatible groups (see Part
B) and to present a minimal risk of infection,
and would not be interfered with by the
subject or conspecifics. In practice, this ideal
may have to be balanced against experi-
mental requirements.

Recommendations:

o Consider external or internal devices (or a
combination of the two) from the animals’
point of view, paying regard to individuals’
life histories, normal behaviour of the
species and the nature of the data
required.

e Aim to use techniques that will permit as
broad a range of desirable behaviours as
possible.

7.4.1

Total implants® offer the potential benefits of
low infection rates since no devices such as
buttons or cables breach the integrity of the
skin; freedom from interference by the sub-

ject; the possibility of group housing by pre-
venting interference from other animals; and
reduced care and maintenance requirements
since there are no cutaneous exit sites (e.g.

Total implants

2We define total implants as those where there is no breach in the
animal’s skin once the device has been implanted, i.e. all incisions are
fully sutured and there are no skin buttons or other external
attachments that pass through the skin.

skin buttons) that would otherwise need
regular attention. There are, however, a

number of disadvantages and limitations
associated with total implants.

Batteries can run down or fail. Battery
depletion is a significant problem for
totally implanted telemetry devices, as
in vivo replacement is generally impossi-
ble. Power consumption can be reduced if
devices can be switched on and off in situ,
so such devices should be used where
possible to reduce animal numbers.
Recharging batteries may be possible if
devices have exteriorized cables, but this
can lead to local heat generation. Rechar-
ging batteries more slowly can reduce
this, but more prolonged restraint will
then be required and this may cause
distress.

It is likely that future devices will have
implantable, self-sealing connectors to
permit battery replacement without the
need to explant and replace the other
components. This will require a surgical
procedure, so consideration should be
given to placing the battery pack in a
superficial site so that the extent and
invasiveness of surgery is minimized.

Passive transponders that transmit
temperature, gross motor activity and
heart rate are available, and the potential
to use them should be investigated on a
case-by-case basis (see Kort et al. 1997).
Passive transponders do not require bat-
teries or refurbishment, so they are
smaller than battery-powered devices.
Some can also transmit characters that
can be used to identify particular animals,
facilitating group housing. Two disadvan-
tages are that: (i) passive transponders
have a relatively short transmission
range, so they may require larger receivers
or receivers to be placed very close to
animals which can be stressful for them,;
and (ii) they cannot, at the time of
writing, transmit signals that require
relatively frequent sampling such as ECG
waveforms or blood pressure.

e The signal may not be strong enough. In
the case of rodents housed in conven-
tional cages, an antenna covering the floor
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area of the cage can be effective in
ensuring good reception. For large animals
such as dogs who require larger housing,
careful placement of antennae and per-
haps the use of multiple receiving anten-
nae are required to ensure good reception
and complete coverage of an animal’s
living area.

e Access for in vivo calibration is generally
limited or impossible. Calibration has to
be carried out at the time of implantation
and also at explant wherever possible.

Recommendations:

o If using total implants, carefully consider
how battery life could be prolonged.

e Research the latest developments in
passive transponder technology and
battery replacement and calibration
in vivo, to see whether protocols could be
refined.

7.4.2 External devices—jackets and
backpacks

In the laboratory environment, external
devices for telemetry are usually attached to
the animal in a jacket equipped with pockets
to contain the respective components; for
field studies see Section 11.2. Jackets have
the potential to cause distress and the dura-
tion of the use on individual animals should
be limited based on clinical judgement and
known growth rates where applicable (NB:
thermoregulation studies preclude the use of
jackets).

Jackets or backpacks may be purchased
commercially from a variety of manu-
facturers or may be homemade. Suitable
materials include denim, polyester mesh or
fabric and Lycra™ (Lycra™ is very well tol-
erated by dogs), with fastenings of lacing, zip
fasteners, ‘hook and loop’ or Velcro™.
Jackets must be hard wearing and each
animal should have at least one spare for
cleaning and repairs. Care must be taken
with cleaning, as some materials (e.g. cotton)
may shrink and residues of some detergents
can cause dermatitis. Jackets must always be
totally dry before use.

Animals should be carefully selected and
trained to tolerate jackets before any surgical
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procedures are undertaken, beginning with
15 min and leading up to a few hours or
however long the experimental protocol
requires. This can greatly improve the ani-
mals’ acceptance of their jackets and reduce
stress during studies. Working with breeders
and suppliers to ensure that animals destined
for studies involving jackets become habi-
tuated and trained to accept them is also an
excellent way to reduce any distress and
potential wastage of animals.

It is also important to ensure that each
jacket fits the animal snugly and that loose
or tight areas are avoided. Jackets may be
either customized to fit individual animals
or designed with sufficient adjustment and
elasticity to allow for normal movement
and growth. Locations of pockets and open-
ings to accept devices and cables also need
to be considered. Before surgery, the jacket
should be very carefully checked on the
conscious animal for precision of fit and the
locations of cable exit sites or connector
buttons should be marked on the animal’s
skin. The animal should be conscious so
that the limbs are positioned correctly and
so that the potential for the jacket to impede
movement can be checked. It may be
necessary to sedate some primates for the
sake of their own welfare (to reduce distress)
and human safety.

Jackets should be applied early in the
working day to permit observation and
detection of any problems. Animals with
jackets should be checked at suitable inter-
vals for any complications, particularly skin
soreness or abrasions. This is especially
important where dogs are fitted with full
jackets, as these can lead to hind leg abra-
sions. Pigs will always interfere with one
another’s jackets, and dogs can also damage
jackets (often by accident) so it may not be
possible to group house them. In such cases,
the possibility of pair housing should be fully
explored before isolating animals. For indi-
vidually-housed individuals, the presence of
animals of the same species in neighbouring
pens and provision of environmental stimu-
lation are both recommended to shift ani-
mals’ attention and reduce the chance of
boredom and self-interference with jackets or
attached devices.
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The use of noxious substances (e.g. clove
oil or Bitter Apple™) on jackets to deter
interference is not recommended. Doughnut-
shaped collars that attach to the collar area of
the jacket in dogs may be helpful in pre-
venting damage to jackets without overly
restricting the dog’s movement, but note that
these collars can cause significant stress and
should not be routinely used. It is also abso-
lutely essential to check for the presence of
infections that could be causing irritation
before fitting ‘doughnut’ collars. An effective
selection and training process before fitting
and appropriate environmental stimulation
afterwards ought to prevent undesirable
behaviours when animals are wearing
jackets.

Recommendations:

e Limit the use of jackets and backpacks as
far as possible—these can cause distress.

o Ensure that jackets are individually fitted
to animals before surgery so that they will
not impede movement.

e Consider liaising with breeders or
suppliers so that animals can habituate to
jackets from an early age.

e Apply jackets early in the working day to
detect any problems.

e Group-house animals wherever possible,
using Part B to this report as guidance. If
this is not possible, house conspecifics in
neighbouring pens and provide extra
environmental stimulation.

e Only use ‘doughnut’ collars as a last
resort—try to prevent physical
interference by appropriate selection,
training and husbandry.

7.4.3 Internal devices with exterior
components, including skin buttons

Implanted transducers with cables or con-
nectors that pass through the skin to an
external signal processing device and battery
pack permit the monitoring of multiple
physiological parameters and the use of
transducers with high power requirements.
Such systems allow for battery changes, fault
finding and for easier modifications, refine-
ments and upgrades during the in vivo phase
of a study if required. The use of externally

attached components may limit the potential
for group housing, however, as the animal
may interfere with the devices or they may
affect the behaviour of other animals in the
group.

In both welfare and practical terms, the
most significant problem with exteriorized
transducers is complications at the skin-
implant interface. Ingress of infection is
quite common, as is erosion or loosening of
the skin-implant junction. It may be neces-
sary to administer antibiotics to prevent or
treat infection around skin buttons. Frequent
use or continuous ambulatory monitoring
will also increase the likelihood of irritation
at the skin-implant interface.

It can be hard to avoid problems with skin
buttons. Difficulties have been experienced
with both shaved, clean skin and when hair
growth has been allowed. The nature and
degree of complications depends on the study
species and the location at which the button
interfaces with the animals’ skin. For exam-
ple, dogs have very loosely attached skin,
especially in the region of the scruff of the
neck, where skin buttons are commonly
placed. There are fewer complications with
species that have ‘tighter’ skin such as the
domestic cow, and relatively fewer problems
occur when buttons exit the skin overlying
the skull in a range of species including gui-
neapigs, domestic sheep and humans (e.g.
Jarvik et al. 1998). Buttons should therefore
be sited where skin is relatively less mobile
wherever possible.

Ideally, skin buttons would be biocompa-
tible so that animals’ skin could adhere to
them, and new materials such as titanium
meshes are currently being researched and
developed. The Working Group believes that
total implants are thus currently to be pre-
ferred, and scope to achieve better tissue
anchorage should be explored in full if cables
or connectors are to be exteriorized.

Recommendations:

e Use total implants rather than skin
buttons or other exterior components
where possible.

o If exteriorizing cables or connectors is
unavoidable, give careful consideration to
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suitable exit sites and ways of improving
tissue anchorage.

8 Basic principles of surgical
implantation

Appropriate surgical skills and empathetic
postoperative husbandry and care are abso-
lutely essential if telemetry is to be con-
ducted humanely. The researcher and
attending specialist veterinarian should work
together and communicate effectively to
ensure that all surgery is carried out compe-
tently and that pain is always adequately
managed in all species, including rodents.
Telemetry can in no way be considered a
refinement unless this is achieved.

The guidance below reflects current good
practice; it is of course vital to ensure that
everyone concerned with surgical procedures
keeps up with new developments in surgery
and pain prevention and management.

The Working Group has produced a
worked example of a surgical protocol
that employs the principles set out in this
Section, which can be downloaded at
www.lal.org.uk/telemetry/.

8.1 Surgery—general considerations

The implantation of telemetry devices
(which may be relatively large) requires con-
siderable surgical expertise and dexterity.
The ideal surgical technique should be
minimally invasive, i.e. invasion of body
cavities should be minimized to reduce the
extent of surgical trauma, so that pain and
discomfort are reduced as far as possible.
Simplification of the procedure will also
reduce operating times and make it easier to
learn, both of which can benefit animal
welfare.

The precise nature of each surgical proce-
dure and whether it differs, however slightly,
from established procedures should be given
very careful thought. If the device body and
probes have not been placed in the intended
locations in the study species before, a pilot
study should be undertaken in a small
number of animals in case unpredictable
complications occur. For example, the
placing of probes in the same location can
cause relatively few complications in rats but
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lead to substantial adverse effects, including
death, in mice.

In most if not all cases, it will be in the best
interests of the experimental animals and the
project if surgery is performed by a team
already possessing the necessary expertise in
a particular implantation procedure. An
in-house team, that would be on hand to deal
with any post-surgical problems, is to be
preferred wherever possible—over-reliance
on one competent person is not desirable, in
case they should become unavailable. These
factors should always be considered before
attempting a new surgical procedure.

Recommendations:

e Always minimize invasiveness and
simplify surgical technique as much as
possible.

e Always conduct pilot studies for any new
placement protocols, even if the same
probe or device placements have been
successfully used in other species.

e Consider setting up or using in-house
surgical teams, or use appropriately
certificated outside experts for
implantation procedures.

8.1.1 Expertise and training

The requirement for appropriate surgical
training should not be underestimated, as
this has a direct impact upon animal welfare.
Training literature and videos from com-
mercial companies should be used with cau-
tion, as quality can be variable, they may
portray complex surgery that in reality
requires comprehensive training, and they
can also rapidly become dated as new tech-
niques become available. Some people will
never be physically competent to conduct the
intricate surgical procedures that are fre-
quently required and any responsible mar-
keting strategy will recognize this. Advice
and training in relevant surgical techniques
must be obtained from veterinary surgeons
and research scientists familiar with the
devices and procedures being employed. A
sound basic training in experimental surgery
and good working knowledge of the devices
are absolutely essential before progressing to
implant insertions.
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Telemetry surgery is best learned by direct
observation of the procedure, followed by a
period of assisting before finally performing
the surgery under supervision. Video
attachments that can display a small surgical
field on a television monitor are very useful
for both trainer and trainee. Written training
records should be kept, to include duration of
anaesthesia for each procedure (which should
decrease with increasing competence); post-
surgery observations such as food consump-
tion, body mass and pain-coping behaviour;
post-study pathology such as tissue adhe-
sions, seroma or lead displacement; and
technical failures due to poor device handling
such as notches in cable casings. Periodic re-
assessment of competence in procedures is
strongly advised. Full consideration should
be given to setting out benchmarks for sur-
geons and allocating resources to assessing
them, which could be a function of local
committees such as the UK ERP or US
IACUC.

Artificial training aids should be used in
the first instance wherever possible. Exam-
ples are artificial skin for suturing or tissues
with veins for blood sampling or adminis-
tering injections (e.g. Bell Isolation Systems
Ltd, Appendix 1) or the Microsurgical
Developments PVC rat model (Braintree
Scientific, Inc., Appendix 1). The Group is
not aware of any training aids that simulate
fine blood vessels for cannulation at the time
of writing, but new training aids are con-
stantly being developed and so the potential
for using artificial systems should be con-
tinually reviewed. Dummy telemetry devices
should also be made available during train-
ing, so that users can become familiar with
the careful handling techniques that are
required. Most telemetry companies will
supply these on request.

Recommendations:

e Ensure that nobody carries out surgical
procedures to implant devices unless they
are highly skilled and appropriately
trained, with complete working
knowledge of the devices.

e Remember that, like animal tissue,
telemetric devices are fragile and easily
damaged—Dbreaking a device during

surgery could have a direct impact on
welfare, for example by extending surgery
time.

e Plan studies to allow for training time—
surgery should not go ahead unless
everyone involved is competent.

o Keep written training records and review
them periodically.

o For attending veterinarians: monitor each
surgeon’s success rates and the incidence
and nature of complications.

¢ Do not rely solely on material produced by
commetcial companies—seek additional
advice and training aids.

e Replace animals with artificial training
aids wherever possible.

8.1.2 The use of animals to gain manual
skills

In the UK it is permissible to use terminally
anaesthetized animals during the develop-
ment of novel biotelemetry techniques.
However, the use of animals to gain manual
skills to apply existing techniques, before
going on to conduct regulated procedures, is
not ju