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Abstract

In preclinical research, animal welfare is a major foundation for relevant and high-quality
data. Due to limited technology features in biomedical research, animal welfare can be
impaired leading to poor-quality and irrelevant scientific data. Therefore, there is a growing
interest in developing new technologies that are able to deliver satisfactory outcomes for
both ethical and scientific needs in widely used species in biomedical research such as rats. A
telemetric system was developed to meet these needs in the cardiorespiratory field in small
animals within 180 grams-3 kilograms weight range. This system called DECRO is a
non-invasive connected jacket designed to simultaneously monitor cardiac and respiratory
functions, and activity while animals are unrestrained in their environment. This publication
describes recommended procedure to achieve proper recording in rats using this jacket.



Introduction

The minimization of pain, distress, and suffering of laboratory animals is not only a legal and
ethical imperative (1) (2), but also an essential factor in delivering relevant and high-quality
data in preclinical research (3) (4). While the implementation of the 3Rs increased awareness
in the scientific community for careful protocol design to minimize pain, distress and
suffering, there are still however limitations in this field that are beyond researchers’ wills.
These limitations are due, in part, to the limited technology features of setups available on
the market. For instance, until recently, measuring electrocardiograms (ECG) in rats involved
either a restraint procedure (3) (5) which increases stress (6) or an invasive electrodes
implantation (7) which generates potential pain and health complications, unless post-
operative care is undertaken. In addition to the concerns raised on animal welfare in such
situations, there are also other concerns related to the scientific relevance of this recorded
data (3) (8) (9). Considering this situation, there is a growing interest in developing new
technologies that are able to deliver satisfactory outcomes for both ethical and scientific
needs, although challenging in some cases.

This approach has been widely developed in large animals such as dogs (10) (11) (12),
primates (13) (14), and minipigs (15) notably in the field of cardiovascular and respiratory
system assessment, either in preclinical pharmacology and efficacy (16) or in regulatory
toxicology and safety pharmacology studies (17) (18) (15). However, in small animals such
rats, a widely used species in biomedical research (19), the small size prevented the above
technologies to be implemented. Indeed, higher instrumental performances, size-adapted
and comfortable setups are needed to achieve the measurement of small physiological signals
such as respiratory signals without impairing welfare.

Therefore, the DECRO system was developed by the TIMC-IMAG Laboratory of the Grenoble
Alpes University (20) (21) (22) taking into account both ethical and scientific requirements for
small animals such as rats, guinea pigs, rabbits or any animal species within
180 grams-3 kilograms weight range (Fig. 1). The DECRO is a non-invasive telemetry setup
that allows to simultaneously monitor cardiac and respiratory functions, and activity with
adequate accuracy while rats are unrestrained in their environment. Based on the respiratory
inductive plethysmography (RIP) method (10) (23) (24), the thoracic and abdominal
plethysmographic sensors are embedded in a soft stretch and fitted jacket in a way to record
volumes variations of the trunk. Two external ECG electrodes are placed under the jacket
which enables to maintain and protect them. Respiratory and ECG signals and activity (from
tri-axial accelerometer) are collected by a by a small piece of electronics called Bluetooth
emitter, placed in a secure bag on the rat back. The Bluetooth emitter is powered by a
rechargeable battery and signals are transmitted to an acquisition server placed in the same
room to be recorded and analysed. A built-in software in the acquisition server, accessible
from a web browser, allows acquisition control, real time signal visualization and data analysis
either from the experimentation room or remotely trough the local network.



Reagents

Contact medical gel (Fig. 2) to enhance ECG electrode conductivity (UNI'GEL ECG, ASEPT)

Equipment

Soft stretch and fitted jacket. Based on body weight, there are 4 and 2 jackets sizes for male
and female rats, respectively. Refer to Figure 5 for adequate size choice. All equipment or
reagents are provided by Etisense SAS, Lyon, France unless otherwise the reference is
specified.

ECG Ag/AgCl electrodes

Rechargeable battery (with its charger)

Bluetooth emitter

Clipper (Aesculap Exacta GT416)

Jacket fitting-tool (optional use)

Acquisition server (acquisition and analysis software is built in)

Computer/web browser



Procedure
General information

Before proceeding with DECRO system setup, check the environment and housing conditions
of your rats for any potential stressor (2) (25) (26). Check for any clinical signs, observe rats’
behaviourin housing cages and assess welfare level. During the acclimatization period, handle
your rat as much as necessary until you both feel comfortable together. This helps reducing
stress levels during experiment day.

In line with the aim of stress reduction on experiment day, we recommend two training
sessions (one per day) the week before (in the same conditions of the study) of at least two
hours with the jacket. This also allows the experimenter to identify rats who may cause
potential problems during recording and to take precautions for experiment day (Fig. 3).

Equipment such as the jacket, ECG electrodes, rechargeable battery and Bluetooth emitter
are reusable. Using their ID number, each rat can have its own equipment throughout the
study, starting from training session.

Hair removal: Timing 1-2 minutes per animal

1 Hold the rat firmly and carefully clip the hair at the dorsolateral thoracic and abdominal
area (Fig. 4A), using corded-electric or battery-operated clippers. Clean clipped area with
water to remove sebum produced by rat skin and make sure the area is completely dry. Dry
it with wiper if necessary. This step can be done either on experiment day or the day before.
We recommend it to be done on the day before to reduce stress level on experiment day.

CRITICAL STEP: The rat skin produces sebum which may neutralize the adhesive of the ECG
electrodes. Therefore, be sure that clipped area is cleaned with water and dried.

DECRO system in-vivo setup: Timing 3-5 minutes per animal

The following “Step 1” is a preparation for steps 4 and 5 to fit the rat with the jacket. We
recommend using the jacket fitting-tool in step 5. However, its use is not mandatory.
Experienced experimenters may have their own procedure or feel comfortable to proceed in
a different way. Although we recommend using the jacket fitting-tool, the decision is left to
self-appreciation based on skill level to handle rats.

1 Place the soft, stretch and fitted jacket on the jacket fitting-tool (Fig. 4B). Two ways are
described below:

A. Place the jacket fitting-tool on its large circular base. Use one hand to hold the
jacket fitting-tool and to tighten it up and the other hand to place the jacket
around its top by rotating movements. Push the jacket to the bottom and leave
approximately 2 cm extended at the top.



B. Place the jacket fitting-tool on its large circular base. Use both hands to stretch
and enlarge the jacket and place it on the jacket fitting-tool. Adjust the length
extending at the top to approximately 2 cm.

CAUTION: While placing the jacket on the jacket fitting-tool, check the plethysmographic
sensors position inside the jacket in order to avoid damaging them with the jacket fitting-tool
borders. In addition, the jacket bag should be positioned on the jacket fitting-tool upper side
so it can be correctly placed on the rat's back in step 5.

2 Insert the rechargeable battery in the Bluetooth emitter, check that the emitter light blinks
several times to confirm that the system is powered and prepare the electrodes by adding a
very small pinch of conductive gel on their adhesive surface.

3 Hold the rat and apply gently with your finger, a small amount of conductive gel on the
whole clipped area in order to enhance ECG electrode conductivity.

4 Place the jacket fitting-tool on its side using its rectangular base and place the rat very
closely with his head directed toward its large opening.

5 Guide the rat to enter in the jacket-fitting tool (Fig. 4C). As soon as the head penetrates
from the other side and you see his forelimbs, use one hand to hold the rat and the jacket
together, and with the other hand release the remaining jacket from the jacket-fitting tool by
pushing it toward the rat exit direction.

CRITICAL STEP: Motivate the rat to go through the jacket-fitting tool by placing a red
enrichment tunnel at the other side or by placing the rat with the jacket-fitting tool at the
edge of its housing cage (Fig. 4C-D).

CAUTION: Choose the jacket size that best fits to your rat body weight (Fig. 5). We recommend
using the same jacket per animal per study (several days to several weeks) as long as the size
is adapted. Note that in long term studies (several weeks to several months), you may need
to use more than one jacket per rat based on body weight range (Fig. 5).

6 Use one hand to hold the rat with its jacket, and with the other hand pass each paw in the
jacket’s holes to secure the jacket onto the rat.

7 Check that rat’s skin is smoothly placed under the jacket without any fold. This will help to
keep ECG electrodes firmly connected on the skin.

8 Put the rat in a prone position and insert red ECG electrode (positive) under the jacket
through left side jacket notch and the black one (negative) through the right side (Lead |
configuration ECG). Press down gently on the electrodes to completely adhere on the flank
skin (Fig. 4E-F).

9 Connect the plethysmographic sensors and the ECG electrodes cables to the Bluetooth
emitter, which is already connected to its rechargeable battery (from step 3).

10 Fold the posterior part of the jacket on the notches/cables to hide them (Fig. 4G).



11 Insert the Bluetooth emitter and its rechargeable battery into the anterior bag with the
Bluetooth emitter facing the rat head and place the bag on the rat back to attach it with the
hook (Fig. 4H).

12 The rat is ready for recording (Fig. 4H-J). Before putting him in its cage, check the quality
of the signals by starting acquisition while he is still at rest.

CAUTION: ECG electrodes can be used multiple time on the same rat and on several days if
kept properly in their bags. If the ECG signal is not satisfactory at rest, check the adherence
of ECG electrodes and the skin folding under the jacket. If you apply again conductive gel
between the ECG electrode and the clipped area, wait few minutes to observe a good quality
signal. If the ECG signal is not satisfactory despite the above checking steps, use new set of
electrodes.

DECRO system hardware setup: Timing 4-10 minutes per experiment based on protocol
complexity

NOTE: Hardware setup and protocol configuration can be done on any day prior to the
recording day. If required, the software allows to schedule the acquisitions in a repeated way
for several sessions.

1 Place the acquisition server in the same room of recording (up to 10 meters). Note that it is
recommended to avoid placement of the system into any metallic frame that may act as a
faraday cage and thus reduce Bluetooth performances.

2 Connect the two antennas at the back end and plug in the electrical cable. The acquisition
server may turn on automatically, if not press the on/off button. Wait until the red light turns
off at the front end which usually takes 60 to 90 seconds

3 Connect the acquisition server to your computer either by direct connection with an
ethernet cable or by a local area network for remote access (i.e from office)

4 Open a web browser (firefox or chrome recommended) on your computer and enter the
URL delivered with the acquisition server in the address bar to access to the built-in
acquisition software

5 Configure the experiment protocol by entering group, phase and session details and
parameters needed such as respiratory rate, ECG, etc.

6 Complete step 1 from hair removal and steps 1 to 12 from “DECRO system in-vivo setup”
and start your acquisition session.

DECRO system jacket removal: Timing 1 minute per animal
1 Put the rat in a prone position, hold him gently and detach the bag hook from the jacket.

2 Remove the Bluetooth emitter and rechargeable battery from its bag and disconnect ECG
and plethysmography cables.



3 Unfold the posterior part of the jacket to have access to the ECG electrode notch sites

4 Remove the ECG electrodes gently and the paws from the jacket’s holes.

5 To take off the jacket, allow the rat to move forward while you hold the jacket with both
hands. Avoid taking off the jacket by going counter-direction to hair growth since this could

be uncomfortable or stressful for the rat.

6 Disconnect the battery from the Bluetooth emitter and put the battery in charge with the
charger provided with the system. A full charge of the battery usually takes less than 3 hours.

Timing

Hair removal: Timing 1-2 minutes per animal

Steps 1-12, DECRO system in-vivo setup: Timing 3-5 minutes per animal

Steps 1-6, DECRO system hardware setup: Timing 4-10 minutes per experiment

Steps 1-6, DECRO system jacket removal: Timing 1 minute per animal



Anticipated results

Performances of the DECRO system were scientifically assessed regarding reference
techniques for combined ECG and respiratory function monitoring. For respiratory
parameters, different approaches were used. Firstly, the tidal volume measured using
plethysmographic sensors of the jacket has been found similar to that measured by a
pneumotachograph connected to an anesthetized animal with an agreement of 80% (20).
Secondly, respiratory rate and tidal volume were measured with DECRO system in awake rats
placed simultaneously in Whole Body Plethysmography chambers (WBP) (27), a typical non-
invasive lung function monitoring. Respiratory measurements from the WBP were processed
with IOX software (EMKA technologies). It was shown that the agreement between the two
systems was > + 85% and > + 79% (with no bias) for respiratory rate and tidal volume,
respectively (calculated using the method described by Bland & Altman to calculate 95%
confidence intervals, (18)).

Regarding ECG measurements, the external ECG signals acquired with the DECRO system
exhibited a low noise signal with clearly resolved QRS complexes and P and T waves. This
allowed the comparison between ECG signals acquired from implant and DECRO system (24).
Calculated heart rate from these signals were shown to be similar with an agreement of
>+ 96% and a constant bias of 0.56%.

The DECRO system has all the features needed for recording animals in social housing. Thus,
a pilot study was conducted on 3 socially housed rats for 2 hours and showed promising
results. The jacket didn’t have an impact on social interaction or on behaviour. Recordings of
respiratory, ECG and activity signals were successful. This promising result will be further
investigated in the next studies.

The soft, stretch and fitted jacket, which is well accepted by rats, without movement
limitation or restraint of behavioural repertoire, allows the experimenter to design complex
protocols for measuring instant and delayed drug effects on cardiorespiratory systems in
preclinical research (pharmacology and efficacy studies, physiopathology studies, safety
pharmacology and toxicology studies). The DECRO system, thanks to its simplicity to set-up
can help delivering rapid and reliable scientific data while responding to growing ethical
constraints. This new telemetric solution can be considered a relevant tool to simultaneously
evaluate cardiac and respiratory functions with the least possible impact on rat welfare and
thus promoting quality and robust scientific data.



Figure Legends

Figure 1. A simplistic general view of DECRO system: A non-invasive cardiorespiratory telemetry jacket
for rats. Thoracic and abdominal plethysmographic sensors are embedded in a soft, stretch, and fitted
jacket. External ECG electrodes are placed on left and right flank under the jacket. Respiratory and
ECG signals are connected using wires to the Bluetooth emitter, which is placed in a secure bag on the
rat back. The Bluetooth emitter is powered by a rechargeable battery beneath it. The Bluetooth
emitter signals, including activity, are transmitted to the acquisition server and recorded. A built-in
software in the acquisition server, accessible from a web browser, allows acquisition control, real time
signal visualization and data analysis either from the experimentation room or remotely trough the
local network. The DECRO system aims to promote the ethical approach with the implementation of
the 3R rule (reduce, refine, replace) and at the same time helps to meet the scientific needs.

Figure 2. List of reagents and equipment for DECRO system. Reagents: Contact medical gel for ECG
electrode conductivity. Equipment: clipper, soft stretch and fitted jacket, ECG Ag/Agcl electrodes,
Bluetooth emitter with its rechargeable battery, acquisition server and web browser/computer.

Figure 3. Major steps with timing for optimal use of the DECRO system are depicted. Two training
sessions, one per day for at least 2 hours per animal, are recommended to reduce stress level on
recording day.

Figure 4. Some steps from the DECRO system in-vivo setup are depicted above. Clipped hair at the
dorsolateral thoracic and abdominal area (4A). The soft, stretch and fitted jacket is placed on the jacket
fitting-tool (4B). The rat is going through the jacket-fitting tool while motivated by a red tunnel placed
on the other side (4C) or by placing him at the edge of its housing cage (4D). ECG electrodes are
inserted under the jacket via the notches, the Bluetooth emitter with its rechargeable battery is placed
into the anterior bag and is connected to ECG and respiratory cables, the folding of the posterior part
of the jacket allows to hide the notches and cables (4E-G). The bag on the rat back is attached to the
jacket via the hook and the rat is ready for recording (4H). Rats can be socially housed up to 4 per cage
and recorded without technical limitation (41-J).

Figure 5. Jacket size selection based on body weight range and age of Sprague Dawley rats. Four jacket
sizes are available for male rats from 180 up to 650 grams and two jacket sizes for female rats from
180 up to 400 grams. The data presented for body weight evolution with age are based on the growth
chart of Outbred CD® (Sprague Dawley) IGS Rat from Charles river with breeding location from
Germany, UK and Italy. The rat growth can be dependent on the animal supplier, its breeding location
and the diet you provide at your animal facility. Care should be taken when estimating the body weight
for the day of experiment notably when other breeding locations and suppliers are chosen and when
diet is different from that used by the supplier
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