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ani mals, and manipulation is limited to feeding and 
cleaning.

Although surgical techniques used to implant radio-
telemetry devices in rats are not novel1-3, and a number 
of studies have assessed the time needed for recovery 
following different implant techniques, no such study is 
available for hypertensive rats, which are prone to pre-
sent increased morbidity and mortality rates fol lowing 
invasive techniques and general anesthesia.4

INTRODUCTION
The use of surgically implanted radiotelemetry trans-
mitters that allow monitoring heart rate and ECG has 
extended a lot lately because of their ability to monitor 
such functions over several weeks or even months, in 
con scious, undisturbed animals, without interference 
with handling or stress. Unlike external ECG monito-
ring, where animals are restrained by ECG leads that 
li mit their mobility, these devices allow free motion of 

Abstract: Objective – Surgical implantation of radiotelemetry devices is not novel, but its impact on spontaneously hyperten-
sive rats (SHR) has not been previously assessed. This study aimed to evaluate the time necessary for recovery after radiotele-
metry device implantation and the quality of ECG signal in various conditions. Methods – Radiotelemetry ECG transmitters 
were implanted in 8 young and 8 aging SHRs. Morbidity and mortality rates were recorded and the time needed for recovery 
after implant procedure was assessed based on body weight evolution. The quality of ECG signal was assessed during baseline 
conditions and various experimental protocols. Results – None of the animals died during or shortly after implant procedu-
re. Within one week all rats regained their initial body weights. All ECG elements were easily recognizable in both baseline 
conditions and during various experimental protocols. No significant local changes were presented at the moment of device 
explantation. Conclusion – In our experience, surgery procedures for implanting radiotelemetry ECG devices in SHRs appear 
to be safe techniques, with short interval of recovery, low morbidity rates and no mortality, regardless the age of animals. Sub-
cutaneous implantation of such devices offers high-quality ECG signal and is very well tolerated, even if long-term keeping in 
place is needed.
Keywords: radiotelemetry, implant procedure, signal quality, spontaneously hypertensive rat

Rezumat: Obiectiv – Implantarea chirurgicală a dispozitivelor de radiotelemetrie nu este o tehnică nouă, dar impactul ei 
asupra şobolanilor spontan hipertensivi (SHR) nu a fost încă evaluat. Scopul acestui studiu a fost de a evalua timpul necesar 
pentru recuperare după implantarea dispozitivelor de telemetrie şi calitatea semnalului ECG în diverse condiţii. Metoda – 
Dispozitivele de telemetrie au fost implantate la 8 SHR tineri şi 8 bătrâni. Morbiditatea şi mortalitatea au fost înregistrate şi 
timpul necesar pentru recuperare a fost evaluat pe baza evoluţiei greutăţii corporale. Calitatea semnalului ECG a fost evaluată 
în condiţii bazale şi în cursul unor protocoale experimentale. Rezultate – Niciun animal nu a murit în timpul sau imediat 
post-procedural. În decurs de o săptămână toţi şobolanii au recuperat greutatea corporală iniţială. Toate elementele ECG au 
putut fi uşor recunoscute în condiţii bazale, dar şi în timpul protocoalelor experimentale. La explantare nu au existat modifi-
cări locale semnificative. Concluzii – Procedurile chirurgicale de implant a dispozitivelor de radiotelemetrie la SHR par a fi 
tehnici sigure, cu interval scurt de recuperare, rate scăzute de morbiditate şi mortalitate, indiferent de vârsta animalelor. Im-
plantarea subcutanată a acestor dispozitive oferă un semnal ECG de înaltă calitate şi este bine tolerată, chiar după un interval 
de timp îndelungat.
Cuvinte cheie: radiotelemetrie, procedura de implant, calitatea semnalului, şobolan spontan hipertensiv
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The two ECG leads (bare ends terminating with a small 
silastic drop to avoid tissue damage) were subcutaneo-
usly tunnelized in a lead II configuration. The negative 
electrode was placed under the right clavicle, and the 
positive in a latero-basal thoracic position, as illustra-
ted in Figure 1.

The quality of the signal and correct morphology of 
ECG elements were evaluated within the procedure. 
When the quality of the captured ECG signal was sa-
tisfactory the distal ends of the leads were secured to 
the underlying tissue to avoid slipping and the skin la-
yer was sutured.

After the procedure, the rats were allowed to recover 
under a warm light lamp and they were monitored un-
til they regained their toe-pinch reflex, approximately 
10-15 min after the end of the anesthesia, when they 
were placed in their cages.

All incidents that occurred during the procedure or 
shortly after were recorded.

Post-implant procedure monitoring
Immediately after the implant procedure the animals 

were housed individually in polycarbonate cages. They 
were weighted daily for at least one week after implan-
tation or until body weight has returned to the initial 
value, measured before the implantation procedure. A 
single standard electronic scale was used for all weigh-
tings throughout the study. The body weight lost beca-
use of the surgical procedure and the interval needed 
for regaining the lost weight were recorded for all ani-
mals. Next, weight loss was compared between the two 
groups, as well as the time needed for regaining the lost 
weight.

This study aims to evaluate morbidity and mortality 
rates associated with implant procedures of radiotele-
metry ECG monitoring devices, and the time needed 
for recovery after radiotelemetry devices surgical im-
plantation in spontaneously hypertensive rats (SHR).

Radiotelemetry devices only allow analysis in a sin-
gle ECG lead, which might limit the recognition of 
ECG elements and complex diagnostics, such as heart 
rhythm disturbances, mainly during intense animal 
somatomotor activity.5 Thus, we also thought to assess 
the quality of the ECG signal obtained during baseline 
conditions and during various experimental protocols 
and the ability to recognize different electrocardiogra-
phic features.

METHODS

Animals
Male SHRs were purchased from Elevage Janvier (Le 

Genest Saint Isle, France).
Experiments were conducted on 8 male three 

months-old SHRs (311.5 ± 7.7 g) and 8 aging (11 
moths-old) SHRs (448.1 ± 26.4 g), after one week of 
accom modation.

All animals were housed in a climate-controlled 
room (at 21-22°C) with a 12-h light/dark cycle (on 7 
AM / off 7 PM) in an accredited animal facility. Before 
implant procedure rats were housed in groups of 2-3 
rats per cage. Once the implant procedure was perfor-
med, the rats were housed individually in polycarbona-
te cages, in order to prevent cannibalism, on standard 
bedding. All rats were fed standard rat pellets and tap 
water ad libitum.

All experiments were performed in compliance with 
the French Ministry of Agriculture and Food and Drug 
Administration guidelines for animal experimentation 
and were approved by the local Animal Ethics Com-
mittee.

Transmitter implantation procedure
Radiotelemetry ECG transmitters (TA11 CA-F40; 

Data Sciences International, St. Paul, MN) were imp-
lant ed under isoflurane anesthesia (2.0 L/min, 4% in air 
for induction and 0.5 L/min, 2.5% in air for maintenan-
ce). Prophylactic injections of penicillin G (50,000 IU 
s.c.) and ketoprofen (2 mg/kg s.c.) were performed on 
each animal. Body temperature was maintained at 37°C 
throughout the procedure, using a heating blanket.

The skin was incised and the body of the transmitter 
was placed in a dorsal subcutaneous pocket and sutu-
red to the underlying tissue under aseptic conditions. 

Figure 1. Device and lead placement. The body of the transmitter is placed 
in a dorsal subcutaneous pocket and the two ECG leads are tunnelized in a 
lead II configuration.
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The rats were checked once a day for at least one 
week after the implant procedure, and twice a week 
the r e after, for general health, morbidity and mortality.

ECG recording
A unique 24-h continuous ECG recording was per-

formed on unrestrained, conscious rats.
ECG signal capture was accomplished with receivers 

(RPC-1; Data Sciences International) placed under 
each experimental cage. Telemetry ECGs were conver-
ted to analog signal (Analog ECG Output Adapter R08; 
Data Sciences International) and routed to a personal 
computer equipped with a signal acquisition card (NI 
PCIe-6251; National Instruments, Austin, TX). An 
acquisition program developed in our laboratory using 
LabVIEW 2009 software (National Instruments) allo-
wed the signal to be continuously recorded with a 2000 
Hz sampling frequency and stored on hard disk.

To ensure that the signal from one transmitter was 
not received and recorded by another receiver, the ca-
ges were placed at least 45 cm apart from each other, as 
recommended by the producer.

ECG analysis
ECG data were analyzed using a program recently 

developed in our laboratory using LabVIEW 2010 
software (National Instruments) to automatically de-
tect R waves and measure RR intervals. All ECG tra c-
ings were visually assessed and artifactual periods were 
discarded prior to analysis. ECG analysis was visually 
performed by two independent cardiologists. All ECG 
elements were assessed.

Experimental protocols
Emotional stress protocol in conscious rats

A mild emotional stress protocol elicited by means 
of a jet of air blown into the cage for 20 min was applied 
to each animal.6,7 Baseline recordings of approximately 
30 min were performed for each animal before the on-
set of the protocol. The quality of the ECG signal was 
assessed based on ECG recordings obtained during 
stre ss protocol.
Subcutaneous injection of carbamylcholine in conscious 
rats

A baseline recording was obtained for each animal 
before a 0.4 mg/kg dose of carbamylcholine was injec-
ted subcutaneously into all SHRs. A 10-min peri od ini-
tiated 5 min after carbamylcholine injection was ana-
lyzed, and the quality of the ECG signal was asse ssed 
based on ECG recordings obtained during this in ter val.
Subcutaneous injection of isoprenaline in conscious rats

A baseline recording of at least 30 min was obtained 
for each animal before a 0.5 mg/kg dose of isoprenali-

ne was injected subcutaneously into 4 of the 8 young 
SHRs. Experimental protocol was discontinued after 3 
of the 4 SHRs having received isoprenaline died shortly 
after drug injection. A 10-min period initiated 5 min 
after isoprenaline injection was analyzed and the qua-
lity of the ECG signal was assessed based on ECG re-
cordings obtained during this interval.

Local macroscopic structural assessment at 
explantation

Devices were kept in place for 4 months in aging 
SHRs and 8 months respectively in young SHRs. At 
the end of these intervals the devices were explanted 
and local macroscopic evaluation of the device, the two 
leads and surrounding tissues was visually performed.

Statistics
All data are expressed as mean ± SD. Between-group 

comparisons were performed using the Student test for 
paired or unpaired determinations, as appropriate. Di-
fferences within a group were determined by analysis of 
variance for repeated measures. A p value of less than 
0.05 was considered statistically significant. Statisti-
cal analyses were undertaken using GraphPad Prism® 
software (GraphPad Software; San Diego, CA).

RESULTS
Post-implant evolution

At the moment of implant procedures, aging SHRs 
had higher body weight compared to young SHRs 
(448.1 ± 26.4 g for aging SHRs vs. 311.5 ± 7.7 g for yo-
ung SHRs, p < 0.0001).

The day after the procedure mean body weight of yo-
ung SHRs decreased by 6.1 ± 1.8 g (from 311.5 ± 7.7 g 
to 305.4 ± 8.3 g, p = 0.003) (Figure 2). In aging SHRs 
a mean weight loss of 7.1 ± 6.7 g was observed (from 
448.1 ± 26.4 g before the procedure to 441.0 ± 23.9 g 

Figure 2. Body weight evolution in young SHRs. Counting of days starts 
with day 0 (D0), corresponding with the day of implantation. For D0 body 
weight was determined before the implant procedure.
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the day after the procedure, p = 0.03) (Figure 3). The 
two groups did not present significantly different initial 
weight losses (6.1 ± 1.8 g for young SHRs vs. 7.1 ± 6.7 g 
for aging SHRs, p = 0.59).

In young SHRs, the initial weight loss maintained 
until the sixth day after the procedure (D6) (p < 0.0001 
compared to pre-procedure weight, repeated-measu-
res ANOVA), but there was no significant difference 
between pre-procedural weight and the weight measu-
red in the seventh day after the implant procedure (D7) 
(311.5 ± 7.7 g before the implant procedure vs. 309.5 ± 
9.3 g in D7, p = 0.78). The tenth day after the procedure 
(D10) animal’s weights (323.6 ± 10.4 g) exceeded tho-
se measured before the implant procedure (p < 0.001) 
(Figure 2). In four of the 8 young SHRs the maximum 
weight loss was recorded the day after the procedure 
(D1), in 3 SHRs the minimum body weight was obtai-
ned in D2, while one rat had a minimum weight in D3.

In aging SHRs, the initial weight loss also maintai-
ned until the sixth day after the procedure (D6) (p < 
0.001 compared to pre-procedure weight, repeated-
measures ANOVA), but there was no significant diffe-
rence between pre-procedural weights and the weights 
measured in the seventh day after the implant proce-
dure (D7) (448.1 ± 26.4 g before the implant procedure 
vs. 444.0 ± 29.7 g in D7, p = 0.21) (Figure 3). The body 
weight measured the tenth day after the procedure 
(D10) was not significantly different compared to valu-
es obtained before the implant procedure (p = 0.35). In 
3 of the 8 aging SHRs maximum weight loss was recor-
ded the third day after the procedure (D3), while in the 
remaining 5 minimum body weight was obtained in 
D4. Body weight distribution was more heterogeneous 
in aging SHRs compared to young SHRs.

Already the day after the surgery (D1), all rats, re-
gardless their age, seemed to have no effects on general 

health due to surgery. One week after the implant pro-
cedure (D7), all animals exhibited normal behavior and 
overall appearance, and did not show any consequen-
ces of surgery. No animal died during or shortly after 
the implantation procedure.

ECG analysis in conscious, unrestrained rats
High-quality ECG recordings were obtained in all 

animals in unrestrained, baseline conditions, starting 
one week after the implant procedure.

All ECG elements were easily recognizable on surfa-
ce ECG in baseline conditions (Figure 4).

Rhythm analysis was possible in all animals and 
various types of rhythm and conduction disturbances 
could be diagnosed based on surface ECG in baseline 
conditions (Figure 5).

Twenty-four-hour ECG monitoring indicated that 
aging SHRs were more bradycardic (278 ± 4 bpm) than 
young SHRs (326 ± 6 bpm, p < 0.01).

Figure 3. Body weight evolution in aging SHRs. Counting of days starts with 
day 0 (D0), corresponding with the day of implantation. For D0 body weight 
was determined before the implant procedure.

Figure 4. Baseline ECG tracing in a SHR. All elements are easily recogniz-
able – P wave, QRS complex, T wave. Of note, the absence of the ST segment 
in rats.

Figure 5. Baseline ECG tracings in SHRs showing - (A) normal sinus rhy-
thm; (B) premature atrial contraction (PAC); (C) premature ventricular 
con traction (PVC) and (D) unconducted P wave.
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Quality of the ECG signal after isoprenaline 
administration in conscious rats

In young SHRs, significant initial increase in heart 
rate was observed immediately after isoprenaline was 
injected (from 296 ± 24 bpm to 450 ± 5 bpm, p = 0.001). 
Soon after the drug was injected, all SHRs presented 
episodes of torsades de pointes-like polymorphic ven-
tricular tachycardia (Figure 8A). In three of the four yo-
ung SHRs this arrhythmia degenerated into ventricular 
fibrillation (Figure 8B) and led to the death of these 
animals. In the fourth animal the arrhythmia termina-
ted spontaneously, with restoration of sinus rhythm.

Local changes due to the presence of the device
At the moment of explantation all devices were in 

place. In one young SHR the negative ECG lead has 
slipped approximately 0.5 cm compared to its initi-
al position. In all other animals the leads remained at 
their initial placement. No signs of infection were ob-
served neither in the pocket, at the site of ECG leads 
placement, nor in the subcutaneous tunnels used for 
ECG leads placement. Little and thin adherences were 
present in two aging SHRs and in one young SHR, whi-
le no adherences were noticed in the other animals.

DISCUSSION
The main findings of the present study are that i) hy-
per tensive rats, regarding their age, regained their ini-
tial weight within one week after subcutaneous radi-
otelemetry device implantation; ii) the initial weight 
loss after surgical procedure was similar in young and 
aging SHRs; iii) subcutaneous radiotelemetry device 
implantation was associated with small morbidity and 
no deaths were recorded during or shortly after the-

Quality of the ECG signal during emotional stress in 
conscious rats

The emotional stress induced significant increase in 
heart rate in both groups (from 282 ± 17 bpm to 412 ± 
28 bpm in young SHRs, p < 0.001, and from 273 ± 26 
bpm to 363 ± 20 bpm in aging SHRs, p < 0.001).

The quality of the ECG signal remained satisfactory 
during emotional stress, all ECG elements being recog-
nizable throughout the duration of the protocol, despi-
te sinus tachycardia (Figure 6).

Quality of the ECG signal after carbamylcholine 
administration in conscious rats

The quality of the ECG signal remained satisfactory 
after carbamylcholine was injected, all ECG elements 
being recognizable on surface ECG tracings. Soon after 
the drug was injected SHRs presented frequent episo-
des of atrial tachyarrhythmia (Figure 7).

Figure 6. ECG tracing in a SHR during emotional stress protocol. All ECG 
elements remain easily recognizable, despite sinus tachycardia.

Figure 8. ECG tracing in a SHR after isoprenaline administration showing 
(A) torsades de pointes-like polymorphic ventricular tachycardia which (B) 
degenerates into ventricular fibrillation.

Figure 7. ECG tracing in a SHR after carbamylcholine administration show-
ing frequent episodes of atrial tachyarrhythmia.
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study to report the time needed for recovery and thus 
the time required prior to recordings onset in SHRs of 
different ages, based on body weight evolution. This 
parameter has been previously shown to be one of the 
most sensitive markers of recovery after surgical pro-
cedures.14

In consistency with previous studies,15 aging SHRs 
had higher baseline body weights compared to young 
SHRs. In our study, the weight of rats subjected to sur-
gery decreased slightly the first day after the procedure, 
and the weight loss maintained for the next six days, 
regardless the age of the animals. This could be due to 
stress induced by anesthesia and subsequent surgery, as 
previously reported.16,17 Young SHRs had a maximum 
weight loss within the first 3 days, while for aging SHRs 
the maximum weight loss was recorded within the first 
4 days after the procedure.

One week after the implant procedure all animals, 
regardless their age, regained their initial weights. 
Thus, we concluded that approximately one week is ne-
eded for SHRs to recover after subcutaneous surgical 
implantation of radiotelemetry devices, regardless their 
age. However, young SHRs tended to gain weight more 
rapidly after the procedure compared to aging SHRs. 
The tenth day after the implant procedure young SHRs 
already started to gain weight, while no such tendency 
was observed in aging SHRs and this could be due to 
flattened weight curve in SHRs with age.18

Morbidity and mortality related to telemetry im-
plant procedures have been shown to be highly varia-
ble according to various features of the technique used 
for implantation,19,20 mainly its invasiveness, but also to 
the operator’s experience. In our study, small morbidity 
and no deaths were recorded during or after these pro-
cedures in either young or aging SHRs. Thus, subcuta-
neous implantation of ECG radiotelemetry devices un-
der isoflurane anesthesia appears to be a safe technique 
in SHRs, regardless of their age.

Telemetry devices were well tolerated, even after long 
periods of time. Neither young nor aging SHRs pre-
sented serious local side effects due to the presence of 
the device. Local reactions with formation of adheren-
ces were rare and discrete. No signs of inflammation 
or infection were observed at the site of implantation. 
Thus, these devices seem to be well tolerated, allowing 
long-term recordings, with potentially important appli-
cation in long-term pharmacological studies.

ECG signal quality
In our study, ECG signals were sampled at 2000 Hz 

sampling frequency, giving a high-resolution activity, 

se procedures; iv) high-quality ECG recordings were 
obtained in all animals and all ECG elements were ea-
sily recognizable on surface ECG in both baseline con-
ditions and after various experimental protocols; v) ra-
diotelemetry devices induced small or no local changes 
even after long periods of time.

Usefulness of radiotelemetry monitoring
It is generally accepted that, with the exception of 

stu dies of anesthetic drugs, special interest should be 
granted to achieving data from conscious, unrestrai-
ned animals, because such conditions optimally mimic 
physiological or pathophysiological conditions and the 
results of such measurements have the highest chances 
of being correctly extrapolated into humans. An im-
portant issue when performing experimental studies is 
the ability to measure various physiological parameters 
without the interference of external stressors such as 
handling of animals before or during measurements, 
which could lead to serious inconsistencies and might 
affect the reproducibility of the method.

Although wireless telemetry technology for experi-
mental uses has existed for more than 60 years8,9, the-
se devices had become largely used only in the last 20 
years. Thus, radiotelemetry ECG monitoring is a rela-
tively innovative technique, useful for studying patho-
physiological mechanisms of various cardiovascular 
di s e a ses.

Compared to non-invasive techniques, radioteleme-
try device implantation offers the advantages of redu-
cing stress, handling, restraint, anesthesia.1 Moreover, 
given that decreased animal stress also diminishes in-
ter-individual variability10, the use of radiotelemetry 
de vices also allows reducing the number of animals 
used in single or multiple studies.11,12

Timecourse of recovery after surgical implantation 
of radiotelemetry transmitters

Spontaneously hypertensive rats are one of the most 
frequently used strains for cardiovascular experimen-
tal studies, and judging by the number of publications, 
SHRs are the most studied model of hypertension.13 
Since the use of radiotelemetry transmitters becomes 
more and more used, there is much interest in knowing 
the response of SHRs to implant procedures of such de-
vices. Before planning a long-term study for cardiovas-
cular assessment of SHRs by telemetry monitoring, 
data regarding the time required for recovery after ra-
diotelemetry transmitter surgical implantation are ne-
eded. Especially since SHRs are known to be prone to 
increased morbidity and mortality rates following inva-
sive techniques and general anesthesia.4 This is the first 
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and the resolution was of 16-bit. The quality of the 
acquired signal was very good, except for some brief pe-
riods when animals presented intense movement. Such 
periods should be discarded prior to analysis, especi-
ally if heart rate variability, or arrhythmia assessment, 
are the main purposes of the study. The programs de-
veloped in our laboratory for recording and analysis of 
ECG data allowed easy recognition of all ECG elements 
in both baseline and experimental conditions.

Determination of heart rate is crucial in most cardi-
ovascular experimental protocols. Handling of animals 
before or during experimental protocols is a major so-
urce of error when assessing this parameter.1 Radiote-
lemetry monitoring allows heart rate, as well as other 
parameters, to be recorded in stress-free conditions. 
Moreover, this technique allows the possibility of long-
term monitoring of such parameters, also allowing 
more complex evaluations, like circadian rhythm, whi-
ch are not possible with standard external measure-
ment devices.

Heart rate analysis indicated that aging SHRs were 
more bradycardic compared to young SHRs. In this 
strain, rise in blood pressure has been shown to begin 
around 5-6 weeks of age and systolic pressure may re-
ach values between 180 and 200 mmHg in the adult.21 
Long-term hypertension appears to force the auto-
nomic nervous system to produce a higher vagal and 
lower sympathetic tone in order to compensate the in-
creased blood pressure. This hypothesis is further sus-
tained by previous studies showing that after the age of 
4-5 weeks mean arterial pressure presents rapid increa-
se, in association with progressive bradycardia.22

Conclusions
In our experience, surgery procedures for implan-

ting radiotelemetry ECG devices in SHRs appear to 
be safe techniques, with short interval of recovery, low 
morbidity rates and no mortality, regardless the age of 
animals. Subcutaneous implantation of such devices 
offers high-quality ECG signal and is very well tolera-
ted, even if long-term keeping in place is needed.
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