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• Series of inter-beat intervals from Polar® RS800CX were compared to electrocardiogram.
• Polar® RS800CX validity and reliability measures varied in the dogs studied.
• Polar® RS800CX agreement varied in the dogs studied.
• Detection of measurement errors is fundamental.
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The aim of the present study was to assess the criterion validity, relative reliability and level of agreement of
Polar® RS800CX heart rate monitor measuring inter-beat intervals (IBIs), compared to simultaneously recorded
electrocardiogram (ECG) in dogs.
Methods: Five continuous minutes of simultaneously recorded IBIs from Polar® RS800CX and Cardiostore ECG in
11 adult healthy dogs maintaining standing position were analyzed. Polar® data was statistically compared to
ECG data to assess for systematic differences between themethods. Three differentmethods for handlingmissing
IBI data were used. Criterion validities were calculated by intraclass correlation coefficients (ICCs) and corre-
sponding 95% confidence intervals (CIs). Relative reliabilities and levels of agreement were calculated by ICCs
and the Bland and Altman analysis for repeated measurements per subject.
Results: Correlation coefficients between IBI data from ECG and Polar® RS800CX varied between 0.73 and 0.84
depending on how missing values were handled. Polar® was over- and underestimating IBI data compared to
ECG. The mean difference in log transformed (base10) IBI data was 0.8%, and 93.2% of the values were within
the limits of agreement. Internally excluding three subjects presenting IBI series containing more than 5% erro-
neous IBIs resulted in ICCs between 0.97 and 0.99. Bland and Altman analysis (n = 8) showed mean difference
was 1.8 ms, and 98.5% of the IBI values were plotted inside limits of agreement.
Conclusion: This study showed that Polar® systematically biased recorded IBI series and that it was fundamental
to detect measurement errors. For Polar® RS800CX heart rate monitor to be used interchangeably to ECG, by
showing excellent criterion validity and reliable IBI measures in group and individual samples, only less than
5% of artifacts could be accepted.

© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

Heart rate variability (HRV) is defined as the variability of time inter-
vals in consecutive heart beats. Fluctuations between heart beats are
caused by autonomic cardiacmodulations, mainly via increased sympa-
thetic or reduced vagal activity in efferent nerves, to the sinoatrial node
of the heart. By analyzing fluctuations in series of inter-beat intervals
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(IBIs), various parameters are indicatingmodulations and activity in the
autonomic nervous system [1,2].

Heart rate variability analysis has been used as a quantitativemarker
of autonomic activity in behavioral, clinical and experimental research
in humans [3,4] and different animal species [5–7]. The interplay
between the sympathetic and the parasympathetic nervous systems is
complex and HRV analysis allows detailed information about modula-
tions in the autonomic nervous system [2].

Performing HRV analysis requires a series of normal-to-normal IBIs.
One IBI is the time in milliseconds (ms) between two consecutive
R-peaks, in an electrocardiogram (ECG) or in a heart rate monitor,
such as a Polar® RS800CX. The equipment of choice depends on the
purpose of the examination, if the subject is at rest or ambulatory, or
whether the recording is supposed to be short-term or long-term
(24 h). In order to standardize studies on short-term HRV analysis, IBI
series of 5 min has been recommended [1,2].

The cost and complexity of ECG have made HRV analysis difficult
outside laboratory environment. Although, in the last two decades a
number of studies have used different Polar® heart rate monitors to
record cardiac activity in dogs [8–12], horses [13,14] and sheep [7,15]
during physical exercise, to evaluate the level of stress and under the
influence of pain.

As changes in cardiac activity are influenced by psychological and
emotional states there are potential clinical applications for short-
term HRV parameters as outcome measures for the relief of pain and/
or stress in humans [16,17] and animals [18]. Within the field of canine
behavioral science, a growing number of professionals and scientists are
including physiological outcome measures such as heart rate and
short-term HRV analysis to report autonomic responses [6,19–23]. The
relationship between short-termHRV parameters and the level of stress
[12,24], responses to human–dog contact [19,21] and physical aswell as
mental activities [23] have been studied in dogs of various breeds and of
differing ages.

In addition, HRV has been used as an outcome measure in various
physical interventions and exercise regimens for the possible effect on
the autonomic nervous system in humans [25–27] and in dogs [28].

Different Polar® heart rate monitors have been tested for validities
and reliabilities, against ECG, for recording short-term HRV data in
humans [29–32], dogs [33,34] and horses [35,36]. Results are conflicting
and researchers have raised concerns whether Polar® heart rate moni-
tors should be used interchangeably with ECG [35,37,38]. The time- and
frequency-based parameters in HRV analysis may easily be biased by
measurement errors in IBIs. It is recommended to assess the accuracy
of IBI measurements from a device designed to record IBI series by
comparing to a gold standardmethod (i.e. ECG) [1]. Preferably only seg-
ments of IBIs that are completely free from error and/or non-sinus beats
should be included in an HRV analysis. Marchant-Forde et al. [37] pre-
sented that even a small amount of errors in IBI data may bias the out-
come of time- and frequency-based parameters of an HRV analysis in
five pigs. The Polar® RS800C heart rate monitor has also been shown
to present errors in IBI data in dogs [33]. Some of the errors may be
explained as artifacts originating from interruption of the transmission
of the cardiac signal or distortions from a burst of physical activity.
Yet, there are errors described that are unexplainable and therefore
the criterion validity of Polar® heart rate monitors has been questioned
[33,37]. The error detection process is fundamental as a small amount of
errorsmay seriously affect HRV analysis parameters. Von Borell et al. [2]
suggest that IBI series containing more than 5% errors, should not be
included in HRV analysis.

Recently two studies have shown that Polar® RS800CX heart rate
monitor is valid and reliable for measuring heart rate, defined as heart
beats perminute, in dogs [33,34]. Jonckheer-Sheehy et al. [33] identified
a number of errors in Polar® data from a homogeneous group of ten
Beagle dogs, and showed there were no significant differences between
either time- or frequency-domain data collected from Polar® RS800CX
and ECG. However, to the authors' knowledge, there is a lack of research
on the validity and reliability of Polar® RS800CX for measuring IBIs in
dogs. The data accumulated to date, suggest there is more to assess be-
fore Polar® RS800CXmay be used interchangeablywith ECG for record-
ing IBI data and performingHRV analysis in dogs. If the Polar® RS800CX
heart rate monitor is valid and reliable in measuring IBIs in dogs there
are obvious potential benefits in using the Polar® device instead of
ECG. The Polar® RS800CX is easily accepted by dogs and is less expen-
sive than ECG, and thereby potentially useful for collection of IBI data
for further analysis of HRV parameters in clinical settings such as canine
physiotherapy units or in veterinary facilities. The accuracy of the
Polar® RS800CX remains to be determined before considering any
further clinical application of HRV analysis.

The objectives of the present studywere to assess the criterion valid-
ity, relative reliability and level of agreement of Polar® RS800CX heart
rate monitor measuring IBIs, compared to simultaneously recorded
ECG, in dogs during stationary standing position.

2. Methods and materials

2.1. Study design

This studywas an observational studywith amethodologically stan-
dardized approach [39]. One group of dogs, on a consecutive sample,
was studied with the objective to compare simultaneously recorded
IBI data from two measurement devices. A priori power analysis,
conducted before data acquisition to the present and a previously
published article [34], showed that eight to ten dogs were required to
detect true differences and avoid the occurrence of type II errors,
when implementing the study.

2.2. Study group

Data from eleven (six female and five male) dogs from various
breeds, with mean ± standard deviation (SD) age of 3.8 ± 1.3 years
and mean ± SD weight of 29.9 ± 7.2 kg were included in the study.
None of the dogs had a history or current evidence of cardiovascular
or systemic diseases, as assessed by a veterinarian. None of the dogs
seemed to react with aggression or fear during the study. As the dogs
were privately owned, the owners were informed as to the procedures
and objectives of the study and informed owner consent was obtained.
The study was approved by the Local Ethical Committee in Uppsala,
Sweden (C81/12).

2.3. Data acquisition

Two IBI recording devices were applied to the dogs. Polar® RS800CX
(Polar® Electro Oy), consisted of electrode belt and transmitterW.I.N.D.
and heart rate monitor RS800CX. The electrode belt and transmitter
supported recording and processing of IBIs at a frequency of 1000 Hz
and 2.4 GHz transfer between the belt and heart rate monitor. The
coat was clipped at all electrode sites and the skin was cleaned with al-
cohol and air-dried. Cefar® electrode transmission gel (Cefar-Compex
Scandinavia AB) was applied liberally to promote conductivity. The
electrode belt was strapped around the chest of the dogswith the trans-
mitter placed ventrally and the electrodes on each side of the sternum.
Cardiostore digital ECG (Vetronic Services Ltd.) was attached by three
adhesive ECG electrodes (Kruuse Svenska AB). Electrodes were placed:
1) on the right side of the thorax, slightly caudal and dorsal to the point
of the elbow and caudal to Polar® electrode belt, 2) on the left side of
the thorax in level with the xiphoid process of sternum and at the
lowest point on the side of the dog without being ventral and, 3) at the
dorsal side of the neck (Fig. 1) [40]. The ECG recorded cardiac activity
at a frequency of 600 Hz.

One person was responsible for all measurements. The dogs came
from their routine activities and were fed not less than 2 h before the
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test. The experiment was conducted in a calm examination room at a
veterinary clinic and at a room temperature of 18–22 °C.

Each dog fully completed the recordings in standing position on an
examination table. Seven minutes of recording was manually started
when cardiac activity could be visually inspected in the display of each
device. Polar® data was transmitted at the end of each recording to a
laptop computer via a bidirectional infrared interface using the Polar®
software Polar Protrainer 5.

2.4. Data preparation and analysis

Computer software Cardiostore 1.33 was used to visually inspect
raw ECG data and to calculate IBIs. The first 5-minute recordings from
both devices were extracted and visually inspected by a veterinarian
to identify technical and physiological artifacts [1]. No non-sinus beats
were present in the ECG recordings. Polar® and Cardiostore software
were each respectively used to export IBIs as text files to Microsoft
Excel. Corresponding ECG and Polar® IBIs from each subject were
aligned to enable pairwise comparisons and the difference between
each ECG IBI and corresponding Polar® IBI was calculated. A measure-
ment error was considered when the difference between ECG and
corresponding Polar® IBI was more than 50 ms. When the difference
was more than 50 ms, the IBIs were checked against the ECG tracings
[33,37]. The Polar® measurement errors were labeled anomalous and
assigned to one out of eight previously described error categories [33].

2.5. Statistical analysis

Raw IBI data was analyzed with SPSS (Version 20, IBM Statistical
Package for Social Science Statistics for Windows, Armonk, NY: IBM
Corp). Stata Statistical Software (Release 13, College Station, TX:
StataCorp LP) was used to estimate correlation between the measure-
ment methods. Mean, SD, maximum and minimum IBI were calculated
in IBI data. Distribution of ECG and Polar® data was tested for normality
by performing Kolmogorov–Smirnov and Shapiro–Wilks tests. Inter-
beat intervals from ECG were slightly positively skewed in the group
of 11 dogs. During the synchronization procedure, extra or missing
IBIs in type 4, 5, 6 and 8 errors [33] from Polar®, resulted in empty
cells in either ECG or Polar® IBI series. Incomplete pairwise data,
produced by Polar®, was assumed to be missing at random. In order
to allow us to discuss our results compared to previously reported
research on validity and reliability of Polar® heart rate monitors, three
different methods for handling missing IBI data were used. Empty
cells were kept blank, (i.e. pairwise deletion), zero-values were added
in the empty cells (i.e. worst case analysis), and mean imputations.
The mean imputations were calculated as previously described by
Fig. 1. Picture of one of the dogs in the study group showing ECG and Polar® electrode
placement in the subjects.
Jonckheer-Sheehy et al. [33]. When a missing value occurred in either
ECG or Polar® IBI series, the mean of the two immediately preceding
IBIs differences was calculated. The missing value was replaced by the
sum of the estimated IBI difference and the observed ECG or Polar® IBI.

The level of agreement between ECG and Polar® data was assessed
in Bland and Altman plots with 95% limits of agreement (LoA) [41]
using the Bland–Altmanmethod accounting for repeatedmeasurement
per subject. In order for Polar® being used interchangeably to ECG, 95%
of the differences were expected to fall within LoA and in addition the
width of LoA was expected to be clinically acceptable.

A multilevel model was fitted for the IBI measures to obtain
estimates of within-subject and between-rater variances [42,43].
Inter-beat intervals by ECG and Polar® (level 1) were nested within
measurement methods (i.e. Polar® or ECG) (level 2) and within the
same dog (level 3). A three-level nested model with random intercepts
was used. By using the three-level nested model we took into account
the possible correlation between the repeated IBImeasurements within
the same subject. From the nested model level-2 intraclass correlation
coefficients (ICC), with 95% confidence intervals (CI), were calculated
to represent the correlation betweenmeasurementmethods in simulta-
neously recorded IBI data. Intraclass correlation coefficients were also
calculated separately for each dog. Correlation between ECG and
Polar® within the group of dogs studied was calculated using intraclass
correlation coefficients of a single measure and in absolute agreement
with two-way random effects (ICC2.1). Intraclass correlation coefficients
N0.75 indicates excellent reliability [44].

3. Results

A total amount of 4814 IBIs from ECG and 4794 IBIs from Polar®
RS800CX were analyzed. The ECG and Polar® IBIs were synchronized
to a total of 4851pairs in order to allow statistical pairwise comparisons.
A total of 595 errors were identified in the Polar® data, representing
involvement in 12.3% of the pairwise data set. As the errors were not
present in the ECG tracings, none of the artifacts in the Polar® data
were non-sinus in origin. The amounts of errors were unequally distrib-
uted among the eleven dogs (Table 1 and Fig. 2). Within the individual
IBI series, the incidence of errors ranged from 0% to74.5%. Due to the
synchronization procedure, pairwise IBI data from all dogs in the
study group consisted of 1.9% missing values. Mean ± SD IBI from ECG
was 686.6 ± 174.5 ms and from Polar® 691.2 ± 162.0 ms. In ECG
datamaximum andminimum IBI were 1530ms and 307ms respective-
ly. Maximum and minimum IBIs obtained from Polar® were 1482 ms
and 307 ms.

3.1. Relationship and relative reliability between ECG and Polar® IBI
measurements (n = 11)

ICC revealed strong association between IBI data from ECG and
Polar® RS800CX. Using the criteria of Shrout and Fleiss [44] the assess-
ment of relative reliability showed strong to excellent agreement; the
values of ICC were between 0.73 and 0.84 depending on how missing
values were handled (Table 1). 95% CI for ICC varied moderately,
ranging from 0.74–0.95, 0.62–0.82 and 0.72–0.90 indicating that the
true difference between these measures was moderate. Table 1 shows
within-subject mean ± SD IBI and individual relative reliability
investigated by estimating ICC using pairwise deletion, inserted zero
“0” values, andmean imputation, in order to address and replacemissing
IBI values.

Bland and Altman plots were constructed to assess the presence of
systematic over- and underestimations in the group and in individual
IBI data respectively (Fig. 2). The Bland and Altman plots of the
differences between the ECG and Polar® IBI data against their means il-
lustrate the discrepancies between the devices in individual subjects
and the group (n=11) data, whenmissing values were pairwise delet-
ed. As the difference betweenmethods increasedwith themagnitude of



Table 1
Individual descriptive statistics (mean IBI ± SD), individual and group intraclass correlation coefficient for IBI measures obtained by ECG and Polar®.

Subject ECG, mean IBI (SD) Polar®, mean IBI (SD) ICC blank ICC zero ICC imputation Error rate %

1 739.9 (75.7) 739.5 (72.2) 0.92 0.85 0.90 2.6
2 646.4 (72.3) 649.3 (69.0) 0.94 0.90 0.93 1.9
3 469.8 (62.6) 473.9 (60.4) 0.96 0.87 0.96 2.7
4 731.5 (61.7) 733.4 (61.8) 1.00 0.87 0.96 0.2
5 922.3 (176.4) 922.0 (153.2) 0.64 0.53 0.61 26.4
6 649.6 (59.9) 651.5 (59.5) 0.99 0.99 0.99 0.2
7 782.4 (119.1) 782.1 (113.5) 0.95 0.90 0.94 4.2
8 618.9 (73.4) 620.2 (73.6) 1.00 1.00 1.00 0.0
9 599.9 (55.2) 601.4 (55.0) 0.99 0.99 0.99 0.0
10 876.3 (270.9) 878.0 (192.8) 0.23 0.32 0.22 74.5
11 768.0 (198.2) 807.7 (156.9) 0.58 0.49 0.55 44.9
Total (n = 11)⁎ 0.84

95% CI: 0.74–0.95
0.73
95% CI: 0.62–0.82

0.82
95% CI: 0.72–0.90

12.3

Total (n = 8)⁎⁎ 0.99
95% CI: 0.97–0.99

0.97
95% CI: 0.94–0.98

0.99
95% CI: 0.97–0.99

1.5

Missing IBI valueswere handledwith blanks, zeros, and imputation. Error rate (percentage of IBI pairs involved inmeasurement errors) within individual and group IBI series obtained by
Polar. SD = standard deviation. CI = confidence intervals. IBI = inter-beat intervals. ⁎All 11 dogs (n = 11). ⁎⁎Subject 1, 2, 3, 4, 6, 7, 8, and 9 in a subgroup and subject 5, 10 and 11
internally excluded (n = 8).

250 A. Essner et al. / Physiology & Behavior 138 (2015) 247–253
the measurements, another Bland and Altman analysis was performed
on log (base 10) transformed IBI values. The mean difference between
the methods was 0.8%. Lower LoA was 0.807 and upper LoA was
1.258, indicating that for about 95% of cases Polar® measurement of
IBI was between 19% lower and 26% higher than the ECGmeasurements
of IBIs. 93.2% of the values were within the limits of agreement.

3.2. Relationship and relative reliability between ECG and Polar® IBI
measurements (n = 8)

Despite overall high ICC values and moderate confidence intervals
on group level, the relative reliability and agreement were not
acceptable individually in three of the subjects. According to the recom-
mendations of von Borell et al. [2] and of the “Heart Rate and Heart Rate
Variability Task Force” [1], three dogs (subject 5, 10 and 11) were inter-
nally excluded as their error rates also were more than 5% (Table 1).

Consequently, the relationship between ECG and Polar® IBI mea-
surements in the subgroup (n = 8) was stronger and the relative reli-
ability, estimated with ICC, was excellent (Table 1). The values of ICC
in the subgroup (n = 8) were between 0.97 and 0.99 depending on
howmissing values were handled. In addition, 95% CI for ICC were nar-
row, ranging from 0.97–0.99, 0.94–0.98 and 0.97–0.99 indicating that
the true differences between these measures were small (Table 1).

Finally Bland and Altman plots of the differences between the ECG
and Polar® IBI data (n = 8) against their means (Polar® + ECG / 2)
were constructed with missing data being handled in three different
ways (pairwise deletion, worst case analysis and mean imputation).
Fig. 3 shows a Bland and Altman plot on pairwise deleted missing
data. The dotted lines on the scatter plot indicate the upper and lower
LoA, stretching from 40.3 ms to −36.8 ms. Bland and Altman analysis
showed that Polar® was over- and underestimating IBIs compared to
ECG. Mean difference in the Bland and Altman analysis, adjusted
for multiple measurements per individual, was 1.8 ms. A total of
3703(98.5%) out of 3756 values were plotted inside LoA (Fig. 3). Limits
of agreement and number of measures within LoA varied depending on
method used to handle missing IBI data (Table 2).

4. Discussion

In the present study comparisons between Polar® RS800CX and si-
multaneously recorded ECG IBI show strong associations between
methods, with high ICCs in the initial group of eleven dogs studied.
However, the relative intra-subject reliability was poor in three of the
subjects, due to large amounts of errors. Intraclass correlation coeffi-
cients showed the association was as low as 0.22 in subject 10. Despite
a highly standardized protocol and that the dogs were maintaining a
standing position in our study, there are various sources of artifacts
that can interfere with the signals and make it difficult for the devices
to recognize IBIs. Loss of contact of the electrodes to the skin surface
or bursts of muscle activity when subjects are non-stationary may
lead to displacement of the electrodes respectively false peaks in the
ECG and/or Polar® signals.

In our study, there were no corresponding artifacts or non-sinus
beats in the ECG tracings and Polar® did not show any continuous se-
quences of non-registered IBIs. Despite a highly standardized study pro-
tocol and stationary dogs, the Polar® heart rate monitor repeatedly
overlooked the intervals revealed by the ECG tracings. In subject 5, 10
and 11 the Polar® heart rate monitor commonly triggered sequences
of rather invariable Polar® IBIs, resulting in smaller estimated SD in
Polar® than in ECG. Consequently the validity of time-based parameters
in a HRV analysis may be threatened, as one of the common parameters
estimated is the standard deviation of the inter-beat intervals. In
addition, the Polar® device manipulated consecutive Polar® IBIs by
either adding (e.g., ECG IBI 980 ms, 960 ms; Polar® IBI 649 ms,
649 ms, 649 ms) or withdrawing (e.g., ECG IBI 695 ms, 515 ms,
585 ms; Polar® IBI 900 ms, 900 ms) IBIs, thus measurement errors
similar to those previously described by Jonckheer-Sheehy el al. [33]
were identified in the present study.

Researchers who previously tested Polar® on validity have been
handling missing data in different ways. Jonckheer-Sheehy et al. [33]
previously used pairwise deletion to estimate if there were any differ-
ences between Polar® and ECG measures in ten Beagle dogs. The
same research group used mean imputation to construct a Bland and
Altman plot on the differences against their means. Whereas Parker
et al. [35] and Marchant Forde at al. [37] inserted zero values where
there was missing data in their studies on six horses [35] and five pigs
[37].

As ICC estimates only the association between two variables, Bland
and Altman plots were constructed to evaluate the differences obtained
from the same subjects, using two devices measuring the same criteria
and we decided to handle missing data in three different ways. Blank
values are handled by SPSS by pairwise deletion. To create a worst
case analysis, zero values were inserted in empty cells instead of miss-
ing data, and we also used the same mean imputation as Jonckheer-
Sheehy et al. [33].

A strength in the present study is that we are able to present varying
results depending onwhichwaymissing datawas handled. In the study
group of eleven dogs the CI intervals in the worst case analysis are
stretching down to 0.62. Thereby erroneous IBI series from Polar®
may not be valid enough to measure the same criteria as ECG [44].
Internally excluding erroneous IBI series in three subjects consequently
reveals that the results on individual level reflected on the results on



Fig. 2. Bland–Altman plot illustrating the agreement between ECG and Polar® IBIs in the individual data and in all dogs (n=11). x-axis showing the mean of Polar® and ECG (Polar®+
ECG / 2) is plotted against y-axis showing differences between the methods (Polar® minus ECG). Dotted lines represent mean differences.
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group level. Internally excluding three subjects with errors rates N5%
made obvious differences to the confidence intervals of the ICC.

In the subgroup containing eight dogs the CI were higher and had
more narrow widths, despite method for handling missing data.
Altogether high ICCs stretching from 0.97–0.99 (n = 8), narrow CIs
and narrow LoA suggest criterion validity for Polar® measuring IBI in
IBI series containing b5% errors was excellent. Though it should be
noted that limits of agreement, even in the subgroup of eight dogs,
are stretching over and under 50 ms. This may interfere with the
parameters in a subsequent HRV analysis, as some of the time-based pa-
rameters involve normal-to-normal IBIs N50 ms. Limits of agreement
estimated in the present study were considerably more narrow
compared to LoAs presented by Jonckheer-Sheehy et al. [33]. Even
though, LoAs estimated by Jonckheer-Sheehy et al. [33] stretched from
−126.8 ms to 127.6 ms, they suggested Polar® to be used interchange-
ably to ECG in stationary dogs.

There are some possible limitations in the present study. First, the
sample in our study was small, even if repeated measures within each
subject generated a large amount of pairwise data. The results from
our reliability analysis would be better to generalize tomid-size healthy
dogs, if the sample size would have been larger and still heterogeneous
among breeds. Second, more assumptions on variables influencing the

image of Fig.�2


Fig. 3. Bland–Altman plot illustrating the agreement between ECG and Polar® IBIs, based on subject 1, 2, 3, 4, 6, 7, 8 and 9 (n=8). x-axis showing themean of ECG and Polar® (Polar®+
ECG / 2) plotted against y-axis showing differences between the methods (Polar® minus ECG). Lines represent mean differences and the upper and lower limits of agreement (mean ±
1.96 SD). Missing IBI values are handled as blanks in the data set.
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results would have been possible to make if we would have controlled
for breathing frequency, respiratory sinus arrhythmia and level of
fitness within the study group.

Altogether there seems to be some shortcomings of Polar® RS800CX
to reliablymeasure IBIs in all dogs in our study. The exact cause for the er-
rors produced by Polar® especially in three of the subjects is not possible
for us to explain. One assumption is that Polar®may register the depolar-
ization illustrated in the ECG tracing as a P-peak, instead of or followed by
the R-peak, in some cases of errors.We agreewith the description already
stated by Jonckheer-Sheehy et al. [33], that Polar® repeatedly showed se-
quences of rather invariable IBIs compared to corresponding sequences
with great variability in ECG. It thereby should be mentioned that
Polar® may have a shortcoming with respiratory sinus arrhythmia in
dogs, which may influence the intra-subject reliability especially in
healthy and fit dogs. As with ECG tracings and IBI recorded by ECG,
Polar® IBI series need to be inspected before further HRV analysis. The
skill of the observer to detect measurement errors, independently from
ECG tracings, is fundamental as erroneous IBI data seriously threatens
the validity of the measurement and has to be either excluded or
corrected. There are yet no algorithms to detect and correct canine IBI se-
ries from Polar® in the software Polar Protrainer 5, nor in the Kubios HRV
software. Thereby it is essential for the validity of Polar® IBI data that the
quality of recorded IBI series is high and to a large extent free from errors.
We recommend that researchers and clinicians that use Polar® RS800CX,
and that donot have access to simultaneous ECG to correct potentialmea-
surement errors, should apply the guidelines given by Jonckheer-Sheehy
et al. [33]. Hence, greater differences than±450msbetweenprecedingor
successive IBI and sequences of two or more identical Polar® IBIs should
be treated as measurement errors [33].
Table 2
Mean differences in IBI between Polar and ECG and 95% limits of agreement.

Missing
data

Mean
difference

Limits of
agreement

Amount within limits
(as percentage)

Amount outside limits
(as percentage)

Blanks 1.8 −36.8–40.3 3692 (98.5%) 55 (1.5%)
Zeros 1.8 −58.9–62.5 3703 (98.6%) 53 (1.4%)
Imputation 1.8 −36.8–40.3 3693 (98.3%) 63 (1.7%)

The amount of values within respectively outside 95% limits of agreement, also presented
as a percentage of all values (n = 8). Values are presented as mean, limits of agreement,
amount and amount as percentage.
Polar® heart rate monitors are easily accepted by different animal
species, and we suggest Polar® to develop the equipment and supplied
software until sufficient validity in recording and correcting IBI artifacts
may be proven.

There is still lack of research on the reliability of both time- and
frequency-based parameters in HRV analysis from IBI series recorded by
Polar® RS800CX in dogs. Given a data set from Polar®, identified with
less than 5%measurement errors, there would be a great value in further
assessments on the HRV parameters to be used in clinical settings.

5. Conclusion

This study indicated that regarding IBI measurements Polar®
RS800CXheart ratemonitorwas valid and reliable andmaybeused inter-
changeably with ECG in the group of dogs studied, when the recorded IBI
series did not contain more than 5%measurement errors. Because of sys-
tematic biases produced by Polar® RS800CX, it was fundamental to in-
spect the IBI series according to measurement errors previously
described in the literature. Only less than 5% of artifacts could be accepted
for the Polar®RS800CXheart ratemonitor to show excellent criterion va-
lidity and reliable IBImeasures in the group of dogs studied. Further stud-
ies on the reliabilities of time- and frequency-based parameters in HRV
analysis from IBI series recorded by Polar® RS800CX in dogs are needed.
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