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Introduction
In cats, arrhythmias are one of the most common 
causes of syncope. Arrhythmias that can cause syncope 
include sinus arrest, ventricular tachycardia, high-
grade, second-degree atrioventricular block, and third-
degree, atrioventricular block (Willis et al., 2018). In 
particular, sinus arrest and ventricular tachycardia occur 
intermittently, so these arrhythmias may not be detected 
by electrocardiography performed in the hospital alone. 
Therefore, in cats where syncope due to arrhythmia is 
suspected, a Holter electrocardiograph, which allows 
continuous electrocardiography recording over 24 
hours, should be performed to confirm the arrhythmia 
at the time of the syncope event.
Recently, a cordless patch Holter electrocardiograph 
(P-Holter) has been shown to be successful for use 
in humans (Barrett et al., 2014; Cheung et al., 2014; 
Bolourchi and Batra, 2015). Unlike the conventional 
Holter electrocardiograph (C-Holter), the P-Holter 
is cordless, making it lightweight (P-Holter: 25 g; 

C-Holter: 40 g). The P-Holter can also take continuous 
measurements for 14 days without replacing the battery 
or SD card.
In cats, wearing a C-Holter can sometimes decrease the 
cat’s activity (Jackson et al., 2014). It has been reported 
that stress increases sympathetic nerve activity, leading 
to changes in heart rate (HR) and HR variability (HRV) 
compared to resting state in cats (Ogawa et al., 2022). 
If a cat is able to acclimatize to the P-Holter by wearing 
it for several days, sympathetic nerve activity may 
decrease, compared to the elevated level on the first day 
of measurement, such that the recorded data is closer to 
that at rest. 
In dogs, Holter electrocardiographs should be performed 
across several consecutive days rather than on a single 
day because of the diurnal variation in the frequency of 
arrhythmias (Gunasekaran et al., 2020). Although there is 
no such evidence in cats, P-Holters may more accurately 
detect arrhythmias in cats if electrocardiograph testing is 
performed on consecutive days.
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Abstract
Background: A patch Holter electrocardiograph (P-Holter) is cordless, making it lightweight, unlike the conventional 
Holter electrocardiograph (C-Holter). A P-Holter can also take continuous measurements for up to 14 days without 
replacing the battery or SD card.
Aim: To compare the performance of the P-Holter and the C-Holter in healthy cats. Additionally, we aimed to 
investigate whether multiday recordings with the P-Holter decrease sympathetic nerve activity or improve the accuracy 
of arrhythmia detection.
Methods: Five healthy domestic short-haired cats were used for this study. Both a P-Holter and C-Holter were used 
on the first day, but only the P-Holter was used on days 2–6. The evaluated variables were the analyzable time of both 
Holter types, heart rate (HR), HR variability (HRV), and the number of arrhythmia occurrences.
Results: For two out of the five cats, measurement of P-Holter was interrupted. Eventually, continuous recordings 
using the P-Holters were able to be collected from all individuals for 6 days. The 24 hours analyzable time from the 
P-Holter and C-Holter was almost identical (p = 0.94). The 24 hours mean HR did not differ across Holter types (p 
= 0.67). In addition, the timing of the occurrences of arrhythmias was almost identical to the P-Holter and C-Holter. 
Results of HRV suggested that sympathetic nerve activity was likely to decrease and vagal nerve activity was likely 
to increase after 4–5 days of measurement, compared to the second day of measurement (p < 0.05). When only the 
P-Holter was installed, the number of arrhythmia occurrences was similar on days 2–6.
Conclusion: In this study, the P-Holter may be as useful as the C-Holter in cats with suspected intermittent arrhythmias, 
although the P-Holters were placed on cats without a clinical indication. However, cats may have individual differences 
in their adaptation to the device. P-Holter recordings taken for more than 4–5 days may allow the cat to acclimate 
to the device and reduce sympathetic nerve activity. The accuracy of arrhythmia detection across multiday P-Holter 
recordings requires further investigation using clinical cases.
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The purpose of this study was to compare the 
performance of the P-Holter and C-Holter in healthy 
cats. Additionally, we aimed to investigate whether 
multiday recordings with the P-Holter decrease 
sympathetic nerve activity or improve the accuracy of 
arrhythmia detection.

Materials and Methods
Five healthy domestic short-haired cats (two intact 
males and three neutered males; 9.2–11.3 years of age; 
4.20–4.55 kg) were used for this study. The cats were 
clinically healthy based upon physical examinations, 
blood tests, electrocardiography, blood pressure, 
thoracic radiography, and echocardiography. These 
cats had unrestricted movement in individual stainless 
steel cages. Food was provided at 08:00 and 20:00. 
Drinking water was provided ad libitum. We followed 
the Guidelines for Institutional Laboratory Animal 
Care and Use at the Nippon Veterinary and Life Science 
University (Approval 2021s-29).
For each animal, Holter electrocardiograph recordings 
were taken for six consecutive days. Both a P-Holter 
(WR-100, Fukuda Denshi, Tokyo, Japan) and C-Holter 
(QR2500, Fukuda M-E Kogyo, Tokyo, Japan) were 
used on the first day, but only the P-Holter was used on 
days 2–6. The sampling frequencies of the P-Holter and 
C-Holter were 250 and 150 Hz, respectively, and the 
effective analogue/digital bit resolutions were 0.01 and 
0.50 mV for both Holter types. The P-Holter was placed 
on the left side of the cat’s thorax, at the fifth intercostal 
space, slightly dorsal to the costochondral junction, and 
oriented diagonally at a 45° angle from vertical, parallel 
to the long axis of the heart (Lichtenberger et al., 2018). 
The P-Holter provided a one-lead electrocardiograph. 
For the C-Holter, five electrodes were fixed to a shaved 
area, which provided a two-lead electrocardiograph 
(Ogawa et al., 2022). The installation of P-Holter and 
C-Holter is shown in Figure 1a and b. 
The evaluated variables were the analyzable time of 
both Holter types, HR, HRV [the time-domain analysis 
included the standard deviation of all normal-to-normal 
intervals (SDNN); the square root of the mean squared 
differences between adjacent NN intervals (RMSSD); 
the percentage of successive normal-to-normal interval 
differences that were greater than 50 ms (pNN50); 
and the very low frequency (VLF)], low frequency 
(LF), and high-frequency components (HF)], and the 
number arrhythmia occurrences. For this mean power 
spectrum, the VLF, LF, and HF powers were calculated 
by integrating the power spectral density into defined 
frequency bands (< 0.04 Hz, 0.04–0.15 Hz, and 0.15–
0.70 Hz, respectively) (Rienzo et al., 1991; Abbott, 
2005; Khor et al., 2014; Ogawa et al., 2022). 
The analysis of HRV was performed as a time series 
of the last 5 minutes of the 20 minutes that the cats 
were at rest during monitoring (Soares-Miranda et al., 
2012; Verma et al., 2018). The time and frequency 
domain variables of HRV were analyzed using R wave 

detection. The HRV analyses were performed using 
an automatic electrocardiogram analyzer (Kubios 
HRV software ver. 2.1, Kubios Oy, Kuopio, Finland) 
(Tarvainen et al., 2014). All data acquisition and post-
acquisition analyses were performed with reference to 
human guidelines (Task Force of the European Society 
of Cardiology and the North American Society of 
Pacing and Electrophysiology, 1996). Both P-Holter 
and C-Holter analyses were performed by a third party, 
and the diagnosis of arrhythmia was made by visual 
confirmation rather than by machine.
The statistical analysis was performed using commercial 
software (SPSS Statistics version 24.0, IBM, New 
York). The normality of the data was assessed using 
the Shapiro–Wilk test. Wilcoxon’s rank sum test was 
used to compare the analyzable time and mean HR 
over 24 hours according to P-Holter and C-Holter data. 
A repeated analysis of variance was used to compare 
the HRV and the number of arrhythmia occurrences on 
days 2–6. A p-value < 0.05 was considered statistically 
significant.
Ethical approval
This work involved the use of experimental animals 
and the study therefore had ethical approval from an 
established committee as stated earlier. We followed 
the Guidelines for Institutional Laboratory Animal 
Care and Use at the Nippon Veterinary and Life Science 
University (Approval 2021s-29).

Results
One of the five cats chewed on the device such that 
measurement was interrupted; as such, a leather cover 
was attached to the device (Fig. 1c). In another cat, the 
electrode came off the body surface such that recording 
became difficult, so we shaved the cat extensively 
and fixed the electrode with a fixative (Ortex, Alcare, 
Tokyo, Japan; Fig. 1d). After these modifications, 
continuous recordings using the P-Holter were able to 
be collected from all individuals for 6 days.
The 24 hours analyzable time from the P-Holter and 
C-Holter was 99.90% [median; interquartile range 
(IQR): 99.85%–99.90%] and 99.90% (IQR: 99.80%–
99.90%) of the total wear time (p = 0.94). The 24 hours 
mean HR according to the P-Holter and C-Holter was 
138.38 (128.84–153.13) bpm and 134.75 (125.53–
151.62) bpm, respectively; these mean HRs did not 
differ across Holter types (p = 0.67). In addition, the 
timing of the occurrences of arrhythmias appeared to 
be identical with the P-Holter and the C-Holter (Fig. 2).
When the P-Holter was used for multiday recordings, 
the SDNN and RMSSD increased on days 4, 5, and 
6 compared with day 2 (SDNN; p = 0.02, p < 0.01, 
p < 0.01, respectively; RMSSD; p = 0.02, p < 0.01, 
p < 0.01, respectively), whereas the HF increased on 
days 5 and 6 compared with day 2 (p = 0.02, p = 0.03, 
respectively; Table 1). Additionally, starting from day 
5, pNN50 and LF were likely to increase, although this 
difference was not significant.
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When only the P-Holter was installed, the number of 
arrhythmia occurrences was similar on days 2–6. At 
least once during the P-Holter measurement period, all 
cats had arrhythmias, although this was not necessarily 
every day (Table 2).

Discussion
In this study, there was no difference in the analyzable 
time and HR measured using P-Holter and C-Holter. 
Additionally, the number of occurrences of arrhythmias 
was consistent across both Holter types. These results 
are similar to those reported in humans (Barrett et 
al., 2014; Cheung et al., 2014; Murali et al., 2020). 
In this study of cats, the analysis rate of the P-Holter 
was higher than that reported for dogs (>93.00%) 
(Lichtenberger et al., 2018), suggesting that the 
performance of the P-Holter is not inferior to that of the 
C-Holter and that it may be useful in cats. Incidentally, 
similar P-Holter types to previous human and canine 
studies were used in this study. Nonetheless, for two out 

of the five cats, device protection or extensive shaving 
and a fixative were required; these measures can be 
stressful. Therefore, although the P-Holter is as useful 
as the C-Holter in cats, it may be prone to individual 
differences in the cats’ adaptation to the device.
Time-domain analysis uses the variation in RR intervals 
resulting from changes in sympathetic and vagal nerve 
activity (Ogawa et al., 2020). SDNN and RMSSD 
are indicators of the degree of variation in HRV, and 
pNN50 is an indicator of vagal nerve activity (Sayers, 
1973). Unlike time-domain analysis, frequency-
domain analysis can quantify sympathetic and vagal 
nerve activity (Task Force of the European Society of 
Cardiology and the North American Society of Pacing 
and Electrophysiology, 1996). The HF is an index of 
vagal nerve activity and LF is an index of sympathetic 
and vagal nerve activity (Noda et al., 2019; Raue et al., 
2019). In this study, sympathetic nerve activity was 
likely to decrease and vagal nerve activity was likely 
to increase after 4 days of measurement, compared to 

Fig. 1. Installation of the Holter electrocardiographs (a, b) and cats that needed adjustments after P-Holter installation  
(c, d). (a) Cat with P-Holter attached. The P-Holter was placed on the left side of the cat’s thorax, at the fifth intercostal 
space, slightly dorsal to the costochondral junction, and oriented diagonally at a 45° angle from vertical, parallel to the long 
axis of the heart. This installation provided a one-lead electrocardiograph. (b) Cat with C-Holter attached. Five electrodes 
were fixed to a shaved area, which provided a two-lead electrocardiograph. (c) One of the five cats chewed on the device 
such that measurement was interrupted, so a protective leather cover was attached to the device. (d) For one of the five cats, 
the electrode detached from the body surface and recording became difficult, so we shaved the cat extensively and used a 
fixative to affix the electrode. P-Holter: patch Holter electrocardiograph; C-Holter: conventional Holter electrocardiograph.

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
M. Ogawa et al. Open Veterinary Journal, (2022), Vol. 12(4): 489–494

492

the second day of measurement. It is possible that the 
cats acclimatized to the P-Holter after 4 days, and their 
stress was reduced.
In this study, unlike previous studies, the frequency 
of arrhythmias varied, but the number of arrhythmias 
did not differ during the measurements (Pastor-Perez 
et al., 2010; Gunasekaran et al., 2020). Arrhythmias 
such as ventricular premature complex and atrial 
premature complex are commonly observed in healthy 
cats (Hanås et al., 2009). Therefore, we expected that 
multiday Holter electrocardiograph recordings would 
increase the incidence of arrhythmias and improve 

the accuracy of arrhythmia detection, compared to 
single day recordings. In the present study, if cats with 
cardiomyopathy or arrhythmias such as ventricular 
tachycardia had been included, then there may have 
been a higher incidence of arrhythmias in multiday 
compared with single-day Holter electrocardiograph 
recordings. 
This study has some limitations. First, the sample size 
was small. In this study, concerning animal welfare, 
a minimal number of cats that can be statistically 
analyzed were included. However, this study identified 
significant differences in some evaluation parameters 

Fig. 2. Excerpt of an electrocardiograph recording. The timing of the occurrence of arrhythmias was consistent 
between the P-Holter and C-Holter devices. The pictured arrhythmias are ventricular premature complexes (arrows). 
P-Holter: patch Holter electrocardiograph; C-Holter: conventional Holter electrocardiograph.

Table 1. HRV measurements from the P-Holter used for multiday recordings.

Day 2 Day 3 Day 4 Day 5 Day 6

SDNN (ms) 22.37 
(19.09–28.34)

37.61 
(28.67–46.64)

39.39* 
(33.83–52.20)

48.10* 
(41.59–54.21)

52.58* 
(51.68–60.29)

RMSSD (ms) 15.81 
(13.93–25.06)

38.43 
(23.19–44.36)

40.05* 
(32.22–59.84)

48.70* 
(43.49–59.77)

62.34* 
(54.72–73.53)

pNN50 (%) 0.45 
(0.27–3.87)

1.89 
(1.10–18.25)

2.13 
(1.76–8.51)

4.68 
(2.64–14.47)

8.56 
(2.43–14.47)

VLF 27.67 
(24.76–43.96)

63.95 
(38.36–81.88)

48.37 
(30.89–454.14)

90.37 
(52.10–258.09)

232.27 
(108.62–296.28)

LF (ms2) 168.80 
(120.20–187.13)

547.36 
(227.10–886.64)

353.50 
(265.46–2508.07)

1018.67 
(493.60–4224.33)

2401.94 
(1428.52–3716.60)

HF (ms2) 283.46 
(182.69–603.71)

1854.21 
(749.74–2162.02)

1307.07 
(988.47–2987.57)

2983.97* 
(1503.09–5925.82)

3982.68* 
(2121.86–4651.06)

Data are represented as median (minimum–maximum). *p < 0.05, compared to day 2; P-Holter: patch Holter electrocardiograph; C-Holter: 
conventional Holter electrocardiograph; SDNN: standard deviation of all normal-to-normal intervals; RMSSD: square root of the mean squared 
differences between adjacent NN intervals; pNN50: percentage of successive normal-to-normal interval differences that are greater than 50 ms; 
VLF: very low frequency component; HF: high frequency component.
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even with the small number of cats. Secondly, clinically 
healthy cats were used in the present study rather than 
clinical cases. The reason is that there is a difference 
in the degree of autonomic nerve system activity and 
the breeding environment among them (Abbott, 2005). 
Since this study aimed to investigate whether multiday 
recordings with the P-Holter decrease sympathetic nerve 
activity, the husbandry condition, light/dark cycle, and 
feeding time should have been unified. Thirdly, all the 
cats included in this study were male. In humans, there 
is a sex difference in autonomic activity (von Holzen 
et al., 2016). Since this study compared changes in 
autonomic functioning on a daily basis rather than 
individual basis, we believe that individual differences 
in HRV at baseline would not have a significant impact 
on the results. Nonetheless, the HRV values from this 
study may differ slightly if females were incorporated.
In conclusion, the P-Holter is as useful as the C-Holter, 
but cats may have individual differences in their 
adaptation to the device in healthy cats. P-Holter 
recordings taken for more than 4–5 days may allow the 
cat to acclimate to the device and reduce sympathetic 
nerve activity. The accuracy of arrhythmia detection 
across multiday P-Holter recordings requires further 
investigation using clinical cases. This study included 
healthy cats for whom the Holter is not clinically 
indicated. However, the P-Holter may be indicated in 
cats in which syncope occurs intermittently rather than 
daily, or in which the C-Holter would reduce activity, 
given that multiple-day measurements were possible 
and cat activity was unaffected.
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