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Abstract : The aim of this study is to evaluate the reference value for electrocardiogram in healthy captive raccoon
dogs. Forty-one free-ranging adult raccoon dogs rescued from Wildlife rescue centre, Kangwon National University
were enrolled in this study. The 6-lead electrocardiogram was obtained in all raccoon dogs without any chemical
restraints. The mean heart rate was 146.10 +43.31 beats/min (95% confidence interval 132.84~159.36 beats/min). The
mean respiration rate was 35.73 = 11.56 breaths/min (95% confidence interval 32.19~39.27 breaths/min). The mean
systolic blood pressure was 136 +29.26 mmHg (95% confidence interval 127.99~145.91 mmHg). Electrocardiographical
features were also evaluated in all raccoon dogs. The mean duration and amplitude of P-wave were 38.2 + 4.0 ms
(range 28-40 ms) and 0.128 + 0.039 mV (range 0.09~0.20). The mean duration and amplitude of QRS complexes were
48.5+7.2 ms (range 36-60 ms) and 1.330 = 0.650 mV (range 0.15~2.30). The range of the mean electrical (QRS) axis
was —91°~+96° (10°~60° 95% of confidence interval). The mean corrected QT (QTc) interval was 273.7 +32.7 ms
(range 212-333 ms), while the mean PR interval was 76.1 + 10.0 ms (range 50-82 ms). To the authors' knowledge, this

is the first study to provide references in electrocardiogram (ECG) in healthy captive raccoon dogs.
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Introduction

The raccoon dog (Nyctereutes procyonoides) is a canid
species which is originally indigenous to East Asian countries
including Korea, Japan and China (3,4). Although the raccoon
dog looks similar to the raccoon (Procyon lotor), both species
are not closely related. The raccoon dog is regarded as an
important wildlife carrier transmitting hazardous infectious
diseases including rabies, paratyphoid, anthrax and tubercu-
losis. Despite the importance of raccoon dogs for transmis-
sion of several infectious diseases, diagnostic parameters for
normal vital signs, routine laboratory tests and cardiac index
has been rarely studied (3). Therefore the aim of this study is
to evaluate the reference value for electrocardiography in
healthy captive raccoon dogs.

Materials and Methods

Fourty-one clinically healthy mature raccoon dogs based
on clinical and routine laboratory tests captured throughout
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Korea for research purpose were enrolled in this study. Prior
to study, we obtained the approval of the animal ethics com-
mittee of Kangwon National University for the research. This
animal testing program, including animal care and cardiac
examination was performed in strict adherence to the guide-
lines of the National Research Council of Korea. Routine
health check including physical examination, hematology and
serum chemistry was performed on all raccoon dogs to
exclude clinically abnormal subjects.

All electrocardiographical (ECG) examination was done
by physical restraint without sedation and anesthesia. Heart
rate was determined, and the presence of any murmurs, gal-
lops, or arrhythmias was recorded. Next, a 6-lead surface
ECG was recorded with a CARDIOVIT AT-1VET Veteri-
nary ECG (Schiller AG, Baar, Switzerland) by attaching ECG
electrodes via alligator clips in standard limb lead configura-
tion while the raccoon dogs were in right lateral recum-
bency. ECG measurements were obtained at a paper speed of
50 mm/sec and a sensitivity of 10 mm/mV. The mean value
of three measurements was calculated for each ECG variable
on lead II. The corrected QT interval was calculated by
Bazett's Formula (QT Interval / V (RR interval). The mean +
standard deviation value was calculated for each electrocar-
diographical index from each raccoon dogs.
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Table 1. Limb lead electrocardiographic variables in 41 clinically healthy raccoon dogs

95%

Variable Mean = SD ?5%conﬁdence Mean = SD Confidence interval Mean = SD ?5%conﬁdence
(Male) interval (Male) (Female) (Female) (Total) interval (Total)
RR interval duration (ms) 442.63 =130.01 390.61-494.64 404.00 +103.56  354.77-453.23 426.61 £119.92 389.90-463.32
P wave duration (ms)  37.38+7.55 34.35-40.40  39.12+ 18.69 30.23-48.00 38.10+13.17 34.07-42.13
PR interval duration (ms) 70.67 + 10.84 66.33-75.00 86.82+61.91 57.39-116.25 77.37 +40.81 64.88-89.86
QRS duration (ms) 41.88+10.10 37.83-4592  47.00 +20.80 37.11-56.89 44.00 £ 15.44 39.27-48.73
QT interval duration (ms) 178.13+22.91  168.96-187.29 173.71 £22.30 163.10-184.31 176.29+2249  169.41-183.17
QTc (sec) 0.27+0.03 0.26-0.28 0.28 +0.02 0.27-0.29 0.27 +£0.03 0.26-0.28
P wave height (mV) 0.11+0.04 0.10-0.13 0.11+0.04 0.09-0.13 0.11 +0.04 0.10-0.12
R wave height (mV) 0.99+0.67 0.72-1.26 0.86+0.88 0.44-1.27 0.93+0.76 0.70-1.16
S wave height (mV)  -0.06+0.11 -0.10--0.02 —0.11+0.17 —-0.19 - -0.03 -0.08+0.14 -0.12 - -0.04
T wave height (mV) 0.26+0.29 0.14-0.37 0.18+0.22 0.08-0.28 0.22+0.26 0.14-0.30
P axis (°) 21.75+43.24 4.45-39.05  47.88+43.72 27.10-68.66 32.59 +44.82 18.87-46.31
QRS axis (°) 23.71 £43.06 6.48-40.94 3.41 +46.77 —18.82-25.64 1529 +£45.21 1.45-29.13
T axis (°) 11.75+71.34 —16.79-40.29  11.82 £ 86.89 —29.48-53.13 11.78+77.11  —11.82-35.38
Male: n =24, Female: n= 17, Total: n=41
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Fig 1. Electrocardiogram showing normal sinus rhythm in a raccoon dogs enrolled in this study.

Results

Twenty healthy adult raccoon dogs (12 males, 8 females)
were evaluated. The mean body weight was 4.37 £+ 0.86 kg
(range 3~5.7 kg). The mean rectal body temperature was 38.96
+0.72°C (range 38.8~40.8°C). The mean heart rate at rest
was 120.2 +38.7 bpm (range 92-172 bpm), while the mean
respiration rate at rest was 32.7 + 9.6/min (range 20-52/min).
There were no detectable heart murmurs in raccoon dogs
enrolled in this study. Some raccoon dogs (8/20) had irregu-
lar heart rhythm (sinus arrhythmias) which is common in
dogs. ECGs showed a normal sinus rhythm in all 20 raccoon
dogs. All measurements were similar to those reported for
domestic canines (Table 1). Wandering pacemaker was noticed
in 3/20 dogs. The mean duration and amplitude of P-wave
were 38.2 4.0 ms (range 28-40 ms) and 0.128 £ 0.039 mV
(range 0.09~0.20). The QRS morphology was similar in
appearance to domestic canines (Fig 1). Sinus arrhythmias
were noticed in 8/20 raccoon dogs. The mean duration and

amplitude of QRS complexes were 48.5 £ 7.2 ms (range 36-
60 ms) and 1.330+0.650 mV (range 0.15~2.30; Table 1).
The range of the mean electrical (QRS) axis was —91°~ +96°
(10°~60°; 95% of confidence interval). T-waves were mono-
phasic and positive in eight of 20 raccoon dogs, ten raccoon
dogs had monophasic negative T-waves, and two raccoon
dogs had isoelectric T-waves in lead II (Table 1). The mean
corrected QT (QTc) interval was 273.7 + 32.7 ms (range 212-
333 ms), while the mean PR interval was 76.1 £10.0 ms
(range 50-82 ms; Table 1).

Discussion

The raccoon dog (Nyctereutes procyonoides) is not closely
related to raccoons (Procyon lotor), although the appearance
in both species are quite similar (3). The raccoon dogs are
distantly related to domestic dogs. The raccoon dogs are
important to human society as a pet, a fur animals and car-
rier animals for certain zoonotic diseases (i.e. Rabies) (3).
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However, there has no concrete study for references for vital
signs and cardiac examination (e.g. ECG and thoracic radiog-
raphy), to date. To the authors’ knowledge, this is the first
study to provide ECG in healthy, free-ranging raccoon dogs.

Electrocardiographically, the raccoon dogs have voltages
between dogs and cats, as similarly to raccoons (Procyon
lotor) (2). In most normal dogs, heart rates range is between
60-160 bpm (70-160 bpm in adult dogs; 60-140 bpm in giant
breeds; up to 180 bpm in toy breeds; up to 220 bpm in pup-
pies). The heart rthythm of dogs shows almost normal sinus
rhythm, respiratory sinus arrhythmia, and wandering SA pace-
maker in common.

The amplitude of P wave is normal up to 0.4 mV. The
duration of the P wave should not exceed 0.04 sec in dogs. It
should be positive in leads II, aVF, and isoelectric or positive
in lead. Amplitude of R wave of QRS complex is normal up
to 2.5-3.0 mV in lead II, III, and aVF (more than 2years of
age). Duration of the QRS complex up to 0.05sec is normal
(0.06 second in large breeds). Normal MEA (mean electrical
axis) is +40 degrees clockwise to +100 degrees for the dog. T
waves may be positive, negative, or biphasic. In most nor-
mal cats, heart rates range between 140-180 bpm (up to 240
bpm). Heart rhythm of cats shows almost normal sinus
rhythm, physiologic sinus tachycardia (sTach) in common.
The amplitude of P wave is normal up to 0.2 mV in lead II
and avF. The duration of P wave should not exceed 0.04 sec
in cats. It should be positive. QRS complex is more variable
than in the dog. The R wave is usually low (maximum is

0.9 mV). Duration is under 0.04sec. The mean electrical axis
is most commonly from 0 degrees to +160 degrees. T waves
are usually positive, occasionally negative or biphasic (1).
When compared with that fallowing, the raccoon dogs were
closer to dogs in heart rate and heart rhythm. But wave
heights and durations of raccoon dogs were closer to cats.
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