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Abstract
Objective: To compare selected parameters of the heart, using the vertebral heart score (VHS) and electrocardiogram 
(ECG), between different breeds of healthy pet rabbits. 

Materials and Methods: Included in the analysis were 99 healthy rabbits, with no preselection for sex, age, or weight. 
Rabbits were classified according to their breed: Holland lop (n=51), Thai (n=32), or Netherland dwarf (n=16). Animals 
underwent anesthesia for a general surgical procedure. Anesthesia was performed using intramuscular ketamine-xyla-
zine injection. Under anesthesia, chest radiography was performed to measure the size of the heart in the ventro-dorsal 
and right lateral recumbent positions, using the VHS method and ECG. 

Results: The heart-to-thoracic size ratio was ≤60% in both positions. In the right recumbent position, there was no dif-
ference in heart size, width, and length and overall size between breeds. There was also no difference in heart rate and 
the following ECG parameters between the breeds: P wave (s), P wave (mV), PR interval (s), QRS complex (s), R wave 
(mV), and T wave (s). However, the QT interval (s) was different between the Holland lop and Thai breeds (P<0.05), with 
the difference being in the ST segment, with an elevation of >0.05 mV in 56.6% of animals and a maximum elevation of 
0.12 mV. The mean electrical axis (MEA) was between -90º and 180º in 55.6% of animals, between -30º to -90º in 7.1%, 
and between 90º and 180º in 37.4%. 

Conclusion: There were no significant differences in heart size or heart rate among the three breeds of rabbits. ECG 
showed a specific difference in the QT interval. ST elevation was different than that in normal dogs and cats, but re-
mained within the normal values for humans. The MEA was between -90º and 180º.
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บทคัดย่อ

วัตถุประสงค์ การศกึษาคา่ตวัแปรท่ีส�ำคญัของหวัใจ ได้แก่ ขนาดหวัใจ อตัราการเต้นของหวัใจ และคณุสมบตัทิางคลื่นไฟฟ้าหวัใจ 

ในกระตา่ยเลีย้งสขุภาพดี ด้วยวิธีการวดั Vertebral heart score (VHS) และ Electrocardiogram (ECG) เพ่ือเปรียบความแตกตา่ง

คา่พารามิเตอร์ในกระตา่ยแตล่ะสายพนัธุ์

วัสดุ อุปกรณ์ และวธีิการ ท�ำการตรวจเพ่ือท�ำการคดัเลือกกระตา่ยสขุภาพดี จ�ำนวน 99 ตวั โดยไมค่�ำนงึถงึเพศ อาย ุหรือน�ำ้หนกั 

จากนัน้แบง่กระตา่ยเป็น 3 กลุม่คือ สายพนัธุ์ฮอลแลนด์ลอป  ไทย และเนเธอร์แลนด์ดวอร์ฟ จากนัน้วางยาสลบเพ่ือให้อยูใ่นสภาวะ

ท่ีสงบ โดยฉีดไซลาซีนไฮโดรคลอไรด์ร่วมกบัเคตามีนไฮโดรคลอไรด์เข้ากล้ามเนือ้ จากนัน้ท�ำการถ่ายภาพทางรังสชีอ่งอกเพ่ือวดัขนาด

หวัใจ ในทา่นอนหงายและตะแคงขวา การวดัคลืน่ไฟฟ้าหวัใจ ด้วยวธีิการวดั Vertebral heart score (VHS) และ Electrocardiogram 

(ECG)

ผลการศกึษา ในกระตา่ยสายพนัธุ์ฮอลแลนด์ลอป 51 ตวั ไทย 32 ตวั และเนเธอร์แลนด์ดวอร์ฟ 16 ตวั พบวา่อตัราสว่นขนาดหวัใจ

ตอ่ขนาดทรวงอก มีอตัราสว่นไมเ่กินร้อยละ 60 ทัง้ในภาพรังสทีา่นอนตะแคงขวาและทา่นอนหงาย ในทา่ตะแคงขวาพบวา่ขนาดหวัใจ

ด้านกว้าง ด้านยาว และขนาดโดยรวม ไมมี่ความแตกตา่งกนัระหวา่งกลุม่ อตัราการเต้นและคลื่นไฟฟ้าหวัใจ P wave (s), P wave 

(mV), PR interval (s), QRS complex (s),  R wave (mV) และT wave (s) พบวา่ไมมี่ความแตกตา่งกนัระหวา่งกลุม่ แตพ่บวา่ QT 

interval (s) มีความแตกตา่งในสายพนัธุ์ฮอลแลนด์ลอปกบัไทย (P<0.05) ลกัษณะ ST segment ท่ีแตกตา่งจากสตัว์ชนิดอ่ืนพบวา่

มี ST elevation ร้อยละ 56.6 โดยคา่สงูสดุอยูท่ี่ 0.12 mV สว่น ST depression ไมมี่การพบ และ MEA ทัง้หมดอยูใ่นชว่งระหวา่ง -90 

ถงึ 180 องศา โดยร้อยละ 55.6 อยูใ่นชว่งระหวา่ง -30 ถงึ 90 องศา ซึง่เป็นคา่ปกตเิม่ือเทียบกบัในมนษุย์ ร้อยละ 7.1 อยูใ่นชว่งระหวา่ง 

-30 ถงึ -90 องศา และร้อยละ 37.4 อยูใ่นชว่งระหวา่ง 90 ถงึ 180 องศา ไมมี่ชว่ง -90 ถงึ -180

สรุป ขนาดของหวัใจและอตัราการเต้นของหวัใจในกระตา่ยทัง้สามสายพนัธุ์ไมมี่ความแตกตา่งกนั คล่ืนไฟฟ้าหวัใจพบวา่มีเฉพาะ 

QT interval (s) ท่ีมีความแตกตา่งกนั สว่น ST elevation ท่ีเกิดขึน้มีความแตกตา่งกบัคา่ปกตใินสนุขัและแมว แตไ่มเ่กินคา่ปกตใิน

มนษุย์ และ MEA อยูใ่นระหวา่ง -90 ถงึ 180 องศา

 

คำ�สำ�คัญ: ขนาดหัวใจ, อัตราการเต้นของหัวใจ, คลื่นไฟฟ้าหัวใจ, กระต่าย
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Introduction
	 Nowadays, rabbits are increasingly adopted as 
pets, almost as commonly as dogs and cats in several 
countries (Praag, 2015). With good care and appropriate 
knowledge provided to owners, pet rabbits have an aver-
age life expectancy of >10-12 years. In 2013, Kwancum 
Animal Hospital provided care to 8037 rabbits (Weerakhun, 
2015). Heart disease in pet rabbits includes infectious 
diseases and non-infectious heart failure at the end-stage 
of life (Chitty, 2015). Although there is currently no clear 
evidence of heart disease in rabbits, it is believed that the 
risk of heart disease increases with age, as for other ani-
mals. Between the ages of 5 and 10 years, 10% of dogs 
develop an underlying heart disease (Atkins et al., 2009), 
with this proportion likely to increase with age. A delay in 
the diagnosis of heart disease can result in the death of 
the animal before treatment is provided. 

	 The risk factors for heart disease in rabbits have 
been studied for animals in crowded farming environments 
(Canavese et al., 2014). Marini et al. (1999) reported that 
combined xylazine hydrochloride and ketamine hydrochlo-
ride, used for the general anesthesia of rabbits, causes 
significant expansion of the heart muscle, particularly when 
given at a high dose. Chronic respiratory infections, caused 
by Pasteurella multocida, are another risk factor for heart 
disease in rabbits (Deeb and DiGiacomo, 2000). In humans, 
periodontitis, caused by Streptococcus mutans and S. 
sanguis, can lead to endocarditis and valvular heart disease 
(Shree et al., 2017; Carinci et al., 2018). This is also a pos-
sible risk factor for heart disease in rabbits as they too can 
develop periodontitis, generally resulting from a malocclu-
sion that causes insufficient wearing of teeth and severe 
inflammation and/or infection. 

	 Despite the acknowledgement of various possible 
risk factors for heart disease in rabbits, the mechanism 
underlying heart disease in these animals remains unclear. 
However, it is expected that these mechanisms would be 
similar to those in dogs and cats considering the similarity 
in the heart physiology and anatomy (Harcourt-Brown, 
2002), although rabbits to have a comparatively faster heart 
rate (Alexander, 2005). Therefore, there is a need for 
physical examination strategies that are specific to rabbits 
to assist in the diagnosis of heart disease in these animals 
(Lord et al., 2010b), using radiography, electrocardiogram 
(ECG), and computed tomography (CT). We used chest 

radiography and ECG to compare features of heart anat-
omy and physiology between different breeds rabbits that 
will provide preliminary data that could be used for the 
diagnosis of heart disease in pet rabbits.  

Materials and Methods
Ethics Statement 

	 This study was approved by research ethics board 
of Khon Kaen University (Animal use license number U1-
04651-2559).

Study Samples

	 Pet rabbits who were admitted to Kwancum Animal 
Hospital, Bangkok, for general treatment or a health check-
up were eligible for study inclusion. Healthy rabbits who 
did not exhibit signs of illness, symptoms of respiratory 
disease, had no evidence of periodontic disease and had 
no history of chronic infections were included. These cri-
teria were assessed using the standardized approach of 
the Health Record Model (Alice, 2015). We used a non-
probability sampling strategy, with no a priori determination 
of sex, breed, age, and/or weight. Sampling was performed 
over a 12-month period. The sample size was estimated 
based on previous data indicating a prevalence of hidden 
heart disease in dogs of 10% (Atkins et al., 2009), using 
an infinite population proportion method (Wayne, 1995).

Anesthesia

	 Measurements of the heart were obtained with the 
animal under anesthesia. Of note, animals were being 
anesthetized to undergo sterilization procedure and, thus, 
not only for the purposes of this study. Anesthesia was 
administered using intramuscular injections of xylazine 
hydrochloride (2-3 mg/kg), followed by intramuscular injec-
tion of ketamine hydrochloride (15-20 mg/kg) after a 5 
minute delay, as previously reported (James, 2013). Seda-
tion was achieved at 15 minutes post-injection. 

The Vertebral Heart Score (VHS)

	 A Kelex radiography system (model MD 1100) 
was used, with the table placed at a distance of 1.40 m 
from the X-ray cassette. The settings for radiography were 
as follows: 50-55 mA at 100 kVp, with mAs of 0.04-0.06 
depending on size of the animal. Images were obtained in 
two positions, the ventro-dorsal (VD) and right lateral re-
cumbent positions. On these radiographs, we evaluated 
the presence or absence of a large expansion of the abdo-
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men over the chest. We also evaluated the size of the heart, 
during the inspiratory phase, in the right lateral recumbent 
position after infusion of a radioactive marker. The long axis 
of the heart was measured from the carina to the apex and 
the short axis at point of its widest diameter. For this mea-
sure, a line was drawn perpendicular to the long axis of the 
heart with a second line drawn parallel to the thoracic spine, 
beginning from T4 downward, equal to the length of the 
long and short axis of the heart. The number of thoracic 
spinal segments included between the two lines was 
counted to obtain the VHS, as previously described (Bu-
chanan and Bucheler, 1995).

Electrocardiography

	 Considering the more rapid heart rate in rabbits 
than in other animals (dogs and cats), the speed of the 
paper was set at 50 mm/s and the sensitivity to 2 mm/mV, 
rather than the usual setting of 1 mm/mV. The ECG was 
recorded with the rabbit in the right lateral recumbent 
position on an insulated table, according to the methods 
of Turner et al. (2015). Alcohol gel was applied to the elec-
trodes to increase the electrical conductivity. The front limb 
electrodes were placed on the skin above the elbow, with 
the hind limb electrodes placed along the midline between 
the knee and groin. The limbs were stretched out in front 
of the animal for the recording, with an insulated separator 
placed between the limbs to avoid contact. The ECG was 
used to record the heart rate and rhythm (normal or ar-
rhythmia). The following lead II cardiac parameters were 
recorded: P wave (s), P wave (mV), PR interval (s), QRS 
complex (s), R wave (mV), QT interval (s), T wave (s), and 
the mean electrical axis (MEA). Measurements obtained 
were robust, based on 8-10 PQRST complex recorded at 
each lead. To measure the MEA and QRS, we first identified 
the positive or negative values calculated from R-(Q+S) 
from lead I and Lead aVF, and values were then recorded 
on the hexaxial reference system. If a negative value was 
identified (with the current traveling from the positive to the 
negative electrode), the signal was then transposed to the 
axis of lead I on the left (negative) side. The same trans-
position process was performed if a positive value was 
obtained at the aVF lead, with the signal shifted superiorly 
to the point of intersection between a line perpendicular to 
lead I and to lead aVF, indicating the end-point of the mean 
QRS vector.

Results
Of the 139 animals eligible for our study, 99 met our inclu-
sion criteria and were included in our analysis. The sample 
comprised of 51 Holland lop rabbits, 32 Thai rabbits, and 
16 Netherland dwarf rabbits.  

Chest radiograph (VHS)

	 The heart-to-thoracic ratio was <60% in both VD 
and right lateral recumbent positions. The size of the heart 
measured in the right lateral recumbent position is sum-
marized in Table 1.

Electrocardiography (ECG)

	 The QT interval was significantly different between 
the Holland lop and Thai breed, at the 95% CI (P<0.05), 
but with no difference for the Netherlands dwarf breed. 
There were no differences between the breeds with regard 
to the other measured ECG parameters (P>0.05). No case 
of sinus arrhythmia was identified in our study sample.

ST segment characteristics 

	 With regard to the ST segment, an isoelectric seg-
ment was identified in 43.4% of animals (n=43), with an 
elevated ST in the other 56 animals (56.6%). Among these, 
ST elevation was >0.05 mV in 19 rabbits (33.9%) and ≤0.05 
mV in 37 rabbits (66.1%). The highest ST elevation identi-
fied was 0.12 mV (Figure 1).

Measurement of the mean electrical axis (MEA) using the 
QRS complex

	 The distribution of the MEA across the 99 rabbits 
was as follows: 55.6% between -90º and 180º; 7.1% be-
tween -30º to -90º; and 37.4% between 90º and 180º. Of 
note, there were no cases between the range of -90º to 
-180º. The MEA values for rabbits compared to those of 
humans are shown in Table 3.

Discussion
	 The administration of general anesthesia, as in our 
study for sterilization, requires that ECG be monitored. Our 
findings provide a reference for determining if ECG is 
normal or not, which is often difficult in rabbits. This is 
particularly important as it is known that the administration 
of anesthetic agents can induce an expansion of the heart 
in rabbits. Anesthesia also causes an increase in heart and 
respiration rate. Thus, our finding also provides a reference 
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Table 1. Comparison of rabbit heart sizes in each breed

Breed

Holland lop 
(n=51)

Thai 
(n=32)

Netherland dwarf 
(n=16)

Vertebral heart scale (VHS) and Right 
lateral recumbency

Right lateral-Short axis (RL-SA) 3.47 ± 0.33 3.40 ± 0.26 3.45 ± 0.33

Right lateral-Long axis (RL-LA) 4.19 ± 0.38 4.21 ± 0.36 4.14 ± 0.33

Overall heart size (VHS Right) 7.67 ± 0.61 7.69 ± 0.51 7.65 ± 0.49

There was no difference among the three breeds, at the 95% confidence interval (95% CI) level, with regard to the length, width, and 
overall size of the heart (P> 0.05).

Table 2. Comparison of the electrocardiogram of rabbits in each breed

Breed

Holland lop 
(n=51)

Thai 
(n=32)

Netherland dwarf (n=16)

Heart Rate (bpm) 179.23  ± 33.07 176.93 ± 43.86 202.18 ± 38.18

P-wave duration (s) 0.021 ± 0.008 0.022 ± 0.011 0.018 ± 0.008

P-wave amplitude (mV) 0.040 ± 0.020 0.043 ± 0.029 0.038 ± 0.020

PR interval (s) 0.062 ± 0.008 0.063 ± 0.012 0.057 ± 0.007

QRS duration (s) 0.036 ± 0.008 0.039 ± 0.009 0.037 ± 0.005

R-wave amplitude (mV) 0.174 ± 0.126 0.224 ± 0.133 0.178 ± 0.104

QT interval (s) 0.157 ± 0.021a 0.169 ± 0.023b 0.154 ± 0.019ab

T-wave amplitude (mV) 0.080 ± 0.059 0.090 ± 0.068 0.048 ± 0.037

aP-value < 0.05 vs a, bP-value < 0.05 vs b., abP-value > 0.05 vs a,b.

Table 3. Comparison of MEA values ​​in rabbits with normal degrees in humans

Degree Rabbit (percent) Human

-30 to 90 55.6 normal zone

-30 to -90 7.1 left axis deviation or pathological left axis

90 to 180 37.4 right axis deviation or pathological right axis

-90 to -180 0 gray zone or  indeterminate axis

Adapted from Anthony Dupre, Sarah Vincent, and Paul A Iaizzo (2005).
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to determine if the anesthesia dose is within safe limits. This 
is important as high doses of anesthetic agents can ad-
versely affect the heart muscle (Chari et al., 2001; Ruben 
et al., 2011).

	 To the authors’ knowledge, this is the first study 
in Thailand investigating more than three different breeds. 
In the present study, no difference in the heart size of three 
breeds of rabbits in terms of the heart width, length, and 
overall size, which has also been reportedly found in dog 
breeds. Onuma et al. (2010) and Turner et al. (2015) stud-
ied the heart size of rabbits and found no difference be-
tween male and female rabbits, but left lateral was found 
to be significantly larger than the right lateral in both stud-
ies. In this study, only the ventro-dorsal and right lateral 
were measured and attempts were made to exclude fat 
opacity from cardiac measurements during original scoring, 

although some pericardial fat was included in the measure-
ments. Nabi et al. (2014) found that the average heart size 
of Labrador and German Shepherd breeds was signifi-
cantly larger than Indian, Split, Pug, and Native breeds (P 
<0.05). In both studies mentioned above, the average heart 
size was larger than was found by Buchanan and Bucheler 
(1995), which is the average for common dogs. Meanwhile, 
Jepsen-Grant et al. (2013) found that the VHS mean in Pug, 
Pomeranian, Bulldog, and Boston terrier breeds were sig-
nificantly greater than the published VHS references. Total 
body mass score does not affect VHS except for the 
Lhasa apso breed. Bulldog and Boston terrier breeds have 
higher average than other breeds. VHS is more valuable 
in dogs with abnormal vertebrates compared to normal 
dogs (Jepsen-Grant et al., 2013). However, no clear con-
clusion can be made for rabbits since there are few com-
parative studies.

Figure 1. The electrocardiogram of rab-
bits with ST elevation during ST segment 
(arrow).
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have a condition, but no abnormalities were found in the 
heart, including after undertaking an autopsy. This ex-
periment used doping xylazine and ketamine together as 
a pre-anesthetic before using inhalation anesthetics. Al-
pha2-agonists have the potential to cause cardiovascular 
side effects, including bradycardia and decreasing car-
diac output by up to 50 percent. Alpha2-agonists also affect 
ECG changes, resulting in arrhythmia or even a slower 
heart rate which results in QT prolongation (Ali et al., 2009; 
Cassu et al., 2014; Naglaa et al., 2015). 

	 For QRS Axis (MEA), the value was found to be 
close to a previous study. In a sample of 100 New Zealand 
White rabbits, the MEA value was found to be in the range 
of -60 to 180 degrees, in the range of -30 to 90 degrees to 
85 percent. The normal MEA range in humans is between 
-30 to 90 degrees, while values between 90 and 180 de-
grees imply right axis deviation and an electrical shape of 
the heart rather than vertically. MEA values between -30 
and -90 degrees mean left axis deviation or an electrical 
shape of the heart rather than horizontally. Meanwhile, MEA 
values between -90 and -180 degrees are in an unclear 
zone and cannot be identified as left or right axis deviation 
(Anthony, D. and Sarah, V., 2005; Wanwarang et al., 2014). 
Among dogs and cats, MEA ranges from 40 to 100 degrees 
and 0 to 130 degrees, respectively (Wendy, 2007). Rabbits 
may have different electrocardiogram characteristics from 
humans and the other species mentioned above, while 
MEA has more degrees.

	 The heart rate in all breeds wasn’t different. The 
QT interval of Holland Lop and Thai breeds were different, 
but there was no difference with the Netherland Dwarf 
breed. The narrowest QT interval after the QT interval is the 
combined time interval repolarization and depolarization 
(Wanwarang et al., 2014). The QT interval is typically less 
than half of the RR interval in the same cardiac cycle (Plon-
sey, 1982). The QT interval will be shorter when the heart 
rate is faster (Loscalzo, 2013; Wanwarang et al., 2014). In 
a study with humans, a long QT interval may be caused by 
heredity, ischemic heart disease, and heart failure (Loscal-
zo, 2013). However, when compared to other studies, the 
QT interval is still considered normal (Turner et al., 2015). 
Another electrocardiogram study found no significant dif-
ference between groups at a 95 percent confidence level 
(P> 0.05). In accordance with Lord et al. (2010b), samples 
were divided into four groups of various breeds. No differ-
ence was discovered in the electrical wave value.

	 In humans, an ST elevation greater than 0.05 mV 
is a disorder. Elevation of the ST segment greater than 0.15 
mV or depression of the ST segment greater than 0.2 mV 
in leads II, III, or aVF is abnormal in the dog. ST segment 
elevation or depression in the cat is abnormal (Larry et al., 
2008). If altered in the same way in rabbits, it can be as-
sumed that the occurrence of ST-elevation is likely an 
abnormal condition, but a definitive answer has not been 
found. Turner et al. (2015) performed echocardiograms 
with rabbits, and found that rabbits with an ST elevation 

Table 4. Electrocardiography of the normal rabbit

Parameter Rabbit 
 (New Zealand White)

Rabbit 
(Many breeds)

100 cases* 46 cases**

Heart rate 242 262

P wave 0.03 sec,
0.05 mV

0.03 sec,
0.08 mV

PR interval 0.05 sec 0.06 sec

QRS complex 0.05 sec 0.04 sec

R amplitude 0.18 mV 0.21 mV

T wave amplitude 0.16 mV 0.11 mV

QT interval 0.14 sec 0.12 sec

*Turner et al. (2015) and **Lord et al. (2010b).
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