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Abstract: The aim of the study was to compare the heart rate, QRS interval, and R wave amplitude across three 
electrocardiogram models, and assess the ability of each of them to provide electrocardiograms (ECG) for clini-
cal interpretation. The three electrocardiogram models included ECG Seiva Praktik Veterinary, CardioStore ECG 
and AliveCor Veterinary Heart Monitor. The data were collected from twelve healthy adult captive green iguanas 
(Iguana iguana) monitored under a manual restraint at a room temperature of 22.6–28.0 °C. The ECGs using 
the Seiva Praktik and CardioStore ECG veterinary electrocardiography were performed with standard 4 lead ECG 
recordings. The AliveCor Veterinary Heart Monitor was placed (with the use of gel) directly on the lateral body 
wall. The mean heart rate was 42 ± 8 beats/min (CardioStore), 50 ± 11 beats/min (Seiva Praktik Veterinary), and 
51 ± 9 beats/min (AliveCor Veterinary Heart Monitor). No significant difference in the heart rate was observed. 
A significant difference (P < 0.05) in the QRS duration was observed between the CardioStore and AliveCor Veterinary 
Heart Monitor. Significant differences (P < 0.01) in the R wave amplitude were detected between the CardioStore 
and AliveCor Veterinary Heart Monitor and between the Seiva Praktik Veterinary and AliveCor Veterinary Heart 
Monitor. The ECGs produced by the Seiva Praktik VVeeterinary and CardioStore machines were interpretable 
at 100%, while those produced by the AliveCor Veterinary Heart Monitor were interpretable at 66%. Seiva Prak-
tik Veterinary is most appropriately used as an anaesthesia monitoring tool. AliveCor Veterinary Heart Monitor 
could be used as an additional diagnostic tool, but the results should be ideally confirmed with a standard ECG 
machine. Seiva Praktik Veterinary is the most appropriate tool for monitoring the ECG within the anaesthesia, while 
CardioStore might be most appropriately used as an advanced diagnostic tool by virtue of its software assistance. 
The ECGs obtained with AliveCor Veterinary Heart Monitor should be confirmed using a standard ECG machine.
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(Davies et al. 1951; Mullen 1967; Valentinuzzi et al. 
1969; Valentinuzzi et al. 1970; McDonald and Heath 
1971; Jacob and McDonald 1975; Heaton-Jones and 
King 1994; Holz and Holz 1995; Liu and Li 2005; 

Reptile cardiology is an important specialisation 
in veterinary exotic practice (Schillinger and Girling 
2019). Reptile electrocardiography (ECG) has proved 
a promising diagnostic tool in reptile cardiology 
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Dahhan 2006; Hunt 2013; Germer et al. 2015; Bogan 
2017), as well as an adjunct tool for monitoring an-
aesthesia (Mitchell 2009; Schumacher and Mans 
2014; Schillinger and Girling 2019). Because reptilian 
electrocardiograms differ from companion animals 
in terms of amplitude [up to 1 mV; Schillinger and 
Girling (2019), Zemanova et al. (2016)], the inter-
pretation of a reptile ECG requires an additional 
specialisation. The ECG should ideally be performed 
when the reptile is calm with a constant heart rate 
(Dahhan 2006). The aim of this study was to compare 
the heart rate, QRS interval, and R wave amplitude 
across three electrocardiogram models, and assess 
the ability of each model to provide ECGs for clinical 
interpretation in healthy adult captive green iguanas 
(Iguana iguana).

MATERIAL AND METHODS

Study animals

This study was performed on twelve adult captive 
green iguanas (9 males, 3 females), aged 10–15 years 
old, with a body mass range of 1.46–3.04 kg. All the 
animals were handled in accordance with the nation-
al and European legislation (EU Council Directive 
86/609/EEC for the protection of animals) and with 
the approval of the ethical committee (64-2016). 
Based on the clinical exams, all the iguanas were 
healthy and without any clinical signs of cardio-
vascular pathology. The study animals were kept 
in standard husbandry conditions, in terrariums 
with a 12-hour day/12-hour night cycle provided 
by 100 W incandescent bulbs and basking areas 
provided by infrared lamps. A linear UV.B (Repti-
Glo 10.0; Rolf C. Hagen, Mansfield, MA, USA) lamp 
was also in each terrarium. The temperature inside 
the terrariums was 22.6 °C in the coldest part, the 
temperature of the neutral zone was 27–30 °C and 
the average temperature of the basking spot was 
35–38 °C. Water and food were available ad libitum.

Electrocardiography

ECGs were performed using three types of electro-
cardiograms: ECG Seiva Praktik Veterinary (Seiva s.r.o., 
Prague, Czech Republic), CardioStore ECG (Vetronic 
Services, Devon, UK), and AliveCor Veterinary Heart 
Monitor (IDT Technology Ltd.,  P.R. China) attached 

to an iPhone 5S (Apple Inc., Cupertino, CA, USA). 
During the procedure, the animals were kept under 
a manual restraint and the head was covered with 
a towel to minimise the stress (Figure 1). The external 
body temperature (range: 22.5–30.9 °C) and room 
temperature (range: 22.6–28.0 °C) were measured 
using a contactless thermometer.

The monitoring started with the ECG Seiva 
Praktik Veterinary device, which was applied us-
ing standard  4 lead ECG recordings (Figure  1). 
Two electrodes with clips were attached to the skin 
of the neck (yellow electrode on the left side, red 
one on the right side) and two electrodes with clips 
were attached to the skin of the lateral body wall 
(green electrode on the left side, black one on the 
right side). An acoustic coupling gel (Topvet, Kuřim, 
Czech Republic) was liberally applied to improve 
the contact of the ECG leads with the scales. Two 
ECG measurements were performed because the 
electrocardiogram only allows recording of ECGs 
in time frames of 10 s (total time was 20 s) with the 
use of ECG Seiva Praktik Veterinary. 

The experiment continued directly afterwards 
by switching to the CardioStore ECG device – the elec-
trocardiography was performed as described above. 
The ECG values were recorded for at least 3 min-
utes. The ECGs were evaluated using CardioStore 
v1.33 software (Vetronic Services, Devon, UK).

The machine was then changed and we performed 
the third ECG using the AliveCor Veterinary Heart 
Monitor device, which was placed directly on the 
lateral body wall using the acoustic gel (Figure 2). 
The ECG values were recorded for at least three 
minutes and evaluated on the iPhone (Figure 2).

Figure 1. ECG electrodes attached to the skin folds on the 
neck (yellow electrode on the left, red one on the right) 
and on the lateral body wall (green electrode on the left, 
black one on  the right) of  the green iguana. The head 
is covered to reduce stress
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Figure 2
of the CardioStore v1.33 software), Seiva Praktik 
Veterinary ECG and AliveCor® Veterinary Heart 
Monitor devices with the use of the iPhone 5S and 
AliveCor software (Figure 3). The speed of the paper 
was 25 mm/sec and the amplitude was 20 mm/mV.

The indicator values (maximum, minimum, 
mean, and standard deviation) were analysed 
by a one-way ANOVA (analysis of variance; fac-
tor ECG machine). The significance was accepted 
at P ≤ 0.05. To compare the results of  the three 
electrocardiograms, a post-hoc t-test was used with 
a significance of P ≤ 0.016 7. All the analyses were 
calculated using MS Excel (Office XP; Microsoft 
Co., Redmond, USA).

RESULTS

The heart rate average and range for each electro-
cardiogram are presented in Table 1. The one way 
ANOVA showed no significant difference in the 
average heart rate [F(2.6) = 3.3; P > 0.05] between 
the three electrocardiograms (Figure 4).

Recording and analysis

The ECG recordings included the heart rate, am-
plitude of the R waves (millivolt, mV) and dura-
tion of the QRS complex (milliseconds, mS). The 
heart rate was calculated from the RR intervals. 
Each of these parameters was recorded 20 times 
per animal and evaluated on printed electrocar-
diograms for the CardioStore ECG (with the use 

Figure 2. AliveCor Veterinary Heart Monitor placed 
on the left body wall of green iguana

Figure 3. Green iguana electrocardiograms using the CardioStore ECG (1), Seiva Praktik ECG (2), AliveCor Veteri-
nary Heart Monitor devices (3)
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Figure 5Figure 4

The mean R wave amplitude and range are dis-
played in Table 1. The one way ANOVA showed a sig-
nificant difference between mean R wave amplitude 
across the three electrocardiograms [F(17.26) = 3.33; 
P < 0.01]. The post-hoc t-test revealed a significant 
difference between the CardioStore and AliveCor® 
Veterinary Heart Monitor devices (P < 0.01), a signif-
icant difference between the Seiva Praktik Veterinary 
and AliveCor® Veterinary Heart Monitor devices 
(P < 0.01), and no significant difference between the 
CardioStore and Seiva Praktik Veterinary devices 
(P > 0.05) (Figure 5).

The mean QRS duration and range are shown 
in Table 1. The one way ANOVA showed a signifi-
cant difference between the mean QRS duration 
for the three electrocardiograms [F(4.66) = 3.32; 
P < 0.05]. The post-hoc t-test revealed significant dif-
ferences in the mean QRS between the CardioStore 
and AliveCor® Veterinary Heart Monitor devices 
(P < 0.01) while no statistically significant difference 
was observed between the Seiva Praktik Veterinary 
and CardioStore devices (P > 0.05), or the Seiva 
Praktik Veterinary and AliveCor® Veterinary Heart 
Monitor devices (P > 0.016 7) (Figure 6). 

The Seiva Praktik Veterinary device enabled the 
high quality visualisation of  the ECGs directly 

on a computer monitor, whereas the ECG displayed 
by the CardioStore device was only visible on a small 
screen. The Seiva Praktik Veterinary machine could 
record up to 10 s ECGs, while the CardioStore de-
vice could record up 20 minutes. The AliveCor® 
Veterinary Heart Monitor had an unlimited time 
recording capacity.

DISCUSSION

The CardioStore ECG machine has been de-
scribed in a bearded dragon (Pogona vitticeps) 
study (Hunt 2013). The AliveCor Veterinary Heart 
Monitor has been described in many reptile spe-
cies studies (Schilliger et al. 2014), while the Seiva 

Table 1. Heart rate, R wave amplitude and QRS duration recorded in 12 healthy adult green iguanas with the three 
ECG machines

Value (units)

ECG machines

CardioStore Seiva Praktik Veterinary AliveCor Veterinary Heart 
Monitor

mean ± SD range mean ± SD range mean ± SD range
Heart rate (beats/min) 42 ± 8 27–55 50 ± 11 32–63 51 ± 9 36–61
R wave amplitude (mV) 0.29 ± 0.11 0.11–0.44 0.31 ± 0.09 0.15–0.42 0.09 ± 0.04 0.04–0.16
QRS complex duration (mS) 175 ± 57 90–253 151 ± 49 88–275 110 ± 15 87–136

Figure 4. Mean heart rate of 12 healthy adult green iguanas 
using the three ECG machines
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Figure 6. Mean QRS complex duration of 12 healthy adult 
green iguanas using the three ECG machines
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machines. The AliveCor Veterinary Heart Monitor 
could be used as an additional diagnostic tool, but 
the results should be ideally confirmed with a stan-
dard ECG machine.
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