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On stECG, the P wave was positive in 17 cases (89.5 
per cent) and biphasic in one case. On sECG, the P wave 
was biphasic in 18 cases (94.7 per cent). In one case, the 
P wave was absent due to the presence of atrial fibrilla-
tion. On both ECGs, the QRS complex was negative in 
all cases. The ECG measurements are reported in table 1.

Major artefacts were recorded in five out of 19 (26.3 
per cent) of both stECG and sECG. The mean dura-
tion of major artefacts was 2.08±1.08 seconds (range 
0.8–3.4 seconds) on stECG and 0.64±0.33 seconds (range 
0.2–1 seconds) on sECG. Minor artefacts were noted in 
four out of 19 (21.0 per cent) stECGs and in 14 out of 19 
(73.6 per cent) sECGs. The mean duration of minor arte-
facts was 0.95±0.34 seconds (range 0.4–1.4 seconds) on 
stECG and 8.66±9.78 seconds (range 1.0–30.0 seconds) 
on sECG.

Group 2
In group 2, the manually calculated heart rate ranged 
between 20 bpm and 58 bpm (mean 36±9 bpm) on both 
ECG tracings. The HRapp ranged between 33 bpm and 
115 bpm (median 67 bpm; IQR 48.25 bpm). According 
to heart rate classification, 29 out of 40 (72.5 per cent) 

subjects had normal HRm, six (15.0 per cent) had brady-
cardia and five (12.5 per cent) had tachycardia.

Twenty-six subjects (65.0 per cent) had sinus rhythm 
and 14 (35.0 per cent) had supraventricular arrhythmia; 
ventricular arrhythmias were not detected. Among supra-
ventricular arrhythmias, one or more types of AV block 
were detected in 12 horses (28.6 per cent); in particular, 
first-degree AV block was observed in a horse (2.4 per 
cent), while second-degree AV block was present in 12 
horses (28.6 per cent). Two horses (4.8 per cent) had 
supraventricular premature complexes and one horse 
had atrial fibrillation (figure 2).

On stECG, the P wave was positive in 38 cases (95.0 per 
cent) and biphasic in one case. On sECG, the P wave was 
biphasic in 39 cases (97.5 per cent). In one case, the P 
wave was absent due to the presence of atrial fibrillation. 
On both ECG tracings, the QRS complex was negative in 
all patients. ECG measurements are reported in table 1.

Major artefacts were recorded in one out of 40 (2.5 
per cent) stECGs and in 12 (30.0 per cent) sECGs. On 
the only stECG with major artefacts, the duration was 
0.56 seconds. The mean duration of major artefacts on 
sECG was 1.34±1.07 seconds (range 0.4–3.4 seconds). 
Minor artefacts were noted in seven out of 40 (17.5 per 
cent) stECGs and in 26 (65.0 per cent) sECGs. The mean 
duration of minor artefacts was 3.57±6.20 seconds (range 
0.4–17.4 seconds) on stECG and 15.72±12.61 seconds 
(range 1.0–30.0 seconds) on sECG.

Statistical analysis
For both group 1 and group 2, a perfect agreement 
(k=1) between stECG and sECG was found in the classi-
fication of HRm and rhythm, as well as in the evaluation 
of AV block, premature complexes and atrial fibrillation. 
Moreover, the percentage of agreement between stECG 
and sECG for QRS complex polarity was 100 per cent. 
Conversely, no agreement (group 1 k=0.055; group 2 
k=0.024) was found in the evaluation of P wave polarity.

HRm on stECG and sECG recorded at the Veterinary 
Hospital showed a bias of −0.105 bpm (95 per cent 
confidence interval (CI): −1.005 to 0.794 bpm). Bias 
between HRm and HRapp of sECG was −49.21 bpm (95 
per cent CI: −115.6 to 17.2 bpm). Duration and ampli-
tude of P wave measured on stECG and sECG had a 
bias of 0.00556 seconds (95 per cent CI: −0.0125 to 
0.02362 seconds) and 0.1444 mV (95 per cent CI: −0.0483 
to 0.3372 mV), respectively. Bias between PQ interval dura-
tion measured on stECG and sECG was 0.00556 seconds 
(95 per cent CI: 0.0207 to 0.03178 seconds). Duration 
and amplitude of the QRS complex measured on stECG 
and sECG showed a bias of 0.15 x 10−17 seconds (95 per 
cent CI: −0.01307 to 0.01307 seconds) and 1.318 mV (95 
per cent CI: 0.458 to 2.179 mV), respectively.

Moreover, in group 1, the prevalence of minor artefacts 
(P=0.0029) was significantly higher on sECG tracings 
than on stECG tracings. No differences were found in the 
prevalence of major artefacts (P>0.999).

Figure 2  Smartphone ECG (above) and standard ECG 
(below) tracings recorded simultaneously in horses of both 
groups. Heart rate and rhythm are the same on both tracings 
of each panel where the ECG pairs have been lined up to 
match exact time points. (a) Second-degree atrioventricular 
block. Notice the single P wave (arrow), not followed by 
a QRS and T wave. Moreover, a different appearance of 
the P waves is visible on the standard ECG tracing. (b) 
Supraventricular premature complex. Notice the premature 
P wave (arrow) followed by a QRS complex of normal 
morphology and a T wave of opposite polarity to the QRS 
complex (arrowhead). (c) Atrial fibrillation. Notice the absence 
of P waves and the presence of f waves, associated with 
irregularity of the RR intervals.
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No differences in BCS were found between sECG 
tracing with major (P=0.5806) and minor (P=0.2423) 
artefacts and tracings without artefacts.

HRm on stECG and sECG recorded in the field showed 
a bias of 0 bpm. Bias between HRm and HRapp of the sECG 
was −34.6 bpm (95 per cent CI: −88.06 to 18.86 bpm). 
Duration and amplitude of P wave measured on stECG 
and sECG had a bias of 0.005128 seconds (95 per cent 
CI: −0.01441 to 0.02466 seconds) and 0.2333 mV (95 
per cent CI: 0.07225 to 0.3944 mV), respectively. Bias 
between PQ interval duration measured on stECG and 
sECG was 0.00359 seconds (95 per cent CI: −0.01411 
to 0.02129 seconds). Duration and amplitude of the 
QRS complex measured on stECG and sECG showed 
a bias of 0.001 seconds (95 per cent CI: −0.007652 to 
0.009652 seconds) and 1.486 mV (95 per cent CI: 0.6775 
to 2.295 mV), respectively.

Moreover, in group 2 the prevalence of major 
(P=0.0015) and minor (P<0.0001) artefacts was signifi-
cantly higher on sECG tracings than on stECG tracings.

No differences in BCS were found between sECG 
tracing with major (P=0.7802) and minor (P=0.8800) 
artefacts and tracings without artefacts.

With regard to the prevalence of major and minor 
artefacts, the comparison between group 1 and group 
2 showed no significant differences (P>0.9999 and 
P=0.5577, respectively).

Conditions causing bad recordings
On two occasions, it was not possible to record the sECG 
tracing; the first episode occurred during a storm, while 
the second episode occurred during winter, in particular 
cold conditions.

DISCUSSION
The results obtained from the present research are 
in accordance with previous studies and confirm that 
AliveCor Vet is a feasible and reasonably accurate method 
to rapidly evaluate heart rate and rhythm in horses. In 
fact, a perfect agreement between sECG and stECG in 
the evaluation of heart rate, sinus rhythm and supraven-
tricular arrhythmias was detected.

As previously described,4 6 7 13 the results verified that 
heart rate obtained automatically by the app is not accu-
rate. The HRapp is calculated by an R wave autodetection 
algorithm and RR interval measurement and the mean 
value is based on the duration of the recording.13 Kraus 
and colleagues13 reported that the misleading HRapp 
is due to ‘over sensing’ of artefacts or to missing QRS 
complexes. In the authors’ experience, P and T waves 
could also be erroneously identified as an R wave, with 
HRapp overestimation (figure  3). For these reasons, it 
would be better to check the autodetection of R waves on 
the PDF, observing the mark under each wave identified 
as R, or calculate the heart rate manually.

The results demonstrated the accuracy of the AliveCor 
Veterinary Heart Monitor in the analysis of the ECG wave 
and interval duration and in the evaluation of the polarity 
of QRS complex. In fact, differences in these parameters 
between sECG and stECG were minimal both in group 1 
and in group 2. These results are consistent with previous 
studies on horses, dogs and dairy cows.4 6 7 Conversely, no 
agreement between the two ECG methods was found in 
the evaluation of P wave polarity, as previously reported 
in horses and cows.4 6 Moreover, the results showed that 
the sECG underestimated the amplitude of the P wave 

Table 1  ECG measurements data

Group 1 Group 2

Median IQR Min Max Median IQR Min Max

P wave duration (seconds)

 � stECG 0.12 0 0.12 0.16 0.12 0 0.10 0.16

 � sECG 0.12 0 0.10 0.16 0.12 0.01 0.10 0.14

P wave amplitude (mV)

 � stECG 0.30 0.20 0.10 0.50 0.30 0.10 0.20 0.50

 � sECG 0.15 0.10 0.05 0.30 0.10 0.05 0.05 0.20

PQ interval duration (seconds)

 � stECG 0.32 0.07 0.24 0.44 0.30 0.04 0.20 0.44

 � sECG 0.32 0.075 0.24 0.44 0.28 0.04 0.20 0.44

QRS complex duration (seconds)

 � stECG 0.12 0.04 0.08 0.12 0.08 0.02 0.08 0.12

 � sECG 0.10 0.04 0.08 0.14 0.08 0.02 0.08 0.12

QRS complex amplitude (mV)

 � stECG 2.0 0.70 1.10 3.0 1.85 0.625 1.10 2.90

 � sECG 0.7 0.375 0.20 1.40 0.425 0.262 0.15 1.10

Group 1: 19 hospitalised horses; group 2: 40 horses examined in the field.
IQR, interquartile range; max, maximum value; min, minimum value; sECG, smartphone ECG; stECG, standard base-apex ECG.
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and QRS complex. Similar results are described in dogs,7 
whereas, to the authors’ knowledge, no previous studies 
have been carried out on the evaluation of wave amplitude 
in horses. The differences in amplitude between sECG 
and stECG could be due to the different placement of the 
electrodes. In fact, the proximity of the two electrodes of 
the smartphone device creates a small dipole compared 
with stECG and this can result in a lower voltage of ECG 
waves and in a variation in polarity of P wave. A similar 
hypothesis has been suggested by Kraus and colleagues, 
who however did not compare P and QRS amplitudes in 
their study.13

In the present study, four of the sECGs were excluded 
from the analysis due to the presence of major artefacts 
in more than 20 per cent of the tracing. Therefore, 
sECGs were interpretable in 59 out of 63 cases (94 per 
cent). These results agree with findings in people where 
a percentage of useful sECG of 87–99.6 per cent was 
reported,3 20–22 and in healthy horses with 96 per cent 
of diagnostic sECG.4 Based on the comparison between 
methods, artefacts were significantly higher on sECG 
than on stECG tracings; however, minor artefacts were 
negligible as they appeared as fine tremors of the base-
line that did not preclude correct identification of ECG 
waves. Minor and major artefacts resulted to be indepen-
dent of BCS both on tracings recorded in field and in 
hospital conditions. Major artefacts could be due to bad 
contact with the electrodes, interferences or movements 
of the patient. In order to minimise artefacts, it could be 
useful to set the highest filter (60 Hz) available in the app 
settings, and whenever possible recognise and eliminate 
possible causes of interference as well as improve contact 
between the electrodes and the patient.

When parameters of accuracy obtained using the device 
in field and in hospital conditions were compared, results 
were judged similar. Moreover, no significant differences 
were detected between artefacts recorded in hospital and 
in the field. These results indicate that AliveCor Veteri-
nary Heart Monitor is a reliable diagnostic tool for veteri-
nary practitioners in field as well as in hospital conditions.

According to the authors’ experience on the usage 
of AliveCor in field conditions, only exceptional atmo-
spheric conditions may prevent sECG recording. The 
first episode occurred in a stable during a storm. At the 

beginning, the sECG recorded major artefacts (figure 4) 
and then a message ‘electromagnetic interference too 
high’ appeared on the smartphone screen and the 
tracing was interrupted; meanwhile, a good-quality stECG 
tracing was recorded. Therefore, electromagnetic fields 
generated during storms appeared to interfere with the 
smartphone functioning.

The second episode happened in a stable located at 
about 1000 m altitude during winter. In a sunny but cold 
day (about 4°C), it was not possible to record the sECG 
tracing. The reason is explained in the user manual, 
which certifies a correct temperature range of +10°C to 
+40°C for device usage.

Possible limitations of this study are the different 
numbers included in the two groups and the absence of 
ventricular arrhythmias.

In conclusion, AliveCor Veterinary Heart Monitor 
seems to be a practical, useful and feasible additional tool 
for electrocardiographic evaluation of horses. The results 
obtained during its use in field conditions demonstrated 
that AliveCor is a diagnostic instrument as accurate as in 
hospital conditions.
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Figure 3  A smartphone ECG tracing in which the P and 
T waves were recognised as R waves by the autodetection 
algorithm. Arrowheads indicate the wrong marks.

Figure 4  A smartphone ECG tracing with major artefacts 
during a storm.
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