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The feasibility of the home-monitoring of heart rate (HR) and rhythm through 20 

electrocardiographic (ECG) tracings recorded by owners with a smartphone ECG device was 21 

evaluated in dogs. Smartphone ECG tracings were recorded by owners at home using a 22 

single-lead ECG device and sent via email for interpretation. A questionnaire was prepared to 23 

assess the owner's opinion regarding this home-monitoring service. Recordings were 24 

evaluated by two operators, and agreement was evaluated for HR and rhythm diagnosis. 25 

Thirty-three dogs were included. Thirty-one owners (94%) felt that the recording technique 26 

was easy to learn and that the smartphone ECG device easy to use. A total of 15 owners 27 

(45%) required a second person to hold the dog during recording. Of the 150 smartphone 28 

ECG tracings that were received, 134 (89%) were interpretable. The median difference 29 

between the two operators to assess the mean HR on the smartphone tracings was 10 bpm (-30 

10, +25 bpm). Perfect agreement (κ=1) between operators was observed in the heart rhythm 31 

evaluation. Most owners sent adequate ECG tracings for interpretation via email from their 32 

smartphone. Home-monitoring of HR and heart rhythm may represent an additional tool in 33 

the management of dogs with arrhythmias. 34 

 35 
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Introduction 37 

Serial electrocardiographic (ECG) recordings are essential to monitor dogs at risk for the 38 

development of heart rhythm disturbances and in the management of dogs treated with 39 

antiarrhythmic drugs. Holter monitors, event recorders and implantable loop recorders are 40 

used in the long-term monitoring of heart rate (HR) and heart rhythm in a home environment.1 
41 

2  Holter ECG monitoring represents the gold standard for electrocardiographic monitoring in 42 

dogs with arrhythmias.3 The limitations of Holter ECG monitoring are: (1) costs when 43 

multiple recordings are necessary, (2) day-to-day variability of arrhythmias,4 and (3) poor 44 

compliance due to cables and chest vests in some dogs. Implantable loop recorders can be 45 

expensive, invasive and are generally limited to dogs with sporadic syncope.2 
46 

In human medicine, one-lead ECG tracings recorded with a smartphone device are a 47 

simple and reliable additional tool in the diagnosis, management and long-term home-48 

monitoring of patients with arrhythmias.5-13 ECG monitoring systems have significantly 49 

improved the management and consequently the quality of life of patients with cardiac 50 

disease.14 A recent study has also shown that non-medical staff are able to record smartphone 51 

ECG tracings that are suitable for heart rhythm interpretation.15 
52 

The feasibility and diagnostic accuracy of smartphone ECG tracings to assess HR and 53 

heart rhythm performed by veterinarians have been reported in dogs and cats.16-17 To the best 54 

of our knowledge, there are no studies regarding ECG home-monitoring of dogs performed by 55 

owners with a smartphone. Thus, the aim of this study was to evaluate if owners were able to 56 

record smartphone ECG tracings in dogs at home, to verify the quality of traces for 57 

interpretation of HR and heart rhythm, as well as to assess owner satisfaction with the home-58 

monitoring service. 59 

 60 

Materials and methods 61 
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Animals 62 

This study was prospective and multicenter. The study group included dogs referred to the 63 

Department of Veterinary Science of the University of Pisa and the Department of Cardiology 64 

of the Istituto Veterinario di Novara for a cardiologic consultation or assessment prior to 65 

anesthesia. Dogs were recruited over one and a half years (February 2016-July 2017). Dogs 66 

were eligible for participation in the study provided that the owner had given informed 67 

consent. On the same day, each dog underwent a complete cardiac evaluation, including 68 

physical examination, chest radiographs, standard 6-lead ECG, and an echocardiogram. To be 69 

eligible for inclusion, dog owners were not required to possess any specific medical 70 

preparation or familiarity with the smartphone ECG device before the study but needed to 71 

have a smartphone compatible with the ECG device. The ECG device was provided to all 72 

owners. 73 

 74 

Smartphone ECG acquisition and analysis 75 

After cardiac evaluation of their dogs, the owners were asked to record serial smartphone 76 

ECG recordings at home. In particular, tracings were recorded once a day for five consecutive 77 

days; and owners were instructed to carry out the recording for at least 30 seconds. The 78 

owners were asked to email all tracings to one operator (T.V.) for remote interpretation. 79 

The smartphone ECG technology was a single-lead bipolar ECG device (AliveCor 80 

Veterinary Heart Monitor, AliveCor) along with its software interface (AliveECG Vet, 81 

AliveCor). The models used were iPhone 4S or 5S (Apple). With the dog in right lateral 82 

recumbency, the owners were asked to place the recorder over the left precordial area in each 83 

dog, using a cranio-caudal orientation of the smartphone, with the camera side of the 84 

smartphone located caudally as previously described.17 The owners received detailed 85 

information on the smartphone ECG device and they were instructed by a trainer (a 86 
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veterinarian) how to correctly record a smartphone ECG tracing. This training process took 87 

approximately 20 minutes: the trainer demonstrated the procedure and then the owners 88 

performed it on their dogs two to four times. In short-haired dogs, a small amount of alcohol 89 

or water was placed on the left precordial area by the owners in order to obtain a good quality 90 

smartphone ECG signal. In long-haired dogs, a small amount of alcohol was placed after that 91 

the left precordial area was shaved by the trainer. The owners also received detailed written 92 

instructions, including pictures of the various steps of ECG acquisition and information on 93 

how to email the recordings. 94 

All ECG tracings were recorded at a paper speed of 25 or 50 mm/sec. The smartphone 95 

ECG tracings sent from each owner via e-mail were reviewed in a blinded fashion by a board-96 

certified cardiologist (O.D.), who judged whether the tracings were acceptable for 97 

interpretation. The tracings were considered as being acceptable for interpretation when, 98 

besides lasting at least 30 seconds, did not have any artifacts that prevented P waves and/or 99 

QRS complexes from being identified. Two different operators blinded to the patient 100 

signalment and diagnosis of the standard 6-lead ECG, a board-certified cardiologist (O.D.) 101 

and a cardiology resident (T.V.), independently assessed the mean HR and heart rhythm on all 102 

ECG tracings. Mean HR was calculated as the mean value of three independent HR 103 

calculations from three different areas on the ECG tracings. The number of QRS complexes 104 

were counted over six seconds and multiplied by 10 in order to calculate the HR per minute 105 

(bpm). 106 

The owners were asked to fill in a questionnaire (Table 1) to assess satisfaction, ease-of-107 

learning and ease-of-use of the device. The answers were analyzed by one operator (C.B.) 108 

blinded to clinical data and to interpretation of smartphone ECG tracings. 109 

 110 

Statistical methods 111 
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Statistical analyses were performed with a commercially available software (Graph Pad Prism 112 

version 5, San Diego, CA, USA). Descriptive statistics were generated. The normality of data 113 

distribution was tested using the Shapiro-Wilk test, non-parametric tests were used for group 114 

comparisons. 115 

Continuous variables were reported as mean and standard deviation, or median and 116 

range (minimum-maximum). Median and range of differences between the two operators in 117 

assessing the mean HR manually measured on smartphone ECG tracings were evaluated. For 118 

such comparisons, all interpretable smartphone ECGs sent by each owner were used. Cohen’s 119 

κ test was used to calculate the agreement between operators in heart rhythm assessment 120 

(sinus rhythm, atrial fibrillation, ventricular rhythm, supraventricular rhythm) and the 121 

presence of premature complexes (absent, ventricular, supraventricular). The κ coefficient 122 

was interpreted as follows: values ≤ 0.20 as no agreement, 0.21–0.40 fair, 0.41–0.60 123 

moderate, 0.61–0.80 good, 0.81–0.99 very good, and 1 perfect agreement. An unpaired t test 124 

was used to evaluate the age difference between owners able and unable to perform adequate 125 

smartphone ECG tracings for interpretation. 126 

A P value of <0.05 was considered significant. 127 

 128 

Results 129 

Animals 130 

The study included 33 dogs. Twenty-three dogs were males and 10 were females. The mean 131 

age was 8.4±3.6 years and the mean body weight was 28.6±17.1 kg. Twenty-seven dogs 132 

presented with structural heart disease, four dogs were healthy, and two dogs had cardiac 133 

arrhythmias without structural heart disease. Among dogs with structural heart disease, 11 had 134 

chronic valvular heart disease, six had dilated cardiomyopathy, two had suspected 135 

myocarditis, two had heart-based tumor, and there was one case of each of the following: 136 
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arrhythmogenic right ventricular cardiomyopathy, pulmonic stenosis, subaortic stenosis, 137 

tricuspid valve dysplasia, patent ductus arteriosus and heartworm disease.  138 

According to standard 6-lead ECG, the underlying heart rhythm was sinus rhythm in 16 139 

dogs, and atrial fibrillation in 17 dogs. Among dogs in sinus rhythm, two had isolated atrial 140 

premature complexes, two had isolated ventricular premature complexes, three had both 141 

isolated atrial and ventricular premature complexes, and two had runs of atrial tachycardia. 142 

 143 

Feasibility of ECG home-monitoring 144 

Thirty-one out of 33 owners (94 per cent) considered the written instructions easy-to-learn 145 

and the smartphone ECG device easy-to-use. Three owners (9 per cent) found it difficult to 146 

hold the dog in right lateral recumbency during the tracing, with 15 owners (45 per cent) 147 

requiring a second person to hold their dog. Thirty (91 per cent) owners found it easy-to-email 148 

the tracing. Twenty-nine out of 33 (88 per cent) owners judged the ECG home-monitoring 149 

service as excellent, one (3 per cent) owner deemed it as good, and 3 (9 per cent) owners rated 150 

it as poor as they found the system difficult to use. 151 

Thirty owners (91 per cent) were able to record the smartphone ECG tracings at home 152 

and sent the tracings via e-mail to the veterinarian for interpretation. The three owners who 153 

considered the service as being poor, were unable to send the smartphone ECG tracings via e-154 

mail because of difficulties in using the smartphone ECG application. The age of owners able 155 

to record and send the smartphone ECG tracings (44 years; range, 25-61 years) did not differ 156 

from that of owners unable to complete the procedure (44 years; range, 26-59 years) 157 

(P=0.871). 158 

 159 

Quality of smartphone ECG tracings 160 
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A total of 134/150 (89 per cent) of the smartphone ECG tracings that were sent to the 161 

veterinarian, were judged acceptable for interpretation (Fig. 1). The remaining 16 tracings 162 

were not interpretable due to numerous artefacts in the isoelectric line that prevented P waves 163 

and/or QRS complexes from being identified. The median percentage of interpretable tracings 164 

recorded by each owner was 89 per cent (range: 0-100%). Only in 1 case, all the ECG tracings 165 

sent by the owner were not interpretable. 166 

Regarding ECG interpretation, the median difference between operators in the manual 167 

assessment of HR on smartphone tracings was 10 bpm (range: -10, +25 bpm). Perfect 168 

agreement (κ=1) between operators was found in heart rhythm evaluation. Based on the 169 

smartphone ECG tracings, the underlying heart rhythm was sinus rhythm in 14 dogs, and 170 

atrial fibrillation in 15 dogs. Among the dogs with sinus rhythm, three had isolated ventricular 171 

premature complexes, two had isolated atrial premature complexes, one had a run of 172 

supraventricular tachycardia and one had a run of accelerated idioventricular rhythm. 173 

 174 

Discussion 175 

The major findings of this study are that 1) most of the owners were able to record the 176 

smartphone ECG tracings and email them to the veterinarian for interpretation; 2) the majority 177 

of the owners considered the ECG home-monitoring service as being excellent; 3) the 178 

smartphone ECG tracings recorded at home by owners were reliable for the evaluation of 179 

mean HR and heart rhythm. 180 

A total of 89 per cent of the tracings sent via email were deemed as being interpretable. 181 

This result is in line with findings in human literature, where smartphone ECG tracings 182 

recorded by non-medical personnel were interpretable in 96-99.6 per cent of cases.12 15 The 183 

small difference in interpretability between our study and previous studies in humans might 184 

be because dogs are less likely to remain static than humans during the recording or because 185 
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the haircoat can negatively affect the quality of the tracing. In our investigation, most owners 186 

found the whole process to be easy to follow. In fact, in our opinion, providing owners with a 187 

clear explanation on how to use the device, by showing the recording directly on the owner's 188 

dog, plays a central role in the success of ECG home-monitoring. Owner’s age did not appear 189 

to be a determinant of the capability to record and send smartphone ECG tracings of adequate 190 

quality for interpretation. Given that half the owners required a second person to restrain the 191 

dog in lateral recumbency, by putting the dog in a different position, e.g. standing, might 192 

improve the results in this specific subset of patients. 193 

Our findings suggest that smartphone ECG tracings can be used for HR and heart 194 

rhythm monitoring in dogs. The reliability of the smartphone ECG device in the evaluation of 195 

HR and heart rhythm has already been demonstrated in humans, dogs and cats.16-23 A study in 196 

humans showed that intermittent short ECG recording at home at regular time intervals is 197 

more effective in detecting arrhythmias than 24-hour ambulatory electrocardiography.24 198 

Frequent home-monitoring of HR and heart rhythm using the smartphone ECG device may be 199 

an additional tool in the home-management of heart rhythm disturbances in dogs, as already 200 

described in human medicine.7 13 25 Regular ECG recordings at home could improve the 201 

monitoring of dogs that are prone to heart rhythm disturbances (e.g. ventricular arrhythmias in 202 

Doberman Pinschers or atrial fibrillation in dogs with severe atrial enlargement) and in the 203 

management of dogs already receiving antiarrhythmic treatment (e.g. home-monitoring of HR 204 

in dogs with atrial fibrillation). 205 

 In humans, smartphone ECG devices have been used as a screening tool for atrial 206 

fibrillation in pharmacies, for self-monitoring at home during the post-cardiac surgery period 207 

and for real-time diagnosis of palpitations.7 8 12 Similar to our findings (91 per cent 208 

satisfaction), in these studies in humans there was very good feedback from patients because 209 

they considered the smartphone ECG device as being helpful, non-invasive, easy-to-learn and 210 
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easy-to-use. Devices used for home-monitoring of blood glucose concentration in diabetic 211 

cats have been shown to increase owners’ compliance and improve metabolic control of 212 

diabetes.26-27 In line with these findings, we believe that home-monitoring of heart rate and 213 

rhythm performed by owners can increase their motivation, which, in turn, would improve the 214 

management of dogs at risk for the development of heart rhythm disturbances or under 215 

treatment with antiarrhythmic drugs. 216 

Future studies could be performed to compare the performance of ECG smartphone 217 

tracings recorded at home with that of Holter monitoring, and to assess whether a long-term 218 

ECG home-monitoring helps in the early diagnosis of heart rhythm disturbances. 219 

The main limitation of the study is that medium-to-large size dogs were 220 

overrepresented. A larger number of small dogs in the study group might have revealed a 221 

different performance of the smartphone ECG tracings for home-monitoring in dogs. 222 

 223 

Conclusions 224 

Home-monitoring of HR and heart rhythm with a smartphone ECG device used by owners is 225 

feasible in dogs. This device may represent an additional tool in the management of dogs with 226 

arrhythmias or, possibly, in the screening of dogs at risk of heart rhythm disturbances in a 227 

home environment setting. 228 
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Table 1 325 

Questionnaire given to owners in order to assess satisfaction, ease-to-learn and ease-of-use of 326 

the smartphone ECG device. 327 

1. Was it easy to understand the instructions about the use of the smartphone 

ECG device given by the veterinarian? 

Response options: yes / no 

2. Was it easy to record the ECG tracings using the smartphone ECG device?  

Response options: yes / no 

3. Were you able to record the ECG tracings by yourself, or did you need the help 

of others? 

Response options: able by myself / needed help of one person / needed the help of 

two or more persons 

4. Was it easy to send the ECG tracings via e-mail to the veterinarian?  

Response options: yes / no 

5. How would you assess the home-monitoring service with the smartphone ECG 

device in your dog? 

Response options: excellent / good / poor  

  328 
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Figure legends 329 

Fig. 1. Examples of smartphone ECG tracings sent by owners, showing sinus arrhythmia (A), 330 

ventricular premature complexes (B), atrial fibrillation (C) and accelerated idioventricular 331 

rhythm (D). Paper speed = 25 mm/s (A, B, D) and 50 mm/s (C). Calibration = 10 mm/mV. 332 


