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ABSTRACT 

Electrocardiography is the most convenient and cost-effective method at the primary level of 

healthcare infrastructure to localize and diagnose Myocardial infarction, ischemic heart diseases, 

and numerous arrhythmias. The manufacturers of ECG machines provide computer-generated 

Interpretations. However, these machines have differences in implementing the algorithms, 

which cause the change in the diagnostic accuracy. Hence, the occurrence of False positives is 

the most commonly observed error that occurs during computer interpretation. This study aims to 

evaluate the differences observed in the computerized interpretation of ECG reports regarding 

the Cardiologist's diagnosis. The 12 lead ECG reports were collected from a 12-lead gold 

standard machine and a smartphone-based 12 lead ECG machine. The data of the 294 subjects 

out of 300 subjects were accessed from both ECG machines. The reports were evaluated by a 

Cardiologist based on the observational changes in the morphology of the ECG traces. The gold 

standard ECG machine was 92% sensitive, 47.9% specific and 26.43% accurate in correctly 

interpreting a normal ECG report concerning the diagnosis provided by a Cardiologist. Whereas 

the Smartphone-based 12 lead ECG was found to be 95.9% sensitive, 88.9% specific, and 86.2% 

accurate in detecting a normal ECG concerning the diagnosis provided by a Cardiologist. The 

ECG machine manufacturer's interpretation algorithm plays an important role in defining the 

accuracy of the ECG machine. The computerized interpretation is only an assisting tool for the 

clinicians and not an independent tool to be relied on while treating a patient during health 

emergencies and check-ups. 
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1. Introduction 

Cardiovascular disease (CVD) is the key reason for mortality in India, and it is the leading cause 

of death worldwide.[1]
 
Myocardial infarction (MI) and angina are major components of these 

CVDs.  In electrocardiography (ECG), ST-T abnormalities, ST elevation, ST depression, and T 

wave inversions are early signs of Ischemia and MI.[2-4]
 
These changes are only traceable in the 

12 lead ECG reports and are classified as non-ST elevated myocardial infarction (NSTEMI) and 

ST elevated myocardial infarction (STEMI). The ECG machine nowadays can provide 

computerized interpretation for normal and abnormal cases. These devices are frequently used 

for Point of Care tests (POCTs) and rapid diagnosis at home and in places where conventional 

laboratory setups are not available. The paramedics claim to have experienced improved patient 

management in emergency conditions after using POCT devices.[5] A study shows that 

cardiology professionals are observing fewer constraints of resources by using these devices at 

POCT levels.[6,7] The studies using ECG reports on the detection of Acute Myocardial 

Infarction (AMI) showed that the specificity of the ECG interpretations is lower.  Hence, it is 

very important to take symptoms into the consideration before interpreting AMI.[8,9]
 

 

It is observed that the single culprit artery occlusion increases the misinterpretation of the ECG’s 

computerized interpretation algorithms. Whereas the multiple culprit artery occlusions have a 

more accurate computerized interpretation of ECG reports.[10] Inaccuracy and misinterpretation 

were also observed for computerized ECG interpretations of Gold Standard ECG machines when 

considered for clinical decision making.[11-13]
 
The 12-lead ECG is the most studied tool that is 

recommended for pre-hospital management of AMI.[14-16] The mortality in AMI mostly occurs 

due to a lack of timely diagnosis, treatment and pre-hospital delays.[17,18] In the current 

scenarios, handheld, and smartphone-based ECG devices are used in pre-hospital management. 

The devices like Alivecor and other smartwatch-based ECGs claim to detect atrial fibrillation 

and can be a cost-effective and useful tool for consultation purposes only.[29,20]
 

 

False positives are the panic creators when it comes to medical devices. The false prediction by 

the computerized interpretation can mislead the diagnosis and can cause anxiety among the users 

of these devices. In this research article, we have addressed the occurrence of False positives by 

the computerized interpretation of two different ECG machines in comparison to the diagnosis 

given by the Cardiologist. In addition, we accessed the clinical profile of the patients with a 

history of MI and IHD. We aimed to find the reliability of the computer interpretation algorithms 

of the ECG machine that are used in hospitals and at POCTs utilizing statistical analysis.  
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2. Methods 

2.1. Study design 

In conducting this comparative study, the study design was developed with the approval of the 

ethical committee of Shri Mahant Indresh Hospital (SMIH), Dehradun, Uttarakhand, India. The 

study is the result of a collaborative effort by the faculty of the Department of Cardiology at 

SMIH. The study took place in the ECG laboratory of SMIH, and the study's design was divided 

into three parts. The duration of the study to screen the participants enrolled in it was 68 days. 

 

2.1.1. Study instruments and measurements 

A principal investigator (PI) executed the collection of the ECG reports with two different ECG 

machines, i.e., the available 12 lead gold standard ECG machine, Cardiart 9108 developed by 

BPL Medical Technologies, India, and a smartphone-based 12 lead Spandan ECG developed by 

Sunfox Technologies Pvt. Ltd., India. The acquisition of the ECGs was done by paramedic staff 

after a training session as the operating techniques of both ECG machines were different.   

 

2.1.2. Data transfer from field to the study centre 

The field data collectors and trial managers were asked to collect the consent forms, a case report 

format that contains age and gender, and clinical data like symptoms, cardiac history, and co-

morbidities like diabetes and hypertension. The data was then logged and managed in the central 

data management system of the hospital.  

 

2.1.3. ECG interpretations 

A cardiologist was assigned to provide the clinical diagnosis for ECG reports by both the 12 lead 

Gold Standard ECG machine and the Smartphone-based 12 lead ECG machine. Abnormalities 

such as ST-T changes, Ventricular Premature Complex (VPC), STEMI, AMI, IHD or NSTEMI, 

Tachyarrhythmias, and Bradyarrhythmia are considered when categorizing cases as abnormal or 

normal.  

 

2.2. Study objectives 

The primary objective of this study was to determine the rate of false positives in the 

computerized interpretation of ECG machines with respect to the Cardiologist’s diagnosis. The 

ECG test was performed on the participants aged over 20 years in the ECG laboratory of SMIH, 

Dehradun. The secondary objectives were to understand the value of computerized ECG 

interpretation provided by different ECG machines in similar sample populations based on 

accuracy parameters and to evaluate the accuracy of a smartphone-based ECG machine with 12 

lead Gold Standard ECG.  
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2.3. Inclusion and exclusion criteria 

All the patients referred by the doctor for taking the ECG test in the ECG laboratory were 

eligible for enrollment in the study. People aged below 20 years were excluded from the study. 

ECG reports with underlying electrical disturbances and motion artifacts were also excluded.    

 

2.4. Ethical considerations 

The study was done after obtaining consent from the Head of the Department of Cardiology 

under the ethical considerations of SMIH, Dehradun, India. The study was initiated after 

obtaining consent from the Investigators, Cardiologists. Verbal and written consent were taken 

from each participant as per the declaration of Helsinki.  

 

2.5. Sample size and sampling strategy 

A sample size of 300 subjects was enrolled in the fixed time duration as per the protocols for the 

study but, due to exclusion criteria, a total of 294 subjects were eligible for the ECG test.  

 

2.6. Study procedures 

The study was carried out in two stages. The first stage was the collection of the consent forms 

from the participants in both verbal and written forms. The Case Report Format (CRF) set 

according to study protocols was filled out by the field data collectors and submitted to the PI. 

The CRF contained information on the history of diabetes, history of smoking, symptoms 

observed, pacemaker implantation, and history of coronary intervention. The CRF assisted the 

cardiologist to correctly diagnose the case. In the second stage, the 12 lead ECG was performed 

by the BPL Cardiart 1908 ECG machine, followed by the 12-lead ECG test by the Spandan 

smartphone-based ECG machine. Both the ECG machines were enabled for computerized 

interpretation and the printed reports were obtained. The Cardiologist was assigned to provide 

the diagnosis for both ECG reports. The computerized interpretations were not provided to the 

cardiologist as per the study protocols. A database was then created on a centralized server in 

which computer interpretation of the 12-lead gold standard ECG and Smartphone ECG were 

stored. The Cardiologist’s diagnosis was taken as the benchmark against which the false 

positives have been studied for both ECG machines.  

 

2.7. Statistical analysis 

Descriptive statistics were obtained for all the participants by developing the confusion matrix 

for interpretation of the 12-lead gold standard with the cardiologist's diagnosis and the 12-lead 

smartphone ECG with the cardiologist's diagnosis. Evaluation of the sensitivity, specificity, 

Negative Predictive Value (NPV), and Positive Predictive Value (PPV) was carried out for 

evaluating the false positives of ECG machines. The accuracy of the detection of normal cases 

correctly was also compared statistically. 
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3. Results  

Among these enrolled participants, 6 cases were excluded as the participants didn’t match the 

inclusion criteria.  

 

3.1. Baseline Characteristics 

Table 1 summarizes the baseline characteristics of the 294 participants of the study (mean age of 

53.96 years, 29.9% females). Of these 294 participants, 13 (4.42%) patients were implanted with 

pacemakers, and 63 (21.4%) participants were implanted with stents. Whereas 73 (24.8%) 

participants had diabetes and 58 (19.7%) of the participants were in the habit of regular smoking. 

220 (74.8%) participants had symptoms suggestive of CVDs. 

Table 1: Participants characteristics in the study population and patients with and without 

Myocardial Infarction and Ischemic heart disease. 

Variables Number of participants 

Total participants 300 

Participants after exclusion 294 

Participants with pacemakers 13 

Participants with stents 63 

Participants with a smoking habit  58 

Participants with diabetes 73 

Participants with chest pain, palpitations, syncope, 

and shortness of breath 

220 

 

3.2 Evaluation of the results  

The evaluation criteria for the confusion matrix of the interpretation in comparison to the 

cardiologist diagnosis is shown in Table 2. for the Smartphone ECG machine and in Table 3. for 

12 lead gold standard ECG machines. 

Table 2: The decision-making criteria for the confusion matrix of smartphone-based ECG 

machine. 

Cardiologist diagnosis  Smartphone ECG 

interpretation 

Confusion Matrix 

Normal Normal True Negative  

Abnormal Abnormal  True Positive 

Normal Abnormal False Positive 

Abnormal  Normal  Fales Negative 

 

Table 3: The decision-making criteria for the confusion matrix of 12 lead gold standard-based 

ECG machines. 

Cardiologist diagnosis  12 lead gold standard ECG 

interpretation 

Confusion Matrix 

Normal Normal True Negative  
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Abnormal Abnormal  True Positive 

Normal Abnormal False Positive 

Abnormal  Normal  Fales Negative 

 

Hence, there were 112 true positives, 90 false positives, 83 true negatives, and 9 false negatives 

detected for interpretation of the 12-lead gold standard ECG machine. Whereas 12-lead 

smartphone ECG machine was evaluated for 117 true positive cases, 19 false-positive cases, 153 

true negative cases, and 5 cases of false negatives. Out of the 174 normal cases diagnosed by the 

cardiologist, only 46 cases were interpreted correctly by 12 lead gold standard ECG machine 

algorithms. Whereas 150 normal cases were interpreted correctly by a smartphone-based 12-lead 

ECG machine. Table 4 shows the Matthews correlation coefficient of the machine for 

interpreting normal cases correctly. 

Table 4: The correlation coefficient of ECG machines in comparison to Cardiologist diagnosis. 

Correlation Coefficient (Matthews) Value 

Gold standard V/s Cardiologist 0.43025 

Spandan v/s Cardiologist 0.8385 

 

Hence, the 12-lead gold standard has been found to have a specificity of 47.9%, a sensitivity of 

92.5%, a PPV of 55.44%, and an NPV of 90.21% as shown in (Fig. 1). Whereas the Smartphone-

based Spandan ECG was evaluated to have a sensitivity of 95.9%, and a specificity of 88.9%, the 

PPV and NPV were evaluated as 86.0% and 96.83% respectively, as shown in (Fig. 2). The false 

positives in the 12-lead gold standard were 30.6%, and in smartphone ECG, false positives were 

recorded as 6.5%.  

 

Fig. 1: Validation parameter for 12-lead gold standard ECG in comparison to the cardiologist 

diagnosis 
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Fig. 2: Validation parameter for Spandan ECG in comparison to the cardiologist diagnosis 

 

4. Discussion  

The uneven results in a study on 974 subjects were observed, showing that ECG machines had 

low diagnostic values when used prior MI.[21] The sensitivity of ECG to detect MI  was 38.0% 

and was 86.9% specific. The study found that the NPV and PPV are 84.0% and 43.6% 

respectively.  ECG machine was also found to have low sensitivity for detection of Left 

Ventricular Hypertrophy (LVH) in Tanzanian women.[16] The diagnostic accuracy of ECG in 

detecting the MI using ST segment has poor specificity as the ST deviations are also seen in 

other conditions .[22] A study conducted on four different ECG machines suggested that portable 

ECGs can be inaccurate and uninterpretable at times.[23] The increase in specificity of 79.9% 

and decrease in specificity to 61.2% was observed when the ambulance ECG was considered in 

comparison to the ECG taken at the hospital.
 
[24]

 
The generated results from a multicentre study 

were compared with published study on diagnostic value of the ECG in detection of prior MI. 

This study was comparable based on the validation parameters. The study published gold 

standard ECG machines as 38% sensitive, 86.9% specific, NPV was 84.0% and PPV was 

43.6%.[25] Hence, conventional electrocardiography machines were observed to interpret ECG 

reports with a high number of false positives as compared to the smartphone ECG machine. In 

comparison to the cardiologist's diagnosis, the smartphone-based 12-lead ECG was found to 

have fewer false positives in the computerized interpretation. The smartphone ECG algorithm 

works with an accuracy of 86.2% for detecting normal cases correctly. The 12-lead gold standard 

was 26.4% accurate in the interpretation of a normal case. Hence, the low false positives in the 

smartphone ECG device are the reliable parameter to support the fact that it can be used in 

POCTs and homecare applications. The smaller number of false positives ensures that the more 

unwanted panic will be reduced among the users of these devices. The ECG machines with the 

computerized interpretations are just an assistant tool to the cardiologist or physician and should 

not be considered as a standalone opinion for consultation and diagnosis. 
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5. Conclusion 

The performance of computerized interpretation of ECG machines is dependent upon the kind of 

algorithms accessed and developed by the ECG machine manufacturer. The clinician must 

consider that no ECG machine can be accurate in different cases of use. Hence, for diagnostic 

accuracy, the performance of the 12-lead gold standard can be reliable; but, during POCT, the 

same machine can interpret most of the false positives, causing panic in the patient. Whereas the 

smartphone-based ECG machine shows more reliable outcomes for POCTs setups like ECG 

laboratories and health camps. The portable ECG machine has higher sensitivity. Hence, these 

machines can be used for the screening of large populations for coronary artery disease.   
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