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Online Text S1. ECGs in SR coming from both FA and non-FA patients 

 

Groups contruction 

After cleaning the database, two groups of ECGs in SR were established. The first 

group included ECGs from patients who did not develop AF along their clinical history. 

To select the ECGs included in this group, patients presenting an automatic 

interpretation of “Sinus Rhythm” in all their ECGs were identified and selected, and 
their previous to the last ECG was included in this group. The group was composed of 

n=31,867 ECGs and was called SR-SR group. The second group was composed of 

ECGs in SR from patients who later developed AF. To select the ECGs included in this 

group, patients whose ECGs were labelled with “Atrial Fibrillation” were selected, their 

first ECG with AF was identified and then the previous ECG in SR was selected and 

included in this group. Through this process, a group of n=2,628 ECGs in SR was 

obtained, corresponding to patients who eventually developed AF. The group was called 

SR-AF. From the original 48,022 patients, 13473 patients did not meet the ECG 

selection rules and therefore their ECGs were excluded from both groups.  Figure 2 

shows the selection process in two representative patients. 

 

Exclusion and inclusion rules 

Several exclusion criteria were used to further clean both groups datasets: (i) patients 

with age <18 years (n = 0 in the SR-AF group and n = 87 in the SR-SR group) or with 

unknown sex (n = 4 in the SR-AF group and n = 62 in the SR-SR group), (ii) patients 

with extrasystoles (n = 328 in the SR-AF group and n = 1,504 in the SR-SR group), 

with atrial to ventricular ratio > 2 or < (-2) (n = 442 in the SR-AF group and n = 2,071 

in the SR-SR group), with an average number of P waves per QRS complex ≠ 1 (n = 87 
in the SR-AF group and n = 309 in the SR-SR group), and with a number of QRS 

complexes in the rhythm group higher than the average number of P waves per QRS 

complex (n = 263 in the SR-AF group and n = 1,007 in the SR-SR group) (some 

patients presented these conditions simultaneously). These last two exclusion criteria 

were incorporated to avoid atrial oversensing secondary to artifacts and to increase the 

specificity of sinus rhythm diagnosis. 

Lastly, we selected patients, in both groups, with a time interval between the previous-

to-last and the last ECG (both ECGs in SR in the SR-SR group, and in SR and AF in the 

SR-AF group) between 1 week and 2 years (n = 1,296 in the SR-AF group and n = 

18,906 in the SR-SR group). 

 

Quality control by cardiologist’s assessment 

Finally, a quality control assessment of software automatic interpretation was conducted 

by visually interpreting all the SR-AF ECGs. This resulted in 207 ECGs removed from 

the SR-AF group due to incorrect classification as AF of non-AF ECGs. The same 

process was performed for a 5% of the SR-SR ECGs, removing only 2 ECGs. The 

revision was performed by two experienced cardiologists (AC and AV) and eventual 

discrepancies were solved by a third cardiologist (LJJB). The final working cohort 

comprised 523 and 16,009 ECGs in the SR-AF and SR-SR groups, respectively. The 

whole process of patient selection is shown in Figure 2. 
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Online Text S2. Data Imputation 

 

Data imputation is a technique aimed to overcome the issue of missing values in a data 

record. Several ECGs measures presented missing values, as can be shown in the plot 

below, ordered by the percentage of missing values: 

 

Most of the variables presenting more than 1% of missing values were related with P 

wave duration, “ppdur” which is the duration of the negative part of the P wave and 
“ppppdur” which is the total duration (positive and negative parts) of the P wave. Also, 

the PR-interval, “print”, in leads V2 and aVL presented more than 1% of missing 
values.  

A valid procedure to replace missing data by imputed values implies that one is certain 

about the underlying distribution of both the missing and non-missing data and, in the 

case of replacing the missing data with a subset of the non-missing ones, both types of 

data obey the same distribution. Because we do not know the exact mechanism by 

which the ECG software assign a NA instead of a calculated value, we cannot use the 

others calculated values to replace (randomly, or by a mean, etc.) the missing ones. If, 

for example, the ECG software replace extreme small values, because it is unable to 

calculate them by NAs, replacing these values by using the non-NAs data will certainly 

introduce a bias in the calculation. If noise is also considered, this will distort even more 

the underlying distribution of the missing data. 

Nonetheless, we have imputed data in those measures with NAs, in such a way that no 

variable was excluded a priori. After repeating the univariate selection process in the 
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same fashion as was done with the non-imputed data, 46 variables were selected for 

being used in the multivariate model, as shown below: 

 

In this model, five variables III.ppdur, V1.ppdur, V4.ppdur, aVL.ppppdur, and 

V1.ppppdur were new as compare to the original results, because they were initially 

excluded due to the presence of high percentage of NAs. Moreover, all of them are 

related with the negative part of the P wave. Taking into account these facts and the 

arguments exposed above, we have decided not imputing data and exclude those 

variables presenting more than 1% of missing values.  
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Online Text S3. Lasso Regression  
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 Online Figure S1. Distribution of patients by services and units 
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Online Table S1. Variable’s definition 

 

ECG variable Definition 

frontqrsinitangle Frontal QRS complex initial angle (degrees) 

meanqtc QT rate correction by Bazett’s formula (QTc = QT / √RR) 

pdur Duration of positive part of P wave (milliseconds) 

pppparea Area of positive and negative part of P wave (Ashman units; 40 ms x 0.1 mV)) 

printstddev Standard deviation of the PR interval in the rhythm group (milliseconds) 

qamp Q wave amplitude (millivolts) 

qrsdur Duration of QRS complex (milliseconds) 

ramp R wave amplitude (millivolts) 

rdur Duration of positive part of R wave (milliseconds) 

samp S wave amplitude (millivolts) 

sdur Duration of S wave (milliseconds) 

stfrontaxis Mean ST wave frontal axis (degrees) 

tfrontaxis Mean T wave frontal axis (degrees) 

sagpcwrot Sagital P wave clockwise rotation (100 to -100) 

samp S wave amplitude (millivolts) 

tptpdur Duration of positive and negative part of T wave (milliseconds) 

transpcwrot Transverse P wave clockwise rotation (100 to -100) 

transptermangle Transverse P wave terminal angle (degrees) 

transqrsinitmag Transverse QRS complex initial vector magnitude (millivolts) 

transqrstermmag Transverse QRS complex terminal vector magnitude (millivolts) 
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Online Table S2. 

 

 

 

 

 

Online Table S3. 

threshold 0 1 2 3 4 

specificity 0,00 37,19 71,57 96,35 99,97 

sensitivity 100,00 91,53 66,95 13,56 1,69 

accuracy 2,89 38,76 71,44 93,96 97,14 

npv NA 99,33 98,65 97,40 97,16 

ppv 2,89 4,15 6,54 9,94 66,67 
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Online Table S4. 
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