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Supplementary file 3. Validation procedure of the rt-EWS system 
 
Patient dressing 

Firstly, the clinical staff helps the patient to dress the wearable device. Specifically, each patient wears a cuff for the BP test, a temperature 

sensor, five electrodes for the EKG able to record and compute the heat rate and respiratory rate. In addition, the operator annotates 

the Alert-Verbal-Pain-Unresponsive score (AVPU).  

 

System configuration and monitoring activation 

The monitoring is activated using the rt-EWS management software. The heart rate, respiratory rate and temperature parameters are 

acquired with a frequency equal to 1 Hz for the first two measurements and to 0.2 Hz for the third measurement. 

The blood pressure and the AVPU measurements are carried out every 30 minutes and the MEWS score consequently updated.  

The monitoring lasts 12 hours. During the acquisition, each MEWS score computed by the rt-EWS system is reported by the nurse staff 

and/or physicians in the column “Clinical deterioration risk (UBICARE)” of the patient form (Figure 1). Furthermore, nurses and/or 

physicians record the standard measurements in the column “Clinical deterioration risk (gold standard)” of the patient form. 

Monitoring deactivation 

After 12 hours the monitoring is deactivated and the device removed.  

      

Medical records     Legend 

Patient ID    
MEWS score 

Level of  
clinical deterioration risk 

Gender (F/M)    0-2 Low (L) 

Age    3-4 Medium (M) 

Date of birth    >=5 High (H) 

Ward      

Room n°      

Bed n°      

  

Date of the rt-EWS registration 
(dd/mm/yy)      

      

Time of measurement 

(hh:mm) 

Level of clinical deterioration 

risk UBICARE     

Low (L) - Medium (M) - High (H)        

Level of clinical deterioration risk  

GOLD STANDARD 

Low (L) - Medium (M) - High (H) 

 

 

 

       

    

    

 

Figure 1. Patient form 

 

 

Recording of true and false positives 

The data acquired through the rt-EWS system are compared to the standard practice to identify true and false positives. 
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Figure 2. EWS outcome validation  

 
The MEWS score (Figure 1, legend) allows the identification of the clinical deterioration risk (i.e. low, medium, high).  

The tables above are used to compare the measurements obtained with the two different approaches (rt-EWS system vs. standard 

practice). The aim is to identify true and false positives for each level of the clinical deterioration risk. When the rt-EWS system identifies 

a level of clinical deterioration risk and the operator (standard practice) do not confirm the level, a false positive/negative is registered. 

When the rt-EWS system identifies a level of clinical deterioration risk that is confirmed by the operator (standard practice), a true 

positive/negative is recorded. 

 

A method to identify optimal thresholds is based on the construction of the ROC curve. Since we are dealing with a non-binary classifier, 

it is necessary to build a number of ROC curves corresponding to the number of thresholds to set (n=2) according to the following criteria: 

1. Threshold 1 (s1) for the identification of the class with low clinical deterioration risk. 

2. Threshold 2 (s2) for the identification of the class with high clinical deterioration risk. 

3. The class with medium clinical deterioration risk will be identified as the one corresponding to the values between threshold 1 (s1) and 

threshold 2 (s2). 

 

Concerning the parameter s1, for each value of MEWS computed by the rt-EWS system and compared to the standard measurements 

made by the clinical operator, there are 4 possible outcomes: 

 

1) True positive s1 (TP1): the clinical deterioration risk assessed by the operator is low (score_o = 1) and the clinical deterioration 

risk computed by the system is low (score_e = 1, rtEWS ≤ s1) 
2) True negative s1 (TN1): the clinical deterioration risk assessed by the operator is not low (score_o ≠ 1) and also the clinical 

deterioration risk computed by the system is not low (score_e ≠ 1, rtEWS & gt; s1) 
3) False positive s1 (FP1): the clinical deterioration risk assessed by the operator is not low (score_o ≠ 1), while the clinical 

deterioration risk computed by the system is low (score_e = 1, rtEWS ≤ s1) 
4) False negative s1 (FN1): the clinical deterioration risk assessed by the operator is low (score_o = 1), while the clinical 

deterioration risk computed by the system is not low (score_e ≠ 1, rtEWS & gt; s1); 

Given the values obtained for parameters TP1, TN1, FP1, FN1, for each threshold value, s1, within the considered range [-1 13], the 

following performance measures are calculated: 

- Sensitivity [TPR1_i = TP1_i / (TP1_i + FN1_i)], the system's ability to correctly identify the condition of low clinical deterioration risk 

among all conditions of low clinical deterioration risk actually existing; 

- Fraction of False Positives [FPR1_i = FP1_i / (FP1_i + TN1_i) = 1-TNR1_i], probability that the system detects false conditions of low 

clinical deterioration risk. 

 

Similarly, the parameter s2 ranges from a minimum of -1 to a maximum of 13. 

 

Concerning the parameter s2, for each value of MEWS computed by the rt-EWS system and compared to the standard measurements 

made by the clinical operator, there are 4 possible outcomes: 

1) True positive s2 (TP2): the clinical deterioration risk assessed by the operator is high (score_o = 1) and the clinical deterioration 

risk computed by the system is low (score_e = 1, rtEWS ≤ s2) 
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2) True negative s2 (TN2): the clinical deterioration risk assessed by the operator is not high (score_o ≠ 1) and also the clinical 

deterioration risk computed by the system is not high (score_e ≠ 1, rtEWS & gt; s2) 

3) False positive s2 (FP2): the clinical deterioration risk assessed by the operator is not high (score_o ≠ 1) while the clinical 

deterioration risk computed by the system is high (score_e = 1, rtEWS ≤ s2) 
4) False negative s2 (FN2) the clinical deterioration risk assessed by the operator is high (score_o = 1) while the clinical 

deterioration risk computed by the system is not high (score_e ≠ 1, rtEWS & gt; s2); 

Given the values obtained for parameters TP2, TN2, FP2, FN2, for each threshold value, s2, within the considered range [-1 13], the 

following performance measures are calculated: 

- Sensitivity [TPR2_i = TP2_i / (TP2_i + FN2_i)], the system's ability to correctly identify the condition of high clinical deterioration risk 

among all conditions of high clinical deterioration risk actually existing; 

- Fraction of False Positives [FPR2_i = FP1_i / (FP2_i + TN2_i) = 1-TNR1_i], probability that the system detects false conditions of high 

clinical deterioration risk. 
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