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Abstract 

We hypothesized that the analysis of the system complexity, as 

performed by the OntoCare™ system on the 12-lead ECG 

collected before and after implantation, could allow the 

identification of responders to cardiac resynchronization therapy 

(CRT). The OntoCare™ system measures complexity, analyzing 

the multi-dimensional structure of the ECG. We investigated the 

association between therapy impact, as measured by the system, 

and clinical response. Eighty-seven patients underwent CRT 

implantation and were followed-up for 3 months. Functional 

NYHA class improved in 65 patients. The mean Complexity Index 

was 35±11 in spontaneous sinus rhythm and 34±10 during CRT, 

with an Impact of the therapy of 55±19%. The Impact was 

55±18% in patients with improved NYHA class, and 53±23% in 

patients with unchanged or worsened NYHA class (p=0.623). The 

Impact did not correlate with the change in echocardiographic 

indices of ventricular remodeling. The impact of CRT as 

measured by the OntoCare™ system was not associated with 

clinical or echocardiographic response to CRT. Most probably, 

the variable response to CRT is a complex phenomenon that is not 

fully described by ECG data, and additional clinical variables 

should be monitored to reliably predict it. 
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I. INTRODUCTION 

lbeit a relevant proportion of currently indicated patients 

benefit from cardiac resynchronization therapy (CRT), 

30% to 50% of subjects receiving CRT may be classified as 

nonresponders
1
.  
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Therefore, developing new tools to identify responder 

patients is crucial to improve the overall appropriateness of 

CRT. Duration of QRS interval ≥120ms was the inclusion 

criterion used in major CRT trials. Subgroup analysis, in a 

recent meta-analysis evaluating the impact of QRS duration on 

the efficacy of CRT, has shown that CRT significantly reduced 

all-cause mortality or hospitalization in patients with QRS 

duration ≥150ms
2
. The magnitude of effect declined with 

shorter QRS duration. Furthermore, most patients in the 

published trials had left bundle branch (LBBB) morphology, 

which was associated with a more pronounced benefit, 

compared with non-LBBB patients
3,4

. Nonetheless, although 

the paced QRS complex often narrows after CRT, previous 

studies seemed to show that there is no correlation between 

QRS narrowing and clinical response
5
. 

These findings encourage further and more detailed 

investigation of the ECG before and after CRT.  

The OntoCare™ system measures complexity, analyzing the 

structure of information and establishing an innovative means 

of characterizing generic dynamical systems and biologic 

signals.  

The system makes it possible to quantify the impact of a 

treatment, measuring the “distance” between pre- and 

post-treatment status. 

We have used the system to perform an analysis of the 

multi-dimensional structure of the ECG, taking into account the 

interactions between ECG channels. Particularly, we measured 

the impact of biventricular stimulation with OntoCare™ 

system analyzing the ECG performed before and after 

implantation, and we investigated the association between 

therapy impact, as measured by the system, and clinical 

response. 

II. METHODS 

PATIENT SELECTION, BASELINE AND FOLLOW-UP ASSESSMENT 

Consecutive patients with symptomatic heart failure 

regardless of optimal medical treatment and with current 

indications for CRT underwent successful implantation of a 

biventricular defibrillator (ICD) and were prospectively 

enrolled in this study. All patients gave written informed 
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consent approved by the Institutional Review Board. 

Before device implantation, following baseline data were 

collected: medical history, clinical examination, 12-lead 

electrocardiogram, New York Heart Association (NYHA) class, 

and echocardiographic parameters. Specifically, following 

measures were taken: left ventricular ejection fraction (LVEF), 

left ventricular end-diastolic volume (LVEDV), left ventricular 

end-systolic volume (LVESV), left ventricular end-diastolic 

diameter (LVEDD), left ventricular end-systolic diameter 

(LVESD). 

At 3 months visit, patients underwent in-office follow-up 

examination, including 12-lead electrocardiogram and 

assessment of changes in functional NYHA class and 

echocardiographic parameters. 

ONTOCARE™ ANALYSIS 

OntoCare™ is a software tool which enables users to 

measure the impact or effectiveness of therapy based on pre- 

and post-treatment data. Raw 12-lead ECG data is used to 

quantify therapy effectiveness (Fig. 1). The first step in the 

analysis is to establish for each ECG the so-called System Map. 

The map is composed of nodes (ECG leads) – arranged along 

the diagonal – links, and connectors. When a pair of nodes is 

correlated – there is a relationship between the corresponding 

ECG leads – two segments, originating in these nodes, cross in 

the correspondence of a connector (Fig. 2). 

Once a System Map has been obtained, one may compute the 

ECG Complexity as a function of the System Map’s topology 

(i.e. the Adjacency Matrix) and the Entropy Matrix, containing 

the entropies computed for each significant relationship 

between the ECG channels. Such relationships are based on a 

proprietary algorithm, which transforms x-y scatterplots into 

images and computes a generalized correlation coefficient 

based on the image’s entropy content. While conventional 

Shannon’s entropy represents the information content for a 

single channel, the above complexity measure represents the 

total amount of structured information in a multi-channel data 

set. 

The Impact of Therapy is measured as the topological 

distance of the two System Maps. In other words, OntoCare™ 

compares the topologies of the two System Maps and relates 

their difference to the first System Map, which represents the 

patient in a pre-therapy situation. 

STATISTICAL ANALYSIS 

Continuous data were expressed as means±standard 

deviation and categorical data were expressed as percentages. 

Differences between mean data were compared by a t-test for 

Gaussian variables and by Mann-Whitney nonparametric test 

for non-Gaussian variables. Differences in proportions were 

compared by a Chi-square analysis or Fisher’s exact test, as 

appropriate. Logistic regression analysis was used to identify 

predictors of response to CRT. A P-value <0.05 was considered 

significant for all tests. Statistical correlations between 

variables were tested by means of linear regression analysis. 

All statistical analyses were performed by using STATISTICA 

software, version 7.1 (StatSoft, Inc., Tulsa, OK, USA). 

III. RESULTS 

PATIENT POPULATION AND CLINICAL OUTCOME 

Eighty-seven consecutive patients undergoing implantation 

of a biventricular ICD were followed-up for 3 months. The 

baseline characteristics are summarized in Table I. 

At 3 months visit, functional NYHA class improved by 2 

classes in 12 patients, by 1 class in 53 patients, was unchanged 

in 20 patients and worsened in 2. The mean values of 

echocardiographic parameters at follow-up are reported in 

Table II for all patients, for patients with improved functional 

NYHA class and for patients with unchanged or worsened 

NYHA class. 

In the overall population, LVEF significantly improved at 

3-month follow-up, along with a decrease in LV volumes and 

LVESD. Left ventricular end-diastolic diameter showed only a 

trend toward reduction (p = 0.051). These improvements were 

apparent only in patients with improved functional NYHA 

class, while in patients with unchanged or worsened NYHA 

class we observed only a slight increase in LVEF. 

 

Table 1. Demographics and baseline clinical parameters of the 

study population. 

 

ONTOCARE™ ANALYSIS OF ECG 

The analysis of baseline 12-lead ECG collected in 

spontaneous sinus rhythm revealed a mean Complexity Index 

of 35±11 in the overall population. The ECG collected during 

CRT pacing showed a mean Complexity Index of 34±10. 

Parameter  (n=87) 

Male gender, n (%) 62 (71) 

Age, years 77±12 

QRS duration, ms 164±25 

NYHA class 

- Class II, n (%) 

- Class III, n (%) 

- Class IV, n (%) 

 

22 (25) 

63 (73) 

2 (2) 

LV ejection fraction, % 28±7 

LVEDV, ml 196±66 

LVESV, ml 141±55 

LVEDD, mm 69±8 

LVESD, mm 54±10 

Abbreviations: NYHA = New York Heart Association; LV = Left 

ventricular; LVEDV = Left ventricular end-diastolic volume; 

LVESV = Left ventricular end-systolic volume; LVEDD = Left 

ventricular end-diastolic diameter; LVESD = Left ventricular 

end-systolic diameter. 
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Table 2. Echocardiographic parameters recorded at 3-month follow-up visit for all patients, for patients with improved functional 

NYHA class and for patients with unchanged or worsened NYHA class. 

  

Parameter All patients 

(87) 

p-value NYHA Class 

improved 

(65) 

p-value NYHA Class 

unchanged or 

worsened 

(22) 

p-value 

LVEF, % 36±9 <0.001 37±9 <0.001 34±9 0.038 

LVEDV, ml 168±64 0.033 159±55 0.011 201±84 0.871 

LVESV, ml 109±53 0.003 102±45 0.001 135±72 0.605 

LVEDD, mm 66±9 0.051 65±9 0.059 67±8 0.589 

LVESD, mm 49±11 0.019 49±11 0.035 51±10 0.336 

Abbreviations: LVEF = Left ventricular ejection fraction; LVEDV = Left ventricular end-diastolic volume; LVESV = Left 

ventricular end-systolic volume; LVEDD = Left ventricular end-diastolic diameter; LVESD = Left ventricular end-systolic diameter; 

p-values versus baseline. 
 

 

The paired comparison of Complexity Index revealed an 

Impact of the therapy of 55±19% at 3 months. Specifically, the 

Impact was 55±18% in patients with improved functional 

NYHA class, and 53±23% in patients with unchanged or 

worsened NYHA class (p = 0.623). Similarly, the Complexity 

Index in spontaneous sinus rhythm and during CRT pacing did 

not differ between patients with improved NYHA class and 

with unchanged or worsened NYHA class (Fig. 3). 

 

 

 
Figure 1. Example of pre- and post-treatment ECG (channel III in top 

plot) and V3-V5 (low impact) and V2-V4 (high impact) scatter plots. 

 

 

Logistic regression analysis revealed that worsened NYHA 

class was associated with baseline NYHA class value, LVEDV 

and LVESV, while no significant association was detected 

with complexity indices (Table III). 

Moreover, the Impact of the therapy did not correlate with 

the change in LVEDD (r = 0.001), LVESD (r = -0.094), 

LVEDV (r = 0.087), LVESV (r = 0.049) and LVEF (r = -0.119; 

all p > 0.05). 

IV. DISCUSSION 

The present study showed that the impact of biventricular 

stimulation as measured by the OntoCare™ system was not 

associated with the clinical and echocardiographic response to 

CRT at mid-term follow-up. 

The system analyzed the multi-dimensional structure of the 

ECG collected before and after implantation, assessing the 

interactions between ECG channels. However, the present 

analysis showed no association between baseline values of 

Complexity Index and improvement in functional status after 

CRT. Similarly, the Complexity Index during CRT and the 

so-called Impact of the Therapy did not differ between patients 

with improved NYHA class and with unchanged or worsened 

NYHA class. Moreover, no correlation was detected between 

the Impact of the therapy and echocardiographic indices of 

ventricular reverse remodeling. 

CRT is an effective treatment for patients with systolic heart 

failure and electrocardiographic evidence of ventricular 

dyssynchrony, as shown by several trials
6-9

. Current 

international guidelines support CRT in eligible heart failure 

patients with the highest level of evidence
10

. 

Pre-specified subgroup analyses of data collected in large 

CRT trials demonstrated that patients with a QRS duration ≥
150ms benefited most from CRT

8,9,11
. Meta-analyses

2
 using 

aggregate data from randomized trials showed that CRT was 

effective in reducing adverse clinical events in patients with 

baseline QRS duration≥150ms and suggested that CRT might 

not reduce events in patients with a QRS<150ms. Similarly, 

sub-group analyses based on QRS morphology
3,8,9,12

 suggested 

that patients with complete LBBB showed a greater benefit on 

the composite of morbidity/mortality from CRT, compared 

with patients with non-specific intraventricular conduction 

delay or right bundle branch block. Based on this evidence, 

current class I recommendations were restricted to patients 

with complete LBBB. 

 



JOURNAL OF CARDIOVASCULAR DISEASE          VOL.2  NO.2         APRIL 2014                                                                                                            

ISSN: 2330-4596 (Print) / 2330-460X (Online)          http://www.researchpub.org/journal/jcvd/jcvd.html 

 

                                  4 

 

 

 
Figure 2. ECG System maps. The map is composed of nodes 

(variables) – arranged along the diagonal – links, and connectors. 

When a pair of nodes is correlated – there is a relationship between the 

corresponding variables – two segments, originating in these nodes, 

cross in the correspondence of a connector. Once both data sets (pre 

and post treatment) have been read and processed, OntoCare™ 

performs a topological map comparison in order to establish the 

degree of data similarity. If the maps are similar, this points to a low 

impact of therapy. If, on the other hand, data similarity is low, this 

points to a large impact of therapy. Two cases are illustrated: low 

therapy impact (upper panel) and high impact (lower panel). 

 

 

Previous studies demonstrated that QRS narrowing after 

CRT does not correlate with hemodynamic and clinical 

improvement
13,5

. In some cases the QRS complex after CRT 

may actually lengthen or remain unchanged despite substantial 

improvement in mechanical LV dyssynchrony. Increased QRS 

duration with CRT does not necessarily reflect the presence of 

ventricular areas with slow conduction resulting in more 

heterogeneous myocardial activation. 

 With LV-only pacing, there is an obvious discrepancy 

between QRS duration (compared with baseline) and 

hemodynamic and clinical improvement
14

. Thus, in patients 

with heart failure, the paced QRS duration cannot be assumed 

to reflect a more heterogeneous propagation pattern of LV 

activation and prolonged duration of mechanical activation. 

Our study was aimed at performing a detailed investigation 

of the ECG before and after CRT. We hypothesized that the 

analysis of the system complexity and in particular the analysis 

of the impact of the treatment, as performed by the OntoCare™ 

system on the 12-lead ECG collected before and after CRT, 

could allow the identification of responders to CRT. 

Complexity is a natural and holistic property of every system. 

The OntoCare™ system measures complexity, analyzing the 

structure of information. 

  

 

Table 3. Univariate analysis of factors predicting worsened 

NYHA class. 

 OR 95% CI p 

Male gender 0.76 0.26 – 2.44 0.629 

Age (>75 years) 0.99 0.95 – 1.03 0.494 

NYHA Class III or IV 0.17 0.05 – 0.50 0.002 

QRS duration 1.00 0.98 – 1.02 0.990 

LV ejection fraction 0.98 0.90 – 1.05 0.537 

LVEDV 1.01 1.00 – 1.02 0.017 

LVESV 1.01 1.00 – 1.02 0.018 

LVEDD 1.04 0.99 – 1.11 0.249 

LVESD 1.02 0.98 – 1.07 0.461 

Complexity Index in 

spontaneous sinus rhythm 

1.03 0.98 – 1.08 0.265 

Complexity Index during 

CRT 

0.98 0.94 – 1.02 0.334 

Impact of the therapy 0.09 0.01 – 1.47 0.102 

 

 

System complexity can be measured if data are available, 

and data that may be processed are multi-channel data recorded 

in an intensive care unit, ECG, EEG, certain classes of images. 

The system makes it possible to quantify the instantaneous 

stability of a patient, defined as the rate of change of 

complexity over time, or the impact of treatment (surgery, 

drugs, implantation, etc.), measuring the “distance” between 

pre and post-treatment status. However, we showed that the 

analysis of system complexity did not allow the identification 

of patients with positive clinical and echocardiographic 

response to CRT. In particular, there was no correlation 

between the change in patient’s status at mid-term follow-up, 

based on clinical and echocardiographic measurements, and 

the impact of the treatment, as measured by the system in terms 

of similarity between pre- and post-CRT ECG data sets. This 

result seems in agreement with aforementioned studies 

showing a lack of association between clinical improvement 

after CRT and changes in QRS duration
13,5

.  

Some limitations should be considered when interpreting the 

results of this analysis. In particular, the small sample size may 

account for the lack of significance obtained in some of the 

reported comparisons. Moreover, a longer follow-up would 

have enhanced the validity of the present findings. Indeed, 

most studies investigating CRT effects reported the effects 

after 1 or even 3 years of therapy
15,16

. Nonetheless, measuring 

early response of CRT, in terms of functional status 

improvement and echocardiographic signs of reverse 

remodeling, has been frequently adopted in previous studies
17

.
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Figure 3. Complexity Index in spontaneous sinus rhythm and during CRT pacing, and Impact of the therapy values in patients with improved 

NYHA class and with unchanged or worsened NYHA class. The open circles represent individual values and full circles with bars represent the 

mean values with standard deviations. 
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V. CONCLUSIONS 

The impact of CRT as measured by the OntoCare™ 

system was not associated with clinical or echocardiographic 

response to CRT. Most probably, the variable response to 

CRT is a complex phenomenon that is not fully described by 

ECG data, and additional clinical variables should be 

monitored to reliably predict it. 
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