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OntoCare™ is a software tool which enables users to measure the impact or effectiveness of therapy
(surgery, implant, drugs) based on pre and post-treatment data. When analyzing patients suffering from
heart disease, raw ECG data is used to determine the effectiveness of therapy. An example of such data
is illustrated below.

Figure 1. Example of raw ECG data.

In particular, data from two electrocardiograms is used to quantify therapy effectiveness. The parameters
values correspond to the mV tensions recorded at each channel. The first data set (left) has been
recorded before treatment, while the second one at follow-up (right). An example is illustrated below.

Figure 2. Example of pre and post-treatment ECG (channel III in top plot) and V3-V5 (low impact) and V2-
V4 (high impact) scatter plots.

The first step in the analysis is to establish for each ECG the so-called System Map is illustrated below.
The map is composed of nodes (variables) – arranged along the diagonal – links, and connectors. When
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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.

Figure 3. Example of System Map of an ECG. Such maps represent the entire correlation structure of an
EEG in a single interactive graphical construct.

In the above map one may notice, for example, that:

 Channel III is related to aVL – see vertical line originating from this variable. This means they are
dependent – changing one will also change the other.

 Channel III is also related to V4 – see horizontal line originating from this variable and go down at
first connector.

 aVF and V1 are not related to any other variable. This means that they are independent.
 Of all the channels V4 has the largest number (8) of relationships. Therefore it is a hub of the

map. See figure 3 where these connections are highlighted.

Since maps constitute a representation of the information flow within a given system, it is important to
capture correctly the structure of this flow. However, conventional correlation-based maps, based on
either linear (Pearson) on non-linear (Spearman) correlations, often miss significant relationships which
OntoCare™ is able to capture.

Once a System Map has been obtained, one may compute the ECG Complexity as C = f(T; E), where T
represents the System Map’s topology (i.e. the Adjacency Matrix) and E is an 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. Function f is a matrix norm
operator. While conventional Shannon’s entropy represents the information content for a single channel,
the above complexity measure C represents the total amount of structured information in a multi-channel
data set.
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Figure 3. ECG System maps. Two cases are illustrated: low therapy impact (above) and high impact
(below).

A new means of determining the importance (footprint) of a variable in a multi-dimensional data set is via
the Complexity Profile. The profile provides a breakdown of the total system complexity, which is
measured in bits into components. This done using a knock-out technique. An example is shown below.

Figure 4. Example of Complexity Profile of an ECG
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The Complexity Profiles quantifies what percentage of the total information contained in a data set is lost
if that particular channel is neglected (removed). Given that the profile is computed based on a knock-out
technique, the sum of these contributions does not necessarily sum up to 100%.

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. The Data Similarity Index is
computed as DSI = (1 – ║Tα - Tβ║ / ║Tα║) × 100%, where Tα and Tβ represent, respectively, the pre and
post-treatment ECG adjacency matrices (System maps). Because adjacency matrices represent the ECG
topology, the DSI is a measure of topological similarity. An example of Data Similarity Index for a
particular case is shown below.

Figure 5. Data Set Similarity Index

In the example under consideration, the Data Set Similarity Index is equal to 36.8%. This means that the
topological distance of the two System Maps (corresponding to pre and post-treatment ECGs) is 63.2%.
This is the measure of the effectiveness of therapy in the case in question. If the Data Similarity Index is
high, say around 80-90%, one may conclude that the therapy has low impact (10-20% or less). In the
case under consideration, the impact or effectiveness of therapy may be considered as high.

The Delta Profile provides a quantitative breakdown of the topological distance between the two System
Maps (ECGs). In particular, the contribution of each variable (channel) to the said distance is provided. In
the above example, the distance is found to be 63.2%. The Delta Profile indicated below shows in what
measure which channel contributes to this distance.

Figure 6. The Delta Profile

For example channel V4 – the biggest contributor - represents almost 30% of the mentioned therapy
impact of 63.2%.. The second most responsive channel is V6, while channels V3, V2, II, aVF and V1 do
not reflect the therapy. The Delta Profile is also computed based on a knock-out technique.


